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ABSTRACT

4OAr/3%Ar incremental heating experiments on three samples
dredged from Jingt Seamount indicate that Jingt is 55.4 + 0.9 m.y.
old — older than the Hawaiian-Emperor bend and younger than the
two dated Emperor Seamounts to the north. Major-oxide chemistry
and petrography show that the samples are similar to hawaiites and
mugearites from the Hawaiian Islands. By analogy with Hawaiian
alkalic volcanic rocks, groundmass plagioclase compositions (Any, ,,)
indicate that the three Jingli samples are probably mugearites. These
results suggest that Jingt is a Hawaiian-type volcano and that the
Emperor volcanoes become progressively older from south to north,
as predicted by the hot-spot hypothesis.

INTRODUCTION

Jingu Seamount, one of the major volcanic structures
in the Emperor Seamount chain, is located about 675
km north of the Hawaiian-Emperor bend (Figure 1).
This guyot is elongated in a north-south direction, and
abuts Ojin Seamount to the south. Jingu probably con-
sists of a single volcanic edifice (shield number 83 of
Bargar and Jackson, 1974). From seismic evidence,
Greene et al. (1978) have shown that Jingu, like most of
the seamounts in the central and southern Emperor
chain, is capped by reef deposits and was probably once
a volcanic island.

The hot-spot hypothesis was first proposed by
Wilson (1963) to explain the origin of the Hawaiian
Islands, and later was extended by Christofferson (1968)
and Morgan (1972) to include the Emperor Seamounts.
According to this hypothesis, the volcanoes of the
Hawaiian-Emperor chain formed as the Pacific litho-
spheric plate moved, first northward, then westward,
over a fixed melting anomaly in the asthenosphere. Two
important corollaries of the hot-spot hypothesis predict
that for the Hawaiian-Emperor chain (1) the inception
of volcanism for eruptive centers should increase with
distance from the active volcanoes of Kilauea and
Mauna Loa on the island of Hawaii, and (2) the
volcanoes along the length of the chain are chemically
and structurally similar, or at least have evolved in a
systematic way. These predictions are supported by
K-Ar dating and chemical studies for the Hawaiian
chain, the Hawaiian-Emperor bend, and the southern-
most Emperor Seamounts (see recent summaries in
Jackson, 1976; Dalrymple and Clague, 1976; Jarrard
and Clague, 1977), but until recently (this volume) there
have been no data for the volcanoes north of Koko Sea-
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mount, one of the southernmost Emperor volcanoes
(Figure 1).

We have studied three volcanic rocks dredged from
Jingu Seamount in July of 1977 by the Hawaiian In-
stitute of Geophysics R/V Kana Keoki. The purpose of
the studies was to obtain age and chemistry data that
would contribute to the test of the hot-spot hypotheses
for the Emperor Seamount chain. The samples from
Jingu are important to the hot-spot experiment because
Jingu is one of only four seamounts north of Koko from
which suitable samples have been recovered; the others
are Ojin (DSDP Site 430), Nintoku (Site 432), and
Suiko (Site 433).

The Jingu samples were recovered from a depth of
1104 meters at 38°37.3'N, 171°02.4'E, on the south-
western part of the seamount (Figure 1). The dredge
haul contained about 124 kg of volcanic rocks, most
moderately altered, with manganese crusts 1 to 20 mm
thick. Three of the freshest samples were selected for
K-Ar dating and chemical analysis.

Whole-rock major-element analyses were determined
by X-ray fluorescence for Si, Al, Fe (total), Mg (for
high amounts), Ca, K, Ti, and Mn. Na and Mg (for
small amounts) were analyzed by atomic absorption
methods. P contents were determined by colorimetry.
Ferrous iron was determined by titration, with sodium
diphenylamine sulfonate as an indicator. To determine
H,O values, each sample was heated in a stream of dry
oxygen in an induction furnace at 1100 °C, then H,O
was collected on anhydrone and weighed. For CO,
analyses, each sample was decomposed in warm HCI.
The evolved CO, was passed through a drying train, col-
lected on ascarite, and weighed. Chemical compositions
of the Jingu samples are shown in Table 1.

Mineral analyses were made with an ARL-EMX elec-
tron microprobe. Instrument operating conditions were
15 kV and 20 nA sample current. Each analysis is an
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Figure 1. (a) Bathymetry of Jingii and Ojin Seamounts, showing locations of R/V Kana Keoki station 24, dredge
10 (KK24-10), and DSDP Site 430. (b) Locations of R/V Kana Keoki station 24, dredge 10 (KK24-10), and of
DSDP sites in the Emperor Seamount chain. Bathymetry in fathoms after Chase et al. (1970).

TABLE 1
Chemical Composition of Dredged Volcanic Rocks from
Jingu Seamount, Emperor Volcanic Chain (wt. %)

KK24-10A KK24-10B KK24-10C BCR-1 BCR-1*
Si0p 46.40 48.95 49.55 54.40 54.40
TiO7 2.79 2.76 2.88 2.26 2.20
Al»03 16.31 16.18 16.46 13.58 13.61
Fe03 13.00 9.56 9.83 3.54 3.68
FeO 0.24 2.56 2.24 8.80 8.80
MnO 0.16 0.12 0.14 0.18 0.18
MgO 1.98 3.34 2.78 3.43 3.46
CaO 7.83 6.92 6.97 6.92 6.92
Na0 4.11 4.20 3.99 3.28 3.27
K20 2.76 1.64 1.61 1.68 1.70
P05 2.20 0.88 0.82 0.37 0.36
Hy0 1.82 2.59 2.39 1.61 1.57
COy 0.28 0.05 0.03 0.02 0.03
TOTAL 99.88 99.75 99.69  100.07 100.28

Note: BCR-1 = U.S. Geological Survey rock standard; internal con-
trol. BCR-1* = Preferred values of Flanagan (1973). Analyses as
received. Analyst: K. Ramial, University of Manitoba.

average of four to six points from a small portion of a
single grain (four to six grains per sample). Cores and
rims were analyzed to check for zoning and overall
homogeneity. Both internal and external standards were
used; they were natural minerals from the UCLA collec-
tion. The internal standard was a well-analyzed
andesine. Raw data were corrected for dead time of
detectors, instrument current drift, and spectrometer
background. Mineral analyses were obtained using the
correction methods of Bence and Albee (1968) and
Albee and Ray (1970). Accuracy, based on replicate
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microprobe analysis compared with wet chemical anal-
ysis, is estimated to be 1 to 2 percent for major elements
and 5 to 10 per cent for minor elements.

Potassium measurements for K-Ar dating were per-
formed on whole-rock powders by flame photometry,
after dissolution by lithium metaborate fusion (In-
gamells, 1970). Samples for Ar analyses were either
small cut blocks (conventional measurements) or cores
(40Ar/3Ar analyses), and were not crushed. Argon for
conventional K-Ar dating was measured by isotope
dilution mass spectrometry, using techniques and equip-
ment described by Dalrymple and Lanphere (1969) and
Stacey et al. (1978). The 4°Ar/3Ar total fusion and in-
cremental heating measurements were performed after
the samples had been irradiated in the U.S. Geological
Survey TRIGA reactor (GSTR) for from 25 to 30 Mwh,
where they received a neutron dose of about 2.5 to 3 X
108 nvt. The techniques, corrections, and methods of
data reduction are described by Dalrymple and Lan-
phere (1971, 1974), Lanphere and Dalrymple (1971),
and Dalrymple et al. (this volume). Constants used for
age calculations are those recently recommended by the
IUGS Subcommission on Geochronology (Steiger and
Jager, 1977); ages referenced from older literature have
been recalculated using these new constants. Isochrons
were calculated using the York 2 fit with correlated er-
rors (York, 1969).

CHEMISTRY AND PETROGRAPHY

Petrographically and chemically, the Jingu samples
closely resemble lavas of the Hawaiian alkalic suite,
which commonly form a thin veneer on the tholeiitic



shields of the principal Hawaiian Islands (Macdonald
and Katsura, 1964; Macdonald, 1968).

Sample 24-10A is oxidized and aphyric, with a very
thin (<1 mm thick) manganese coating. The outer por-
tion of the sample is highly vesicular (30 to 40%) and
fragmental. The interior of the sample has a subtrachyt-
ic texture with 5 to 10 per cent irregular vesicles, 0.25 to
1.0 mm in diameter, and a groundmass consisting of 50
to 55 per cent fresh plagioclase laths, 0.05 to 0.1 mm
long, with intergranular olivine (5 to 10%) that is almost
completely altered to iddingsite and to clay minerals,
clinopyroxene (0 to 5%), mostly altered to yellow clay
minerals, equant Fe oxides (30 to 40%), and apatite (1
to 2%) (Plate 1). The vesicularity, extremely high
Fe,O,/FeO ratio, and lack of well-defined quenched
textures indicate that the sample is probably from a sub-
aerially erupted lava flow.

Samples 24-10B and 24-10C are nearly identical.
Both are massive, with manganese crusts 1 mm thick
and oxidation rinds 1 c¢m thick. Each sample has a well-
developed trachytic texture and rare (<1%) microphe-
nocrysts of olivine, up to 0.4 mm across, that have been
completely replaced by green and yellowish brown
clays. The rocks comprise 65 to 70 per cent fresh plagio-
clase laths (An,, ,,) 0.05 to 0.1 mm long, 10 to 15 per
cent equant Fe-Ti oxides, a few per cent olivine altered
to iddingsite, minor apatite, and 10 to 15 percent inter-
stitial yellowish brown clay that may be, in part, altered
glass (Plate 2). Sample 24-10C also contains rare pheno-
crysts of plagioclase (An,, ) 5 mm long that are frac-
tured and strained and may f)e xenocrystic. The samples
lack any petrographic features that might indicate they
are from submarine lava flows. Instead, they resemble
subaerial samples altered in seawater.

Alteration presents a problem in classification of
these samples. Cann (1969) and Hart et al. (1974) have
shown that K,O and Na,O contents are particularly sus-
ceptible to submarine alteration. All these samples are
moderately altered, contain at least 10 to 15 per cent id-
dingsite and clay, more than 1.8 wt. per cent water, and
have high to extreme Fe,O,/FeO ratios. Therefore,
normative plagioclase compositions (Macdonald, 1960;
Muir and Tilley, 1961), K,0:Na,O ratios (Macdonald
and Katsura, 1964) and normative Or ':Ab ':An’ ratios
(Streckeisen, 1976) are not appropriate for classifying
these samples.

Fresh plagioclase grains are abundant in the samples.
Coombs and Wilkinson (1969) state that modal and nor-
mative plagioclase compositions can be utilized in the
classification of differentiated alkalic rocks. Andesine is
present in hawaiites and oligoclase in mugearites. Un-
fortunately, microprobe analyses of groundmass plagio-
clase from hawaiites and mugearites show consistently
higher An contents than those given by whole-rock nor-
mative analyses. For instance, groundmass plagioclase
compositions of Hawaiian hawaiites range from An,, to
Ang,, and mugearites range from An,, to An,, (Figure
2; Keil et al., 1972). Mugearites from Dunedin Volcano
in New Zealand have groundmass plagioclase composi-
tions of An, , (Price and Chappell, 1975). Thus,

AGE AND CHEMISTRY OF VOLCANIC ROCKS

groundmass plagioclase compositions for hawaiites and
mugearites do define distinct fields (Figure 2). Ground-
mass plagioclase compositions may therefore be useful
for classification of alkalic volcanic rocks, particularly
where the samples are altered.

The three samples from Jingu Seamount contain
abundant calcic andesine (An,, ,,) in the groundmass
(Table 2; Figure 2). If the plagioclase analyses of
unaltered samples from Hawaii and New Zealand are
representative of the plagioclase compositions in most
non-nepheline-bearing hawaiites and mugearites, then
the Jing Seamount samples may be classified as muge-
arites.

Interstitial material of feldspar composition is pres-
ent in all three samples. It is not always morphologically
distinct, and in most cases grades into groundmass
plagioclase laths. It is distinguished by high sodium and
potassium contents (Table 3; Figure 2), and extends the
compositional range of feldspar through the anortho-
clase field into potassium-feldspar compositions. Simi-
lar analyses are reported for alkalic rocks from Hawaii -
(Keil et al., 1972).

K-Ar AGES

Alteration of the samples recovered from Jingu Sea-
mount is sufficiently extensive that none of the samples
were expected to give reliable, conventional K-Ar ages,
but the primary constituent (plagioclase) is unaltered
and all three were judged potentially amenable to
4Ar/39Ar incremental heating techniques.

An

Jingu Seamount
~—— Groundmass
e Interstitial material

Hawaiian Islands
------ Mugearites
— — = Hawaiites

¥ Y— Or

Ab 90 70 50 30

Figure 2. Compositions of groundmass feldspar
from Jingii Seamount and Hawaiian muge-
arites and hawaiites (Keil et al., 1972) and inter-
stitial material from Jingii Seamount, ex-
pressed in terms of mole % anorthite (an), al-
bite (ab), and orthoclase (or).
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TABLE 2
Plagioclase Compositions in Volcanic Rocks from Jingu
Seamount, Emperor Seamount Chain (wt. %)

24-10A 24-10B  24-10C 24-10C 24-10C
Gm-3 Gm-6 Gm-6 Rim-3  Core-4

Si0p 56.03  57.37 56.22 55.98 55.80
Al»0O3 26.95  25.77 25.86 26.95 27.40

FeO 0.82 0.84 0.98 0.49 0.33
Ca0 9.36 8.91 9.34 9.85 10.33
Nap0 6.18 6.22 6.11 5.96 5.72
K20 0.68 0.87 0.80 0.55 0.45

TOTAL 100.01  99.98 99.32 99.78 99.80

Based on 8 Oxygens

Si 2.534 2591 2.564 2.534 2.515
Al 1.437  1.372 1.390 1.438 1.462
Fe 0.031  0.032 0.037 0.019 0.013
Ca 0.454  0.431 0.456 0.478 0.501
Na 0.542  0.545 0.541 0.523 0.501
K 0.039  0.050 0.047 0.032 0.026
TOTAL 5.038  5.021 5.035 5.024 5.018
An % 41-47  40-47 42-47 47-48 49-51

Note: Rim = rim of a xenocryst. Core = core of a xeno-
cryst. Gm = groundmass. An% = range of 100 X An/
(An + Ab + Or). Analyst: M. Garcia.

TABLE 3
Composition of Interstitial Material of Feldspar
Composition, Jingu Seamount (wt. %)

24-10A 24-10B

Si0p 62.28 56.09 58.05 65.49 59.82
Alp03  20.55 24.64 23.64 19.65 23.88

FeO 0.97 0.73 1.00 0.77 0.82
CaO 4.13 9.30 8.00 1.92 6.90
NayO 9.96 6:33 6.85 6.24 7.36
K20 4.92 3.34 1.71 5.39 1.28
TOTAL 99.83 100.43 99.25 99.46 100.07
Based on 8 Oxygens
Si 2.830 2.570 2.653 2.945 2.690
Al 1.101 1.331 1.274 1.041 1.266
Fe 0.037 0.028 0.030 0.029 0.031
Ca 0.201 0.457 0.392 0.093 0.333
Na 0.613 0.563 0.607 0.544 0.642
K 0.285 0.195 0.100 0.309 0.074

TOTAL 5.068 5.144 5.064 4.961 5.035

Note: Analyst: M. Garcia.

Results of the conventional K-Ar, the total fusion
4Ar/39Ar, and the 90Ar/3Ar incremental heating ex-
periments are given in Tables 4 and 5, and in Figure 3.

Although the conventional and the “°Ar/3%Ar total
fusion ages on sample 24-10A are concordant (Table 4),
the 4Ar/3Ar incremental heating results (Table 5,
Figure 3) show that the sample constitutes a highly
disturbed K-Ar system. There is no convincing age spec-
trum plateau, and both the high index of fit
[SUMS/(N-2) = 2.7] and the low 40Ar/36Ar intercept
279 =+ 9) for the isochron are diagnostic of an
unreliable sample (Lanphere and Dalrymple, 1978;
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Dalrymple et al., this volume). We interpret the conven-
tional and 9 Ar/3Ar total fusion ages of 47 m.y. (Table
4) as a minimum age for the time of crystallization.

The discordance between the 90Ar/3%Ar total fusion
ages (higher) and the conventional K-Ar ages (lower)
for samples 24-10B and 24-10C (Table 4) is typical for
subaerially erupted Hawaiian alkalic rocks that have
been altered in the submarine environment. Dalrymple
and Clague (1976) proposed that the higher ©Ar/3%Ar
total fusion ages were probably caused by proportional
loss of both radiogenic Ar and K-derived 3°Ar (per-
haps at different times and by different mechanisms)
from K-bearing montmorillonitic clays; they also show-
ed that the 9Ar/3%Ar total fusion ages may approach or
even equal crystallization ages. They argued that the
conventional K-Ar ages on such samples would be low
because the clays contribute potassium to the analysis
but do not retain radiogenic 40Ar.

The “4Ar/3%Ar incremental heating results from
sample 24-10B resemble those found for altered samples
of alkalic basalt from seamounts on the Hawaiian-
Emperor bend (Dalrymple and Clague, 1976). This sam-
ple has a low-temperature plateau at 55.2 = 0.6 m.y.
for 65 per cent of the gas released and a concordant iso-
chron at 54.7 + 0.8 m.y. (Figure 3). The isochron index
of fit for the 500 °C - 700 °C increments is good [SUMS/
(N-2) = 0.3], and the 9Ar/36Ar intercept (302 + 11) is
indistinguishable from the atmospheric value of 295.5.
The absence of a high-temperature age spectrum
plateau, however, suggests that the results from this
sample should be interpreted cautiously.

Sample 24-10C has a classical high-temperature
plateau at 55.1 = 0.9 m.y. for 81 per cent of the 3°Ar
released, and a concordant isochron at 55.4 + 0.9 m.y.
The isochron index of fit [SUMS/(N-2) = 0.4] and the
4Ar/36Ar intercept (294 + 4) also are indicative of a
reliable age. We interpret the data from this sample as
representing the age of crystallization.

The best estimate for the age of Jingu Seamount is
provided by the data from sample 24-10C. We prefer to
use the isochron age of 55.4 + 0.9 m.y. because it re-
quires no numerical assumption about the composition
of the atmospheric component. This age is substantiated
by the 90Ar/3%Ar incremental heating results from sam-
ple 24-10B, which also give ages of about 55 m.y. If the
isochron ages from samples 24-10B and 24-10C are
averaged, the result is 55.0 = 0.6 m.y.

The Jingt age of 55.4 + 0.9 m.y. is the same as the
age found for its neighbor to the south, Ojin Seamount
(55.2 + 0.7 m.y.), and is younger than Nintoku (56.2 +
0.6 m.y.), and Suiko (64.7 + 1.1 m.y.) seamounts to the
north (Dalrymple et al., this volume). Jingu is also
significantly older than both Koko Seamount (48.1 +
0.8 m.y.; Clague and Dalrymple, 1973) and the
Hawaiian-Emperor bend (43 m.y.: Dalrymple and
Clague, 1976). The age results from Jingu Seamount
thus confirm the progression in the ages of the Emperor
Seamounts from south to north, as predicted by the hot-
spot hypothesis.
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Figure 3. %Ar/3%Ar age spectra and isochron diagrams for three samples (A, B, and C) from R/V Kana Keoki station
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TABLE 4

Conventional K-Ar and Total Fusion 40Ar/39Ar Ages on Whole-Rock Mugearites
from Jingu Seamount, Emperor Seamount Chain

Argonb
K,04 Weight 40ArR 40ArR Calculated Age€
Sample (Wt. %) ® (Mol/g) (%) (106 years)
24-10A 2.922 3.843 2.014 x10-10 78.9 5
el 4173 2,001 80.2 4404

’ 3.175 1.076 60.3
24-10B 1.504 + 0.005 2812 1.084 45.4 49.2 0.7

y 4.347 0.955 68.5
24-10C 1.700 = 0.003 3.287 0.955 34.7 38.6 + 0.5

40Ar/39Ar Analysesb
J 40A1/39Ar  37Ar/39Ard  36Ar/39Ar 36Arc, 40Arg  40Arg
(%) (%) (%)

24-10A  0.00606 9.389 1.157 0.01726 1.8 <0.1 46.6 47.2+0.9
24-10B  0.00606 8.267 2.175 0.01182 5.0 <0.1 59.8 53.3+0.9
24-10C  0.00563 10.54 2.507 0.01808 3.8 <0.1 51.2 54.1+1.0

2Calculated mean and standard deviation of four measurements.

b40ArR = radiogenic 40Ar, 36Ar(, = calcium-derived 36Ar, 40A1rK = potassium-derived 40Ar,

Che + A = 0.581 x 10-10 yr-1, Ag =4.962 X 10-10 yr-1, 40K/K =1.167 x 10~4 mol/mol. Errors are estimated
standard deviations of analytical precision (Cox and Dalrymple, 1967; Dalrymple and Lanphere, 1971).

dCorrected for 37Ar decay, ti, = 35.1 days.
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TABLE 5
Analytical Data for 40Ar/39Ar Incremental Heating Experiments on Volcanic Rocks
(Mugearites) Dredged from Jingu Seamount, Emperor Seamount§

Temp 40Ar/39Ar 37Ar/39Ara  36Ay/39Ar 39Ar 40Arg 36ArCa Apparent Ageb
Sample o) (% of total) (%) (%) (106 years)
24-10A 500 10.57 0.743 0.0216 13.3 40.2 0.9 46.0+ 1.1
(J = 0.006059) 600 8.62 0.911 0.0140 14.7 52.7 1.8 49.0x 1.0
700 9.33 1.840 0.0184 8.6 434 2.9 438+ 1.1
800 8.27 0.919 0.0145 12.7 49.0 1.7 438+ 0.9
900 5.42 0.800 0.00325 34.2 83.3 6.7 48.7+ 0.7
975 7.10 1.896 0.00951 16.0 62.5 5.4 479+ 0.8
1050 41.94 12.40 0.1326 0.5 8.9 2.5 40.8 + 13.6
Fuse 429.3 1.778 1.435 0.04 1.2 <0.1 56. +235.
100.0
Recalculated total fusion age = 472+ 1.4
Recalculated total 40Arg /39Ark = 4.374
Total 40Arg =2.07 x 10-10 mol/g
24-10B 500 8.84 0.980 0.0128 18.5 58.1 2.1 553+ 1.2
J =0.006059) 600 6.27 1.053 0.00413 25.3 81.8 6.9 552+ 0.9
700 5.94 1.491 0.00319 20.7 86.0 12.7 55.1+ 0.9
800 6.18 1.627 0.00449 12.0 80.6 9.9 53.7+ 1.0
900 11.57 2.882 0.0234 3.1 42.3 34 528+ 25
975 6.21 5.39 0.00639 11.5 76.5 229 513+ 0.9
1050 6.63 6.37 0.00778 8.5 73.0 22.3 523+ 1.1
Fuse 73.8 6.16 0.229 0.3 8.9 0.7 70. + 24.
99.9
Recalculated total fusion age = 543z 1.6
Recalculated total 40Arg /3%Arg = 5.043
Total 40ArR =1.123 x 10~10 mol/g
24-10C 500 59.4 0.841 0.192 5.3 4.6 0.1 332+ 9.6
(J =0.006743) 600 24.76 1.204 0.0688 11.7 18.2 0.5 540+ 3.0
700 8.72 1.446 0.0144 39,7 52.4 2.7 548+ 1.1
800 9.84 1.468 0.0181 24.9 46.6 2.2 55.0+ 1.2
900 7.85 1.753 0.0112 11.8 59.7 4.3 562+ 1.5
975 11.52 1.997 0.0246 5.3 38.2 2:2 529+ 2.2
1050 15.05 2.541 0.0343 2.8 33.9 2.0 61.2+ 6.2
Fuse 10.61 5.01 0.0227 5.6 40.6 6.0 51.8+ 5.0
100.1
Recalculated total fusion age = 537+ 1.6
Recalculated total 40ArR/39ArK = 4.481

Total 40Arg =0.867 x 10-10 mol/g

aCorrected for 37Ar decay, half-life = 35.1 days.

bag + A’ =0.581 X 10-10 yr-1, Ag=4.962 X 10-10 yr-1. Errors are estimates of the standard deviation of precision.
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Photomicrograph of Sample 24-10A.
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Photomicrograph of Sample 24-10B.
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