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Abstract : Modern and fossil hydrothermal manganese deposits were discovered from a number
of locations in active and inactive submarine volcanoes (Bonin, Mariana, and Kyushu-Palau
arcs) and a backarc rift (Sumisu Rift) during the Hakurei-Maru cruises in 1984 to 1989. The
mineralogical and chemical composition and microstructure of the deposits are typically dif-
ferent from manganese nodules and crusts of hydrogenetic or diagenatic origin. Hardpans, vein-
lets, sheets and irregular mass of the hydrothermal manganese deposits often cover a large area
of sea bed, suggesting possible high-temperature hydrothermal sulfide deposits in their vicinity.
On the other hand, the manganese minerals sometimes occur as substrate of younger hydro-
genetic crusts and as nucleus of hydrogenetic nodules, which can be geological records of low-
temperature hydrothermal activity on the past island arcs.

1. Introduction

Marine ferromanganese deposits are in princi-
pal composed of hydrogenetic, hydrothermal and
diagenetic manganese minerals, and occur as
nodules, crusts, aggregates, stains etc. The hydro-
thermal manganese deposits are different from
deep-sea nodules or crusts in their chemistry,
mineralogy and origin. Hydrothermal manganese
deposits were first: found in active mid-oceanic
spreading centers, somewhat apart from high-
temperature hydrothermal sites, in the East Pacif-
ic Rise and the Mid-Atlantic Ridge (Scott et al.,
1976a : Corliss et al., 1978). Cronan et al., (1982)
reported the first occurrence of island-arc sub-
marine hydrothermal manganese deposits from the
Tonga-Kermadec Arc, the South Pacific. However,
little has been known on the nature and distribu-
tion of these deposits in other island-arcs. This
paper focuses on description of hydrothermal
manganese oxide deposits of the Izu-Ogasawara
Arc and Kyushu-Palau Ridge, based on results
from our cruises in the West Pacific.

*Marine Geology Department

The geological setting of the Izu-Ogasawara arc,
where spreading is assumed in the Quaternary age
(Karig and Moore, 1975 ; Taylor et al., 1984 ;
Honza and Tamaki, 1985), implies an on-going
hydrothermal activity in its back-arc rifts. During
the cruises with R/V Hakurei-Maru from 1984 to
1989 as part of the 6-year program “Hydro-
thermal Activity in the Izu-Ogasawara Arc” , a
number of hydrothermal and hydrogenetic man-
ganese deposits were collected mostly around
topographic highs both in active and inactive
areas (Fig.1).

2. Ship-board survey and
laboratory technique

Two cruises of R/V Hakurei-Maru were con-
ducted each year by the Geological Survey of
Japan (GSJ) from 1984 through 1988 and one in
1989 in the areas including Izu-Ogasawara-Mar-
iana Arc, Ogasawara Plateau, and Kyushu-Palau
Ridge in the West Pacific. Bathymetric and seis-
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Fig. 1

Survey area of the GSJ program “Hydrothermal activity in the Izu-Ogasawara Arc (1984-1989)".

Most sampling and geophysical survey were focussed on the three enclosed boxes in the map.
NSR : Nishi-Shichito Ridge, SIR : Shichito-Iwojima Ridge, OR : Ogasawara Ridge. SIR and
Mariana Ridge are the only active ridges in the survey area.

mic surveys were carried out with air gun, 3.5
kHz SBP, 12 kHz PDR, followed by bottom sam-
pling, camera towing, side-looking sonar mapping,
TV observation, water sampling, heat flow
measurement, and ocean bottom seismometer sur-
vey. Bottom materials were collected by dredge,
corers and grabs. Some hydrothermal manganese
deposits were observed by manned deep submers-
ibles ALVIN (Woods Hole Oceanographic
Institution) at the Sumisu Rift and SHINKAI 2000

(Japan Marine Science and Technology Center)
at the Kaikata Seamount.

Manganese oxide samples were soaked in sea
water and stored in a refrigerator immediately
after recovery to prevent drying and mineralogical

transformation (Usui et al., 1989). Subsamples
taken from each hand specimen were subjected to
X-ray powder diffraction (XRD) analysis in wet
and air-dried conditions to ascertain structural
stability during dehydration. Dried samples at
110C for 3 hours were analyzed for their chemi-
cal composition by atomic absorption spectroscopy
according to the GSJ standard procedures
(Terashima, 1978). Analytical uncertainty was
checked against USGS rock standards, Nod-P-1
and Nod-A-1 (Franagan and Gottfried, 1980).
Microstructure was observed with scanning elec-
tron microscope (SEM) and reflecting micro-
scope. Several subsamples were selected for U-Th
age determination.
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3. Survey area and regional setting

The survey areas of the eleven cruises cover
the Izu-Ogasawara-Mariana arc and Kyushu-
Palau Ridge between 19°N and 34°N (Fig. 1).
Rock sampling was performed at more than 330
stations mainly around topographic highs. More
then 100 bottom samples were collected at the
Kaikata Seamount, a member of active Izu-Ogasa-
wara volcanic chain for the purpose of mapping
hydrothermal manganese deposits on the sea floor

(Figs. 2and 3 ).

The Izu-Ogasawara arc, trending north to
south, includes three major ridges. The Shichito-
Iwojima Ridge consists of active submarine volca-
noes and volcanic islands, forming the volcanic
front. Two remnant inactive ridges on the Tertia-
ry basements, (Nishi-Shichito Ridge to the west
and Ogasawara Ridge to the east) run nearly par-
allel to the Shichito-Iwojima ridge. Recent rifting
of the sea floor and hydrothermal activity (Urabe
and Kusakabe, 1990) are assumed at the back-arc
depressions between the Shichito-Iwojima Ridge
and the Nishi-Shichito Ridge (Tamaki, 1985 ;
Yamazaki, 1988 ; Murakami, 1988 ; Brown and
Taylor, 1988). In the Sumisu Rift, one of these
back-arc depressions, silica and barite chimneys
were discovered with ALVIN.

The Kyushu-Palau Ridge is believed to be
formed at an ancient island-arc system prior to
the opening of the Parece Vela Basin from 17 Ma
to 25 Ma (Seno and Maruyama, 1984). The old-
est K-Ar age of dredged rocks from the ridge is
48.5 Ma (Mizuno et al., 1977). Ogasawara Ridge
is considered to be a Paleogene island arc formed
by forearc rifting during the Oligocene time (Leg
126 Shipboard Party, 1989).

4. Description of hydrothermal
manganese and iron deposits

The first occurrence of submarine hydrothermal
manganese deposits was described around the
mid-oceanic ridge spreading centers (Scott et al.,
1976a ; Corliss et al., 1978). These deposits occur
in various forms like stratified dense sheets,
crusts, veinlets and various aggregates at sea-
mounts, fracture zones, mounds etc. (Moore and

Vogt, 1976 ; Lonsdale et al., 1980). It is estimated
that the growth rate of a hydrothermal crust is
more than two orders of magnitude greater than
those of deep-sea nodules and crusts (Scott et al.,
1976b). Cronan et al. (1982) reported similar
hydrothermal manganese deposits in Tonga-Ker-
madec arc in the South Pacific. Hein et al. (1987)
reported extensive distribution of these deposits
in the active Mariana volcanic chain.

The hydrothermal manganese deposits from the
Izu-Ogasawara Arc (Usui et al., 1986) consist
typically dense, gray and submetallic layers or
cusps, similar in appearance and conposition to
those from the mid-oceanic ridge spreading cen-
ters (Plate 1 ). The dense gray layers of hydro-
thermal manganese oxide from the Kaikata Sea-
mount range in thickness from a few to 30 mm.
These layers are dverlain by volcanic sand layer
cemented by manganate matrix (Plate I-A). This
sequence shows that hydrothermal solutions have
supplied manganese from substrates which pre-
cipitate new surfaces just beneath the uppermost
sand layers. The similar deposits from the Sumisu
Rift show more than 4 cm thick dense submetallic
layers, which are scarcely covered by hydrogene-
tic ferromanganese oxide layers.

Other hydrothermal manganese deposits from
the Nishi-Shichito Ridge, the Ogasawara Ridge,
and Kyushu-Palau Ridge are always covered by
younger hydrogenetic ferromanganese layers(Plate
I-B/lower and I -C). Hydrothermal manganese
deposits usually serve as nuclei of spheroidal
nodules or as substrates of ferromanganese crusts,
suggesting a ceased hydrothermal activity in the
areas.

5. Chemistry

The chemical composition of the studied man-
ganese deposit is clearly different from hydro-
genetic or diagenetic deposits. The most remark-
able difference is their very high Mn/Fe ratio

(much greater than 10) and very low concentra-
tion of transition metal elements, such as Cu, Ni,
Zn, Co, and Pb. Though mineralogy of hydrother-
mal manganate is still controversial, they always
consist of 10 A and/or 7 A manganates after air
drying at a room temperature. The crystal has
elongated blade-like habit up to one millimeter in
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Fig.2  Distribution of hydrothermal and hydrogenetic manganese deposits in the Izu-Ogasawara Arc.
The recent hydrothermal deposits are dominant in seamounts in the volcanic front (SIR). Fos-
sil hydrothermal deposits are distributed in the two remnant ridges of Tertiary (NSR, OR). A
chain of back-arc depressions runs along the front.
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long axis. Usui et al. (1989) proposed that these
hydrothemal manganates are varieties of todoro-
kite series which differ from the phyllomanganate
of diagenetic buserite series from deep-sea man-
ganese nodules.

The detritus-free nature of these hydrothermal
manganate deposits is recognized in their chemical
composition. The samples taken from recent sub-

marine volcanoes in the Izu-Ogasawara Arc and
adjacent inactive ridges are similarly of very low
concentrations in silica, alumina and minor heavy
metal elements, like Fe, Cu, Ni, Co, Zn, and Pb

(Table 1 and Fig. 4 ). The Mn/Fe ratio ranges
from 10 to 4000 and Fe concentration is usually
less than 1 %. Concentrations of Cu, Ni, Co, Zn,
and Pb range from less than 1 ppm to 1000 ppm,

Table 1 Chemical and mineral composition of hydrothermal manganates and iron deposits from
Izu-Ogasawara Arc.

PROVINCES  SAMPLE NO. MINERALOGY CHEMISTRY (110°C-dried base) DESCRIPTION ~ AREA
(air-dried at R.T.) Mn  Fe MvFe Cu N Zn Co Pb
10A  7A X(107) others wt% wi% pPmM ppm  ppm ppm  ppm

volcanic front  D792-1#2 4 2 21 4640 159 29 414 585 429 146 93 smallcusps  seamount
D792-1#1 29 13 22 - 4145 041 101 681 362 281 10 22 denselayer  seamount
D791-6 8 42 0.2 c 4388 055 80 426 225 262 108 13 small cusps seamount
D817-7 8 14 59 - 4393 015 293 466 50 53 57 10 softclay Fukutoku smt.
D817-6 38 7 54 4508 038 119 133 260 167 19 2 smallcusps  Fukutoku smt.
081725 15d  15d 1 - 4001 022 182 954 40 94 18 5 denselayer  Fukutokusmt.
D821-2 29 13 22 - 3928 367 11 222 899 345 209 27 veinlet Kita-wo Jima s
D825-10 37 2 19 - 373 015 265 35 88 101 8 10 dense layer peak KC, Kaikata smt.
D826-11 3 ¥ 1.1 - 4586 029 158 22 6 32 10 13 dense layer peak KC, Kaikata smt.
RC44g#2 164 0 o ¢ 4515 051 89 35 45 61 34 14 denselayer  peak KM, Kaikata smt.
RS9 ++ 4300 007 614 139 6 14 27 2 denselayer  peak KM, Kaikata smt.
RS16-2 + + p 3110 204 156 52 40 52 14 6 denselayer  peak KM, Kaikata smt.
RS16-3 + 4 + - 3680 121 30 327 10 3B 34 § dense layer peak KM, Kaikata smt.
RS164 oo+ + - 3340 237 14 1000 53 65 28 6 denselayer  peak KM, Kaikata smt.
RS18-5#1 131 0 oo - 4113 318 13 310 12 2 1 denselayer  peak KM, Kaikata smt.
RS18-5#2 190 0 3 p 3788 135 28 329 25 44 55 14 denselayer peak KM, Kaikata smt.
RS304 15 43 0.3 ¢ 4055 1.01 40 91 177 182 29 23 small cusps peak KM, Kaikata smt.
RS31-6 139 0 oo ¢ 4528 057 79 88 27 48 30 0 fbrouscusps  peak KM, Kaikata smt.
RS33-3 5 25 02 p 2832 289 10 144 168 194 28 16 denselayer  peak KM, Kaikata smt.
RS40-8#1, 0 2 0 - 3030 244 12 161 84 112 85 0 black fayer peak KM, Kaikata smt.
RS40-842 40 22 pec 3934 413 10 163 6 30 8 1 dense layer peak KM, Kaikata smt.
RS48 77 o0 - 4624 023 201 358 5 38 34 18 denselayer  peak KM, Kaikata smt.

backarc(ridge) D369 + o+ + - 4806 060 80 373 1120 840 15 10 fragment Nishi-Shichito ridge
D634-MN4 1 26 04 - 4670 001 4670 91 10 i 3 <10 densalayer  Nishi-Shichito ridge
D634-nN2 R’ 2 14 ¢ 385 014 275 169 527 621 52 <10 dense layer Nishi-Shichito ridge
D634-MN7 31 14 22 q 4373 051 86 637 1403 963 27 54 denselayer  Nishi-Shichito ridge
D634-MN2A 29 10 29 ¢q 2567 041 63 280 1179 43 78 <10 porouslayer  Nishi-Shichito ridge
D634-MNSA 58 18 32 ¢q 2895 043 67 221 452 31 188 <10 porousiayer  Nishi-Shichito ridge
D634-MN3 61 0 oo - 3725 002 1860 186 64 20 10 <10 denselayer  Nishi-Shichito ridge
D634-MN6 47 0 oo - 4985 011 453 169 60 57 109 <10 denseaggreg. Nishi-Shichitoridge
D711 + - p 4120 101 41 65 167 144 77 32 denselayer WoestofKita-iwols.
D711-2 + 4720 007 674 20 51 50 19 1 denselayer WestofKita-wols.
D711-3 + - o0 4540 015 303 44 156 145 24 1 denselayer WestofKita-iwols.
D8o2-1 65 0 0 5096 023 223 379 1011 754 24 7 nodule nucleus seamount of back-arc ridge

backarc(rif)  Dv1889-14 65 0 4750 007 651 160 391 313 8 na denselayer  Sumisu Ritt
Dv1889-14 67 0 4780 008 62 84 81 151 6 na denselayer  Sumisu Ritt
Dv1889-14 0 - 4660 017 274 53 94 102 14  na denselayer Sumisu Rift
Dv1889-14 7 0 e gp 4040 124 33 60 142 116 8 na dense layer Sumisu Rift

forearc(ridge) D361 v+ + - 4003 086 42 825 145 120 60 10 fragment East of Torishima
D750-15 + - " oprec 3480 076 46 142 302 180 73 56 dense layer Shin-Kurose
D798-6 " 2 36 - 5075 006 846 227 482 262 10 21 nodule nucleus fore-arc high
D798-9 59 0 - 4484 022 204 122 1078 1233 36 32 nodule nucleus fore-arc high

IRON OXIDES D817-10 - . - amorph 362 3267 0.1 35 7 7 9 10 brownlayer  Fukutoku smt.

RS18 .. - amorph 069 3680 002 80 200 16 17 41 yelowishclay peak KM, Kaikata smt.

NOTE/ Mineralogy: X-ray intensity is shown on a relative scale, x(10/7) = ratio of Intensity at 10A and 7A d-spacings.
++ = irong, + = present, - = not detected, q = quartz, p = plagioclase, ¢ = calcite, pr = pyrolusite, amorph= amorphous.
Chemistry: na = not analyzed.
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deposits of this study in comparison with Pacific deep-sea manganese nodules.

with common values lower than 100 ppm. The
ranges of variation of these elements are as large
as two orders of magnitude. Considerable propor-
tion of these minor elements may be derived from
detrital minerals of basic volcanic rocks and glas-
ses. Volcanic rocks contains several tens ppm of
Co, Ni, Zn etc. In many cases high concentrations
of these elements are associated with high concen-
tration of Fe and/or aluminosilicate mineral in the
sample. However, in other cases, high Cu is re-
lated to high manganese concentration, suggesting
a possibility of lattice-held transition elements in
manganate minerals. On the other hand, typical
tunnel-structure todorokite accommodate only
negligible amount of transition elements, but tend
to contain alkali or alkali-earth elements. Varia-
tion of transition elements can be attributed to de-
trital particles included in the deposits, but only a
small part may be incorporated in manganate
structure.

6. Mineralogy

In recent review articles (Burns and Burns,
1979 : Arrhenius et al, 1979) ; Giovanoli, 1980 ;
Arrhenius and Tsai, 1981 ; Mellin, 1981 ; Burns et
al., 1983), mineralogy of marine manganates is
discussed in terms of their crystal structure as
well as of chemistry. Previous studies suggest that
four principal manganese minerals occur in
marine hydrothermal, hydrogentic, and diagenetic
manganese deposits. These four minerals are often
regarded as structural analogues of some terres-
trial and synthetic manganese (IV) compounds.
(1) Todorokite : A 10 A manganate with edge-
shared MnOg octahedra forming a tunnel structure
accommodating large cations such as Ba and K

(Turner and Buseck, 1981 : Burns et al., 1983),
(2) Buserite : A synthetic 10 A phyllomanganate in
which interlayer (MnQOs) walls are absent but
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Fig. 5

Typical X-ray powder diffraction patterns of hydrothermal manganese deposits. Sharp and
strong reflections are characteristic of the deposits. The change of pattern from 10 A manganate
to 7A manganate during dehydration is often observed in air at a room temperature (A),
while others not (B). T : 10 A manganate (todorokite), S :7 A manganate (unstable todorokite),
H : halite after evaporation of sea water.

Table 2 Diagnostic reflections of marine manganates on X-ray diffraction diagram.

In sea water :
1) 10and5 A
2) 7 and 3.5A
2) 2.4and 1.4A

hydrothermal and diagenetic deposits.
none.
hydrothermal, diagenetic, and hydrogenetic deposits.

After air drying at a room temperature :
1) 10and5 A hydrothermal and diagenetic deposits.
2) 7 and 3.5A hydrothermal deposits only.
2) 2.4and 1.4A hydrothermal, diagenetic, and hydrogenetic deposits.
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accommodate double layers of HyO or OH™ stabil-
ized by transition elements between the sheets

(Arrhenius et al, 1981 ; Giovanoli, 1980).
Buserite is assumed to have tunnel structure of in-
finite dimension, (3) Bimessite : A natural 7 A
phyllomanganate structurally similar to buserite
but with a single water molecule layer between
the sheets. (4) An iron-manganese mineral, refer-
red to as vemadite or 6 -MnOg, is common in man-
ganese nodules of hydrogenetic origin. It is a dis-
orderd mixed-layer iron and manganese oxide
mineral composed of randomly-stacked manganate
sheets and iron oxide sheets (Burns, 1976 ; Oat-
wald, 1984).

The marine manganates with a 10 A X-ray re-
flection are here referred to as 10 A manganate
while one with a 7 A reflection like birnessite re-
ferred to as 7 A manganate, because of unsolved
problem whether the marine manganates are
structural analogues either to land todorokite, bir-
nessite or synthetic buserite. Most of marine 10 A
manganates of this study are similar in XRD pat-
tern to todorokite if they still have a 10 A -spacing
after drying in air. However, some of them can
easily transform to 7 A manganate in air resulting
in identical X-ray diffraction patterns to birnes-
site (Table 2). These two types of stable and
unstable 10 A manganates and intermediate types
are often observed in hydrothermal manganese de-
posits. Some air-dried marine hydrothermal 10 A
manganates and todorokites on land are not dis-
tinguishable in XRD patterns. Both of them do not
transform to 7 A manganate on air drying (Fig. 5
and Table 2 ). At the same time, heavy metal-
depleted diagenetic and hydrothermal 10 A man-
ganates are not chemically distinguishable despthe
the different structural stability of 10A spacing.

The contents of transition elements, such as Cu,
Co and Ni in marine 10 A manganates vary con-
siderably. Highest metal contents (more than 3
wt.% of Cu plus Ni) are encountered in deep-sea
manganese nodules from the Northeastern and
Central Pacific (Halbach and Ozkara, 1979 ; Usui
1979). In contrast, very low metal contents

(usually in the order of tens to one hundred
ppm) are characteristic of hydrothermal manga-
nate deposits around vents at spreading centers in
the mid-oceanic ridges and in backarc basins

(Moore and Vogt, 1976 ; Hoffert et al, 1978 ;

Boulegue et al., 1984 ; Tufar et al., 1986). Cu and
Ni-enriched 10 A manganates have not been dis-
covered from the sea floor in this study.

During dehydration experiments on more than
forty wet hydrothermal manganese samples some
of 10 A manganates rapidly transformed to 7 A
manganate at a room temperature on air drying
whereas the others remained as 10 A manganate
in air or even on heating at 110°C (Tables1, 2,
and Fig. 5). The Figure 5 is an example of the
change in XRD pattern of an unstable 10 A man-
ganate from the Kaikata Seamount while air
drying at a room temperature.

According to the model by Usui ef al. (1989),
it is assumed that marine 10 A manganates are
categorized into two mineral series ; todorokite of
hydrothermal origin and buserite of diagenetic ori-
gin. All the manganates in these two series are
stable as 10 A manganate in situ on the sea floor.
The former series which is likely to be a product
from hydrothermal solution (temperature not
specified ) has a tunnel structure ( 3x n ; n=2-5).
The latter series comprises 10 A phyllomanganate,
formed in normal deep-sea environment and has
various kinds and contents of 10 A -stabilizing in-
terlayer cations. Both series are linked with unst-
able 10A phyllomanganate formed at low tempera-
ture in either hydrothermal or diagenetic environ-
ments. The 7A manganate, a transformed product
from 10 A manganate, is observed in both diagene-
tic and hydrothermal deposits.

The transformation from 10 A manganate to 7 A
manganate is thus due to low structural stability
against dehydration either by insufficient inter-
layer MnOg “walls” as in todorokite or by insuffi-
cient occupation by stabilizing interlayer
cations as in buserite. An identical phase trans-
formation to 7 A is characteristic both in low-
metal diagenetic and synthetic 10 A manganate,
when exposed to air (Usui et al., 1978 ; Mellin,
1981 ; Paterson et al., 1986).

The iron oxide deposits are collected from
several localities in the active submarine volca-
noes ; the Fukutoku Seamount of the northern
Mariana Arc and the Kaikata Seamount of the
Izu-Ogasawara Arc. They usually occur in contact
with hydrothermal manganese deposits in a form
of dense laminated layer of several mm thick.
They are characterized by very low concentration

— 265 —




Bulletin of the Geological Survey of Japan, Vol. 43, No. 4

of metal elements, Mu, Cu, Ni, Co, Pb, Zn etc. The
SEM micrographs and XRD analysis show amor-
phous irregular mass of structureless material,
sometimes associated by biogenic structure (e. g.,
iron bacteria). The deposits may be formed at
the latest stage of hydrothermal activity at a low
temperature probably catalyzed by microbial
activity, because high-temperature hydrothermal
activity (higher than about 100°C) would have
precipitate crystalline hematite
(Bischoff, 1969).

goethite or

7. Microstructure

The aggregate of crystals sometimes forms
irregular mass, randomly oriented mass, matrix of
clastics and sands, and rarely elongated cusps
under reflecting microscope. SEM observation re-
veals that the dense layers in hydrothermal man-
ganate deposits of this study are generally com-
posed of flaky or blade-shaped crystals of pure
manganates with boxwork or honeycomb strucure

(Plate I ). The size of each manganate crystal
is significantly larger than those of hydrogenetic
and diagenetic. The crystal of hydrothermal man-
ganate is as long as several hundred #m, and as
thick as several gm.

8. Process and environment of
deposition

Several localities were surveyed in the Izu-Oga-
sawara arc and Kyushu-Palau Ridge on regional
and small scales. Some of them are likely to be re-
lated to active hydrothermal vents while some are
regarded to be already extinct. The Kaikata Sea-
mount and Sumisu Rift appear to yield modern
hydrothermal manganese deposits. Apart from
these active areas, the fossil hydrothermal de-
posits are often encountered in Nishi-Shichito
Ridge (Fig.3) and Kyushu-Palau Ridge.

1) Kaikata seamount hydrothermal manganese
belt.

The Kaikata Seamount consists of three major
peaks (KN, KM and KS) and a caldera (KC)
with the shallowest water depth of 140 meters at
peak KM (Fig. 3 ). Some hydrothermal sulfide
mineralization have been discovered at inner walls

of KC, while hydrothermal manganese deposits
widely covers a flank of peak KM and part of
peak KN (Fig. 3 ).

The major hydrothermal manganate deposit
form a NE-SW extending belt about 2 km wide
and 10 km long on the northwestern slope of peak
KN (Fig. 6 ). Usui et al. (1989) reported that
structural stability of 10 A manganates, repre-
sented as variation in X-ray intensity ratio at 10
A and 7 A d-spacings, shows an apparent later-
al zoning within the belt. This comparison shows
that the stability gradually decreases from the
axial part of the belt towards its margins. The
most stable 10 A manganate (stable as 10 A even
at 110C drying) consequently occur near the
axis (samples RS 16, RS 18, RS 31, RC 448,
RC 449). The zonal distribution implies that the
hydrothermal water circulates and precipitates
near the axis in the Kaikata Seamount hydro-
thermal belt.

Variation in mineralogy of hydrothermal man-
ganates is not likely due to chemical composition
or aging effect, but may be temperature at forma-
tion. Other factors, for instance, physico-chemical
condition of solution, pressure, and microbial
effects should be taken into consideration.

This hypothesis is supported by a very high
thermal gradient within volcanic sand sediments,
1.1°C /m, measured at H 316 (Fig. 6 ) near the
belt by using a wire-line heat-flow probe (T.
Yamazaki, GSJ, pers. com.). Significantly higher
temperatures of bottom sediments than bottom wa-
ter were successfully measured just beneath the
surface hardpan of hydrothermal manganese de-
posits at two points along the SHINKAI 2000 track

(Table 3 ). These high thermal gradients imply
a substantial heat source inside the volcanic body
of the seamount.

The occurrence of the hydrothermal manganese
deposits on Kaikata Seamount is typical of flat
layers of several centimeters in thickness which is
overlain by surface hardpan cemented with simi-
lar manganate material (Fig. 6 ). This occurrence
suggests that manganates initially precipitated in
the very top of the surface sand layers have pre-
vented succeeding discharge of Mn-bearing
hydrothermal solution into bottom waters. Thick
dense layers of manganates are subsequently pre-
cipitated along the occasional cracks on the sea
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Table 3 Temperature of surface sediments in the Kaikata seamount.

Station H316 Dive 408 Dive 408
st. 1 st. 3
Latitude (N) 26°41.60 26°42.19 26°42.13
Longitude (E) 140°53.51" 140°54.42' 140°55.07
Water depth 1315 m 1219 m 1160 m
Temperature
1) bottom water 2.82T 2.66C 2.81T
2) sediment ~10 cm depth 2.97C 2.82C 3.06C
(difference) +0.15 deg. +0.16 deg. +0.25 deg.
2) sediment -35 cm depth 3.25TC — —
Method wire-line probe thermister thermister
of SHINKAI 2000 of SHINKAI 2000
Reference T. Yamazaki this study this study

floor. Microscopic observation clearly revealed a
downward of the dense manganate layers. It is
also supported by the U-Th dating (T. A. Mellin
and J. L. Reyss, pers. com.), which indicates the
age of the submetallic dense layers just beneath
the sea floor to be 4300 years B. P., while the
fresh surface of the bottom side to be younger
than 3000 years B. P.

The photographs taken from SHINKAI 2000

(Plate TM) show frequent occurrence of elon-
gated mounds of 30 to 50 cm in height and several
to tens meters in length. This ridge-like mounds
seem to be formed when the hydrothermal solution
was discharged upward through sandy sediments
from subbottom fractures or faults. The Figure 7
demonstrates a probable process of deposition of
manganese at the Kaikata Seamount.

2 ) Sumisu rift

A recent rifting of the sea floor has been
assumed at the Sumisu Rift (Murakami, 1988 ;
Brown and Taylor, 1988). Hydrothermal man-
ganese deposits were collected during the sub-
mersible observation with ALVIN on the east wall
of the rift in the South Sumisu Basin at a depth of
1770m (Smith et al., 1990) and on a small ridge
in the Sumisu Rift (Murakami and Yamazaki,

1990). The east wall consist of normal stepped
fault blocks descending to the basin floor of about
2200m depth (Murakami, 1988). Although the
basement of each scarp is covered with thick sedi-
ments of about 100 m thickness, the scarp is over-
lain with scarce sediments. The homogeneous
hydrothermal manganese deposit, collected near
the scarp, may have been derived from low-
temperature hydrothermal solution discharged
along the fault zones. However, the recent activity
seems to be ceased because this deposit is
encrusted by very thin (up to 1 mm) hydrogenetic
ferromanganese oxide film.

3 ) Deposits from the back arc and forearc ridges

As shown in Figure 2, hydrothermal man-
ganese deposits are widely distributed on the old-
er ridges especially on topographic highs. Col-
lected basaltic rocks from the backarc remnant
arc, the Nishi-Shichito Ridge, assign the radio-
chemical age of 2.2 Ma (Yuasa, 1985). At
several localities between 27°N to 34°N,
hydrothermal manganese deposits have been col-
lected within calcareous sands, as network vein-
lets in rocks, nuclei of hydrogenetic nodules, and
substrate of hydrogenetic ferromanganese crusts.

The flat-topped seamount in the Nishi-Shichito
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The stage of fracturing or faulting of sustrate volcanic rocks is not specified.

Ridge (Tenwa seamount, Usui et al, 1986) is
partly covered with several to ten centimeter
thick hydrothermal manganese deposits and non-
tronite claystone. The area of distribution of hydro-
thermal deposits is as large as several kilo-
meters in length, near the crest of the seamount.
The age of the hydrothermal manganate is esti-
mated as 0.4Ma (Mellin and Reyss, pers. com.)

Similar occurrence is also common in the forearc
ridge, the Shin-Kurose Ridge and the Ogasawara
Ridge (Yuasa and Yokota, 1984). Radiochemical
dating of rocks from the Shin-Kurose Ridge
assigns Paleogene (Honza et al., 1982). One of
the age of hydrothermal manganese deposits is
older than 0.5Ma (Mellin and Reyss, pers. com.)

4 ) Deposits from the Paleogene island arc, the
Kyushu-Palaw Ridge
At two seamounts of the

ridge, hydro-

thermal manganese deposits serve as nucleus of
hydrogenetic nodules of 6 to 8 cm in diameter
(Plate I ). Surrounding encrustation of hydro-
genetic ferromanganese layers are 2 to 3 cm in
thickness, and contain 15 to 25 wt.% iron and
manganese. The basement andesitic rock implies
that the ridge was formed at the ancient island-
arc system during Paleogene (Seno  and
Maruyama, 1984 ; Mrozowski and Hayes, 1979).
The occurrence of thick hydrogenetic ferroman-
ganese layer, 10 c¢m in maximum, is consistent
with the estimated age of the ancient island arc.
The fragment of hydrothermal manganese oxide
deposits inside the nodules is, therefore, a record
of ancient hydrothermal activity in the stage of
island-arc formation.
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9. Summary

The reconnaissance and detailed geological sur-
veys revealed extensive distribution of hydrother-
mal manganese deposits both in the active vol-
canic chains and on the remnant inactive ridges.
The deposits are most dominant at topographic
highs of active submarine volcanoes and backarc
rifts, e.g.,, the Kaikata Seamount and the Sumisu
Rift. The detailed mapping and analysis on the de-
posits from Kaikata Seamount implies upward
migration of low-temperature hydrothermal solu-
tion through volcanic sands and possible recent
precipitation at the sea floor, despite the fact that
in-situ temperature measurement shows no evi-
dence of high-temperature hydrothermal vents.
The zonal distribution of structural stability of 10
A manganates suggests decreasing intensity of
hydrothermal activity from the axis towards its
margins in the hydrothermal manganese belt ( 2
X10km). Hydrothermal manganese deposits from
the Sumisu Rift may be related to the activity
along the normal stepped faults on the rift wall.

Extensive and common occurrence of _hydrother-
mal manganese deposits may indicate adjacent
high-temperature sulfide deposits. The manganese
mineral can be used as an indicator of high-
temperature hydrothermal activity which is be-
lieved to be smaller in scale and harder to locate,
because the manganese minerals are resistant to
dissolution and alteration in normal sea floor en-
vironment. The older deposits within hydrogentic
nodules and beneath manganese crusts are records
of hydrothermal activity encountered around the
ancient island-arc systems.
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Volcanic front
(Kaikata Smt.)

Plate I Typical hydrothermal manganese deposits. Scale in cm.
(A) Kaikata Seamount, volcanic front ; submetallic layers overlain by a sand layer cemented
with manganese oxide.
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(Fukutoku Smt.)

(B/upper) Fukutoku Smt., volcanic front ; large blocks of hydrothermal deposits with down-
ward growth structure from a dredge D817 at 24°03.7’'N, 141°40.7’E, water depth 1510 m.
(B/lower) Shin-Kurose Ridge, fore-arc ; hydrothermal oxides are covered with or overlain by
younger hydrogenetic ferromanganese oxide layers from a dredge D798 at 30°18.9'N,
140°41.2'E, water depth 1083 m.
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Back-arc

D634

(C) Seamounts in back-arc remnant arc (NSR) ; downward growth structure from dredge
sample D634-1 and D633 and network structure within nontronite claystone from sample
D634-2 are noted. D634 : 31°22.1'N, 138°46.7'E, water depth 890 m, D633 : 31°30.0'N,
138°21.1'E, water depth 2203 m, D802 : 26°12.0'N, 140°09.2'E, water depth 2515 m.
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Plate [l Scanning electron micrographs of hydrothermal manganese oxides.
A-1) Bottom fresh surface of a dense layer (sample RS 9) ; A-2) close-up of A-1; A-3)
broken surface of a dense layer (RS9 ) ; A-4) close-up of A-3; A-5) cuspate growth struc-
ture (RS 14) ; A-6) close-up of broken surface of A-5.
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Plate II-B

B-1) Side view of growth cusps (RS 14) ; B-2) top view of the cusps (RS 14) ; B-3) broken

surface of the cusps ; B-4) and5 ) close-up of B3 ; B-6) close-up of B-2.
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C-1) Volcanic glass grain with manganese oxide stains (RS 15) ; C-2) close-up of C-1; C-3)
manganese oxide matrix of foram sand (RS 15) ; C-4) close-up of C-3 ; C-5) manganese oxide
matrix of foram sand (RS 16) ; C-6) close-up of C-5.
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D-1 and D-2) Amorphous iron oxide deposits associated with hydrothermal manganese oxide (RS
16) ; D-3 to D-6) thread and particle like structure formed possibly by microbial process (RS
16).
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Plate II-E
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1

E-1) Blade-like manganate crystals in the vug (D711 ; 24°00.3'N, 141°15.3'E, 840m) ; E-2)
thread like form of manganese oxide (D711) ; E-3) dense submetallic aggregate (D711) ; E-4)
close-up of E-3 ; E-5) similar to E-2 (D736; 23°37.1'N, 141°48.2'E, 632m) ; E-6) amorphous
dense iron oxide deposits (D736).

20}1m
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F-1) Blade-like crystals of manganate from submetallic dense layer (D634) : F-2) surface of
veinlets of manganese oxide in a nontronite claystone. Scale bar : 10 g m.
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G) Flake or blade-like crystals of manganese oxide in a dense aggregate served as nucleus of
manganese nodules from the seamounts of Kyushu-Palau Ridge (D1022 ; D1029). Hatched
areas in sketches of nodule section indicate hydrothermal manganese oxide aggregate. Scale bar :
10 # m.
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D1022SEM1

D1029-8

H) Flake or blade-like manganate crystals. Samples are from the same nodules as G). 1-3)
D1022, 4) D1029. Scale bar : 10 #m.
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Plate [ Sea floor photographs taken from SHINKAI 2000. The fractures on the sea floor are usually
associated with elongated swells or ridges of 30 to 50 cm in height. Organisms such as
Ophiuroids and Crinoids are common around the mounds. Two photographs taken around St. 4
during Dive 408.
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