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Abstract

In this paper we propose the possible existence of a new biosphere called the “serpentinite
biosphere.” We also suggest that serpentinites act as a receptacle of the deep biosphere. Analyses
of geology, geophysics, biology, and chemistry of these “serpentinite capsules” are useful for
determining the deepest limits of the subsurface biosphere. We obtained bathymetry, sediments,
geochemical, and microbiological data from the Chamorro Seamount, a serpentinite seamount
consisting of a pile of serpentinite flows in the Mariana forearc. These data reveal that serpentinite
flows are products of upper mantle peridotite altered by the addition of water from the subducting
slab. Alteration of peridotite to serpentinite provides hydrogen gas and methane, which are the
most important energy sources for extremophile life. It also induces a buoyant rise of serpentinite
diapirs, which are likely to capture and transport portions of the deep biosphere during their ascent
to the surface. The conditions and the characteristics of serpentinite seamounts indicate that the
serpentinite diapir is a transported capsule, or a “postcard” from the deep subsurface biosphere, as
if meteorites are packages from space and snow is a letter from heaven. We should read them
carefully to obtain a broader understanding of the subsurface biosphere.

Key words : Serpentinite, serpentinite seamount, subsurface biosphere, serpentinite biosphere, ex-
tremophile life, mantle peridotite

1. Introduction

Recent advances in microbiology have revealed
the existence of a deep, extremophile-dominated bio-
sphere in the Earth’s interior, whose estimated vol-
ume is comparable to or greater than the total sur-
face biomass of the Earth (L’'Haridon ef al, 1995 ;
Stevens et al.,, 1995 ; Kerr, 1997 ; Parkes et al., 1994).
Extreme environments are estimated to exist not
only on the Earth but also on other planets, which
may be more severe than those of the Earth. Cur-
rently there are several debates over the possible
existence of such extreme microbes on other planets

such as Mars or Europa, which are thought to offer
more severe conditions for microbes (Aldiss, 2001 ;
Rothschild and Mancinelli, 2001).
available to investigate subsurface microbes : (1) di-

Two means are

rect drilling to the upper mantle, (2) indirect sam-
pling from material ( “capsules”) transported from
deeper parts of the Earth. Although we have many
deep holes in both land and sea, we have never
reached the upper mantle by drilling. However, we
have several different packages or capsules from
deeper parts of the Earth : diamond pipes, magma
intrusions, salt domes, and mud and serpentinite dia-
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pirs. Estimated minimal temperatures of the former
two are too high (>1,000°C) to preserve living organ-
isms, but the remaining three are estimated to have
temperatures lower than 300-100°C, within the possi-
ble upper temperature limits of extremophile cells
living under high-pressure conditions which are nor-
mally thought to be around 120-150°C (Stetter, 1999).

Along the Izu-Bonin-Mariana fore arc there are
many serpentinite seamounts with and without car-
bonate chimneys and animal communities. We have
visited these serpentinite seamounts both by surface
ship and submersible, and collected data and sam-
ples. In this paper we propose a new possible bio-
sphere called a “serpentinite biosphere” and suggest
that serpentinites act as a receptacle of the deep
biosphere through analyses of these data and sam-
ples (Fujioka, 2000).

2. Serpentinites and serpentinite seamounts

Mariana serpentinite seamounts

Serpentinite seamounts were found along the
Mariana forearc during the Kana-Keoki cruise for the
first time, and subsequently the bathymetric and
petrologic features of the serpentinite seamounts
were investigated with samples and data collected
by dredged hauls, submersible dives, and deep sea
drilling (Fryer, 1996). Serpentinite seamounts form a
stratovolcano-like structure, which consists mostly
of serpentine flows from the summit as diapirs, like a
mud volcano, with carbonate chimneys and rarely
with chemosynthetic communities (Fryer and Mot-
tle, 1997).

Diapir of serpentinite and serpentinization

Serpentinite diapirs come from the upper mantle,
deeper than mud diapirs and salt domes. If serpen-
tinites capture subsurface life during their ascent to
the surface, petrological and mineralogical analyses
can be employed to estimate the in situ pressure and
temperature conditions of the deep biosphere. Ser-
pentinites are the products of hydrothermal and low
temperature alteration and metamorphism of the up-
per mantle peridotites, which are composed mostly
of olivine, orthopyroxene, clinopyroxene, and spinel
and/or garnet (O’'Hanley, 1996). During serpentiniza-
tion of peridotites caused by the addition of H:0,
serpentine minerals such as chrysotile, antigorite,
lizardite, hydrogen gas, and magnetites are produced
by the reaction

Olivine + Vapor = Serpentine + H, + Magnetite (1)
(O’'Hanley, 1996).
Hydrogen gas will reduce coexisting CO, to produce
methane by the Fischer-Tropsch reaction
CO;+4H,=CH,+2H,0 @

using a metallic iron or iron oxide catalyst (Berndt et
al., 1996). Both hydrogen gas and methane are favor-
able energy sources for chemosynthetic and/or litho-
trophic bacteria (Stevens and McKinley, 1995).

Physical property of serpentine

Serpentine minerals commonly contain enough
water (H,O, OH up to 15 wt%) for their density to be
considerably lower than that of other ambient miner-
als and rocks. Serpentinites are so soft and viscous
that they easily envelop and entrain the surrounding
materials to form xenoliths or xenocrysts. The buoy-
ancy of serpentinites causes them to rise to the sur-
face as diapirs, and repeated diapir intrusion creates
serpentinite seamount edifices on the seafloor (Fryer,
1996 ; O’'Hanley, 1996 ; Toft etal, 1990 ; Fujioka,
2000).

3. Distribution of serpentinites in the world and
animal communities

The present distribution of serpentinite bodies in
the world is restricted to slow spreading centers and
fracture zones along Mid-Ocean Ridges, the forearc
regions of immature island arcs, and backarc rift
basins in the ocean floor (Fujioka, 2000), and ophiolite
and metamorphic terrains on land. Only three exam-
ples of living animal communities coexistent with
serpentinite bodies on the seafloor are known at the
“Rainbow” and “Lost City” hydrothermal ficlds on
the Mid-Atlantic Ridge (Fouquet et al.,, 1997 ; Kelley,
2001) and the Chamorro Seamount in the Mariana
forearc region (Fryer and Mottle, 1997). The hydro-
thermal vents are thought to be windows to the deep
biosphere (Deming and Baross, 1993 ; Delaney et al,
1999), but the thermal gradient at the ridge crest
seems to be so large that the estimated temperature
below the vents and deeper parts is too high to
sustain life. In contrast, the thermal gradient be-
neath subduction zones in the Western Pacific Rim
(Maekawa et al., 1993 ; Iwamori, 1998) is so small that
living organisms should survive in deeper parts of
the lower crust and even the upper mantle.
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4. Chamorro Seamount in the Mariana Forearc

The Chamorro Seamount, a twin seamounts, lies
2,000 km south of Tokyo, about 100 km east of Guam
Island, Mariana Arc-Trench system, 13°47’N, 146°00°
E (Bloomer and Hawkins, 1983 ; Fryer, 1996 ; Fryer et
al., 1985 ; Fujioka et al., 1994 ; 1995, Ishii, et al., 2000 ;
Maekawa et al, 1993) (Figs. 1 and 2). Near the sum-
mit of the South Chamorro Seamount there is a
chemosynthetic animal community consisting of
mussels, galatheid crabs, and gastropods living near
and on carbonate chimneys found during a Shinkai
6500 dive program in 1996 (Fryer and Mottle, 1997).
We investigated the South Chamorro Seamount us-
ing the Remotely Operated Vehicle “Kaiko” and the
R/V Kairei of JAMSTEC in 2000.

We used several bathymetric survey line data,
deep-sea photos, sediment and Bathymodiolus-like
mussel samples taken using Kaiko’s manipulator,
and water samples taken from the hole after bivalve
sampling using an Alvin type water sampler (Figs. 4
a, b). We mapped the whole edifice of the South
Chamorro Seamount using SEABEAM 2112 during
the ROV survey (Fig. 2). The Chamorro seamount is
1.5km in height with a conical shape (25 km bottom
diameter). The estimated volume of serpentinites is 5
X 10°km? and we infer that a weight of 1X10®g of
water is needed from the subducting slab to produce
the observed volume of serpentinite. This estimated
volume of serpentinite should produce about 1.6X
10" g of Hydrogen.

On the Conical Seamount, north of the Chamorro
Seamount serpentinite flows extend radially from
the summit and form small, narrow, several meter
high ridges that include boulders of peridotite. Car-
bonate chimneys stand on the serpentine mound at
Conical and Pacman seamounts (Fryer, 1996 ; Fryer,
et al., 1985 ; Fujiokaef al, 1994 ; 1995 ; Iwamori, 1998).
The ratio of serpentine matrix and boulders is esti-
mated to be 9 : 1 from visual observations and photo-
graphs taken from the previous submersible Shinkai
6500 dives. The sediments were confirmed to be soft,
loose, and fragile, i.e., low-density materials, when
picked up by Kaiko’s manipulator (Figs. 3a, b). The
magnetic survey of the seamount shows a dipole
magnetic anomaly, indicating the existence of abun-
dant, strongly magnetized, small, single domain mag-
netites formed by the above-mentioned reaction.

5. Microbiological examination of serpentine mud
and water

A direct count of 4’6-diamidino-2-phenylindole
(DAPI) stained cells using epifluorescence micros-
copy indicates that the total microbial biomass in the
water sample and serpentine mud matrix was 7X10*
cells/ml and 2X 107 cells/wet g, respectively. These
abundances are similar to or higher than the values
obtained from bottom water and surface mud in
ordinary deep-sea animal communities (Rothschild
and Mancinelli, 2001). These apparently normal val-
ues seemingly contradict our proposal that the ser-
pentinization process has a huge potential to sustain
a large biomass. The starting point of our current
research is the hypothesis that most of the biomass is
embedded in the subsurface.

6. Isotope geochemistry of water samples
Previous geochemical studies of hydrogen, oxy-
gen, and carbon isotopes revealed that fluids, gases,
and authigenic carbonate sampled along subduction
zones are partially derived from the lower crust and
the upper mantle at the Mariana Trench (Haggerty,
1991 ; Kato et al, 2001 ; Mottl, 1992 ; Sakai et al., 1990
; Yamanaka et al., submitted). The concentration of
CH; in the sample water from the Chamorro sea-
mount is at least 100 times higher than that of ambi-
ent seawater (Yamanaka ef al, submitted) and is
comparable with those of the cold-seepage fluids ob-
served around Nankai and Suruga Trough accretion
prism (Gamo et al., 1992 ; Tsunogaiet al., 1998). The &
BC value of dissolved CHy in the sampled water is —
14 (relative to PDB), which is considerably heavier
than that of seawater in Suruga Trough water col-
umn and the cold-seepage fluids (almost lower than
—35 : Tsunogai et al., 1998). This may indicate that
methane is a reaction product of hydrogen gas pro-
duced during serpentinization with deeper crust or
upper mantle-derived CO,. It may imply that hydro-
gen gas is emitting from the fissures with methane.
The 6*S value of sulfide from serpentine mud is —
32.3 (relative to CTD), which is significantly lighter
than that of seawater sulfate (+21 : Rees et al., 1978).
This value could indicate the effects of reduction by
sulfate-reducing bacteria. However, due to quite low
TOC values (0.05 weight %) in surface mud collected
with mussels, organic matter in a quantity great
enough to act as a significant electron donor for
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Fig. 1. Index map of the Philippine Sea and the

location of the Chamorro Seamount
Conical Seamount, P : Pacman Secamount, T @~

, Maridna forearc. (
[orishima Seamount.

bacterial sulfate reduction could not be identified maintaining animal communities on the Mariana ser-

(Yamanaka et al.,, submitted). This may indicate that pentinite

seamounts, similar to cold-seep animal
sulfate reduction reactions using CH, and hvdrogen communities in the Japan Trench forearc and other
as electron donors are vigorous in the subsurface. forearc regions around the world.
The 6*8 values of soft tissues from the mussel sam- The structure of the serpentinite diapir was esti-
ples are approximately +10, suggesting that the mated from data obtained by ODP drilling at Conical

mussel species takes energy both from CH, and LS, and Torishima seamounts on the [zu-Bonin-Mariana
namely dual-symbiosis (Yamanaka ef al., submitted). forearc, and by a seismic survey on the Torishima
[t indicates that methane is not sufficient but is SMT in the lzu-Bonin arc (Frver ef al., 1985 ; Suve-
effective for sustaining this kind of animal. CH,, H,, hiro et al., 1996 ; Kamimura et al., 2000).
and even H.S are important energy sources for bacte- Among the many serpentinite seamounts along
ria in a deep subsurface environment. the lzu-Bonin-Mariana forearc, only the Chamorro

Seamount is an active serpentine mud volcano where
7. Conclusion serpentinite flows erupt repeatedly from the

summit
animal communi Fryer, 1996).

The existence of endosymbiotic The other serpentinite seamounts are

ties on the Chamorro Seamount dormant or dead.

that the

strongly suggests Active volcanoes emit gases such

> large biomass found there is dependent on as CH, and H,, but old ones are

covered with sedi-
energy sources derived from a deep subsurface envi- ments that are subsequently compacted and consoli-

ronment below the serpentinite dated to cap their summits.

seamount. These Gases trapped inside or
chemical data strongly support the potential for below these extinct seamounts and may sustain a
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Fig. 3a. ROV Kaiko external photo from Dive 165

shows operation of water sampling using an
Alvin-type water sampler with Kaiko's manipulator,
The water sample was taken from the hole after
retrieving mussel samples,

Fig. 3b. ROV Kaiko external photo from Dive 165
shows semi-consolidated thin slab ol pale vellowish
green serpentine mud flow forming overhanging
microtopography. Mussels are clustered along a

small lissure.

special subsurface biosphere. We suggest this expla-
nation for the absence of biological communities at
serpentinite seamounts other than Chamorro. Tak-
ing into account all these data, we derive a image for
the structure of serpentine biospheres, shown in Fig.
4.

The distribution of serpentinite bodies in time and
space is so wide thal serpentinites are the most suit-
able target for an investigation of the deep biosphere.
The conditions and the characteristics of serpentin-
ite scamounts indicate that the serpentinite diapir is
a transported capsule, or a "postcard” from the deep
subsurface biosphere, just as meteorites are packages
from space and snow is a letter from heaven. Careful

reading of these postcards from the deepest habitat,

F. Inagaki, T. Miwa and H. Sato

Chamorro SMT
CH,

_Subground biosphere

™3 ‘g Lower boundary of biosphere

' Subducting Slab

Peridotite + H,O

Serpentine
Jiapir

Fig. 4. A schematic model of the formation of ser-
pentinites diapirs and serpentinite flows with deep
biosphere, “serpentinite biosphere” as a capsule for

microbes in the deep subsurface biosphere.

through detailed investigations of serpentinile sea-
mounts and diapirs, will shed light on the structure

and the character of the deep subsurface biosphere.
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