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ABSTRACT

The existence of significant bacterial populations in deep subseafloor
sediments has been established over the last decade through the analy-
sis of samples obtained from the Ocean Drilling Program (ODP). To
date, core material analyzed for a range of microbiological studies has
been obtained either using advanced piston coring (APC) or extended
core barrel (XCB) technology and thus has been restricted to softer sed-
iments.

Bacteria are thought to exist much deeper than samples currently an-
alyzed (750 meters below seafloor [mbsf]), and further investigation will
require sampling and analysis of more indurated sediments obtained
using rotary core barrel (RCB) technology. Unlike APC and XCB cores,
RCB core samples have variable outer diameters and do not fit tightly in
the plastic core liners used by ODP. Thus, the outer layers of RCB cores
are open to contamination and exposure to oxygen during coring, re-
covery, storage, and subsequent handling.

A hydraulic cutting system was developed to obtain a sample of the
“pristine” inner core of the sample under sterile, anoxic conditions. In
addition, as RCB samples are too hard to use intact core techniques,
samples were powdered and slurried prior to further analysis. The cut-
ting rig worked well on indurated sediments from Leg 180, the first
ODP cruise in which RCB core samples have been used for a suite of
microbiological analysis (activity measurements, enrichments, and
enumeration) in indurated sediments. Data from these samples demon-
strate culturable anaerobic bacteria and realistic rates of anaerobic
bacterial activity (sulfate reduction, methanogenesis, and thymidine in-
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corporation) in the deepest samples from the deep subseafloor bio-
sphere analyzed to date for microbial populations (842 mbsf) and
activities (800 mbsf). The new sample handling technique preserves the
anoxia of the core with no evidence of contamination, and application
of this new technique will permit microbiological investigation of
deeper indurated deep-sea sediments.

INTRODUCTION

In just over a decade, the existence of significant bacterial popula-
tions in deep subseafloor sediments has been established (Parkes et al.,
2000). This has been largely discovered through the analysis of samples
obtained from the Ocean Drilling Program (ODP) (Table T1). In most
cases, microbiological analysis was restricted to enumeration of the to-
tal bacterial population in small (≤5 mL) subsamples of sediment. To
date, more than 1200 such samples have been analyzed. These data
show that bacterial distributions in deep marine sediments generally
decrease rapidly with increasing depth and conform to the model of
Parkes et al. (1994), although they vary with the oceanographic setting
(Parkes et al., 2000).

On four previous occasions, a far more detailed program of microbio-
logical analysis has been conducted on intact whole-round core (WRC)
samples. Subsampling was conducted with modified (luer end removed)
sterile plastic 5-cm3 syringes under anaerobic and sterile conditions, in-
serted vertically into the WRC. Potentially contaminated sediment near
the original core liner was not sampled, and insertion of sterile plugs to
replace the removed sediment prevented the core from collapsing and
the possible introduction of sediment from next to the liner (Parkes et
al., 1995). The syringe subcores were sealed with a suba seal and then
processed further. This included injection and incubation with ra-
diotracer, which enabled activity measurements to be conducted on
intact and minimally disturbed cores (Parkes et al., 1995). These tech-
niques were employed in four detailed investigations, which studied
microbiological populations and processes at the Peru Margin (Leg 112
[Parkes et al., 1990]), Japan Sea (Leg 128 [Cragg et al., 1992b]), Cascadia
Margin (Leg 146 [Cragg et al., 1997]), and Blake Ridge (Leg 164, [Wells-
bury et al., 2000]). Data included total bacterial populations; specific
types of culturable bacteria; potential rates of sulfate reduction, metha-
nogenesis from hydrogen/carbon dioxide or acetate; thymidine incor-
poration; methane oxidation; and the enrichment and isolation of
unique new organisms (Bale et al., 1997; Barnes et al., 1998). The core
material analyzed from all these previous legs was obtained either using
advanced piston coring (APC) or extended core barrel (XCB) technol-
ogy.

A range of data (see review [Parkes et al., 2000]) suggests that bacteria
will be present much deeper than samples currently analyzed (750
meters below seafloor [mbsf] [Wellsbury et al., 2000]), and further in-
vestigation will require sampling and analysis of more indurated sedi-
ments. These indurated sediments are typically obtained using rotary
core barrel (RCB) technology. Unlike APC and XCB cores, RCB core
samples have variable outer diameters and do not fit tightly in the plas-
tic core liners used by ODP. Thus, there is considerable potential for
contamination of the outer layers of the sediment core and exposure to
oxygen during coring, recovery, storage, and subsequent handling. Sev-
eral problems prevent syringe subsampling of indurated RCB core sam-

T1. Previous ODP/DSDP microbi-
ological investigations, p. 10.
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ples. The sediment is too hard, and the force required to insert the
syringes can split the syringes. The sediment tends to collapse during
subcoring, as it is not supported by the core liner, with the probability
of outer contaminated sediment being mixed into the sample. The
hardness of the sediment in the syringe subcores makes it difficult to
accurately inject the radioisotope because of difficulty in inserting the
microsyringe needle. In addition, low porosity causes pressure to build
up during injection, causing the isotope to leak out after injection and/
or the microsyringe to leak.

A completely new sampling procedure had to be devised to overcome
these difficulties. Homogenization of the sediment and the use of sedi-
ment slurries seemed the only realistic way forward, and this approach
has been used for most other deep microbiological investigations
(Chapelle and Bradley, 1996; Fredrickson and Phelps, 1997; Jones et al.,
1989; Kotelnikova and Pedersen, 1998; Krumholz et al., 1997). Homog-
enization of the sediment means that it was even more important to re-
move the potentially contaminated and partially oxidized outer surface
layer of the RCB core. It is also desirable to remove the outer layer of the
core prior to subsampling for microbiological analysis. We decided to
devise a system to do this using a hydraulic cutter, which would avoid
the serious risk of cross-contamination of the inner core when manual
scraping/paring is used to remove the outer layer (Fredrickson and
Phelps, 1997). In addition, hydraulic subcoring should be much quicker
than manual paring and reduce exposure of these anaerobic cores to
trace oxygen or hydrogen when in glove bags. Leg 180 was the first
ODP cruise in which RCB indurated sediment samples were analyzed
for a suite of microbiology studies (bacterial numbers, activity, and en-
richments).

METHODS

Shipboard Sampling and Handling

Twenty-six WRCs were taken for microbiological analysis at two sites
(1109 and 1115) on the northern margin of the spreading tip in the
Woodlark Basin extension system (Taylor, Huchon, Klaus, et al., 1999).
Ten of these cores were obtained using rotary drilling.

Whole-Round Cores

All samples were taken from 25-cm WRCs for measurement of poten-
tial bacterial activity and estimation of viable bacterial numbers. The
WRC samples were taken using a sterile cutting rig (Parkes et al., 1995),
flushed with sterile oxygen-free nitrogen (OFN) to maintain anaerobic
conditions, and sealed with sterile core end caps. Capped WRCs were
stored in gas-tight anaerobic bags (Cragg et al., 1992a) in the ship’s cold
room at 4°C and transported back to the laboratory in insulated trunks
containing wet ice and ice packs. The samples remained cold through-
out transportation.

Laboratory Sample Handling

APC and XCB Cores

All sample handling was performed under aseptic anaerobic condi-
tions (Parkes et al., 1995). WRCs were cut into 5-cm sections, from each
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of which ten 5-cm3 syringe subcores were removed for radiotracer activ-
ity measurements and one 5-cm3 syringe subcore for most probable
number viable counts. Syringe subcores were taken from the center of
the WRC, avoiding sediment near the core liner to avoid the possibility
of contamination.

RCB Cores

A special cutting rig was constructed to obtain a sterile subcore from
the center of the RCB core under anoxic conditions (Fig. F1). The RCB
core was removed from the core liner in a laminar flow cabinet and the
potentially contaminated end of the core removed (~2 cm) with a ster-
ile stainless steel cleaver. The core was supported in an expandable
glass-reinforced nylon “corset” and transferred to the sterile cutting rig.
To accommodate the varying core diameters produced by rotary coring,
a range of expandable corsets of glass-reinforced nylon were produced
with varying inner diameters but constant outer diameters to fit in the
supports. Each corset was designed to expand up to 4 mm (e.g., 55–59,
60–64, and 65–69 mm).

The whole cutting rig system was enclosed within a presterilized ny-
lon bag filled with OFN to maintain sterile anoxic conditions. A
hydraulic pump (maximum = 2 tonnes) was used to force the core
through a sterile stainless steel cutting shoe (diameter = 40 mm) with
the central subcore extruded into a (double lined) sterile nylon bag. At
the end of the extrusion process, the last ~2 cm of potentially contami-
nated core remained in the cutting shoe. The double-layer nylon bag
containing the sterile subcore was removed from the rig and sealed
with a heat sealer. The sterile subcore was then transferred to a laminar
flow cabinet in its sealed sterile nylon bag.

Unlike APC/XCB core samples, RCB samples were too hard to use in-
tact core techniques (e.g., those described by Parkes et al., 1995). In-
stead, the material was powdered and slurried. The subcored material
was carefully crushed with stainless steel hammers while remaining in
its bag. The double thickness of the bag prevented holes from develop-
ing in the outer bag as a result of abrasion during the crushing process.
The resulting fine powder was slurried (25% v/v) with a sterile nutrient-
free mineral salts solution (Wellsbury et al., submitted [N1]). Microbio-
logical data from these sites are published in detail elsewhere (Wells-
bury et al., submitted [N1]).

RESULTS AND DISCUSSION

In general, the cutting rig worked well on the indurated sediments
from Sites 1109 and 1115, although there were some minor problems.
For example, extreme care must be taken to avoid possibly splitting the
double nylon collector bags during the core-crushing process. In addi-
tion, the process was relatively slow, which could lead to problems in
changes in sample temperature, particularly in samples from hot sedi-
ments. Autoclaving the stainless steel assemblies took a relatively long
time, so the turnaround time (>~2 hr) before further samples could be
handled was limited. However, the RCB-cored material from Leg 180
was sufficiently friable to effectively disperse within the mineral salts
solution after stirring for ~1 hr. Work is under way to refine this proto-
type system to overcome the minor problems detailed above.

Other authors have noted the importance of not only removing po-
tential contamination in outer layers but also handling samples quickly

F1. Diagram of subcoring rig for 
RCB cores, p. 9.
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to limit exposure to oxygen. Rochelle et al. (1994) used a molecular ge-
netic approach to investigate the effects of sample handling on bacte-
rial communities in an APC sediment core from the Japan Sea (Leg
128). They demonstrated that the composition of the bacterial commu-
nity in the outer layer, which had been exposed to air during handling,
was markedly different to that contained in the pristine core center and
was dominated by aerobic bacteria. However, contamination checks
carried out during Leg 185 (Plank, Ludden, Escutia, et al., 2000; Smith
et al., 2000) demonstrated that APC cores and the interior of RCB cores
were not contaminated by fluorescent microbeads during the drilling
and core recovery process.

The samples from the Woodlark Basin are the deepest samples ever
analyzed for microbial populations (842 mbsf) and activities (800
mbsf). Bacteria were present in both Sites 1109 and 1115 to depths of
746 and 801 mbsf, respectively (Taylor, Huchon, Klaus, et al., 1999). To-
tal bacterial populations, culturable bacteria, and bacterial activities
(sulfate reduction, methanogenesis, and thymidine incorporation) gen-
erally decrease with increasing depth (Table T2) (Wellsbury et al., sub-
mitted [N1]). The presence of culturable bacteria and realistic potential
anaerobic bacterial activity rates in samples from RCB cores obtained
from these sites (Table T2) shows that the sample handling technique
preserved the anoxia of the core with no evidence of contamination.

Implications of the New Technique

Although total bacterial populations decrease with increasing depth,
the rate of decline does not steepen in deeper layers. This indicates that
bacteria should be present much deeper than the depths currently ana-
lyzed (Parkes et al., 2000). The effective analysis of RCB core material
will be essential for investigating the microbiology of deeper, and more
consolidated, sediments than previously possible. In addition, experi-
mental evidence has shown that the reactivity, and hence bioavailabil-
ity, of buried organic matter increases with temperature (Wellsbury et
al., 1997). As temperature increases with depth, this increasing bioavail-
ability provides a mechanism for sustaining bacteria in deep forma-
tions. Furthermore, further additional bacterial substrates (e.g., acetate
and H2) are produced by thermal alteration of buried organic matter at
higher temperatures (>80°C) (Cooles et al., 1987). As bacteria can live at
temperatures up to 113°C (Stetter, 1996), in sediments with a typical
thermal gradient of 30°C/km they can potentially be present to ~4 km
depth. Thus, the investigation of deeper, more indurated samples is es-
sential for further deep biosphere research. The new core handling ap-
proach described here is an important development for analyzing these
deeper sediments.
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Figure F1. Schematic diagram (plan view) of subcoring rig to obtain uncontaminated control subcores from
RCB cores under sterile anoxic conditions. OFN = oxygen-free nitrogen.
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Table T1. Ocean Drilling Program (ODP) and Deep-Sea Drilling Project (DSDP) Legs during which
microbiological investigations have been made.

Note: * = legs from which whole-round core samples were studied.

Leg Location Related publication

64 Gulf of California Oremland et al. (1982)
96 Gulf of Mexico Whelan et al. (1986)
112* Peru Margin Parkes et al. (1990)
128* Japan Sea Cragg et al. (1992b)
135 Lau Basin Cragg (1994)
138 Eastern Equatorial Pacific Cragg and Kemp (1995)
139 Juan de Fuca Ridge Cragg and Parkes (1994)
146* Cascadia Margin Cragg et al. (1995); Cragg et al. (1996)
148 Costa Rica Rift Fisk et al. (1998); Furnes et al. (1996); Giovannoni et al. (1996); Thorseth et al. (1995); Torsvik et al. (1998)
155 Amazon Fan Cragg et al. (1997)
160 Mediterranean I Cragg et al. (1998)
161 Mediterranean II Cragg et al. (1999)
164* Blake Ridge Wellsbury et al. (2000)
168 Juan de Fuca Ridge Mather and Parkes (2000)
169 Juan de Fuca Ridge Cragg et al. (2000)
177 Southern Ocean Wellsbury et al. (2001)
180* Woodlark Basin This study; Wellsbury et al. (submitted [N1])
185 Izu-Mariana Margin Plank, Ludden, Escutia, et al. (2000); Smith et al. (2000)
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Table T2. Comparison of bacterial populations and activities in samples, Sites 1109 and 1115.

Notes: MPN = most probable number. APC = advanced piston corer, RCB = rotary core barrel.

Culturable bacteria (MPN) Potential bacterial activity

Depth 
(mbsf)

Drilling 
method

Total bacteria 
(cells/cm3)

Fermenters 
(cells/cm3)

Autotrophic 
acetogens
(cells/cm3)

Heterotrophic 
acetogens
(cells/cm3)

Sulfate reduction 
(nmol/mL/day)

Methanogenesis 
from H2/CO2 

(nmol/mL/day)

Methanogenesis 
from acetate 

(nmol/mL/day)

Thymidine 
incorporation 

(pmol/mL/day)

Site 1109
0.05 APC 331.0 × 106 5050 94400 150 2.663 0.000 24.0 2.32

89.1 APC 4.3 × 106 21 39 8 0.160 0.003 0.06 0.92
582.72 RCB 0.8 × 106 0 0 21 0.002 0.001 0.14 0.02

Site 1115
1.20 APC 42.7 × 106 1.76 × 107 26 16 1.257 0.020 2.90 0.21

309.7 RCB 1.8 × 106 92 3 0 0.002 0.000 8.90 0.11
797.89 RCB 0.4 × 106 10 0 7 0.002 0.000 0.08 0.06
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*Dates reflect file corrections or revisions.

CHAPTER NOTE*

N1. Wellsbury, P., Mather, I.D., and Parkes, R.J., submitted. Geomicrobiology of low
organic carbon sediments in the Woodlark Basin (ODP Leg 180). FEMS Microbiol.
Ecol.
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