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Editorial Preface

Dear Reader,

In a world of socio-economic challenges the need for scientific
drilling has never been greater. Scientific Drilling can deliver
answers to fundamental and societal relevant questions about
climate and environmental change, natural disasters forecast
and prevention, and the search for alternative resources. This
spring 2014 issue of your journal Scientific Drilling summarizes
some of the recent scientific and technical progress achieved
through the International Ocean Discovery Program (IODP) and
the International Scientific Continental Drilling Program (ICDP).

Today most of our growing demand for energy is satisfied

by conventional hydrocarbons with known, but controversial
debated impact on climate. Climate modeling requires reliable
input parameter that can be delivered from climate archives
provided by scientific drilling. We report on drilling activities
that shed new light to the environmental and biological
evolution of North Pond nearby the Mid-Atlantic Ridge (IODP
Expedition 336, page 13) and Lake Ohrid in Macedonia (page
19). Expedition 336 was executed to address fundamental
microbiological questions concerning the nature of the
subseafloor deep biosphere in oceanic hydrological, geological,
and biogeochemical context. Sediments in Lake Ohrid, Europe’s
oldest lake have been retrieved to study the influence of
major geological and environmental events on the biological
evolution of lake taxa. A workshop served to evaluate available
biogeochemical data to foster thermodynamic and metabolic
activity modeling and measurements and to identify regional
targets in the marine realm (page 61) and drilling prospects in
the Southwest Pacific (page 45) discuss potential targets for
future scientific drilling projects.

Moreover, conventional energy resources are not only limited or
have a climate/environmental impact - they are also unequally
distributed worldwide, driving the search for alternatives. The
Japan Beyond-Brittle Project will investigate the feasibility of
developing enhanced geothermal system for energy production
from the brittle-ductile transition zone (page 51). New and
innovative solutions are needed to push the limits of feasibility
for such technically challenging tasks. A technical report des-
cribes how core samples can be retrieved without releasing the
in situ hydrostatic pressure during core recovery (page 37).

Human'’s habitat is constantly endangered by rare but violent
geodynamic events such as earthquakes, volcanic eruptions,
and tsunamis. Therefore understanding of the processes
driving these disasters will remain a prime goal for earth
science. Papers on seismic monitoring in a shallow borehole in
Italy (page 31) and about IODP Expedition 338 in the Nankai
Trough offshore Japan (page 1) report on characterization of
the seismic underground in earthquake-prone areas. In the
Northern Apennine of Italy a near fault observatory has been
installed by installing connecting multi-sensor stations in
shallow boreholes to collect recordings of short low magnitude
earthquakes. Expedition 338 extended an existing hole from
856 to 2006 m by riser drilling to study the inner wedge of the
Nankai accretionary prism and drilled several riserless holes
to investigate fault mechanics and seismogenesis along a
subduction megathrust.
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Abstract. The Nankai Trough Seismogenic Zone Experiment (NanTroSEIZE) is designed to investigate fault
mechanics and seismogenesis along a subduction megathrust, with objectives that include characterizing fault
slip, strain accumulation, fault and wall rock composition, fault architecture, and state variables throughout
an active plate boundary system. Integrated Ocean Drilling Program (IODP) Expedition 338 was planned to
extend and case riser Hole CO002F from 856 to 3600 meters below the seafloor (mb.s.f.). Riser operations
extended the hole to 2005.5 m b.s.f., collecting logging-while-drilling (LWD) and measurement-while-drilling,
mud gas, and cuttings data. Results reveal two lithologic units within the inner wedge of the accretionary prism
that are separated by a prominent fault zone 4640 m b.s.f. Due to damage to the riser during unfavorable
winds and strong currents, riser operations were suspended, and Hole CO002F left for re-entry during future
riser drilling operations.

Contingency riserless operations included coring at the forearc basin site (C0002) and at two slope basin
sites (C0021 and C0022), and LWD at one input site (C0012) and at three slope basin sites (C0018, C0021
and C0022). Cores and logs from these sites comprehensively characterize the alteration stage of the oceanic
basement input to the subduction zone, the early stage of Kumano Basin evolution, gas hydrates in tre forearc
basin, and recent activity of the shallow megasplay fault zone system and associated submarine landslides.

1 Introduction The Nankai Trough is formed by subduction of the Philip-
pine Sea Plate to the northwest beneath the Eurasian Plg
Subduction zones generate Earth’s most destructive earthat a rate of~4.1-6.5cmyr! (Fig. 1) (Seno et al., 1993;
quakes, but much of what we thought we knew about greaiiyazaki and Heki, 2001), and Shikoku Basin oceanic platdg
earthquakes, and the tsunamis they generate, was turned ugediment is actively accreting at the deformation front. In
side down by the 2004 Sumatra and 2011 Tohoku eventsthe seaward portion of the Kumano forearc basin, the geni
To better understand seismogenesis and rupture propagatigfne lies< 6000 m below sea floor (mb.s.f.) (Nakanishi et
along subduction plate boundary faults, the Integrated Oceaal., 2002). The Nankai Trough region has a 1300yr histor
Drilling Program (IODP) implemented drilling as part of jcal record of recurring great earthquakes that are typically
the Nankai Trough Seismogenic Zone Experiment (NanTrotsunamigenic, including the 1944 Tonank&j, 8.2 and 1946

SEIZE) along a transectishore of the Kii Peninsula, Hon-  NankaiM,, 8.3 earthquakes (Fig. 1; Ando, 1975; Hori et al.,
shu, Japan (Tobin and Kinoshita, 2006; Figs. 1, 2). 2004, Baba et al., 2006).

Published by Copernicus Publications on behalf of the IODP and the ICDP.
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Figure 1. Map of the NanTroSEIZE region showing all Stage 1, 2,
and 3 drill sites. Reé Expedition 338 sites, blue NanTroSEIZE
Stage 1 and 2 sites. Black outligeregion with 3-D seismic data,
yellow arrows= estimated far-field vectors for motion of Philippine
Sea Plate (PSP) with respect to Japan (JP) (Seno et al., 1993; He
2007). Stars= epicenter locations of 1944 and 1946 tsunamigenic
earthquakes. Black line KR0108-5 seismic reflection line shown
in Fig. 2.

Along the Nankai margin, high-resolution seismic reflec-

tion profiles across the outer wedge of the accretionary prism

(including a~11kmx55km 3-D seismic reflection vol-
ume; Moore et al., 2009), clearly document a large out-of-

sequence-thrust fault system (the megasplay fault; Park et
al., 2002; Fig. 2) that branches from the plate boundary close

to the updip limit of inferred coseismic rupture in the To-

nankai earthquake (Fig. 1). The megasplay system is active —

and it may accommodate an appreciable component of plat
boundary motion, but the partitioning of strain between the

décollement zone and the megasplay system (Fig. 2) and the

mechanics of fault slip as a function of depth and time on

the megasplay remain poorly understood. The main objec-

tives of the NanTroSEIZE project include documenting the

role of the megasplay fault in accommodating seismic and

interseismic plate motion and characterizing its mechanica
and hydrologic behavior.
During stages 1 and 2 of NanTroSEIZE (IODP Expedi-

tions 314, 315, 316, 319, 322, 332, and 333), eight riserless

drilling sites and one riser drilling site targeted the incom-
ing Philippine Sea Plate, the frontal thrust region, the mids-

lope megasplay fault region, and the Kumano forearc basin

(Figs. 1, 2; Kinoshita et al., 2009; ffer et al., 2010; Saito et
al., 2010; Kopf et al., 2011; Henry et al., 2012).
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NanTroSEIZE Stage 3 began with IODP Expedition
326, during which casing was installed in Hole CO002F
to 860 mb.s.f. (Expedition 326 Scientists, 2011). Although
IODP Expedition 338 drilling was planned only to deepen
Hole CO002F, we also conducted riserless coring and logging
at Site C0002 and four additional sites (Table 1).

Site C0002 is planned to access the plate interface fault
system where it is believed to be capable of seismogenic
locking and slip, and to have slipped coseismically in the
Tonankai earthquake (Ichinose et al., 2003). This fault sys-
tem also includes the region where a cluster of very low
frequency (VLF) seismic events occurred in 2004—2005 (Ito
and Obara, 2006) and the first tectonic tremor recorded in an
accretionary prism setting was found (Obana and Kodaira,
2009). To access, sample, and monitor these deeper zones,
Hole CO002F will be deepened in 2013-2015, with the ulti-
mate goals of penetrating the megasplay fault and installing
a long-term observatory.

In this paper we present the initial results of logging, cut-
tings, mud gas and coring during Expedition 338. We charac-
terize the petrophysical properties and lithologfstlictural
associations determined from our log, cuttings and core data.

2 Scientific objectives of Expedition 338

kIl‘he fundamental objectives of Expedition 338 are:

— To sample the forearc basin sediment and gas hydrate
zone, the Kumano forearc basin — accretionary prism
unconformity, and the upper portion of the inner wedge
to (1) determine the composition, age, stratigraphy, and
internal style of deformation; (2) characterize the gas
hydrate zone in the forearc basin; (3) reconstruct ther-
mal, diagenetic, and metamorphic history; (4) investi-
gate the mechanical state and behavior of the formation;
and (5) characterize the overall structural evolution of
the accretionary prism.

To characterize the sedimentary section and mass trans-
port deposits (MTDs) in a slope basin seaward of the
megasplay fault at sites C0018 and C0021 (Figs. 3, 4)
to understand the nature of MTDs and their sliding dy-
namics and tsunamigenic potential.

e

— To target the uppermost 400 m b.s.f. near the projected
fault tip of the megasplay fault. The seismic reflection
data had previously identified this region as the tip of
the megasplay fault that emplaced the block drilled at
Site C0004 over slope basin strata (Fig. 5; Moore et al.,
2009). This megasplay fault is thought to coincide with
the outermost rupture area of the Tonankai earthquake,
and its slip was likely in part responsible for the asso-
ciated devastating tsunami (Park et al., 2002; Moore et
al., 2007).

— To characterize the sedimentary section and the upper
portion of the oceanic crust (Site C0012) in the Shikoku

www.sci-dril.net/17/1/2014/
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d from
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shown in Fig. 1. Modified from Park et al. (2002, 2008) and Nakanishi et al. (2008).
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Figure 3. Detailed surface morphology and structure of the slope basin at the footwall of the splay fault (Strasser et al., 2011) showing

Expedition 338 sites (red) in relation to NanTroSEIZE Stage 1 and 2 sites (black). Solid black limestions of seismic lines A~Aand
B-B’ in Figs. 4 and 5, respectively. MTBE mass transport deposit, K in-line, XL = cross-line.

Basin on the crest of Kashinosaki Knoll (Ike et al., basin sediment (lithologic units Il and IlI) in holes C0002J,
2008) on the subducting Philippine Sea Plate (Figs. 1, 2)C0002K, and C0002L, bedding is subhorizontal to gently
to understand (1) how compressional velocity relates todipping. At the base of lithologic Unit Ill, however, bed-
compaction state and fluid sources; and (2) how igneougling is intensely disrupted and boudinaged. Vein structures

basement structures relate to the alteration state. (Ogawa, 1980) were observed in cores and cuttings exclu-
sively from Unit Ill in holes CO002F and C0002J.
21 Site C0002 in Kumano forearc basin The lithologic Unit 1Il/IV boundary is defined at ffer-

ent depths in holes CO002F and C0002J as a result of mi)
Five lithologic units (I-V), based on cuttings and cores, areing of cuttings over an interval of as much ad00m in
identified at Site C0002 (Fig. 6). In the Kumano forearc

www.sci-dril.net/17/1/2014/ Sci. Dril., 17, 1-12, 2014
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Figure 4. Lithostratigraphic summary columns of sites C0018 and C0021 overlain on an arbitrary seismic lihinkirgy the two sites.
Seismic line location shown in Fig. 3. MTE mass transport deposit, \iEvertical exaggeration.
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Figure 5. In-line 2675 (B-B) extracted from 3-D seismic volume, showing sites C0004, C0008, and C0022 (Moore et al., 2009). Location
shown in Fig. 3. VE= vertical exaggeration.

CO0002F, resulting in uncertainty of that depth magnitude (see In the upper accretionary prism (lithologic Unit IV, holes
Strasser et al., 2014a for a detailed discussion of reamin@€0002H and C0002J), bedding is subhorizontal to steeply
while drilling and the mixing of cuttings). The lithologic Unit  dipping toward the south or north. Up to 10% of the cut-
[1I/1V boundary was cored at 926.7 mb.s.f. in Hole C0002Jtings in the interval 1550.5-1675.5 m b.s.f. exhibit slicken-
(Fig. 6), where we interpret it as an erosional unconformity. lined surfaces. This interval correlates with the high fracture

Sci. Dril., 17, 1-12, 2014 www.sci-dril.net/17/1/2014/
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Table 1. Expedition 338 coring summary.

Core Total
Water Cores Interval recovered Recovery Drilled penetration  Time on

Hole Latitude Longitude depth (mb.s.l.) N) cored (m) (m) (%) interval (m)  (m) site (days)
338-
CO0002F 3318.0507N 136°38.2029E 1939.00 0 LWDMWD  — - 842-2005.5 2005.5 6.2
C0002H 3318.0252N 136°38.2152E 1936.50 2 19.0 3.91 20.6 0-1120.0 1120.0 35
C00021  3318.0362N 136°'38.2077E 1936.00 0 - - - - 1360.5 5
C0002J  3318.0173N 136°38.2312E 1937.50 7 38.0 22.19 58.4 0-940.0 940.0 35
C0002K 3318.0063N 136°38.2103E 1937.50 11 86.5 60.29 69.7 0-286.5 286.5 3
C0002L  3317.9970N 136°'38.2200E 1937.50 24 228.0 186.4 81.8 0-505.0 505.0 3

Site C0002 totals: 44 3715 272.79 73.4 0-2005.5 6217.5 80
C0012H 3244.8783N 136°55.0351E 3509.50 0 LWDMWD  — - 0-710.0 710.0 6

Site C0012 totals: 0 - - - 0-710.0 710.0 6
C0018B  3309.4319N 136°40.8826E 3084.5 0 LWDMWD - - 0-350 350.0 15

Site C0018 totals: 0 - - - 0-350 350.0 15
C0021A 3310.0482N 136 39.4854E 2940.50 0 LWPMWD - - 0-294.0 294.0 1
C0021B  3310.0553N 136°39.8610E 2944.00 14 120.4 129.91 107.90 0-194.5 194.5 4

Site C0021 totals: 14 120.4 129.91 107.90 0-294.0 488.5 5
C0022A 3313.0680N 136°43.4540E 2675.50 0 LWDMWD  — - 0-420.5 420.5 3
C0022B  3313.0833N 136°43.4667E 2674.00 41 345.0 305.5 88.6 0-419.5 419.5 6.5

Site C0022 totals: 41 345.0 305.5 88.6 0-420.5 840.0 9.5

Expedition 338 totals: 198 836.9 708.2 84.6 8606.0 102

LWD = logging while drilling, MWD = measurement while drilling. = not applicable.

concentration interval of 1500-1550 m b.s.f. and a fault iden-riser drilling (Expedition 319 Scientists, 2010; Inagaki et
tified at 1638 m b.s.f. on LWD resistivity images. al., 2012). Analyses of Expedition 338 cuttings revealed that
Salinity, chlorinity, and sodium in interstitial water show these diferences resulted from mixing of aggregates pro-
similar changes with depth, reaching minimum concentra-duced during the drilling process, termed drilling-induced
tions at 300-500 m b.s.f. (Fig. 7). These minimum concen-cohesive aggregates.
trations are attributable to freshwater derived from the disso- Compressional borehole breakouts and drilling-induced
ciation of methane hydrate. tensile fractures (DITFs) observed in Hole CO002F sugges
Methane in headspace gas shows a relatively high cona northeast—southwest orientation of the maximum horizon
centration at- 300 m b.s.f., and propane shows high concen-tal stress ¢y, ), which is consistent with breakout data ob-
tration from 200 to 400 mb.s.f. (Fig. 7). The methane- andtained in Hole CO002A (Expedition 314 Scientists, 2009).
propane-rich interval (200—400 m b.s.f.) corresponds to theA leak-of test (LOT) performed at 875.5mb.s.f. yielded
gas hydrate zone inferred from resistivity and sonic log dataan estimate of 32MPa as the least horizontal principa
(Expedition 314 Scientists, 2009). No massive gas hydratestress ¢, ), Which is consistent with a LOT performed at
were found in cores from this interval, although gas-rich 703.9 mb.s.f. in Hole CO009A (Expedition 319 Scientists,
sands were common. This suggests disseminated methar2910).
hydrate. A methane peak was observed in mud gas data at
the Unit I1l/IV boundary. 2.2 Sites C0018, C0021 and C0022 in the outer wedge
The ratio of methane to ethane plus propane/[ +
Cs]) ands13C concentration in methang#C—CH,) suggest LWD logs (holes C0018B and C0021A) and cores (Hole
that the methane in the gaS hydrate zone is mostly of m|_C00218) were CO”eCted to CharaCterize MTDs in the S|0pE
crobial origin (Strasser et al., 2014a). The/(C;, + Cs) and  basin seaward of the megasplay fault zone. New logging data
§13C—CH, data of mud gas sampled during riser drilling in are used to define two logging units in Hole C0018B (Fig. 8)
Hole CO002F show that thermogenic methane gradually in-2nd three subunits in Hole C0021A logs (Fig. 9), which cor-
creases with depth up t050 % at~ 2000 m b.s.f. relate to subunits defined based on visual core descriptions
Discrete moisture and density (MAD) data on cuttings (be-and X-ray CT images in Hole C0021B (Fig. 9) and at Site
low 875.5mb.s.f. in Hole CO002F) show lower bulk den- C0018 (Expedition 333 Scientists, 2012a).
sity and higher porosity compared with measurements on
discrete samples from cores, as observed during previous

—

www.sci-dril.net/17/1/2014/ Sci. Dril., 17, 1-12, 2014
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Holes at Site C0002
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Figure 6. Cuttings-core-log-seismic integration at Site C0002: composite medium button static resistivity, In-line 2532 seismic data (Kumano
3-D PSDM volume; Moore et al., 2009), composite core lithology and units, cuttings lithology and units, logging units from holes CO002A
and C0002F, and composite logging-while-drilling (LWD) data. In logging unit panel (Exp. 314), gray interval A indicates possible gas-
hydrate zone, and interval B indicates possible area with small amounts of free gas (after Expedition 314 Scientists, 2009).

2.2.1 Site C0018 The top of MTDs A and B are defined by a zone of mud

) ) o clasts capped by a thin draping sand. Below the mud clasts, a
Six MTDs (1-6) were identified in cores from Hole CO018A e of chaotitilted/homogenous bedding occurs. The base
(Expedition 333 Scientists, 2012a); however, the lower res-o the MTDs is defined as the last occurrence of a shear
olution of the LWD data allowed interpretation of only tWo ,qne which also corresponds to the base of a zone with rela-
MTD intervals in Hole CO018B by resistivity image analy- ely high shear strength. We note that MTD A identified in
sis. The tadpole diagram (bedding dip angle in Fig. 8) shows 516 c0021B and the upper zone with chaotic bedding ob-
the high-angle, randomly oriented bedding (Fig. 8). Logging seryved in Hole CO021A do not have the same characteristics
MTD B corresponds to lithologic MTD 6 in cores from Hole 45 \TD A identified from structural analysis of the resistiv-
COO018A, while the depth range of logging MTD A encom- i image data in Hole C0018B (Strasser et al., 2014b), which
passes lithologic MTDs 3-5 of Hole CO018A (Fig. 8). was postulated to correspond to several of the smaller MTDs
observed in Hole CO018A cores (Strasser et al., 2014b; Ex-
pedition 333 Scientists, 2012a). The mismatch between the
upper sections of these two sites is corroborated by the seis-
Lithologic Unit IA is composed of mottled silty clay with mic data (Fig. 4), which show that the package of low reflec-
rare thin interbeds of fine sand and ash layers. Lithologictivity at the corresponding depth at Site C0021 is truncated
Unit IB is composed of a succession of thin sand beds in-to the southeast and does not extend to Site C0018.
terbedded with silty clay and occasional ash layers (Fig. 9). A prominent regional seismic reflection (Kimura et al.,
Unit 1A also contains two intervals of MTD with chaotic 2011; Strasser et al., 2011) marks the top of the thickest MTD

and distorted bedding, i.e., MTD A and MTD B (Fig. 9).

2.2.2 Site C0021

Sci. Dril.,, 17, 1-12, 2014 www.sci-dril.net/17/1/2014/
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Figure 7. Profiles of salinity, chlorinity, and Nan interstitial water, and those of methane and propane in headspace gas at Site C0002.
dashed line indicates level of BSR for reference. Lithologic unit boundaries are from core interpretations (after Expedition 315 Scie

2009; Strasser et al., 2014a).
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seismic data from In-line 2270 (Kumano 3-D PSDM volume; Moore et al., 2009), bedding dips, and medium button static resistivity.

(Fig. 4), which represents MTD 6 and MTD B at sites C0018 The interval of 100-101 m b.s.f. (delineated by gray line,
and C0021, respectively (Figs. 8, 9). Fig. 10) is a plausible candidate for the location of the
splay fault at Site C0022, because of: (1) increased bed-
ding dip with systematic orientation; (2) more minor faults
2.2.3 Site C0022 20 m above this interval; (3) poor core recovery; and (4) three
LWD data and cores were collected at Site C0022 to char—2 cm-thick intervals of claystone showing planar fabrics not

. . . encountered elsewhere in Hole C0022B.
acterize the uppermost 400 m of sediment near the tip of the A high-resistivity (up to ~1.50m) interval at 85—

megasplay fault zone where the seaward-most branch of thig8 mb.s.f., a low-resistivity (0.72m) spike at 100 mb.s.f
fault system approaches the surface (Figs. 2, 5; Moore et al'and a- Hiéh-resistivity (up to; 1.70m) interval at 1(')2'_"

2007, 2009). ;
o : . . . 106 mb.s.f. correspond to a highly fractured zone and are
Two lithologic subunits are recognized in Hole C0022B. likely related to the megasplay faulting (Fig. 10).

Subunit designations are adopted with minor modification " ) I

. e S .. Interstitial water data in Hole C0022B are similar to those
from Site C0008 (Expedition 316 Scientists, 2009). Subunit.
IA is dominated by silty clay with a variable component of mrgf?lfss ((';9 0?44Dc,h(|:<?rci)r3t8A,l\?2d g;?OBFZ;HOL"in \;er:,dthReﬁd epth
calcareous nannofossils, foraminifers, siliceous biogenic deghan o at EOO mb.s.f y1erha1 S aséociatéd with the megas-
bris, and volcanic ash (Fig. 10). Subunit IB consists of a se- lay f%ult S P P 9

ries of interbedded mud clast gravels with thin sand, claye .

silt, and silty clay in the upper part and is dominated by silty MAD measurements show that porosity decreases_ from

cla,y in the lower part (Fig. 10). This mud clast gravel is cor- 70 % at the seafloor to 45-50 %-aL00 m b.s.f. and then in-
L creases to 60 % at 150 m b.s.f. The minimum porosity occurs

relative with a similar section at 245-270 m b.s.f. in litho- Co :
logic Subunit IB of Hole CO008A (Expedition 316 Scientists, at 93.4-94.7 mb.s.f., which is close to the proposed location
of the megasplay fault.

2009).

Bedding is subhorizontal with dip anglesl5® through-
out the entire section, except in the vicinity of the possible
splay fault.
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Figure 10. Core-log-seismic integration at Site C0022: LWD data and seismic data from In-line 2315 (Kumano 3-D PSDM volume; M
et al., 2009) with seismic units defined by Kimura et al. (2011), lithology and lithologic units, fracture dips, and medium button s|
resistivity. Dashed and dotted black lines show correlations£‘@®ntative) between the fiérent data sets. Shaded box highlights tip of the
splay fault zone (FZ) and wider deformation zone, identified from fractures in resistivity images and shear zones in cores.

2.3 Site C0012 on Kashinosaki Knoll Logging Unit VIl (626.6—709 m b.s.f.) is characterized by

. low gamma ray values with minor fluctuations, high resistiv-
LWD data in Hole C0012H (0 to 709.0 m b.s.f.) can be com-, L 1 :
bined with core analyses from previous expeditions (Expedi—It'%/e\/s:z:nildzfvll;\{%yrilg?gzssﬁ fg:saﬁtk(rlr:]ig. ﬁl)JIggestmg
tion 322 Scientists, 2010; Expedition 333 Scientists, 2012b)
and seismic data (Park et al., 2008) to characterize the sub-
duction zone inputs. 3 Summary

Based on variations of the gamma ray data, eight log-_. . )

ging units were identified: six (I-VI) within the sedimentary Riser drilling was conducted in Hole COO02F t9
cover and two (VII and VIII) within the basement, which 2005.5mb.s._f. and suspended _for f““?re reoccupatio
are mostly comparable to lithologic units identified by Ex- @hd completion of the NanTroSEIZE project. LWD data,
pedition 322 Scientists (2010) and Expedition 333 Scientisténud_'gas anaIyS(_es, and_ cuttings samples in H.oIe C0002
(2012b) (Fig. 11). Logging units IV, VI and VIl were further prowded constralnt.s on lithology, st.ructure, physical proper;
divided into subunits based on resistivity and sonic velocity. ties, and geochemistry of the previously unaccessed deep

Logging Unit VII (530.3-626.6 m b.s.f.) represents the up- part of the Nankai accretionary prism. Riserless (_:oring in
permost part of the oceanic basement, and corresponds ples CO002H, C0002J, CO002K, and CO002L provided cor

lithologic Unit VII and seismic Unit G (Fig. 11). Through samples (1) across the previously unsampled gas hydrafe

zone of the Kumano forearc basin; (2) across the Kuman
forearc basin — accretionary prism unconformity, and (3) in

ray logs exhibit significant variations, with jumps to high re- h ) ; h h i
sistivity and gamma ray values in subunit VIIB (Fig. 11), the uppermost accret|ona_ry prism. Thus, t ese opgratlor
enabled not only exploration of the accretionary prism to

possibly reflecting variable sediment volume within the base-
ment or variable alteration of the basalt. ~2005mb.s.f., but also complemented current knowledgg
of Site C0002.

logging Unit VII, the resistivityP wave velocity and gamma

www.sci-dril.net/17/1/2014/ Sci. Dril., 17, 1-12, 2014
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Figure 11. Core-log-seismic integration at Site C0012: LWD data from Hole CO012H with unit boundaries, composite lithologic column
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LWD at sites C0012 and C0018 provided petrophysical The IODP Expedition 338 Scientific Party
data to complement coring from expeditions 322 and 333.

Integration of existing core and 3-D seismic data with new grandon Dugan (Co-Chief Scientist), Kyuichi Kanagawa
LWD data enabled us to characterize the petrophysical, |ith0'(Co_Chief Scientist), Gregory Moore (Co-Chief Scientist),
logical and structural manifestation of the oceanic basemenf ichael Strasser (Co-Chief Scientist), Lena Maeda (Expe-
and its overlying sediment' at a subduction input site (Sitegition Project Manager), Sean Toczko (Expedition Project
C0012) as well as submarine landslide dynamics and MTDyjanager), Lionel Esteban, Olivier Fabbri, Jacob Geersen,
emplacement processes at a Nankai Trough Submarine Lan&epastian Hammerschmidt, Hiroki Hayashi, Katrien Heir-
slide History (NanTroSLIDE) site (Site C0018). man, Andre Huepers, Maria José Jurado Rodriguez, Koji
LWD and coring at Site C0021 provided further informa- Kameo, Toshi Kanamatsu, Yukari Kido, Hiroko Kitajima,
tion on the nature, provenance, and kinematics of the MTDgq5,,e Masuda, Kitty Milliken, Ravi Mishra, Kyaw Thu Moe,
observed at Site C0018 and provided data on the lateral hefg54 Motoyama, Katelyn Olcott, Kiyokazu Oohashi, Kevin
erogeneity of MTDs. T. Pickering, Sebastian Ramirez, Harunur Rashid, Yoshi-
LWD and coring at Site C0022 provided logging data and norj Sanada, Derek Sawyer, Anja Schleicher, Yehua Shan,
samples across the tip of the megasplay fault, which provideqRopert Skarbek, Insun Song, Toru Takeshita, Tomohiro Toki,

additional information on the activity of the megasplay fault joanne Tudge, Susanna Webb, Dean Wilson, Hung-Yu Wu,
and its bearing on earthquakes and tsunamis. and Asuka Yamaguchi.
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Abstract. Integrated Ocean Drilling Program (IODP) Expedition 336 addressed questions concerning sub-
seafloor microbial life and its relation to seawater circulation and basalt—-seawater reactions in the basaltic
ocean crust. Sediment and basement samples were recovered at three drill sites located in the North IPond area,
an 8x 15km large sediment pond on the 8 Ma western flank of the Mid-Atlantic Ridge aroud& 22and

46°05 W in roughly 4450 m water depth. The average core recovery rate in basement was approx. 3.1 %. The
subseafloor depth of the basement holes ranges from 90 to 332 m; sediment thickness is between 36 and 90 m.
Two of the holes (U1382A, and U1383C) were equipped with advanced Circulation Obviation Retrofit Kit
(CORK) observatories, employing — for the first time — fiberglass casing. Another CORK string was deployed

in Deep Sea Drilling Project (DSDP) Hole 395A, but the wellhead brdkeimon final installment. Nonethe-

less, the North Pond observatory is fully operational and post-cruise observatory research is already underway.
Combined geochemical and microbiological studies of the drill core samples and experimental CORK materi-
als will help understand (1) the extent and activity of microbial life in basalt and its relation to basalt alteration

by circulating seawater, and (2) the mechanism of microbial inoculation of an isolated sediment pond.

1 Introduction isotopic indications of microbial life within the crust (e.qg.,
Fisk et al., 1998; Staudigel et al., 2008). At the EPR 9N, rich
The upper ocean crust constitutes a permeable and hydrolognd diverse bacterial life was found on young surface, lava
ically active aquifer holding as much as 1-2 % of the ocean’sflows (Santelli et al., 2008), but subseafloor samples yielded
water (e.g., Fisher, 2005). Seawater circulation within thislesser extents of colonization (Santelli et al., 2010). Seafloor
volcanic crust is well documented, but the extent to which Observatories provide a promising technique for in situ stud
microbes colonize, alter, and evolve in subsurface rock is esies of microbial activity within ridge flank aquifers because
sentially not known (e.g., Edwards et al., 2012a). It is well they enable analysis of pristine formation fluids and experi;
known that the geochemical changes associated with basa@ental colonization devices, as has been previously demon-
alteration in the uppermost oceanic crust play an importanstrated at the Juan de Fuca Ridge flank system (Cowen et 4.,
role in setting ocean chemistry. Microbial habitats may be2003; Orcutt et al., 2010; Edwards et al., 2012b).
developed where the intensity of seawater—rock interaction EXxpedition 336 was executed to address fundamental m
is high. The role of microorganisms in this seawater—oceargrobiological questions concerning the nature of the subr
crust exchange is currently unknown. Earlier studies of baseseafloor deep biosphere in oceanic hydrological, geologi
ment rocks from ocean drilling provided putative textural and ¢al, and biogeochemical contexts. Determining the nature g
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14 K. Edwards et al.: IODP Expedition 336

al., 1978). Basement penetration was 91.7 m (Hole 395) and
576.5m (Hole 395A); a re-entry cone and casing to base-
N ment were installed in Hole 395A. The basement lithology is
(Y /o dominated by several units of massive and pillow lava flows,
4 22’52 typically several 10s of meters in thickness, which are sepa-
; rated by sedimentary breccia (Bartetzko et al., 2001; Melson
et al., 1978). A several meters thick peridotite—gabbro com-
Ee plex with brecciated contacts was cored in Hole 395 (Melson
etal., 1978).
U138 During several return missions to Hole 395A, logging op-
P , | = erations, packer testing, and borehole fluid sampling were
& 1 i ’ } conducted (e.g., Becker et al., 1998). Temperature and flow
' 74A i ‘ logs indicated rapid fluid flow~< 1000 L ) down into Hole
395A y “ 395A and low formation pressures. Comparison of lithologic
U138 A 3 l' . and downhole electrical resistivity logs for Hole 395A sug-
Xx ', gested a series of discreet basalt flows (i.effedént vol-
.Xi_‘ = canic flow units with distinct geochemical and petrographic

22"

=g

U138:

|
} characteristics; Bartetzko et al., 2001). Most of the seawater

o recharge in Hole 395A is accommodated by aquifers tied to

—— — flow contacts within the uppermost 300 m of basement. Be-
A : L - g;ﬁ\\\wvaﬂ low that depth, temperature increases (Becker et al., 1998),
o B and borehole fluid chemistry indicates significant chemical

m exchange with the rocks in the borehole walls (Gieskes and
Magenheim, 1992).
Figure 1. Bathymetric map of the North Pond area (data from During IODP Leg 174B, Hole 1074A was cored near the
Schmidt-S.chierhorn. et al., 2012) on the western flank of the Mid'northwestern margin of North Pond (Fig. 1). Temperature
Atlantic Ridge (see inset). and geochemical profiles arefidisive, indicating there is
no upward advection of basement fluids through the sedi-
ments, even in an area of local high heat flow (Becker et

subseafloor m|crob|_olog|cz_il communities in young |gneous_a|” 1998). This observation is consistent with the hydro-
ocean crust and their role in ocean crust alteration was a pr||-OgiC model of Langseth et al. (1992) that indicates fluid
mary object_ive. Specifically, we wanted_ to test the hypmh'flow is predominantly lateral Beneath all of North Pond
esis that microbes play an active role in ocean crust altery, |4 rechargelischarge is taking place through basement out-
ation, while also exploring broad-based ecological questions .

. . . crops that surround the basin.
such as how hydrological structure and geochemistry influ-

ence microbial community structures. We also intended to
study the biogeography and dispersal of microbial life in sub-

. 3 Science and operational objectives
seafloor sediments.

The primary operational goal for Expedition 336 was in-

2 Geological setting stallations of subseafloor borehole observatories for long-
term coupled microbiological, geochemical, and hydrologi-
All sites are located in the North Pond area at42®2N, cal experiments. The observatories were designed to allow

46°05'W in 4414 to 4483 m water depth (Fig. 1). From previ- monitoring conditions and study processes in situ after the
ous ocean drilling and site survey investigation, thi4 8 km drilling-induced disturbance and contamination of the bore-
basin was known as a site of particularly vigorous circulationhole environment have dissipated. Sampling of basement and
of seawater in permeable 8 Ma basaltic basement underlyingediment for microbiological and geochemical studies was
a < 300 m thick sedimentary pile. Heat flow surveys indicate conducted on cores retrieved from the CORK holes and their
that recharge occurs dominantly in the southeastern part afnmediate vicinity.
basin, which is consistent with basement fluid flow generally A specific goal was to drill a basement hole to
directed to the northwest (Langseth et al., 1992). >500 meters below seafloor (mb.s.f.) at a site in the north-
Deep Sea Dirilling Project (DSDP) Leg 45 rotary core ern area of presumed fluid discharge. We had also planned
barrel (RCB) cored two holes at Site 395 (Fig. 1), reveal-on drilling a basement hole to175m b.s.f. and 70 m into
ing a 93 m-thick sediment sequence, consisting of 89 m ofthe basaltic crust in another area in the northern part of the
foraminifer-nannofossil ooze underlain by 4 m of calcare- sediment pond. For both sites, downhole hydrologic (packer)
ous brown clays with manganese micronodules (Melson etests and wire-line logging were planned, but installation of

Sci. Dril., 17, 13-18, 2014 www.sci-dril.net/17/13/2014/
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Table 1. Overview of operational achievements.
Site | 395 | U1382 | U1383 | U1384
Hole | 395A | U1382A U1382B | U1383A U1383B U1383C U1383D UI3B3E | U1384A
Latitude ‘ 22°45.3519 ‘ 22°45.3531 22°45.3528 ‘ 22481229 22°48.1328 22°48.1241 2248.1316 2248.1283 ‘ 22°48.7086
(N)
Longitude ‘ 46°04.8609 ‘ 46°04.8911 46°04.8748 ‘ 46°03.1661 46°03.1556 46°03.1662 46°03.1628 46°03.1582 ‘ 46°05.3464
(W)
Seafloor depth ‘ 4484.0 ‘ 4494.0 4494.0 ‘ 4425.2 4425.2 44252 4425.2 4425.2 ‘ 4475.9
(mb.r.f.)
Interval cored | 0.0 | 100.0 98.8 | 0.0 0.0 262.0 443 442 | 96.2
Length recovered | 0.00 | 31.79 84.28 | 0.00 0.00 50.31 48.65 50.28 | 94.09
Percent recovered| — | 32% 85% | - - 19% 110% 114% | 98%
Section drilled ‘ 0.0 ‘ 110.0 0.0 ‘ 36. 89.8 69.5 0.0 0.0 ‘ 0.0
wjo coring
Total penetration | 0.0 | 210.0 98.8 | 36.0 89.8 3315 443 442 | 96.2
Total depth of hole| 5084.0 | 4704.0 4592.8 | 4461.2 4515.0 4756.7 4469.5 4469.4 | 4572.1
Operations Retrieved Leg Cored basement, Cored sedimenfet-in test Installed cone and Cored basement, Cored sediment Cored sefli®ergd sediment

and basement
contact

conducted 174 CORK, logged,| logged, installed
installed CORK CORK

(failed wellhead)

casing; bit lost in hole,
35m open hole, ROV
platform deployed

and basememind basement
contact contact

and basement
contact

logged, installed
CORK

CORK observatories was the primary objective in order to
conduct experiments in the uppermost basement hydrolog-
ical environment. A third goal was to recover the existing
first-generation CORK at Hole 395A in the SE corner of the
pond and install a multi-level subseafloor observatory there.
Advanced piston coring (APC) of the90 m sediment cov-
ers in the diferent areas was another objective. Enhanced ed-
ucation and outreach programs were intended to communi-
cate the excitement and importance of scientific drilling and
exploration to a broad audience, build educational curricula,
and create media products (photographic, sound, video, and
web based) that help achieve critical outreach goals.

Our science objectives for Expedition 336 were to recover
sediment and basement and establish subseafloor basement
observatories to address two major scientific questions:

alteration by extant communities in the subseafloor is
not clear.

2. Where do deep-seated microbial communities comé

from? Were they derived from overlying bottom sea-
water, which acts as a steady source of inoculum
that seeds microorganisms (particle-attached and freq
living) to sediments? Or is the microbial inoculum pro-
vided by advective transport from the basement (pas
sive transport) or by lateral active transport (Swimming)
from adjacent, older sediments following redox gradi-
ents? North Pond was considered an ideal location t
test these opposing hypotheses, which have importar
mechanistic implications concerning dispersal in the
deep biosphere, and evolutionary consequences for m
crobial life on earth.

The low heat flow ridge flank at North Pond represents an
1. What is the nature of microbial communities harbored ideal model system for studying biologically mediated ox-

www.sci-dril.net/17/13/2014/

in young ridge flanks and what is their role in ocean idative basement alteration via the use of CORKed microbia|

crust weathering? What role do microorganisms play onobservatories. The work will also provide an excellent point
a global basis in promoting seafloor weathering? Whatof comparison for the studies taking place at the Juan de Fug
energy sources do the microorganisms utilize? How dif-Ridge, which represent the warm, sedimented endmember
ferent are communities in filerent zones in the sub- the global spectrum of ridge flanks.

seafloor that are characterized byfelient fluid fluxes

and temperature? Geochemical data indicate that ox4 Expedition summary

idative seafloor alteration occurs mostly during the first

10-20 Ma of crustal age, and thereafter slows or evenExpedition 336 successfully initiated subseafloor observal
ceases. These records suggest that the most reasonaldtey science at a young mid-ocean ridge flank setting. A sum
place to search for active subcrustal microbial commu-mary of the operational achievements is presented in Table
nities should be in young, cold ridge flank environ- Basement was cored and wire-line-logged in Holes U13824
ments. Chemical reaction kinetics are inhibited at low and U1383C. Upper oceanic crust in Hole 1382A, which i
temperatures, providing a window of opportunity for bi- only 50 m west of DSDP Hole 395A, was cored between
ological catalysts to take advantage. Yet, the extent and.10 and 210 mb.s.f.; 31 % of the penetrated basement wa
activity of microbial life in these settings remains un- recovered, producing filerent volcanic flow units with dis-

determined. Also, the extent of direct participation in tinct geochemical and petrographic characteristics (Fig. 2).

Sci. Dril., 17, 13-18, 2014

—

a

=

RS




16 K. Edwards et al.: IODP Expedition 336

SW  CORK observatories at North Pond, western flank of Mid-Atlantic Ridge NE
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Figure 3. Simplified sketch of the geological and hydrological
framework and the observatory layout at North Pond. Two obser-
vatories (U1382A ad U1383C; large wellhead) are fully operational
and samplingexperimentation using seafloor sleds (Cowen et al.,
2012) and incubation chambers (FLOCs; Orcutt et al., 2011). In
Hole U1383B, a CORK:-lite (small wellhead) was installed using a
remotely operated vehicle (Wheat et al., 2012). Flow lines of for-
mation water are highly schematic and adapted from Langseth et
al. (1992).

clasts, suggesting that the uppermost meters of basement
Figure 2. (a) Photograph of sample U1382A-5R-1, 116-119cm, at Site 1382 may be talus rather than lava flow. Sediments
a strongly altered hyaloclastite (length of piece: 3cth). Pho-  were intensely sampled for geochemical pore water analy-
tograph of sample U1382A-8R-4, 50-63cm, a strongly serpen-ses and microbiological work. Shipboard determination of
tinized mantle peridotite with an oxidation halo along a prominent dissolved oxygen concentrations in the pore waters indicate

aragonite vein (length of piece: 13 cnfy) Photograph of sample : ) TR . _
U1383C-17R-1, 120-123 cm, a strongly altered hyaloclastite dedi-pre%nﬁ:zgctzﬁg Scegirﬁgﬁg prof;f?r’olrgdklai)?ﬂrlgémv:/%r:e?jsoe)zjyimen t
cated for microbiological studies (length of piece: 3 ofu) Thin 9 vy p

section photomicrograph (Sample U1383C-20R-1, 111-113 cm)and Sedimen_t_basemen_t _inter_fa(,:es and o>_(ygen consumption
showing glassy to spherulitic fragments of a hyaloclastite with pro- 0Y @erobic microbial activity within the sediments (Orcutt et

nounced palagonite rims (brown) and zeolite (colorless) filling void @l-, 2013).
space. Width of image is 1.2 cm. Expedition 336 installed fully functional observatories in

two newly drilled holes (U1382A and U1383C). The prin-

ciple layout of the observatory as of May 2012 is depicted
Intercalated between two flow units is a sedimentary brec4n Fig. 3. The CORK wellhead at Hole 395A brok&,and
cia, containing clasts of basalt, gabbroic rocks, and mananother Hole (U1383B) was abandoned after a bit failure.
tle peridotite; this unit was interpreted as a rockslide de-Hole 1383B was penetrated 89 m into the seafloor and is
posit. Hole 1383C recovered 50.3m of core from an inter-equipped with a re-entry cone and remotely operated vehi-
val between 69.5 and 331.5mb.s.f. (Fig. 2). The basalts arele (ROV) landing platform for future observatory science
aphyric to highly plagioclase—olivine-phyric tholeiites that objectives. This hole has, in the meantime, been equipped
fall on a liquid line of descent controlled by olivine frac- with a Miniature-CORK that was installed during a joint US—
tionation. They are fresh to moderately altered, with clay German cruise in ApriMay of 2012 (Wheat et al., 2012).
minerals (saponite, nontronite, celadonite), Fe oxyhydroxide Details of the CORK observatory layout and installation are
carbonate, and zeolite as secondary phases replacing glassported in Edwards et al. (2012c). In principle, the obser-
and olivine to variable extents. Sediment thickness was aboutatories consist of sensors for temperature, pressure, oxygen
90 m at Sites 1382 and 1384 and varied between 38 and 52 moncentration and osmotically driven fluid sampling and mi-
at Site 1383. The sediments are predominantly nannofossitrobial incubation devices. Fluid sampling lines run down
ooze with layers of coarse foraminiferal sand and occasionalo packer-sealed compartments in the subseafloor and al-
sand- to pebble-sized clasts of basalt, serpentinite, gabbroilow post-drilling sampling using ROVs. During a first ROV
rocks, and bivalve debris. The lowermost meters of the APC-ruise in AprifMay of 2012, first fluid samples were col-
cored sections feature brown clay at Sites 1382 and 1384ected and osmo-samplers as well as other instrument pack-
XCB-coring at the sediment-basement interface recovereages (GeoMicrobe sleds; Cowen et al., 2012) were deployed.
<1 m of brecciated basalt with micritic limestone at all three A repeat visit was recently conducted (April, 2014), and
sites. XCB cores from Hole 1382B also contained ultramaficthe overall duration of the CORK experiment is 6-8yr. The

Sci. Dril., 17, 13-18, 2014 www.sci-dril.net/17/13/2014/
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CORK observatory in Hole U1382A has a packer seal in theReferences
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The Scientific Collaboration on Past Speciation Conditions in Lake Ohrid (SCOPSCO) project is
an international research initiative to study the influence of major geological and environmental events on the
biological evolution of lake taxa. SCOPSCO drilling campaigns were carried out in 2011 and 2013. In 2011
we used gravity and piston coring at one of the five proposed drill sites, and in 2013 we undertook deep drilling
with the Deep Lake Drilling System (DLDS) of Drilling, Observation and Sampling of the Earth’s Continental
Crust (DOSECC). In April and May 2013, a total of 2100 m sediments were recovered from four drill sites
with water depths ranging from 125 to 260 m. The maximum drill depth was 569 m below the lake floor in
the centre of the lake. By retrieving overlapping sediment sequences, 95 % of the sediment succession was
recovered. Initial data from borehole logging, core logging and geochemical measurements indicate that the
sediment succession coverdl.2 million years (Ma) in a quasi-continuous sequence. These early findings
suggest that the record from Lake Ohrid will substantially improve the knowledge of long-term environmental
change and short-term geological events in the northeastern Mediterranean region, which forms the basis for
improving understanding of the influence of major geological and environmental events on the biological
evolution of endemic species.



The Scientific Collaboration on Past Speciation Conditions
in Lake Ohrid (SCOPSCO) project is an international re-
search initiative to study the influence of major geologi-
cal and environmental events on the biological evolution of
aguatic taxa. The target site is Lake Ohrid, considered the
oldest lake in continuous existence in Europe, and which
contains more than 200 endemic species. The recovery of
long sediment sequences from Lake Ohrid enables us to ob-
tain information about the age and origin of the lake, and
helps to improve our understanding of the regional climatic
and environmental evolution including the history of Italian
volcanic eruptions.

Lake Ohrid is~ 30 km long, 15 km wide, covers an area of
358 knt, and is located at an altitude of 693 m above sea level
(a.s.l.) between Albania and Macedonia on the Balkan Penin-
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sula (Fig. 1). The lake has a maximum water depth of 289 m ot DEE‘P Pegtar!
and a volume of 55.4 ki The total inflow of water can be L
estimated to 37.9 &s1, with ca. 25 % originating from di- N Ve :
rect precipitation and 25 % from riverine inflow. About 50 % Gradiste “41°N-
of the total inflow derives from karst aquifers, of which ca. ;
8mPs are believed to come from Lake Prespa (Wagner
et al., 2010, and references therein). Including Lake Prespa,
the total catchment covers an area of 2393 kvaporation
(40 %) and the main outflow, the river Crni Drim (60 %), bal-
ance the water budget of Lake Ohrid. Due to its large water
volume and low nutrient availability, Lake Ohrid is highly
oligotrophic today (e.g. Wagner et al., 2010). The surface wa- Topographic and bathymetric map of Lake Ohrid on the
ter has a specific conductivity 6200uS cnt® and a pH of Balkan Pt_anins_ula_. ICDP coring _sites are i_ndi(_:ated t_)y white dot.s.
~ 8.4 (Matter et al., 2010). The red lines indicate the locations of seismic profiles shown in

Lake Ohrid is renowned for having an outstanding degree Figs. 2,3 and 4.
of biodiversity for several groups of organisms, including
212 described endemic species. Endemic species are found
in several groups, including bacteria, macrophytes, diatomsthat Lake Ohrid is probably 1.5 to 3 Ma old (Trajanovski et
and almost all animal groups such as crustacea, molluscal., 2010).
and fish (Albrecht and Wilke, 2008). There are very few Previous sedimentary records from Lake Ohrid are up
lakes worldwide that contain species with this degree of ento ca. 15m long and span the last glatiérglacial cycle
demism; examples include lakes Baikal, Tanganyika, Victo-with some minor hiatuses. These records indicate that Lake
ria and Malawi. However, all these lakes have a much largeiOhrid sediments contain information on long- and short-
surface area, meaning that Lake Ohrid is the most diverséerm climate change in this region (e.g. Vogel et al., 2010a;
lake in the world when the number of endemic species isWagner and Wilke, 2011). Other terrestrial records span-
related to surface area (Albrecht and Wilke, 2008). This in-ning more than 1 Ma are rare from the northern Mediter-
triguing characteristic contributed significantly to the estab-ranean region. The most prominent study is likely the pollen
lishment of Lake Ohrid as UNESCO World Heritage Site in record from Tenaghi Philippon, which covers the last ca.
1979. 1.35Ma (Tzedakis et al., 2006). Continuous marine records

Lake Ohrid is considered to be the oldest lake in Europeof equivalent age are also rare and often analysed at too low
and is one of the very few ancient lakes on earth that hasgemporal resolution (e.g. Kroon et al., 1998) to reliably re-
likely existed continuously for more than 1 Ma. Geological construct short-term events. In addition to generating proxy
studies suggest that the lake basin formed during the finatlata on long- and short-term environmental change, our pre-
phases of Alpine orogeny in an approximately N-S trend-liminary studies also revealed that Lake Ohrid is a distal
ing graben structure between ca. 10 and 2 Ma (cf. Lindhorstarchive of the activity of Italian volcanoes. Its sediments
et al., 2014). Molecular clock analyses of several endemiccomprise ca. 10 tephra and cryptotephra (i.e. non-visible
species flocks (i.e. groups of closely related species) indicatéephra) layers in the last ca. 140ka. These volcanic event




SCOPSCO drill sites.

Site Water #ofholes  Total drill Total Deepest drill  Length of composite  Remarks
depth (m) (planned) metres (m) recovery (m) depth (mb.l.f) record * (m)

DEEP 243 6(2) 2088.71 1526.06 568.92 544.88 (95.77 %) spot coring

Cerava 11831 2(2) 175.71 172.20 90.48 87.86 (97.10%) site on a slope

GradiSte 131 3(2) 327.35 224.46 12341 114.07 (92.43 %)

Pestani 262 1(0) 194.50 177.90 194.50 177.90 (91.45 %)

Lini 260 1(2) 10.08 10.08 10.08 10.08 (100.00%)  drilled in 2011

Struga 0 0(2) 0 0 0 0 skipped

* Composite field recovery is estimated based on field depths and magnetic susceptibility measurements.

layers provide information on ash dispersal from the promi-100 m long streamer, complemented by parametric sediment
nent volcanic regions in Italy and contribute significantly to echosounder profiles (SES-96 light in 2004 and SES 2000
the construction of a robust chronology by comparison withcompact in 2007 and 2008, Innomar Co.). The theoretical
other dated records in the region using tephrochronologicalertical resolution of both types of seismic data can be estir
cross-correlation of geochemical fingerprints (Sulpizio et al.,mated to be 2 m for the Mini Gl gun and 0.2 m for the Inno-
2010; Caron et al., 2010; Vogel et al., 2010b; Damaschkeamar data.
et al., 2013). In addition, analysis of Lake Ohrid sediments Based on a dense grid of multichannel seismic data
will generate information on tectonic events. The lake is lo- (~ 500 km total length) and sediment echosounder profiles
cated in a highly active seismic zone with frequent earth-(>900 km total length), five drill sites were originally pro-
quakes (e.g. Mugo et al., 2002; NEIC database, USGS), angosed (Fig. 1; Table 1). They range from 80 to 260 m water
the lacustrine sediments on the subaquatic slopes are subepth and had target drilling depths between 20 and 680 m.
ject to mass wasting and seismite formation (Wagner et al., The “DEEP” site is located in the central basin of Lake
2008; Reicherter et al., 2011; Lindhorst et al., 2012). Stud-Ohrid in ~ 250 m water depth. This master site is well suited
ies from other lakes and marine basins have shown that thede address most of our key research questions (Table 1). The
mass-wasting deposits can be used to reconstruct the longeismic data from the central basin show a rough basement
term earthquake history of a region (e.g. Schnellmann et al.topography with numerous highs and lows (Figs. 2 and 3).
2002; Beck et al., 2012). The basement lows are characterized by onlap fills and there-
Despite uncertainties in age estimation, its likely contin- fore suggested possible recovery of the longest records. The
uous existence over more than 1 Ma makes Lake Ohrid aflDEEP site is located in a basement depression with an esti-
extant hotspot of evolution and an evolutionary reservoir en-mated maximum sediment fill of 680 m (Fig. 3). Seismic data
abling relict species to survive (Albrecht and Wilke, 2008). show undisturbed sediments without unconformities or ero:
These outstanding characteristics allowed Lake Ohrid to besional features, thus suggesting that a continuous sediment
come one of the target sites within the scope of the Internarecord of maximum age and free of major hiatuses could be
tional Continental Scientific Drilling Program (ICDP). The recovered. Strong multiples, however, mask the lower part of
deep drilling of Lake Ohrid has four major aims: (i) to ob- the sedimentary succession.
tain precise information about the age and origin of the lake, The “Struga” site is located close to the northern shore of
(i) to unravel the regional seismotectonic history including Lake Ohrid (Fig. 1). It is the shallowest (80 m water depth)
effects of major earthquakes and associated mass-wastingf all the sites. The objectives of this site are to investigate
events, (iii) to obtain a continuous record containing infor- changes in the hydrological regime, to obtain information on
mation on Quaternary volcanic activity and climate change inlake level fluctuations, and potentially to obtain macrofossils
the central northern Mediterranean region, and (iv) to evalu-for a cross-validation with the results obtained from molec-
ate the influence of major geological events on evolution andular clock analyses. The intention to drill at the Struga site
the generation of the observed extraordinary degree of enin the northern part of the lake was abandoned for logisti+
demic biodiversity. cal reasons during the drilling campaign. Instead, a new site
was selected in the eastern part of the lake. This “Pestani”
site (Fig. 1) had a water depth of 260 m and was chosen with
the aim of reaching sediments deposited directly above the
bedrock at ca. 200 m below lake floor (b.Lf.; Fig. 4).
The site selection for the deep drilling project was based on The “Cerava” site (Figs. 1 and 4) is located on a lake ter-
hydro-acoustic surveys carried out between 2004 and 2008ace in 125 m water depth close to the southern shore of Lake
Multichannel seismic data were collected using a Mini GI Ohrid, 2-3 km d the southern feeder spring area and Cerava
Air Gun (0.25L in 2007 and 0.1 L in 2008) and a 16-channel River, which are the main tributaries to Lake Ohrid. Several
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Seismic profile crossing Lake Ohrid in N-S direction. The central basin shows thick undisturbed sediments, which were drilled at
the DEEP site. The DEEP site is about 1 km to the west of the seismic line. Other prominent features include faults, slides, clinoforms and
bright spots. See Fig. 1 for location.

clinoforms in the seismic data reflect the development of ter-ern basin bounding faults. Seismic profiles across the west-
races, which are linked to lake-level fluctuations. The mainern coast show that the steepest gradient in front of the Lini
objective of this site is to reconstruct these variations. In ad-Peninsula is due to active scarps of eastwards-dipping nor-
dition, data from this core will be used to support our inter- mal faults. The tectonic setting is comparable to the GradiSte
pretation of tectonic activities and related mass-movemensite with a set of active antithetic faults.
events.

The “GradiSte” site (Figs. 1 and 4) is located in 130 m wa-
ter depth close to the eastern margin of the lake in the hang-
ing wall of a major active lake-bounding normal fault. The
bathymetry reveals a steep west-dipping major fault associCoring was originally planned for summer 2011 using
ated with a small graben on the lake floor, which suggestDrilling, Observation and Sampling of the Earth’s Continen-
recent activity of this fault. The GradiSte site is also char-tal Crust's (DOSECC) Deep Lake Drilling System (DLDS).
acterized by high inflow from sublacustrine karstic springs Although this was postponed, a coring campaign using
and constitutes the most important hotspot of endemic bioditUWITEC (Austria) equipment was carried out in June 2011
versity in the lake. Macrofossils from this site are expectedin order to recover a 20 m long sediment sequence proposed
to best reflect the evolutionary history of invertebrates andfor the Lini site and also surface sediment cores from the
plants and should allow us to test the role of sublacustrineDEEP site. A gravity corer was used to obtain the undis-
springs in generating and maintaining biodiversity. turbed surface sediments, and deeper sediments were recov-

The “Lini” site (Figs. 1 and 4) is b the Lini Peninsula in  ered with a piston corer. A re-entry cone, which was posi-
260 m water depth close to the western shore of Lake Ohridtioned on the lake bed, and extension rods of 2 m length con-
This locality was selected to study fault activity on the west- trolled the exact release of the piston to ensure retrieval of a



W E 1 95 % (545 m), being higher (99 %) for the uppermost 430 m

oA EL (Fig. 5). At the Cerava site, two parallel cores were drilled
21 Brtn with a maximum sediment depth of 90.5mb.Lf. (Fig. 6).

0.2 DEEP The composite field recovery was ca. 97 % (88 m). The basal

569 m,
water depth 250 m

sediments recovered consist of lithified sediments and shell
fragments or whole shells. At the GradiSte site, three par+
allel cores were drilled with a maximum sediment depth
of 123mb.l.f. (Fig. 6). The composite core recovery was
92% (114 m). Coarse-grained sediments dominate below
82 mb.Lf. At the Pestani site only one hole with a maximum
sediment depth of 194.5 m b.l.f. was recovered (Fig. 6). The
core recovery was 91 % (178 m).

At all four drill sites, generation of high-quality continu-
ous downhole logging data comprising spectral gamma ray,
magnetic susceptibility (MS), resistivity, dipmeter, borehole
televiewer and sonic data was achieved. Additional zero-
offset vertical seismic profiling was conducted at the DEER
site. Spectral gamma ray was run through the drill pipe, and
thereafter pipes were pulled gradually to maintain the bore-
hole stability. All the other tools were run in about 40 m long

L ) i o ] open hole sections.
Seismic profile crossing the DEEP site in W-E direc-

tion (only Macedonian part of Lake Ohrid due to missing Albanian

permissions during the 2007 survey). See Fig. 1 for location. The
green line in the seismic profile indicates the approximate maxi-
mum depth of cores recovered from DEEP site, whilst the black
line indicates the originally proposed target depth.

Downhole logging data at the DEEP site reveal contrasting

physical properties in spectral gamma ray (gammaktayl,

Th), MS, resistivity and seismic velocity ) data. The sed-
continuous core sequence. Core recovery at the Lini site wasnent sequence below 430 mb.L.f. is characterized by higher
around 100 % including core catcher samples. Core loss ogamma ray values (mean: 70 gAPI) than pelagic sediments
disturbance of sediment between the individual 2 m segmentabove, showing a cyclic alternation of low (20 gAPI) and
is therefore regarded as low 6 cm). However, bad weather high (65 gAPIl) gamma ray values (Fig. 5).
and high waves on Lake Ohrid stopped the coring campaign
at ca. 10 m depth in 2011. At the DEEP site, a 1.6 m long
surface sediment sequence was retrieved.

A fire on the container vessel MMISC Flaminia which In addition to borehole logging, some data have already been
transported the DLDS from the US to Europe in summergenerated from the sediment sequences recovered. The age
2012, caused a second delay for the start of the drilling operamodel and sediment stratigraphy of the 10 m long sediment
tions. Finally, drilling started in late March 2013, and by late sequence recovered from the Lini site in summer 2011 spans
May 2013 a total of~ 2100 m of sediment had been recov- the Late Pleistocene to Holocene and contains two mass-
ered from Lake Ohrid at four flerent sites. The SCOPSCO wasting deposits (Wagner et al., 2012). The more significant
drilling operation is heralded as one of the most successfulippermost mass-wasting deposit is almost 2 m thick and di-
ICDP lake drilling campaigns ever. rectly overlies the AD 47/512 tephra. The exact age of this

At the DEEP site, six parallel holes were drilled with a mass-wasting deposit cannot be defined because the tephras
maximum sediment depth of 569 m b.l.f. (Fig. 3). Pelagic from AD 472 and AD 512 indicate geochemical overlapping,
sediments characterize the uppermost 430 m of the sedimemind the sediments of Lake Ohrid are not annually laminated.
column (Fig. 5). Below 430 mb.lL.f., shallow water facies However, the lack of any apparent erosional discordance at
became increasingly dominant, including fine-grained ma-the base of the mass-wasting deposit and the small distance
terial with high organic matter content, coarser sedimentso the AD 472512 tephra imply that the mass-wasting de-
with shell remains, and distinct sand layers. Gravel and pebposit occurred in the early 6th century AD (Wagner et al.,
bles hampered penetration deeper than 569 mb.l.f. In total2012). A likely trigger for this mass-wasting event could
1526 m of sediment cores were recovered from the six paralbe a historical earthquake that destroyed the city of Lych
lel holes at the “DEEP” site. Taking into account sediment—nidus (Ohrid). According to historical documents, this earth-
core overlap, the total composite field recovery amounts toquake could have occurred at AD 518, AD 526, or AD 527.
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profiles indicates the approximate maximum depth of cores recovered, whilst the black line indicates the target depth.

Although the sediment sequence from the Lini site is shorterseismic data and interpreted them as a climatic signal (Lind-
than proposed, the results indicate that one of the main scierhorst et al., 2014). A preliminarily correlation between seis-
tific goals of the project — to reconstruct active tectonics andmic and MS data using a simple time—depth chart constructed
mass wasting (Table 1) — can be achieved. out of availablep wave velocity data for the DEEP site al-
MS was measured on all cores recovered in summer 201®ws an optical correlation between the cyclicity of seismic
using a multi-sensor core logger (MSCL; Geotek, UK) in and MS data (Fig. 5), demonstrating the great potential to
a field laboratory. Logging started immediately after the integrate physical properties, sedimentological and seismic
transportation of the cores from the drilling platform to data. Distinct peaks of MS are most likely correlated with
the laboratory in order to ensure best possible overlap bethe occurrence of tephras or cryptotephras in the sedimen-
tween individual holes. The volume-specific MS was mea-tary succession.
sured over 10s for every 2cm of each core section with Small aliquots of core catcher material from the DEEP site
a whole core loop sensor (internal diameter: 10 cm). Thewere freeze-dried and homogenized. This material was used
data show a pronounced cyclic pattern most likely relatedfor measurements of total carbon (TC) and total inorganic
to glacialinterglacial cycles and demonstrate the excellentcarbon (TIC) using a DIMATOC 200 (DIMATEC Co.). To-
potential of Lake Ohrid for palaeoenvironmental reconstruc-tal organic carbon (TOC) was calculated as tHeedence be-
tions (Fig. 5). We also identified a similar cyclic pattern in the tween TC and TIC. Studies of the sediment cores recovered
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Core recovery and lithology from DEEP site. Colours indicate tffiieidint coring tools used for the four parallel holes 1B, 1C,
1D, and 1F with deeper penetration. A hydraulic piston corer (HPC, blue) was used for the recovery of the upper sediment sequences. The
relatively soft consistency of these sediments allows penetration of a 3 m long piston corer by hydraulic pressure. Rotation drill tools were
used for the deeper and more consolidated sediments and comprise the extended nose (XTN, green), where the drill bits stand back by about
12 cm from the core barrel front, and the Alien (ALN, red), where the drill bits are placed directly at the core barrel front. 1A and 1E are
not displayed as coring was restricted to surface sedimersn) using the HPC. The core composite (cc) is based on core correlation of
individual holes based on field depth measurements. White parts indicate no core recovery due to gaps. The lithology (lith.), total organic
carbon (TOC), total inorganic carbon (TIC), and stable isoté#..., red dots in the TIC curve, anit®C,. to the right) measurements
are based on core catcher samples. Magnetic susceptibility (MS) was measured in 2cm intervals on a multi-sensor core logger (MSCL)
equipped with a whole core loop sensor. Spectral gamma ray (GR) is based on downhole logging data run through the drill pipe with|10cm
vertical resolution. The grey bar indicates tentatively the Middle Pleistocene transition (MPT). Marine isotope stages (MIS) 11 and 31 are
extrapolated from glaciahterglacial changes in TIC contents.

during pre-site surveys between 2005 and 2009 have alreadgoes not originate from the calcareous Galicica mountain
shown that TIC is a valuable proxy for short-term and long- range to the east of the lake (Fig. 1), where the main inlets
term climate change over the last ca. 135ka (Vogel et al.are located today. At 430 m b.Lf. TIC significantly increases
2010a; Wagner et al., 2010). TIC is high during interglacials upcore to slightly more than 10 %. This implies that the lake
and primarily originates from calcite precipitation. During had established and relatively warm conditions in combina-
glacial phases carbonate is almost absent. In the core catchon with higher productivity that caused intense calcite pre-
samples from the DEEP site, very low TIC characterizes thecipitation. Between 430 and 315 mb.Lf. TIC, data show dis-
coarser sediments below 430 mb.l.f. (Fig. 5). This indicatestinct high-frequency fluctuations. This can probably be at-
that fluvial conditions prevailed at the onset of the existencetributed to the dominant 41 ka obliquity cycle prior to 920 ka
of Lake Ohrid and that the clastic detrital matter supplied (Mudelsee and Schulz, 1997; Tzedakis et al., 2006), and the



2A 2B cc lith. 3A 3C 3D cc lith 4A  lith, for regional tephrostratigraphy. The low organic matter con-
= = tentin all core catcher samples from the DEEP site sequence,
such as reflected by TOC values-08 % (Fig. 5), suggests
that the lake has had an oligotrophic state throughout its en-
tire existence.

40

Preliminary diatom data were generated from core catcher
samples at ca. 3m resolution from two boreholes (1B and
1C) at the DEEP site. Results for 1C are presented here
(Fig. 7). A total of 173 smear slides was prepared, and ca.
100 diatom valves per slide were counted under oil immer-
sion atx 1500 magnification with a Nikon Eclipse 80i light
microscope (LM) equipped with a Nikon Coolpix P6000 dig-
ital camera. Counts were converted into percentages and dis-
played using Tilia and TGView v. 2.0.2. (Grimm, 2004).
Diatom identification was aided by reference to the taxo-
nomic keys of Krammer and Lange-Bertalot (1986—1991)
and dedicated Ohrid and Prespa taxonomic works (Hustedt,
160 1945; Jurilj, 1954; Levkov et al., 2007, 2012; Cvetkoska et

B silty clay or clayey silt
[ sand, silt, clay
gravel, sand, silt, clay
H peat

[ bivalve remains

TR

W HPC - al., 2012). Diatoms were preserved throughout the upper-
Eﬂ‘“ | most 480 m of the sediment sequence, comprising 122 di-

180
B composite recovery m atom taxa. Although the benthic group is the most species-
rich (60 % of taxa), the sequence above 430 mb.l.f. is domi-
nated by planktonic species 85 %). At the base of the se-

Core recovery and lithology from Cerava (2A and 2B), - S
Gradiste (3A, 3C, and 3D), and PeStani (4A) sites. Colours indicatequence’ the initially poor preservation in a coarse substrate

different coring tools used (cf. Fig. 5). White sections in the core(480_430m b.L.f.) Strengthen§ the Inte_rpretat.lon of a shal-
composites (cc) of each site indicate no core recovery. low water b_ody; the gradual increase in relative abundance
of planktonic taxa from 430 to 320 m b.L.f. probably reflects
the initial infilling of the lake basin, with a stable and deep
water body thereafter. Major shifts at 430 m, 320 m, 230 m
highest TIC peak at ca. 360 mb.L.f. is tentatively correlatedand 80 m b.l.f. are likely to represent key stages of evolution
with the Marine Isotope Stage (MIS) 31 (Fig. 5). The se- andor environmental change, the first of which corresponds
guence between 315 and 250 mb.Lf. exhibits a decrease ito the key boundary identified between shallow and deeper
TIC frequency, which probably corresponds to the Middle lake states. There is clear evidence for evolution within the
Pleistocene transition (MPT) between 920 and 640 ka. Thelominant planktonic genu§yclotella The replacement of
uppermost 250 m indicate similar amplitudes in TIC fluctu- C. iris by C. fottijhustedtij the similar morphological char-
ations, ranging between almost 0% and 10 %, but fluctuat-acteristics of which indicate that they are likely to have simi-
ing at a lower frequency. This variability can be attributed to lar ecological niches, probably represents an excellent exam-
100 ka cycles, which have dominated since 640 ka. As interple of rapid species turnover. Apparently close correlation
glacial periods should correspond with high TIC, the MIS 11 with geochemical proxies, and carbonate in particular, sug-
and MIS 5 sediments in the DEEP site record would occur atgests that major shifts in diatom-species assemblage compo-
ca. 175 and 50 m b.L.f., respectively (Fig. 5). This is supportedsition are driven by glacidhterglacial climate cycles in the
by the occurrence of several tephras, which are identical tdatter part of the record. Our previous diatom-based palaeo-
those identified previously during analysis of cores from pre-climate analysis of sequences spanning the last 134 ka, from
site surveys (Sulpizio et al., 2010; Vogel et al., 2010b). Forthe last interglacial to present (Wagner et al., 2009; Reed et
example, a coarser horizon at 18 m b.1.f., which is characteral., 2010; Cvetkoska et al., 2012), demonstrates the high sen-
ized by a maximum in MS and gamma ray data (Fig. 5), cor-sitivity of diatoms to glaciglnterglacial and interstadial cli-
responds with the Y-5 tephra (Campanian Ignimbrite). Thismate change, driven primarily by temperature-induced pro-
is the most prominent tephra in all other records from Lakeductivity shifts. This is supported by modern ecological data,
Ohrid and was deposited 39.3 ka (e.g. Sulpizio et al., 2010)which define the epilimnetic vs. hypolimnetic life habit of
Numerous peaks in the MS data suggest that the DEEP sitdominant planktonic taxa (Allen and Ocevski, 1976). The
will become an outstanding distal record of the activity of same suite of dominant taxa prevails in the DEEP sequence
Italian eruptive volcanoes and perhaps the “Rosetta Stoneabove 230 mb.l.f., giving good modern analogues for future
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Preliminary diatom data from smear slides of core catcher samples (hole 1C, DEEP site).

palaeoenvironmental reconstruction. Analogues are poor be;
low this depth, underlining the degree to which Quaternary
diatom evolution has probably occurred, but the presence of
dominant taxa such asyclotella iris in oligotrophic fossil
assemblages (Krammer and Lange-Bertalot, 1991a) providey
a strong baseline from which to reconstruct earlier Quater-
nary palaeoclimates in the lower record.

Stable isotope analysis of carbonate was conducted using
sediment aliquots from 69 samples withl % TIC (hole
1B, core catchers). Subsamples were processed to remov
organics and measured for stable isotope ratios. The datg
show 6804 cite Values increasing through the core, ranging
between-7.6 %0 and-2.9 %0, and averaging5.2 %o+1.1 %o
(Fig. 5), which is most likely the result of greater freshwa- Rounded gravel and pebbles in core catcher material
ter input and lower lake-water residence times in earlier in-(DEEP site, hole 1D at 569 m b.l.f.) indicate fluvial transportation.
terglacials. From modern calibration data sét€Qacite in
Lake Ohrid is known to be a function of inflow and evap-
oration (Leng et al., 2010), so significant positive excur- Overall, the patterns seen in borehole logging, MS and
sions suggest periods of exceptional aridity and potentiallycore-catcher data imply that the record from the DEEP site
lower lake levels (for example at 50, 210 and 310 m b.l.f.), covers the entire history of extant Lake Ohrid. Rounded peb-
which coincide with high TIC phases (interglacial periods). bles and gravel from the base of the sediment record (Fig. 8)
513Caicite ranges £2.1 %o to+2.1 %o, mean=0.0 %o+ 0.8 %o) imply that fluvial sedimentation prevailed in the Lake Ohrid
are consistent with the catchment geology providing a majoiasin before the basin was filled, culminating in the develop-
source of inorganic carboB€Ceachmen= +1 %0) enhanced ~ment of the deep modern lake. A stepwise decrease in grain
by longer residence times allowing increased exchange wittpize from the base to 430 mb.l.f. is attributed to the estab-
atmospheric C@towards the top of the sequence. lishment of lacustrine conditions and increasing lake levels.
According to TIC, MS, and borehole gamma ray values, the



uppermost 430 m b.I.f. cover probablyl.2 Ma. Major hia-
tuses or mass-wasting deposits were not observed at this site.

Albrecht, C. and Wilke, T.: Lake Ohrid: biodiversity and evolution,
. . Hydrobiologia, 615, 103—-140, 2008.

The sediment cores recovered during the SCOPSCO 201Zjien, H. L. and Ocevski, B. T.: Limnological studies in a large,
field campaign at Lake Ohrid are stored at the University deep, oligotrophic lake (Lake Ohrid, Yugoslavia), Arch. Hydro-
of Cologne, Germany, where core opening, description, doc- biol., 77, 1-21, 1976.
umentation, and initial analyses such as MSCL and X-rayBeck, C., Reyss, J.-L., Leclerc, F., Moreno, E., Feuillet, N., Bar-
fluorescence (XRF) scanning are taking place. The primary rier, L., Beauducel, F., Boudon, G., Clément, V., Deplus, C., Gal-
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2010b; Damaschke et al., 2013). The results combined with ¢} ake Ohrid (Albania), Compt. Rend. Acad. Sc., 342, 453-466,
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ses will be carried out at consistent intervals of 16 cm on the glacial-interglacial cycle (ca. 140ka), in: Diatom Monographs,
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a resolution of ca. 500years. Shorter intervals with higher
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As part of an interdisciplinary research project, funded by the European Research Council and ad-
dressing the mechanics of weak faults, we drilled three 200—250 m-deep boreholes and installed ari array of
seismometers. The array augments TABOO (The AltotiBerina near fault ObservatOry), a scientific infrastruc-
ture managed by the Italian National Institute of Geophysics and Volcanology. The observatory, which consists
of a geophysical network equipped with multi-sensor stations, is located in the northern Apennines (Italy) and
monitors a large and active low-angle normal fault.

The drilling operations started at the end of 2011 and were completed by July 2012. We instrumented the
boreholes with three-component short-period (2 Hz) passive instrumentieati depths. The seismometers
are now fully operational and collecting waveforms characterised by a very high signal to noise ratio that is
ideal for studying microearthquakes. The resulting increase in the detection capability of the seismic network
will allow for a broader range of transients to be identified.

The instrumented boreholes are part of The AltotiBe-

rina near fault ObservatOry (TABOOittpy//taboo.rm.ingv.

it/; Chiaraluce et al., 2014), a scientific infrastructure man-
Scientists’ ability to integrate geological, seismological and aged by INGV (Istituto Nazionale di Geofisica e Vulcanolo-
laboratory observations related to earthquakes and faultingjia). The infrastructure consists of sites equipped with multi-
are essential for opening new paths of discovery and increassensor stations (seismometers, GPS, geochemical and elec-
ing our understanding of fault mechanics. The maificliity  tromagnetic sensors), devoted to the monitoring of a 60 km-
in reconciling multidisciplinary observations is the scale de- |Ong active normal fault system located a|ong the northern
pendence, which characterises the underlying physical proapennines of Italy (Fig. 1).
cesses that are inherent to each discipline. To tackle this The fault system monitored via TABOO is dominated by
challenge, the main prerequisites are the availability of high-the Alto Tiberina fault (ATF), a low-angle normal fault dip-
resolution data and access to state-of-the-art research infraping in the range of 15-20In the same area, moderate to
tructure that allow for the analysis of innovative and original |arge earthquakes seem to nucleate on Steep|y d|pp|ng nor-
data sets. mal faults antithetic to ATF (Fig. 1). The ATF is oriented at

To lower the minimum earthquake detection threshold anq“gh ang|e to the maximum vertical Compressive stress,

to enhance the resolution of the signals recorded by our seisand is therefore severely misoriented within the active stress
mic network, we decided to build a seismological antenna afield (Collettini and Barchi, 2002). The ATF, as many other
depth. These field observations complement the laboratoryow-angle normal faults (LANF) around the world (Collettini
data produced by a newly built biaxial rock deformation ap- et al., 2011), formed as a gently dipping structure and is char-
paratus within a pressure vessel (Collettini et al., 2014) caacterised by a high and constant rate of microseismic activity
Dabk|e to reicord acoustic transients emitted from deforming(Chiaraluce et al., 2007). These observations, collected in the
rock samples.
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fault surface? To answer these questions, we have developeu sarfinaeitopih (i)

an interdisciplinary research project addressing the mechan- Map of the study area. Circles show thd.2 000 earth-

ics of seismic vs. aseismic deformation. quakes that occurred from July 2012 through December 2013. They
Here we report on site selection and instrumentation, anchave been both scaled in size according to the local magnitide (

discuss the quality of background data. of the events and colour-coded based on their hypocentral depth.

The black triangles represent surface stations while the white and
grey triangles show borehole stations. At the bottom left, we show
a zoom of the area where the three boreholes (BAT1, BAT2 and
BAT3) are located. The black icon in the centre is the location of

We selected our chosen sites for the seismological antenntge Mt. Civitello deep borehole while the upside-down triangle is a
permanent station (ATVO).

(Fig. 2; a zoom of the area inside the box is found at the
bottom left) for two reasons. First, the location of a nearby
deep borehole (Mt. Civitello; 5.6 km depth) that is one of the
deepest wells drilled by the Italian National organisation for noise signals, will monitor microseismic events that occur
Hydrocarbons (ENI). Borehole and laboratdPywave ve-  ata depth shallower than 5km.
locities (Trippetta et al., 2010, 2013) have been integrated The geometry of our boreholes forms a triangle centred on
with P wave velocities obtained from best migration analysis the deep borehole (Mt. Civitello in the bottom left zoom of
of the seismic reflection profiles (Mirabella et al., 2011) and Fig. 2) with a mean distance between the sites of about 3 km.
earthquake data collected by TABOO (Latorre et al., 2014) to
develop a detailed one-dimensional velocity model for earth-
quake locations (Table 1).

Furthermore, observations of microseismic activity (in-
cluding repeating earthquakes), which might be related to the\ll boreholes are hosted in the same lithology: the Miocene
ATF, nucleate at 5km depth. Second, the ATF is a potentialMarnoso Arenacea (marly-arenaceous turbidites in Table 1)
target for a deep-drilling project (Multidisciplinary Observa- formation. Around the seismological antenna, this formation
tory and Laboratory of Experiments along a drilling in cen- consisting of marls and arenaceous rocks is characterised by
tral Italy; MOLE). An ICDP (International Continental sci- an average thickness of about 1 km. Under ambient pressure,
entific Drilling Program)-funded workshop was held in May the density of the lithology measured in the laboratory is
2008 (Cocco et al., 2009) to analyse its scientific and technoabout 2.46 g c® and the connected porosity ranges from
logical feasibility. One major outcome of the workshop was 2.2 to 13.8 % (Trippetta, personal communication, 2014).
a determination that to sample uncompromised fault rock The holes were drilled with a traditional rotary drilling
from seismogenic depth would require a borehole with a totaltechnique and did not include any coring operations. We used
depth of 5-6 km. This borehole would target the source re-drill rods of diverse diameters and weights. Drill collars were
gions of repeating microearthquakes and sample those fauttonnected to the drill bit to keep the drill string straight. We
rocks. An array of seismometers at depth, producing lowused a drill bit designed for medium-hard rock types that had



AverageP wave velocity for the lithologies encountered in the Mt. Civitello borehole.

P wave velocity (kmst) Borehole Laboratory Seismic profiles  Seismology
Marly-arenaceous turbidites 4.0 4.0 4.0 4.0
Carbonates 5.6 6.0 55 5.5
Triassic evaporites 6.3 6.4 6.1 6.1

a plastic casing (polyvinyl chloride, PVC) within the entire
borehole to avoid loss of the borehole.
Wy The three boreholes were drilled tafeient total depths:
‘ 182m (BAT1), 204 m (BAT2) and 250 m (BAT3). This dif-

T — = ference was by design as we halted drilling once we encoun-
= _wi—ﬁ antenna
I

tered less fractured, more competent lithologies, at a depth of
around 200 m in BAT1 and BAT2. Each borehole is equipped

; : [ solar paneis [ with a sensor at the bottom of the hole and at the surface,

R . while the deepest borehole (BAT3) has a vertical array, with

SER \ ; a sensor every 100 m (50, 150 and 250 m).
, . B 9 : The sensors consist of three-component short-period (SP)
L o e o seismometers with a natural frequency of 2 Hz. The signal is
sampled at 500 Hz. The instruments are passive geophones
T oo | e installed inside 1.06 m long steel housing with a diameter of
, . 8.8cm and a weight of 30 kg. We decided to install SP pas-

_ _ o sive instruments as we mainly deal with small to moderate
/An example of a site hosting the seismic instruments: earthquakes that have a more interesting bandwidth toward

BAT2 station. The solar panels provide power to the acquisition andthe higher frequencies. A sampling rate of 500 Hz allows for
transmission system (Wi-Fi antenna). In the case of a lack of sun, complete recording up to 200 Hz. Moreover, by using pas-

there is a set of batteries that can power the station for about ten. e sensors. we do not need a power supply in the boreholes
days. There are three concrete boxes accommodating the broadbaﬁq:_ ' POWE pply ’
ich can be a source of complications for long-term exper:

(BB) and short-period sensors located at the surface plus the WeIIW

head with the cable connecting the seismometer at depth with théMents. . . _ N
acquisition system. The three sites have also been equipped with additional

short-period and broadband seismometers positioned at the
surface (SP and BB respectively in Fig. 3, where we show
a picture of BAT1 site) to allow for a better comparison and
association between data collected by both seismometers at

a diameter of 165.1 mm (6/4in.). The rate of penetration depth and the other stations of the TABOO network.

was generally quite regular, ranging from 2.65 to 3.75fh The TABOO network has two additional short-period seis-
To ensure a better insulation of the sensor from surfacqn

noise and a better coupling of the seismometer with the sur ometers installed inside shallow boreholes further to the
. X i north triangles in Fig. 2). Th install INGV
rounding rocks, we decided to case only the first 9 m of thenor (grey triangles in Fig. 2). They were installed by ING

. . . in early 2000. As these sensors are installed within the un-
boreholes with a temporary iron casing (220 mm).

. o . consolidated alluvial sediments of the Tiber valley and are
Due to the local lithology conditions and the stability of y

the boreholes, we were able to avoid casing in two sitesmainly used for the analysis of sitéects, they do not pro-
! . L . high-quali . Our ision rill in the Marn
(BAT1 and BAT?2). After the completion of drilling, the in- duce high-quality data. Our decision to d the Marnoso

" " | dand ted | ith il Arenacea formation was based on this experience.
struments were fowered and cementedin, with cémentliiing o,y e ot the remote sites is supplied by solar panels. The
the borehole to about 10m above the sensors. The cem

e'Ejtedicated transmission system is composed of a Wi-Fi an-

was mixed with rock salt in order to increase the S‘emm’tennaIinked to a radio backbone (Fig. 3) and transmits data in

time. The remaining portions of the boreholes were f'”eq real time to the INGV acquisition centre located about 80 km

with sand, to avoid cable torsion in the case of large seismic
events away.

S . The three sites are now completely operative and record

At the third site (BAT3), we encountered problems while hiah i . . . .
. . - ty data ch t d by a high It -
drilling. At about 180 m depth, we experienced near total Igh-qualily data characterised by a high signal to noise ra

- L . tio (S/N). They enhance the detection capability of the local
loss of the drilling fluid into the formation. We suspect that area down to negative magnitude events (Chiaraluce et al.
this probably occurred due to the intersection of the borehoI%014) In Fig. 4a and b, two power spectral densities from '
with a highly fractured zone. For this reason, we installed ' | ’
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Two small earthquakes recorded at BAT3. Top trace: surface sensor. Middle trace: sensor at 150 m. Bottom trace: bottom sensor
(250 m).

one week of recording at station BAT3 by the sensors in-stations at the surface (black triangles) and is complemented
stalled at a depth of 150 and 250 m are shown. It is evidenby the stations at depth (white and grey triangles). We in-
that at high frequencies, the noise level is significantly re-dicate the position of BAT1, BAT2 and BAT3 (white trian-
duced in the deeper sensor. Also, the high number of earthgles inside the black box highlighting the zoomed-in area in
guakes (bell-shaped spectra in the period band 0.01-10 djig. 2) relative to both the entire network and the seismic
recorded by both sensors is significant. activity. About 12000 earthquakes,1.2< M, <3.9, were
Figure 5 compares the recording of two low-magnituderecorded from July 2012, when all the three borehole sta-
earthquakes (local magnitudel.0 and-0.6) for station tions were connected to the acquisition system, through to
BAT3 by sensors at the surface, 150m depth and 250 nDecember 2013. The contribution of the borehole stations
depth. Itis evident that the deepest sensor is suitable to record the network is highly significant. In the cited time span,
even smaller earthquakes, while at the surface only the largeB3 520P wave arrival times were obtained from the borehole
event is recognisable and characterised by a more complesecordings of the deepest sensor in each well. The capabil-
waveform. ity to record more than 90 % of the events that occurred in
the area also testifies to the robustness of the equipment and
study site.
The earthquakes have been colour-coded based on their
Figure 2 shows a map view of the seismicity we gatheredhypocentra| depth to point out the location of seismicity and
with the TABOO seismic network which includes seismic the array relative to the ATF geometry. The boreholes are



positioned above the shallow seismicity that nucleates on the
ATF at about 5 km depth. Our expectation is to detect nearly _ -
100 % of the microearthquakes occurring on the ATF planeChiaraluce, L. and TABOO working group: The Alto Tiberina Near
at shallow depths. As a consequence, the costs of a potential Fault Observatory (Northern Apenniines, Italy), Ann. Geophys.,
- - [ iew, 2014.
deep-drilling experiment, would greatly decrease. In Teview, _ i S
We are planning additional instrumentation of TABOO in- Chiaraluce, L., Chiarabba, C., Collettini, C., Piccinini, D., and

luding th tructi f trai i The aim i Cocco, M.: Architecture and mechanics of an active low angle
Cluding the construction ol a strain-metre array. eamis normal fault: Alto Tiberina Fault, northern Apennines, Italy, J.

to enlarge the spectrum of the observed deformation mech- Geophys. Res., 112, B10310, dd):10292007JB0050152007.
anisms. In this way we can additionally reduce the gap becocco, M., Montone, P., Barchi, M. R., Dresen, G., and Zoback, M.
tween natural and experimental earthquakes and try to im- D.: MOLE: A Multidisciplinary Observatory and Laboratory of
prove our understanding of the physics behind the process. Experiments in Central Italy, Sci. Dril., 7, 60—64, di):5194sd-
Our end goal is to compare natural and lab observations. 7-60-2009 2009.
With the borehole seismometers we are almost able to recorgollettini, C.: The mechanical paradox of low angle normal faults:
the full range of (high) frequencies characterising the source current understanding and open questions, Tectonophysics, 510,
of small earthquakes occurring in situ on sub-metre-scale 2°3-268,2011. _
faults (e.g. local magnitude1.0 in Fig. 5). While in the CoIIettln_l, C. gnd Barchi, M. R.: A low an_gle normal fault in the
laboratory. we will reproduce microearthauakes on relativel Umbria region (central Italy): A mechanical model for the related
Y, p q y

o . . microseismicity, Tectonophysics, 359, 97-115, 2002.
Ia_lrge 20<20cnf, f'“!o_"“Ch experimental faults sheared atin Collettini, C., Di Stefano, G., Carpenter, B. M., Scarlato, P., Tesei,
situ boundary conditions.

T., Mollo, S., Trippetta, Marone, C. F., Romeo, G. and Chiar-
aluce, L.: A novel and versatile apparatus for brittle rock defor-
mation, Int. J. Rock Mech. Mining Sci., 66, 114-123, 2014.
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Abstract. Retrieving core samples without releasing the in situ hydrostatic pressure during core recovery is
one of the many technical challenges in scientific drilling. We report here a newly developed hybrid pressure-
coring system for the use on the drilling ves8alikyuand its successful use during expeditions 906 and 802 in

the Nankai Trough of Japan. The system is gas-tight and hence enables researchers to study in situ geophysical
and geochemical characteristics of sediments containing gaseous components, such as methane hydrates tha
cannot be reliably recovered with nonpressure coring systems. In addition, pressure coring is a powerful tool,
not only for scientific but also for hydrocarbon resources research.

1 Introduction Party, 2003). During the Integrated Ocean Drilling Program
(IODP), the same systems were used during expedition 31|
on the JOIDES Resolutionand methane hydrate-bearing

The general concept of pressure coring as a technique hasediments were successfully recovered from 16 horizons g

long been tested for scientific ocean drilling since the Deep-Hydrate Ridge on the Cascadia margin (Expedition 311 Scit

Sea Dirilling Project (DSDP) in the 1980s. A pressure-coringentists, 2005).
barrel was first developed and tested for Capturing methane Besides scientific Operations, pressure Coring has bes
hydrate-bearing sediments in the Blake Ridge (Kvenvoldenysed for the exploration of natural hydrocarbon resources
et al., 1983). During the Ocean Drilling Program (ODP), the including oil, gas and methane hydrates. For example
pressure core sampler (PCS; Pettigrew, 1992; Graber et alpressure-coring systems have been used for governme
2002) was developed for the drilling vessel/¥{p JOIDES  ta| resource survey of methane hydratéfshwore of India,

Resolution Using the PCS, gas-rich or methane hydrate-China and Korea using th&OIDES Resolutiorand other

bearing sediments were successfully retrieved from the westgrilling vessels (Schultheiss et al., 2009). The Japan Oil, Gal
ern Pacific coast during ODP Iegs 164 (Dickens etal., 1997 and Metals National Corporation (JOGMEC) developed g
2000; Paull et al., 2000), 201 (Dickens et al., 2003) and 204pressure—temperature coring system (PTCS), and performg
(Shipboard Scientific Party, 2003). During ODP leg 204 atcoring surveys for methane hydrates in the Nankai Trough of
the Cascadia margin, Fugro pressure corer (FPC) and thgapan (Fujii et al., 2010). The pressure-coring tools that hav

hydrate autoclave coring equipment (HYACE) rotary corer heen developed so far are summarized in Table 1.
were also deployed on the/0 JOIDES Resolutignresult-

ing in the successful sample recovery (Shipboard Scientific

Published by Copernicus Publications on behalf of the IODP and the ICDP.
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38 Y. Kubo et al.: A new hybrid pressure-coring system for the drilling vessel Chikyu

Table 1. Summary of available pressure-coring technique. )
N> reservoir

Drill pipe Core  Core Max.

diameter OD length  pressure

(in) (in) (m) (Mpa)
ODP PCS 1575 1 69
Fugro HYACERC 5or5%12 2 1 21
Fugro FPC 2.125 1 25
JOGMEC PTCS 6/8 2.625 35 24

Top seal

CDEX hybrid PCS 5or52 2 35 35

However, prior to the current development there was no
pressure-coring tool deployable through the bottom hole as
sembly (BHA) of the DV Chikyu Here we report develop-
ment of a new pressure-coring system foi/DChikyuand
first offshore operations.

P/T logger

2 Design and use of hybrid pressure coring system

The newly developed hybrid pressure coring system (hybrid
PCS) was designed mainly by a combined design of PC¢
and PTCS, with original modifications of the sealing func-
tion (Fig. 1). Similar to its predecessors, the hybrid PCS is
a wireline-based hydraulically actuated pressure-coring sys
tem for 5 and 52 in. drill strings, and interchangeable to
the hydraulic piston coring system (HPCS) and the extendec
shoe coring system (ESCS) on fBkikyu The system can be
latched in the BHA and rotates with the BHA during coring.
Hence, the hybrid PCS cannot retrieve oriented cores. Thi
maximum pressure is 35 MPa (5000 psi) and the core sam- ’
ple of the hybrid PCS is 51 mm in diameter with a maximum N Cuting shoc E
core length of 3.5m.

The hybrid PCS consists of three major subassembliesFigure 1. _Schematic i_IIustration o_f the hybrid pressure coring sys-
(1) the upper assembly is composed of the running and retem showing the sealing mechanlsm by the top seal .and the bottom
trieving tool: (2) the middle assembly for pressure control, ball valve. The autoclave is connected to therBservoir that sup-

which includ ; rized nitr n reservoir: and (3) th orts the pressure at a predefined value. Pictures from expedition
¢ cludes a pressurize ogen reservoir; and (3) 06 show(a) a Geotek operator and equipment in the PCATS lab-

lower _assembly for the sample au_toclave (Fig. 1). Two typesoratory, (b) the storage chamber for a short sample (15 do))a
of cutting shoes are deployable with the hybrid PCS, dependgjgsed ball valve in the hybrid PCS, at) the PDC drill bit with
ing on the lithological characteristics of the target formation: a short cutting shoe.

one extends 10 mm ahead of the bit and rotates with drill
pipes, while the other has 50 mm extension without rotation.

In practice, the hybrid PCS is lowered by wireline through top seal of the autoclave is closed, (2) the lower ball valves
the drill string to land in the BHA. The hybrid PCS is rotated of the autoclave are closed by spring force, (3) connection to
using the top drive via the latch and BHA drill string. During the N, reservoir is opened and the pressure in the autoclave is
the coring process the drilling mud pumps maintain drilling kept at a predefined pressure that has been supplied from N
mud flow down the drill string to keep the hole open as well in accordance with regulator via drilling mud, and (4) the in-
as to cool and lubricate the coring drill bit. Once the core hasner core barrel latch is released. These actions are completed
been cut and the drilling mud pumps are stopped, the retrievin no more than a few seconds. The hybrid PCS can then be
ing tool is lowered wireline and latched to the hybrid PCS. retrieved in the same way as with other wireline core barrels.
Pulling on the wire applies a force first to the inner latch of Once recovered on the deck, the closed inner barrel is
the hybrid PCS, which then releases the inner barrel. Liftingremoved from the hybrid PCS and transferred into a ver-
up the retrieving tool triggers the following actions: (1) the tical pipe near the rotary table on the rig floor filled with

Core sample

Ball valve

Sci. Dril., 17, 37-43, 2014 www.sci-dril.net/17/37/2014/
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ice (mousehole). This cools the complete assembly to pre- 906-C9004C-1P 28-06-2012
vent dissolutiofmelting of any gas hydrate. After cooling T dleottomE | neexz In PCATS “
for approximately 30 min, the sample chamber is connected 2
to the Pressure Core Analysis and Transfer System (PCATS, | A N
Geotek Ltd.) for sample transfer and analysis. Pressure and = i a
temperature are recorded by the pressure—temperature logger 3
in this autoclave system. ' L £
“ Vatudl s
3 Onboard sample processing and analysis . \/\ {_/

The pressurized core is immediately transferred to the ‘
. . . 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
PCATS after cooling in the mousehole. The PCATS is housed GMT +9 TIME (hours)

in a three 20ft container-based laboratory accepting up toF.
. - 2. P t ture log f 4C-1 sh
3.5m long core. The core is transferred from the hybrid PCS gure ressure and temperature log from core C9004C-1 show

. } ) ing that the pressure in the autoclave was kept higher than the in sit
to the PCATS pressure Chamb?r using a linear m"’.‘n'pUIatO[)ressure through retrieval, onboard handling and analysis.
and a rotator system (Schultheiss et al., 2009). During trans-
fer of the pressurized core, nondestructive measurements of
physical properties can be simultaneously acquired through

the aluminum chamber, which includes X-ray CT imaging, . .
. . andor adjust unexpected mechanical problems on the sys
gamma-ray ané-wave velocity measurements. Using all the tem

data, especially the X-ray image, the core can be cutinto sub-" . 4ot ial of the hybrid PCS core (C9004B-3P) re-
sections at selected positions. These subsections are stored

. ) ; Fulted in no recovery due to a sealing failure and an unpreg
in short pressurized sample chambers for postcruise anal-

. . . .~ .surized chamber. The second core C9004B-5P was sealed|at
ysis, or depressurized for further analysis and sampling in . . .
o Y, 18 MPa, which was slightly lower than the hydrostatic pres-

the onboard laboratory. Controlled depressurization provides . ) 4
. sure at the coring depth. The rig floor handling of the core

an accurate volume measurement, and subsampling of gas . L= .
. ) Including cooling in the mousehole, took approximately 2 h,

from the sectioned sediment sample allows for accurate as- . ; .
during which the core was outside the methane hydrate sta-

sessments_ of the volume and concentration of gas hydrate IBility field for 7 min. Observations with PCATS showed that
the formation sampled. :
the recovered core sample was small in volume and hea
ily disturbed; therefore, the core was depressurized onboard.
4 Expedition 906 The third core C9004B-7P was also small in volume and dis
turbed, and did not seal completely until very close to the
The hybrid PCS was first used on tk&hikyu during ex-  rig floor. A small increase in pressure after sealing was obt
pedition 906 from 26 to 28 June 2012 at the Kumanoserved, possibly due to dissolution of methane hydrates. The
mud volcano no. 5 (hereafter KMV#5), which is one of fourth core C9004B-9P was successfully sealed at 16 MPa,
the most active submarine mud volcanoes in the Nankaindicating the autoclave and ball valve system worked propt
Trough (Kuramoto et al., 2001; Tsunogai et al., 2012). Siteerly near the sea floor. However, it was found to be an empt
C9004 is located on the summit of KMV#5 (3367.580 core barrel. An HPCS core from the nearby depth intervals
13656.8085E; 1986.7 m in water depth), which was previ- suggested that the poor core recovery was due to breccia jn
ously drilled with HPCS at hole C9004A down to 20 m be- the soft, muddy matrix.
low the seafloor (m b.s.f.) during thghikyuexpedition 903 After reaching 203.5 m b.s.f. at hole C9004B, we drilled a
in 2009. Based on onboard observations using an infrareschew hole, C9004C, to test the hybrid PCS near the seafloo
thermo-view camera and X-ray CT scan, it was confirmedThe fifth core, C9004C-1P, was sampled by jetting in from
that HPCS cores at hole C9004A contained methane hydratethe mudline to 6.5 mb.s.f. The pressure sensor deployed i
and breccia in the mud almost throughout the core, requiringhe hybrid PCS indicated that the autoclave chamber sug
retrieval of intact core samples to scientifically investigate cessfully sealed at 3 MPa higher than the in situ pressur
hydrocarbons and other gaseous components such as hydr(23 MPa, Fig. 2). Observations using a X-ray CT scan from
gen. PCATS revealed an approximately 70 cm long sediment cor
During expedition 906, we extended the drilling depth to containing veins filled with methane hydrate and mud clas
~200mb.s.f. at hole C9004B by a combined use of HPCS,n a soft mud matrix in the autoclave chamber (Fig. 3). The
hybrid PCS and ESCS. A total of 11 cores were collectedcore was cut into eight sections. Four short sections wer
from hole C9004B, in which hybrid PCS was first tested at 4transferred into 15 cm long aluminum storage chambers an
selected depths (Table 2). Four coring operations of hybridstored at 4C for shore-based analyses (Fig. 1b). The remain
PCS at hole C9004B were trial-and-error processes to fixng three sections and one core catcher sample were used for
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Table 2. Coring summary of expedition 906. H: hydraulic piston coring system, X: extended-shoe coring sy3téwmibRd PCS with short
extended shoe,/R: hybrid PCS with long extended shoe.

Core Hole Type Topdepth Bottomdepth Advance Initial core Initial recovery Pressure Remarks
(mb.s.f.) (mb.s.f.) (m) length (m) (%) (MPa)

1 B H 0.0 4.0 4.0 9.68 242.0 — Highly expanded, un-
consolidated silty clay
with pebbles. Mudline
was determined after
X-ray CT scan.

2 B H 145 22.2 7.7 7.72 100.3 — Partial penetration.
Highly expanded and
core top was lost due
to blow-aof on the drill
floor. Unconsolidated

silty clay with
pebbles.

3 B PT 24.0 27.0 3.0 0.05 1.7 0.1 Failed to keep in situ
pressure due to leak.

4 B H 50.0 59.0 9.0 9.75 108.3 — Partial penetration.

Highly expanded and
blow-off from top and
bottom.  Unconsoli-
dated silty clay with

pebbles.

5 B PT 59.5 63.5 4.0 0.20 5.0 18 Succeeded in keeping
almost in situ pres-
sure.

6 B H 100.0 105.5 5.5 6.10 110.9 — Partial penetration.

Highly expanded and
blow-off from the bot-
tom. Unconsolidated

silty clay with
pebbles.

7 B PX 109.5 113.5 4.0 0.20 5.0 0.4 Not sealed until near
the sea level.

8 B H 113.5 122.1 8.6 9.14 106.3 — Partial penetration.

Unconsolidated silty
clay with pebbles.

9 B P X 190.0 194.0 4.0 0.00 0.0 16 Sealed, but no
recovery.

10 B X 194.0 203.5 9.5 1.27 134 — Plugged at CC.
Pebbly mudstone.

1 C PX 0.0 6.5 6.5 0.90 13.8 23  Successfully sealed.

Recovered a short
but intact cylindrical
core.

Sci. Dril., 17, 37-43, 2014 www.sci-dril.net/17/37/2014/
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Figure 3. X-ray image of core C9004C-1P at full pressure in Figure 4. X-ray image of AT1-C-18P from expedition 802 shows
PCATS shows mud clast and methane hydrate veins in a matrix otlear image of lamina planes in turbidite structures. Sandy layers
hemipelagic mud. are highly saturated with methane hydrates. The image covers from

0.4 to 1.5 m of the core, and the diameter is 51 mm.

onboard subsampling and geochemical analyses (e.g., iso-

topic measurements). .
P ) around 45 m of methane hydrate-bearing sand—clay alterna-

tion layers and 15 m of overburden hemipelagic clay zone.

5 Expedition 802 A total of 21 cores, including 18 pressure cores and 3
ESCS cores, were collected from the 60 m interval of the hole

The hybrid PCS was subsequently used in the following(262 to 322 mb.s.f.). The overall core recovery was 61 %
Chikyu expedition 802, which was a commercial drilling with 69 % achieved with the hybrid PCS cores. CT observa
campaign operated by JOGMEC and Japan Petroleum Extion showed that the structure of the sediments was well pre
ploration Company (JAPEX) in July 2012. The coring op- served, and detailed lamina structures of turbidite sedimer]
eration applying hybrid PCS was carried out as part of thewere clearly observed, as shown in Fig. 4. Of the 18 pressur
reservoir characterizatiorffert for a planned gas production cores taken, pressuresl2 MPa were maintained in 8 cores
test from methane hydrates on the north slope of Daini Atumi(Table 3). According to gas release of some of the pressur
Knoll in the eastern Nankai Trough (Yamamoto et al., 2012).core, high saturation of methane hydrate (up to about 709
The core hole (AT1-C) was drilled in the vicinity of a pre- fraction in pore space) was determined in some of the sandy
viously drilled monitoring borehole (AT1-MC) in which in- intervals.
tensive geophysical operations have been done by LWD (log- After the core recovery operation, the recovered core$
ging while drilling) and wireline tools in February 2012, en- were processed in threeffirent schemes (Fig. 5). All of
abling measured core properties to be compared with loggethe Hybrid PCS cores were processed in PCATS with nonde-
in situ values. The coring interval was selected to coverstructive analyses. The majority of well-pressure-preserved
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Table 3a. Coring summary of expedition 802.

Net coring time 17.5h @
Number of cores | Keep cores in ice bathes |

ESCS cores I3m

Hybrid PCS cores 183m+2x15m

Analyze core under pressure
in PCATS (X-ray CT scan,
density, P-wave)

Recovery rate

Entire interval 36.860m, @
0,
. recovery rate 61 % Cut cores and keep them in
Hybrid PCS 34.9%1m, storage chambers
recovery rate 69 %
Pressure condition
: - — B In PCATS
H Quick depressurization = H
Pressure conserved coresl2 MPa) 8cores 17.08m 2 Z[Analysis under  |[Detailed analysis, | £
i : I :|effective stress by || cut and store in H
Partially pressure conserved cores 4cores 11.6m : @ @ £ |oCATS tnaxal | || storage chamber | £
(>5.5MPa) £ [ X-ray CT and MSCL | [Cryo-freezing| £ 2 H
Pressure |OSt<(5.5 MPa) 6 cores 6.31m ; Stress measurement by liquid N2 g M T T L LT L L T T T
§ Sub sampling for § @
£ | geochemistry, H
. . . = | geomechanics, and H Transferred to AIST
Table 3b. Place of analysis for pressurized and depressurized COreS: | microbiology ﬂ facility In Sapporo for
H Core description H further petrophysical and
. : ‘5 eomechanical analyses
Cores Length  Place of analysis s ———————————————— ?PCCTs st0) Y
Onshore petrophysical
ESCS cores 1.83m Chikyulaboratory @ fgrf('jylzgf“ﬁfg‘es’uﬁ;"d
Depressurized cores 12.99m  PCATS &idkyu Onshore analyses
of geochemistry,
laboratory geomechanics,
Cores in pressure 22.00m PCCTsand AIST and microbilogy

chamber laboratory (shore-based)

Figure 5. Schematic flow of the onboard core processing for
Exp. 802. The obtained samples were processed in thfisratit
d es_chemes. The majority of well-pressure-preserved cores were stored

cores were stored in pressure vessels for future, more ) )
/0 pressure vessels for more detailed analysis on shore.

tailed analysis on shore. Some of the pressure cores we
quickly cryo-frozen in liquid nitrogen to maintain gas hy-

drate Stat?'“ty- Such cores were used for measurement Ofo onnoard core transfer and subsampling under high pres-
petrophys_lgal parameters m_a_tmospherlc pressure after sug o These advancements will provide unprecedented oppor-
faC(_e conditioning. The remamlng_samples were treated foly hities to conduct geochemical, geophysical and biological
lowing IO.DP protocol_s for geologlcalldescnpnon as well as analyses of gas hydrate-bearing sediment under in situ con-
gegﬁhemma?eotechnlcal and m|ckrlob|all a;)nalyse_s. includi ditions. Use of the Hybrid PCS requires, on the other hand,
e samples were sent to onshore laboratories, inclu NG areful planning for the operation and both onboard and on-

a f_aC|I|ty of the National Agency_ for Advanced I_ndustrla_l shore logistics. Potential users are therefore encouraged to
Science and Technology (AIST) in Sapporo equipped W'thcontact CDEX at an early stage of proposal preparation.
a suite of core analysis devices for methane hydrate-bearing

cores.
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and JOGMEC. The authors would like to thank Peter Schultheiss
and Kevin Grigar for their helpful and constructive comments on
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Abstract. A major International Ocean Discovery Program (IODP) workshop covering scientific ocean
drilling in the southwest Pacific Ocean was held in Sydney, Australia, in late 2012. The workshop covered
all fields of geoscience, and drilling targets in the area from the Equator to Antarctica. High-quality contri-
butions and a positive and cooperative atmosphere ensured its success. The four science themes of the new
IODP science plan were addressed. An additional resource-oriented theme considered possible co-investment
opportunities involving IODP vessels. As a result of the workshop, existing proposals were revised and new
ones written for the April 2013 deadline. Many of the proposals are broad and multidisciplinary in nature,
hence broadening the scientific knowledge that can be produced by using the IODP infrastructure. This report
briefly outlines the workshop and the related drilling plans.

1 Introduction gion will continue to yield vital information about the relative
roles of ocean heat transport and greenhouse gas forcing on
the warming and cooling of our planet, ice sheet stability ang

The southwest Pacific is one of the most tectonically aCtivepo|e to equator climatic teleconnections. Dr||||ng |arge |g-

regions on Earth, associated with large earthquake and voheous provinces will enhance our knowledge of the potential

canic events occurring on human time scales. The tectonicgole of deep earth processes on the development of Earth}
of this region are largely driven by deep earth processes thagrust and atmosphere, and potential relationship with mas
cause flows of material and energy among global reservoirgxtinctions. Sampling plate boundary archives will increase
that dfect major changes in Earth structure and compositionour understanding of subduction initiation, earthquake and

The area is also an important driver of global climate changeyolcanic eruption frequency and volcanic arc formation. In-

and constitutes a key element of global thermohaline circu-stalling borehole observatories at plate boundaries will allow

lation. Future drilling of the sedimentary archives in the re-

[}
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Table 1. List of proposals in the southwest Pacific region. Note: NRserless, R= riser and MSP= mission-specific platform drilling
proposals.

Proposal Title PI Country  Platform
567-Full4  South Pacific Palaeogene Thomas USA NR
730-Pre2  Sabine Bank Sea Level Taylor USA MSP
751-Full West Antarctic Ice Sheet Climate  Bart UK NR
781-MDP  Hikurangi Subduction Margin Wallace UBZ R+NR
781A-Full  Hikurangi Observatory Ser USA NR
781B-Full  Hikurangi Riser Wallace USANZ R
799-Fult Western Pacific Warm Pool Rosenthal  USA NR
813-Pre Antarctic Margin Williams USA NR
818-Pre Brothers Arc Flux de Ronde NZ NR
831-APL  Campbell Drift Climate Turner USA NR
832-Full Tasman Frontier Subduction Sutherland NZ NR

* Not discussed in this report.

megathrust slip processes and earthquake intensity to be iwill take advantage of the unusual opportunity that south-
vestigated on human timescales. Drilling oceanic crust willwest Pacific topographyfkers for obtaining meridional core
reveal the nature of poorly known microbial communities transects at relatively shallow water depths from the tropics
and their potential role in processes related to the alterationio the polar region. This includes the Lord Howe Rise, which
of igneous crust, sedimentary diagenesis, hydrocarbon andias identified as a special target for obtaining a north—south
mineral deposit formation and destruction. These processesansect in the proposed SW Pacific drilling. The research
will help reveal dfects of microbes on subduction zone geo- expeditions proposed by April 2013 (Fig. 1) will investigate
chemistry, and potential influences of microbes on paleaothe relative roles of ocean heat transport and greenhouse gas
ceanographic records. This region has also significant ecoforcing in the warming and cooling of Earth’s climate, ice
nomic potential for mineral and petroleum resources. Collab-sheet stability and non-linear climate feedbacks, and pole to
oration among regional geological survey organisations ancquator teleconnections. The work will also help to resolve
industry with the IODP through complementary drilling pro- current discrepancies existing between climate proxies and
posals will likely yield insights into deep and shallow earth climate models.

processes.

2.1.1 Pal ne transect: tropics to Antarcti
2 Workshop goals alaeogene transect: tropics to arctica

- The proposals in this subtheme share the common purpose
The southwest Pacific IODP workshop was hosted by Syd petter understanding major shifts in temperature and other
ney University, Australia, in October 2012. An international paleoenvironmental gradients between the tropics and the
group of eighty scientists reviewed the latest research abouq thern Ocean during the greenhouse world of the early

the region, discussed major questions that should be adpy5e0gene. The expeditions will test hypotheses posited to
dressed with future deep ocean drilling through the Internayetter understand the now well-known extreme warmth at

tional Ocean Discovery Program (I0DP), and set up workingpigh |atitudes during the early Palacogene; the origin and
groups to develop new drilling proposals in the region. Thegeyelopment of the Southern Ocean and its role in driving
workshop covered all science themes of the new I0DP sCiyioha) climate change; and the nature of major late Palaeo-

ence plan for 2013-2023 and an additional theme focusingyene cooling and growth of the Antarctic Ice Sheets during
on marine resource opportunities. A list of the current IODP o Eocene-Oligocene transition (32 Ma).

proposals in the region is in Table 1.

2.1 Theme 1 - climate and ocean change: reading the 2.1.2 567-Full4: Palaeogene South Pacific latitude
past, informing the future transect

We recognise a major need for depth and latitudinal transect¥ his expedition has been proposed to investigate the subpolar
of sediment cores in the southwest (SW) Pacific, includingPacific climate, oceanographic structure, and biogeochemi-
the Pacific sector of the Antarctic margin, using a variety of cal cycling of the remarkably warm Eocene through the tran-
ship-based and floating ice-based platforms, to address fursition to icehouse conditions in the Oligocene during the de-
damental questions about past global change. This drillingzelopment of major continent-wide Antarctic ice sheets.
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2.1.5 Neogene and Quaternary climate and ocean
change

Lo - The Neogene and Quaternary experienced the permanent g

T30 Banks velopment of the East Antarctic Ice Sheet during the mid

Miocene, and the full expansion of Southern Ocean sea ic

by the mid-Pleistocene. Proposals will address major expar

sion of the West Antarctic ice sheet during the late Miocene

the history of West Antarctic Ice Sheet variability on the

outer Ross Sea continental shelf and related oceanograph

_ “ﬁ::g;;g“ changes on the adjacent continental slope (751-Full), and th

e o - history of the East Antarctic Ice Sheet on the Wilkes Land
Antarctic ¥ continental shelf (813-Pre: summarised above).

Discordance

2.2 Theme 2 —biosphere frontiers: deep life, biodiversity,
Paleogene and environmental forcing of ecosystems

g The diverse geologic environments of the southwest Pacifi

and neighbouring oceanic regions provide numerous idea
67 opportunities to investigate many aspects of challenges re
lated to a better understanding of the deep biosphere. Takin
fullest advantage of these opportunities will require three dif-
ferent project strategies. A minimal strategy would be to have
microbiologists, biogeochemists and other appropriate sp€
cialists participate in expeditions planned with other primary
objectives. This strategy will typically involve shipboard and
Figure 1. Location of existing drilling proposals in the southwest post-expedition microbiological and biogeochemical study
Pacific region. Base map adapted from General Bathymetric Charbf cores and logs collected for other purposes. Other project
of the Oceans (GEBCQjww.gebco.netProposals 730 and 799 are - wij|| require the more dedicated strategy inherent in IODP
not discussed in this report. ancillary project letters, which add relatively minimal addi-
tional drilling time to scheduled expeditions. Finally, some

Pacific

Latitude
5

Transect *

objectives would be best met with large-scale expedition$

2.1.3 813-Pre: Antarctic Cenozoic palaeoclimate fully dedicated to drilling.
(George V Land and Adélie Land shelves)

A proposal has been formulated for the use of seabed drilling2.2.1  Subseafloor microbes and the world
in the recovery of two stratigraphic transects of shallow ) i i . i

(~ 50 m) sites. The proximal sites are expected to yield morelopiCs needmg special attention include the mquenc_e of sub
continuous Palaeogene and Neogene records than was posSfafloor microbes on Earth and ocean history, the influend

ble during IODP 318 and provide further insight into Antarc- °f Subseafloor microbes on local and global cycling of cary

tica’s climate evolution and its role in driving global climate PON: Nitrogen, phosphorus, sulfur and a host of other ele
change in the past. ments. More specific topics include (i) the role of microbes

in many diferent processes, including alteration of igneous

crust, diagenesis of marine sediment, formation and destru¢

2.1.4 831-APL: Campbell Drift climate (western tion of metalliferoug dep.osits, formatiqn and destruction of
Campbell Plateau and Campbell Drift) hydrocarbon deposits, (ii) thefect of microbes on the geo-
chemistry of the subduction factory, and (iii) the influence of
Two regions on the Campbell Plateau are identified as havmicrobes on paleoceanographic records.
ing significant potential for paleoceanographic advances with  Drilling projects in the southwest Pacific will provide spe-
possibilities of a single expedition or two linked expeditions cial opportunities to address most of these topics. Drilling
to investigate the evolution of Cretaceous—Palaeogene cliin the Gulf of Papua provides one such opportunity, allow-
mate and ocean circulation at high southern palaeolatitudesng for the close study of temporal variation and microbial
Drilling would also use modern drilling technology at im- influence in source-to-sink carbon cycling on a continenta
portant sites drilled in earlier ocean drilling expeditions (e.g. margin. It will also provide an excellent opportunity for ex-
DSDP (Deep Sea Drilling Program) site 277 and IODP siteamining the sensitivity of subseafloor ecosystems and biod
1121). versity to glacial-interglacial change in sea level and tropica
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sedimentation. Another example is drilling in the Great Aus- B Greater Ontong Java

tralian Bight, which will allow close examination of sulfur- [ N Age: Plateau.
cycling microbial communities in a large-scale subseafloor i uskent Proposed sites:
reflux—brine system (Wortmann et al., 2011). A third exam- |{{{§ . - WHITE = Syn-LIP

. . . . . sediments.
ple is provided by southwestern Pacific subduction regions e P

including the Hikurangi Subduction Margin and the Tonga [T ‘ \ = APL
Trench, where the influence of subseafloor microbes on th¢%% ; A g (Hikurangi Basement)

geochemistry of the subduction factory can be examined. |- ALY Ny  Yellow= iora’s b
R ) SRy seamount.

2.3 Theme 3 — Earth connections: deep processes and
their impact on Earth’s surface environment

The southwest Pacific is one of the most active areas of th.
world in terms of the connections between deep processe
and their impact on Earth’s surface. Flows of material and
energy among global reservoirs drive long-term changes in
Earth’s structure and composition, cause volcanism and tecrigure 2. Present configuration of large igneous provinces (LIPs) in
tonism, and create hospitable environments for the develthe SW Pacific (outlined in red) with proposed drilling sites. The in-
opment and evolution of life. Plate tectonic processes haveset shows reconfiguration of the Greater Ontong Java Plateau (OJP)
been eclipsed at times in Earth’s history by episodes of massuggesting the Ontong Java and Hikurangi (HP) plateaus and the
sive magmatic outpourings in small areas, events that mag?/\anihiki Plateau (MP) all forme_d dl_Jring a single_event_adapted
occur when hot mantle ascends rapidly from great depth tg™om Taylor (2006). Note: Robbie Ridge (RR), Ellis Basin (EB),

, : : East Mariana Basin (EMB), Nauru Basin (NB), Clipperton Frac-
( 9¢ 19 P ' ~are also shown. The inset shows a reconstructionl&5 Ma prior

LIPs). W|th|n the southwest Pacific, the Iargest such LIP oc-, breakup and before Pacific (PAC) — Phoenix (PHO) spreading
curs with the Ontong Java Plateau (OJP, Fig. 2). The causegom Taylor, 2006).

and environmental consequences of catastrophic magmatism

forming large igneous provinces remain poorly constrained.

Likewise, the processes that initiate new plate boundariesevents; defining modes of eruption-constaffusion over

a first-order problem in Earth dynamics, are poorly under-several million years or several large pulse events over the
stood. At convergent plate boundaries, the initiation of sub-same time interval; establishing relationships among oceanic

duction and formation of volcanic arcs remain enigmatic. |arge igneous provinces’ oceanic anoxic events (OAEs), and
The SW Pacific has a greater range of well-preserved subether major environmental changes.
duction initiation events than anywhere else on Earth.

2.3.2 Structure and dynamics of mantle flow
2.3.1 Formation of large igneous provinces and their

impact on the global environment Workshop participants discussed the scientific opportunities

for further study of the Australian—Antarctic Discordance
The Ontong Java Plateau (Fig. 2) is the world’s largest(AAD), as the region presents us with unigue opportunities
oceanic plateau and the most voluminous large igneouso address the IODP challenges concerning the composition,
province on Earth. The implication is that the Greater On-structure, and dynamics of Earth’s upper mantle.
tong Java Plateau volcanic event coveretl% of Earth’s
surface. The similar basalt chemistry and ages of eruptivez_3_3
episodes recorded by these constructs suggest a unique mag-
matic event in the history of Earth. Such a huge outpouring
of lava during the initial constructional phase of the GreaterSubduction systems are the primary drivers of plate motions,
Ontong Java Plateau is synchronous with the oceanic anoximantle dynamics, and global geochemical cycles, but little is
“Selli” event, suggesting a significant impact on ocean chem-known about how subduction starts. What are the necessary
istry (Tejada et al., 2009). Large igneous province sciencenitial conditions? How do forces and kinematics evolve?
would be advanced in five key areas through scientific oceaWhat are the short-term lithospheric consequences and sur-
drilling: Obtaining deep sections within multiple large ig- face signatures: vertical movements, deep-water sedimentary
neous provinces to examine magmatic (and therefore manbasins, convergence, extension, and volcanism? The south-
tle source) variability through time; defining the nature of west Pacific also provides an ideal opportunity to understand
melting anomalies (which produce large igneous provinces)the process of large-scale subduction initiation because the
defining precise durations of oceanic large igneous provinc€Eocene onset of new subduction zones was accompanied by

Initiation of subduction and origin of deep-water
sedimentary basins

Sci. Dril., 17, 45-50, 2014 www.sci-dril.net/17/45/2014/
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the most profound global reorganisation of tectonic platesThe Hikurangi margin is the subject of three existing IODP
since the late Cretaceous, and within the only part of Earthproposals to “unlock the secrets of slow slip”: 781-MDP
history with precisely known plate motions (Gurnis et al., (Multi-phase drilling project), 781A-Full (riserless drilling
2004; Steinberger et al., 2004). transect and observatories), and 781B-Full (riser drilling tg
intersect the slow-slip source area). The riser drilling pro-
posal was a major topic of discussion at the workshop, and
it was recently submitted to IODP in April 2013; the riser-
The “Tasman frontier” is a sector of the southwest Pacificless proposal (781A-Full) has been forwarded by PEP to th
that lies between eastern Australia, western New Zealand]R facilities board with an excellent rating, and is awaiting
and New Caledonia (Fig. 1). Future ocean drilling in the Tas-ranking and scheduling. In addition to studies of slow slip,
man Frontier (TF) is intriguing, because sedimentary recordsa number of other new ideas for using IODP drilling at the
could address and several major challenges that relate to diHikurangi margin to understand gas hydrates and submarine
ferent themes, such as: how and why does subduction inilandsliding processes were also developed and discussed|at
tiation occur? Did plate convergence precede and inducehe workshop. We anticipate that some of these new ideds
subduction initiation, or did it happen spontaneously? Whatwill be submitted either as APLs (Ancillary Project Letters)
vertical stresses occurred during subduction initiation? Theor full proposals in the future.
magnitude and timing of uplift and subsidence across a broad
region could_ be determined th_rough drilling specific targets,, , 5 ciobal comparison of slip behaviour at the toe of
ones that will enable evaluation and refinement of geody- . :

. . . . subduction margin trenches
namic models. Far-field uplift and subsidence, as strongly
indicated from seismic stratigraphy, challenges existing geodn the 2011 TohokuM,,9.0 earthquake, the largest slip
dynamic theory. Was regional bathymetry during the Palaeo{>50m) occurred on the shallowest portion of the subduc
gene much dferent than it is at present? Proposed sitestion thrust (Ito et al., 2011; Kodaira et al., 2012), which con-
would target horizons that, from available seismic stratig-tributed greatly to the huge tsunami that followed the earth
raphy, suggest much of the Tasman Frontier was at or neagjuake (Maeda et al., 2011). At the Nankai Trough, vitri-
sea level in the early Eocene, which would impact climatenite reflectance studies of IODP cores from the shallow faul
model simulations significantly. Did subduction initiation co- zone & 500 m) suggest frictional heating and large, seismia
incide with early Eocene warmth? How and why do Neogeneslip close to the trench in previous megathrust earthquake
oceanographic changes in the region relate to those elsext Nankai (Sakaguchi et al., 2011). These new observatior
where? beg the question: do subduction megathrusts elsewhere co
monly undergo large, seismic slip all the way to the trench?
This is in stark contrast to the traditional view that the shal-
low megathrust is largely aseismic. A comparative study o
shallow cores through the toe of many of the world’s ac-
The southwest Pacific is one of the most active regions in theive subduction thrusts, including those in the southwest Pa-
world in terms of the earthquake and volcanic events that frecific region such as the Hikurangi and Kermadec margins, i
quently occur on human time scales. High-magnitude earthneeded and would give us an excellent start in trying to gai
quakes and large volcanic eruptions reoccur at intervals o more comprehensive understanding of shallow megathrust
decades to centuries. Also other smaller events, such as slovgeismic behaviour.
slip events and moderate eruptions, have even shorter repeat
iqtervals that can be observgd within a scientist’s career._T.hezl5 Theme 5 — marine resources: opportunities
sites of these events are prime targets for the ocean drilling and responsibilities
program, where logging, coring and installing observatories
in boreholes can be used to better understand dynamic proFhe aim of this theme was to determine the contribution that
cesses such as the seismic and aseismic slip on megathrusk©DP could make to the exploration, characterisation and
the magmatic system under volcanoes, and the triggering ofesponsible exploitation of marine resources in the south
large landslides. west Pacific region. These resources might incluishore
oil and gas, gas hydrates, anffshiore minerals. There are
additional opportunities to draw economic benefits from
IODP participation: incorporating “marine resource” consid-
erations into standard scientific proposals; developing tar
Over the last decade, the discovery of episodic slow-slipgeted marine resource proposals in co-funding arrangements
events (SSEs) at subduction margins around the globe hasith government and industry (complementary project pro-
led to an explosion of new theories about fault mechanics angbosal, or CPP); commercial hire of IODP drilling vessels
subduction interface deformation mechanisms and rheologywhen they are in the region. Three areas were discussed:

2.3.4 832 Full: the Lord Howe Rise

11

n un

2.4 Theme 4 — Earth in motion: processes and hazards
on human time scales

2.4.1 Hikurangi subduction margin IODP proposals to
understand the origin of slow-slip event behaviour
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2.5.1 Petroleum potential of the Lord Howe Rise Acknowledgements. Thanks are given to IODP-MI, USSSP,

L . . J-DESC, ANZIC and the University of Sydney for their generous
This is the largest submerged continent in the world and therg, 51t of this Workshop.

are fundamental questions about its petroleum potential re-

lated to the largely unknown history and fabric of the rise. Edited by: G. Camoin

The rise contains a number of deep rift basins, with up toReviewed by: E. Gischler and one anonymous referee

6000 m of sediment, that are well characterised by seismic

profiling but may or may not contain source, reservoir andpqterences

cap rocks. Sparse stratigraphic information is limited to early

DSDP wells (Legs 21 and 90). Potential exploration targetsGurnis, M., Hall, C. E., and Lavier, L. L.: Evolving force bal-
are believed to be Cretaceous, but only the uppermost Cre- ance during incipient subduction, Geochem. Geophy. Geosy., 5,
taceous (Maastrichtian) was reached in just two holes. With- Q07001, doi10.10292003GC0006812004.

out basic stratigraphic information, the next stage in assesdto, Y., Tsuji, T., Osada, Y., Kido, M., Inazu, D., Hayashi,
ment of petroleum potential cannot be achieved and the pre- Y. Tsushima, H., Hino, R. and Fujimoto, H.. Frontal

Maastrichtian geohistory cannot be determined. wedge deformation near the source region of the 2011
Tohoku-Oki earthquake, Geophys. Res. Lett.,, 38, LO0GOS5,

_ o doi:10.10292011GL0483552011.
2.5.2 Metal resource potential of southwest Pacific island Kodaira, S., No, T., Nakamura, Y., Fujiawara, T., Kaiho, Y., Miura,
arcs and back-arc basins S., Takahashi, N., Kaneda, Y., and Taira, A.: Coseismic fault rup-

. . . . ture at the trench axis during the 2011 Tohoku-oki earthquake,
Many of the island nations of the southwest Pacific have lim- . Geosci., 5, 646-650, dbD.103%nge015472012.

ited Ir';md aref"’.‘ with SFar_Ce m.ineral resources, but dF’ haV'?(‘/Iaeda, T., Furumura, T., Sakai, S., and Shinohara, M.: Significant
massive maritime territories with largely unexplored mineral  tsynami observed at ocean-bottom pressure gauges during the
potential. It is estimated that more than one million square 2011 df the Pacific coast of Tohoku Earthquake, Earth Planets
kilometres of seafloor in the Asia—Pacific region is under Space, 63, 803808, 2011.

mineral exploration license, providing researchers with anSakaguchi, A., Chester, F., Curewitz, D., Fabbri, O., Goldsby, D.,
outstanding opportunity to leverage the often high-quality ~Kimura, G., Li, C.-F., Masaki, Y., Screaton, E. J., Tsutsumi, A.,
site survey data generated by mineral explorers to draft Ujiie, K., and Yamaguchi, A.: Seismic slip propagation to the
drilling proposals addressing fundamental scientific ques- updip end of plate boundary subduction interface faults: Vitri-
tions related to volcanology, crustal fluid fluxes, subduction "ite reflectance geothermometry on IODP NanTroSEIZE cores,

. . . . .. Geology, 39, 395-398, 2011.
:;glgnoé\;?:ﬁtlles into the oceans, and the limits and origin of Steinberger, B., Sutherland, R., and O’Connell, R. J.: Prediction

of Emperor-Hawaii seamount locations from a revised model
of global plate motion and mantle flow, Nature, 430, 167-173,
2.5.3 818-Pre: Brothers arc flux 2004.

. Taylor, B.: The single largest oceanic plateau: Ontong Java—
The Brothers volcano has been extensively surveyed from Manihiki—Hikurangi, Earth Planet. Sc. Lett., 241, 372380,

surface vessels and submersibles. However, it lacks deep doi:10.1016j.epsl.2005.11.042006.

drilling, which is needed to understand its subseafloor hy-Tejada, M. L. G., Suzuki, K., Kuroda, K., Coccioni, R., Mahoney,
drology and potential to form large accumulations of Cu-Au  J. J., Ohkuchi, N., Sakamoto, T., and Tatsumi, Y.: Ontong Java
mineralisation. Two distinct hydrothermal systems of very Plateau eruption as a trigger for the early Aptian oceanic anoxic
different end-member chemical compositions exist within the ~event, Geology, 37, 855-858, 2009.

same area, and drilling provides the opportunity to addresdVortmann, U. G., Bernasconi, S. M., and Bottcher, M. E.: Hyper-

scientific questions relevant to microbiology, volcanology sulfidic deep biosphere indicates extreme sulfur isotope fraction-
and the formation of significant ore bodies ' ' ation during single-step microbial sulfate reduction, Geology, 29,
' 647-650, 2011.

2.5.4 Manus Basin

The Manus back-arc basin lies at the convergent boundar{/?elated Web Links

between the major Indo-Australian and Pacific plates, andnttpy/www.iodp.orgworkshops
exhibits a complex tectonic history, including reversal of sub- httpy/www.earthbyte.orgvorkshopgSWPacific_IODP

duction due to the arrival of the Ontong Java Plateau at th%ttpy/wwwiodp orgScience-Plan-for-2013-2023
old subduction zone. There are at least nineteen active sites ' '

of hydrothermal activity within the Manus Basin, making the
area an ideal natural laboratory to investigate the controls on
and inputs into ore forming processes on both a regional and
a local scale.
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1 Introduction belt setting, where local variations in tectonic stress and frac-
ture distribution are common. Furthermore, the occurrence af
1.1 OQutline of the workshop felt earthquakes from the EGS reservoirs (Majer et al., 2007;

Haring et al., 2008) introduces additional environmental bur-
'dens and risks.
These problems in the development of hydrothermal and

The international workshop “Japan Beyond-Brittle Project
JBBP - Scientific drilling to demonstrate the feasibility of
engineered geothermal systems in ductile zones” was hel
at thde G raduate dSChOOI of Engmeenhng, TOhOK;]J Unlvekrstzty,they are intrinsically related to the physical characteristics
Sendai, Japan, during 12-16 March 2013. The works O}ind tectonic setting of the brittle rock mass. Hence,we ini-

was c%spon_flpred by the ICDdP (Igttla(rnatiqnal _Cominemaltiated a project, the Japan Beyond-Brittle Project (JBBP), td
Scientific Drilling Program) and Tohoku University GCOE investigate the feasibility of developing an EGS in brittle—

(Global Center Of Excellence) Project. A total of 102 people ductile transition (BDT) zone. The expected advantages of
attended the workshop and 98 presentations were made (7I§GS in the BDT are as follows:

oral, 23 poster).

1. More homogeneous rock properties and stress states jn

the BDT make it conceptually simpler to design and

1.2 Background .
control geothermal reservoirs.

Although various advantages of geothermal energy have
been widely accepted, power generation using natural hy- 2. A nearly full recovery of injected water can be expected
drothermal reservoirs has not been recognized in Japan as from hydraulically closed reservoirs.
an attractive investment, mainly because of a general per-
ception of high development risks and uncertain returns on 3. Sustainable production can be realized by controlling
investment. the flow rate and chemical contents of circulated liquids.
An engineered geothermal system (EGS) is considered to
be the best solution to the problems of the hydrothermal re- 4. Possible site-independent characteristics of ductilg
sources. However, previous Japanese hot dry rock (HDR)  zones may lead to the establishment of universal de
projects showed that water recovery from an EGS reservoirin  sigrydevelopmeritontrol methodologies.
a fracture-rich tectonic belt in Japan is at best 50 % (Tenma
et al., 2004; Kaieda et al., 2005). Another important issue 5. Inducedtriggered earthquakes with damaging magni-
is the dificulty of designing EGS reservoirs in a tectonic- tudes will not occur in reservoirs in ductile rock masses.

Published by Copernicus Publications on behalf of the IODP and the ICDP.

GS reservoirs cannot be readily solved in Japan because

s1ioday doysyIopn
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;é;éii / 200°C

Hydrothermal
JBBP Reservoir (Type 1)
Larger productivity and sustainability by connecting
to deep HT hydrothermal system 300°C
Controlled quartz solubility for reservoir treatment Undeveloped
and reduction of scaling HT hydrothermal

Lower cost relative to Type-2

Approx.
380°C

400°C

JBBP Reservoir (Type 2)

Thermal convection
/conduction and

Higher enthalpy Silica solubility

transition

Nearly full water recovery ; JBBP Reservoir
. . JBBP Reservoir (Type 1)
Universal design/development methodology (Type 2)

Possibility to reduce risk of large induced seismicity

Possible independency to existing hydrothermal
resources for direct use

500°C

Figure 1. Two possible types of JBBP reservoirs.

2 Possible reservoir types for JBBP ing 400°C seals permeability, possibly on a time scale as
short as days or weeks.
It has concluded that there are two end-member reservoir The review above suggests that heat extraction from a 400
models that should be considered (Fig. 1). to 450°C granite mass by hydrostatically pressured fluid in-
jection will be challenging, especially because of fracture
1. A JBBP type 1 reservoir would be created near the topp|ygging by quartz and probably also because of closing of
of the BDT, where quartz solubility and fracture density fractures by rock creep. Quartz fracture plugging can pos-
are markedly dferent from those in the brittle zone. gjply pe limited by high flow rates as fluid temperature de-
The reservoir should be connected to preexisting hy-scends to below 40@ upon adiabatic decompression to
drothermal systems to increase productivity and providep P(h). Quartz precipitation rates may slowflciently at
sustainability. T <400°C to allow fluid ascent without the plugging of frac-
tures. If not, there is a serious problem that requires investi-
2. A JBBP type 2 reservoir would be hydraulically or ther- gatjon,
mally created beyond the BDT, where preexisting frac- = Rock physics experiments at high pressures and tempera-
tures are less permeable, and would be hydraulicallyres are central to the achievement of sustainable geother-
isolated from the hydrothermal system. mal development. Characterization of the physical proper-
ties of rocks (e.g., permeabiliti), andS wave velocities, and
electrical conductivity), is a strong indicator of the correct in-
terpretation of the geophysical field data used for subsurface
3.1 Current understanding of the characteristics of the exploration. .
beyond-brittle rock mass qukshop p_artlplpants suggested that .Iaboratory—based
physical investigations of the JBBP rock—fluid system should
The large strain rate by fluid injection renders the rock focus on fracture generation and the lifetime of fracture net-
mass brittle because it fractures in tensile and shear modesyorks in ductile rock systems. Such studies will prove in-
creating fractures aligned with the regional stress regimedispensable information for characterizing time and distance
These fractures are observed as millimeter- to centimeterscales for fluid flow in ductile rocks and will also provide
scale quartz veins in porphyry copper deposits, which aredata that can be used to improve stimulation techniques in
quartz-filled and plugged fractures, where quartz appears teonnection with new concepts of EGS beyond the brittle
have precipitated upon adiabatic decompression and coolinfield.
as fluids traversed from lithostatic pressupgl), to hydro-
static pressureR(h), regimes. According to the experimen-
tal findings of Okamoto, Tsuchiya, and Saishu in the Tohoku
University team, quartz precipitation at temperatures exceed-

3 Characterization of the beyond-brittle rock mass
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3.2 Scientific challenges is also possible that hydraulic fracturing could inadvertently]

N ical simulation i : hni h b trigger fault motion. Thus, it is very important to understand
umerical simulation is an important technique that can bey, o e chanical characteristics of faults or fractures.

applied to assist in the realization of hydrothermal fluid flow Our workshop discussions of the creation and maintenanc

in the beyond-brittle rock mass. Recent advances in NUMeriss EGs reservoirs in the BDT and ductile zone were based

cal simulation techniques allow simulation of fully transient
single- and multi-phase hydrothermal fluid flow on a contin-
uum extending to magmatic conditions (Hayba and Igebrit-
sen, 19.97; Coumou etal., 20084, b; We|§ etal., 2012). ThesSrties of rock, (2) in situ states of stress, and (3) seismic ad
simulations successfully reproduced a wide range of the ke¥ivity on fractures or faults.

features of such systems (e.g., thermal structure and evolu-

tion, temporal and spatial patterns of fluid phase states, fluid

pressure distribution). 4.1 Mechanical and hydraulic properties of rock

A new approach to the characterization of deep rock
masses may arise from the exchang_e of datg and results. F%dded within a nominally ductile region in the deep crust
example, in the new Swiss—Icelandic combined hydrologi-
cal, geochemical and geophysical modeling of geothermal

systems (COTHERM) project led by Thomas Driesner (FEd'or shear fractures, can be nucleated in a matrix that will de

eral Institute of Technology, Switzerland), the capability of form anelastically by, for example, cataclastic flow. The vis-
new simulation techniques to accurately predict the distribu-

. ¢ | ina fluid ios in th bsurt i coelastic rheology and failure in such a transitional regime
tion of strongly varying fluid properties in the subsurface will . ;|4 likely involve a combination of semi-brittle mecha-

be used to better calibrate interpretations of geophysical anﬂisms, including crystal plasticity, flusive mass transfer,

_geochemi_cal signals. A similar technique could also be USEE%md microcracking. To formulate modeling methodology, it
In our project. . is advisable to take into account recent advances in the mo

In th_e Kakkonda geothermal field (Japan), a g":“Other'eling of analogous geodynamic processes, such as stress
mal drill hole (WD-1a; Fig. 2) penetrates the boundary laxation during interseismic phases of the earthquake cycle
between the hydrothermal-convection and heat-conduction It is of considerable importance to address coupled
zones (Doi et al., 1998); this is a unique example of drilling thermo-hydro-mechano-chemo (THMC) processes whe
beyond the brittle rock mass. Drilling has shown that quartzConsiolering the féective extraction of energy from geother-

;zll'i/lblility h?? ﬁ_local minimum_?ﬁl? mhde]E)tE (i8gn’l mal reservoirs. Under high pressure and temperature cond
a), which is consistent with the depth of the hydro 99" tions, chemical reactions such as mineral dissolution and pre

ical boundary. Quartz precipitation has possibly created ar}:ipitation are very active, and may quickly change the me

impermeable siliceous layer at this depth. This Water_rOCkchanical and hydraulic properties of host rocks. Therefore

interaction would lead to spontaneous development of thethe dfects of the dissolution and precipitation kinetics on the

bo_ttom of the hydrothermal-convection zone, which controlsphySiCaI properties of rocks should be examined microscop
fluid flow. ically

In geothermal fields, we need to consider a coupled chemi-
cal and mechanical model to evaluate beyond-brittle geother-

on current knowledge, especially from the view point of rock
mechanics. The subjects specified at the workshop as bei
of prime importance are (1) mechanical and hydraulic prop

o understand how deformation, in the form of either tensile

mal reservoirs. 4.2 In situ state of stress
Knowledge of the in situ state of stress and the geometry an
4 Creation and control of EGS reservoirs in the hydrologic properties of potential failure surfaces (fractures

ductile zone faults, and foliation) is required in order to create an EGS
reservoir with optimal geometry, fracture density, and heat
Although we know very little about the geometry of artifi- extraction diciency.
cial or natural fracture systems in the BDT, we can spec- The magnitude of the least horizontal principal stress
ulate on the basis of two end-member scenarios. On on€SHmin) is best determined using small-scale hydraulic frac
hand, hydraulic stimulation may produce a single fracture, orturing stress tests (minifracs). Owing to théidulty of find-
a zone of fracture deformation controlled by local stressesing reliable open-hole packers for use at high temperature
On the other hand, a more complex cloudlike fracture net-such tests are best carried out in geothermal wells by drilling
work might be produced, where the geometry of the frac-a short ¢ 20 m long) pilot hole from the bottom of cemented
ture system would depend on many factors. These could ineasing and pressurizing the cased hole to carry out a minifra
clude deformation mechanisms, stresses, and rock propertiem the pilot hole. Ideally, minifracs would be conducted be-
The natural systems of fluid flow can indicate the growth of low every casing shoe during the drilling of a JBBP borehole

such a fracture network, as shown by the movement of fluidghus obtaining as complete a vertical stress profile as possi

or changes of pore pressure during and after stimulation. Ible.
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The creation and maintenance of such an embrittled zone em-
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and the thermal conduction zone (modified from Uchida et al.; 1998)

Figure 2. Location of the Kakkonda geothermal field in the Hachimantai volcanic field, northeastern Japan, and schematic cross section
of the Kakkonda geothermal systems (modified after Doi et al., 1998). Well WD-1a encountered the boundary between the hydrothermal-
convection and heat-conduction zones at a depth of 3100 m (Doi et al., 1998). This figure will be published by Saishu et al. (2014).

Acoustic and electrical borehole imaging tools can be usedable reduction in the fluid pressures required for fracture ini-
to determine the orientations of in situ principal stressestiation at the borehole wall, fracture extension, and the open-
(through observations of breakouts and drilling-induced ten-ing of fracture networks.
sile cracks) as well as the distribution, orientation, and appar-
ent apertures of preexisting natural fractures and faults. Im-
age logs so acquired should be augmented with density logs Geothermal exploration and monitoring of
to determine the vertical (overburden) stress, temperature— EGS reservoirs
pressure-flow meter logs to identify preexisting permeable
fractures and other fluid loss zones, ahaave velocity logs 5.1  Current status of technology
to allow for in situ estimation of rock strength. The latter esti-
mates are used to relate borehole breakout width to the maglémperature mapping is an essential component of geophys-
nitude of the greatest horizontal principal stress (SHmax) byical surveys for EGS development. The use of aeromagnetic
using the magnitude of Shmin as measured during a minifragurvey data to map depth to the Curie temperature isotherm is
test. the only known way to directly detect temperature at depth. A

Below the brittle regime, preexisting fractures, if present, SPectral analysis method has been developed that assumes a
might have very low permeability ajmt cohesive strength fractal distribution of crustal magnetization; this method has
due to closure by plastic creep and sealing by secondary mintecently been used to estimate depth to the Curie temperature
erals. In such a case, it would be necessary to use higher flui@t & potential EGS site in a continental environment.
pressures to increase formation permeability through tensile Gravity surveys can provide information about the density
failure. This could be augmented by extended circulation ofdistributions in subsurface rocks such as the massive granitic
cold fluids to lower the mean stress, creating a more pervabodies that form EGS reservoirs. Modern gravimeters, such
sive, mixed-mode fracture network comprising both tensile@s the new superconducting gravimeter, can detect weak sig-
and shear fractures. When a cold fluid is injected into a high-nals caused by fluid flow in deep reservoirs.
temperature rock, the fluid cools the rock locally around the Because hydrothermal systems normally produce diagnos-
injection borehole and fractures, and the cooling induces lodic resistivity anomalies, subsurface images produced from

cal shrinkage of the rock. Such shrinkage leads to a conside3-D magnetotelluric data have shown reasonable agreement
with borehole resistivity logs.
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Monitoring of background seismic activity during the pre- events are suppressed should be undertaken by integrated
development phase of an EGS project is necessary in ordesmechanical modeling that deals with all of these factors.
to understand preexisting seismicity at the site. Hasegawa
(2009), Imanishi et al. (2011a, b); Ma et al. (2012) andg Epgineering development
Schwartz and Rokosky (2007) showed various characteris-

tics of seismic events which occurred beyond the BDT. 6.1 Current status of related technologies
_ _ . JBBP reservoirs will be created at depths of 3-5 km wheré
5.2 Technological challenges for detecting suitable formation temperatures are 350-5@and formation pres-
targets and monitoring developed reservoirs sures are 3050 MPa. Experience gained during the drillin

Recently developed 3-D repeated aeromagnetic survey tectf Well WD-1a at the Kakkonda geothermal field (Muraoka
etal., 1998) suggests that fluids of high salinity and HCI con-

nigues might be useful for estimation of deep magnetic struc- e .
tures related to hot dry rocks. tent may be present. Functioning in conditions such as thes

Recent advances in gravity survey technology, especiallyS Peyond the capability of most currently availabté the-
the development of new superconducting gravimeters, allows"€!f technology.

for the detection of small changes in the gravity field that are N _
caused by mass movements or the redistribution of fluids irf-1.1  Current status of drilling and well completion
geothermal reservoirs. technology

Resolution at depth is inherently low in surface magne-
totelluric survey data. To increase resolution, high-resolution cool a borehole, enables penetration of rock masses

surveys (such as cross-hole or borehole—surface electromag- temperatures exceeding 5UD at Kakkonda (Saito et
netic surveys) should be conducted close to the reservoir. al., 1998)

1. The top drive system (TDS), which can continuously

2. Inthe IDDP (Iceland Deep Drilling Project), the drilling
was delayed because of thermal cracking, hole collapsg
and magma quenching to glass rigmide the magma

The hypocenters of large induced seismic events are usu- body. Magma has also been intersected during drilling

ally within the central region of the seismic cloud or near of injection well KS-13 in Hawaii (Teplow et al., 2009).

its boundary. The source radii are comparable to or smaller 3

than those of the hypocentral cloud (Asanuma et al., 2005,

2011; Mukuhira et al., 2013), suggesting that the size of the

rupture is restricted by the dimens!ons of stimglated zones possibly HF. Recent corrosion and scaling experiment

e 1 ime o %01 by IDDP-L and the Saltn Sea Proect ndcate e

not critically stressed then (Asanuma et al., 2012; Mukuhira INCONEL®alloy 625, titanium grade 7 and Beta-C

et al., 2013; Terakawa et al., 2012). The observation that
many large induced events have occurred after shut-in and

bleeding-df indicates that reservoir pressure or stress state is 4. Collection and recovery of spot-core samples from a

redistributed as a result of the cessation of fluid flow. high-temperature environment can be problematic (e.g

Lutz et al., 2012). An alternative approach is to use a

hybrid drilling rig that can switch from rotary drilling

to continuous wireline coring (e.g., Furry et al., 1996).

The reservoir required to extract thermal energy in the order ~ Successful coring was achieved at high temperatures i

of 10 MW would be of dimensions in the order of several IDDP wells by using a corer provided by Alister Skin-

hundred meters; seismic events of moment magnitude 4-5  ner.

can be caused. However, if the reservoir is connected to an

existing fracture system above the BDT (JBBP type 1 reser-

voir), the risk of large induced seismic events increases.

5.3 Current understanding of induced seismicity associ-
ated with fluid injection and production at an EGS

Well design may need to be revised to deal with su-
percritical fluids — in particular, to avoid steam explo-
sions in the casing annulus by HCI,8& CG, and

titanium casing performed well (Ragnarsdottir, 2013;
Love et al., 1988).

5.4 Expectations of induced seismicity for JBBP

5. The cement commonly used to set casing can with
stand temperatures up to about 400 For the WD-1a
well, casing was cemented at a formation temperature g
around 360C (Saito et al., 1998). Halliburton is devel-

5.5 Challenges for prevention of large induced seismicity oping a high-temperature cement (Thermal'Uckhat

in and around the JBBP reservoirs can be used at formation temperatures up t0°&38

Dynamic THMC modeling of the reservoir and surrounding 6. A bentonite- and water-based, low-solids, low-density
zones of the JBBP reservoir presents a challenge. Investiga- mud was used with a high-temperature dispersant (G
tion of methods of reservoir creation such that large induced  500S) in the Kakkonda WD-1a well. Telnite Co., Ltd.
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(Tokyo, Japan) now provides a Hyper§&i500S high-
temperature mud system. M-I SWACO (part of the
Schlumberger group) can also provide high-temperature
water-based muds usable at temperatures abov&260

. A research and development project funded by the US

Department of Energy to develop a high-temperature
(300°C) directional drilling system is being undertaken
by Baker Hughes.

6.1.2 Expectations for drilling and well completion for

JBBP

1. The borehole will need to beffectively cooled to be-

low 160°C during normal TDS drilling operations. Cas-
ing and cementing under extreme high temperature sub-
surface conditions should be possible if cooling of the
borehole during TDS drilling is dficient.

. There will be risk of the buckling or breaking of cas-

ing pipe and the destruction of the cement sheath in re-
sponse to the thermal stress induced by injection during
the circulation of cool liquid into the high-temperature
borehole. Corrosion of the casing pipe and wellhead
may also occur.

. Drilling of a highly deviated borehole into the BDT to

create subvertical reservoirs offBoient thermal capac-
ity will be difficult.

6.1.3 Current status of stimulation and injection

technology

1. Many EGS reservoirs have been created by full-hole

pressurization, either by pressurizing the entire open-
hole section (Haring et al., 2008), or by isolating the
open-hole section using casing packers.

. The maximum operating temperature of the Halliburton

RTTS®tool and inflatable packers is 180-19D. An
alternative for zonal isolation during reservoir stimula-
tion is the use of chemical diverters, which have been
successfully deployed by the Newberry EGS project in
Oregon, USA (e.g., Petty et al., 2013).

. Multistage hydraulic fracturing equipment has been de-

ployed in recent shale gas developments in North Amer-
ica, although in a relatively low-temperature environ-
ment. The stability and behavior of fracturing fluids and
proppants under high-temperature conditions are poorly
understood.

1.
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should be undertaken within JBBP. A multilevel frac-
ture system would be expected to increase the extent of
fracturing for heat exchange. However, no packers that
can be used under conditions expected in the BDT are
currently commercially available.

6.1.5 Current status of logging and sampling technology

Most of the logging tools used in the oil industry can
be operated at temperatures up to 1¢5Some high-
temperature (HT) pressure-temperature-spinner (PTS)
tools can be used in memory mode at 4Q00on a
slickline, whereas temperature, televiewer, and spec-
tral gamma tools can be operated at up to 3D®dN

a wireline. The maximum operating temperature for HT
logging-while-drilling (LWD) tools is 230C.

2. The maximum operating temperature for a standard

3.

7.

seven-core wireline cable is 316; a slickline cable
can be used at temperatures exceeding’ @00

The ICDP (International Continental Scientific Drilling
Program) provides online monitoring of gas (OLGA)
during drilling to extract and analyze gases,(ND,
COy, CHgy, Ar, He, Hy, C1—Cy, 222Rn) from the circulat-
ing drilling mud. This technique has been successfully
used in several ICDP projects (San Andreas Fault Ob-
servatory at Depth; Unzen, Japan) and IODP (Interna-
tional Ocean Discovery Program) riser drilling expedi-
tions (e.g., Expedition 319) (e.g., Erzinger et al., 2006).

. A downhole sampler was developed by Lysne et

al. (1997) and by NEDO (New Energy and Industrial
Technology Development Organization) (Sato et al.,
2002). Thermochem Energy Consulting & Chemical
Testing has continued with the development of a two-
phase high-temperature (to 400) downhole sampler.

. Metal-coated optic fiber designed for industrial and

telecommunications use is thermostable up to Q0
although cable length is limited to several tens of me-
ters.

. Most commercially available high-temperature elec-

tronic apparati, fabricated with silicon-on-insulator
(SOI) technology, are limited to a maximum operating
temperature of 225C (a few to 300C).

Wider band gap (WBG) materials such as silicon car-
bide (SiC) must be utilized for the fabrication of HT
sensors and circuits (Azevedo et al., 2007).

6.1.6 Expectations for logging and sampling for JBBP

6.1.4 Expectations for stimulation and injection for JBBP . . . .
1. It will be possible to collect information about the BDT

rock mass by LWD, although there are risks of thermal
damage to downhole tools.

1. Multilevel stimulation to investigate changes in the re-
sponse of the BDT rock mass with increasing depth
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2.

6.1.7 Current status of technology for EGS reservoir temperature logging tools that can operate at “450
maintenance are needed to understand the properties of the beyon
_ o o S brittle rock mass and fracture system. A technique
1. Reservoir productivity is maintained by injection, pres- to measure or estimate in situ stress at beyond-brittls
sure build-up, and stimulation. depths is of critical importance in the JBBP.
2. Scaling is avoided via the acid treatment of injection
fluids. 7 Contribution of JBBP to Earth sciences
3. Scaling within heat exchange apparatus has been obthe JBBP will directly contribute to a broad range of earth

6.1.8 Expectations for maintenance of the JBBP tively used to improve our understanding of phenomena suc

1.
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Most of the existing logging tools can be run during or 3. Reservoir creation and maintenance technology: the ug
immediately after periods of circulation, at which times of proppants and appropriate fracturistimulation lig-
the borehole temperature will not have returned to its uids should be investigated. Technologies that enabl
initial state. the avoidance or control of channeling and shortcut flow
paths is of critical importance for sustainable produc-
. Although operating times will be restricted, PTS tools tion.

. Drilling technologies: The risks and costs of drilling and technologies applied to identify the BDT will contribute to

. Monitoring technology: fiber optic distributed sens- submission of a full drilling proposal to ICDP (Fig. 3). This

can be used in memory mode during the stimulation and
circulation phases. For thermal power monitoring, pres- 4. Zonal isolation technology: technology to isolate open-

sure and temperature tools will need to access the well  hole sections at formation temperatures of up to 450
for the full range of expected temperatures and pres-  should be developed to allow for the creation of multi-
sures. level thermally productive reservoirs.

5. Logging and borehole testing technologies: high-

served at Soultz (Scheiber et al., 2012). science disciplines. We expect that the information so de
rived from core analyses and bore hole tests canffexe

reservoir as dehydratiofdlegassing of magmas, global hydrogeology
in the Earth’s crust, and the processes by which hydrothel

The solubility of quartz will change drastically in the ma| convectiofconduction zones can be created. Laboratony
BDT, causing channeling and shortcut flow paths as atests on fracturing in rock specimens at high temperature
result of the solution and precipitation of quartz within and pressures as well as the testing and monitoring of dee
the JBBP reservoir. boreholes can provide information on the dynamic respons
and stress state of the rock mass beyond the BDT, which wi

Technology developments required for JBBP lead to improved scientific understanding and interpretation

of the mechanics of earthquakes at depth. New exploratio

well completion should be reduced as much as possigyr apility to determine the thermal and structural charac

ble. Methods of well completion and materials used for teristics of phenomena such as volcanoes and seismogef
casing and cementing that will allow long-term produc- ;gnes in the Earth’s crust.

tion and injection for JBBP reservoirs should be inves-
tigated. Coring equipment and operations should be de-
veloped that overcome the inadequate downhole cooling® Roadmap and implementation plan

during coring operations.
Two-and-a-half years of lead time might be required before

ing (e.g., distributed temperature sensing (D¥SJis- lead time will be used to further our scientific understanding

tributed acoustic sensing (DAS)) should be used to mon-of the beyond-brittle rock mass, develop the new technolot

itor and evaluate the stimulation treatment. Technolo-gies, undertake surveys of possible sites, and develop a dr
gies to delineate the structure of the fracture systemprogram and contingency plans.

and the distribution of permeability should be devel- A number of current geothermal projects target supercrit
oped. New survey methods (e.g., surface-borehole comical fluids in shallow, still-hot, molten igneous intrusions
bination) and inversion theories (e.g., focused inversion)in young volcanic rocks along plate boundaries and at ho
will be useful in identifying drilling targets and monitor- spots. These include established geothermal fields in Iceg

ing JBBP reservoirs. Highly sophisticated tracer meth-land, New Zealand, the Philippines, Indonesia, Italy, and the

ods (e.g., smart tracer) in combination with Z4ED in- United States. International collaboration, particularly with
version theory have promise for reservoir monitoring. ICDP high-temperature geothermal projects worldwide, is of
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Figure 3. Roadmap for the development of the full IBBP proposal and subsequent drilling.

critical importance for success of the JBBP, as it will allow Erzinger, J., Wiersberg, T., and Zimmer, M.: Real-time mud gas log-
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Abstract. During the past decade, the I0ODP (International Ocean Discovery Program) has fostered a sig-
nificant increase in deep biosphere investigations in the marine sedimentary and crustal environments, and
scientists are well-poised to continue this momentum into the next phase of the IODP. The goals of this work-
shop were to evaluate recent findings in a global context, synthesize available biogeochemical data to foster
thermodynamic and metabolic activity modeling and measurements, identify regional targets for future tar-
geted sampling and dedicated expeditions, foster collaborations, and highlight the accomplishments of deep
biosphere research within IODP. Twenty-four scientists from around the world participated in this ane-day
workshop sponsored by IODP-MI and held in Florence, Italy, immediately prior to the Goldschmid: 2013
conference. A major topic of discussion at the workshop was the continued need for standard biological sam-
pling and measurements across IODP platforms. Workshop participants renew the call to IODP operators to
implement recommended protocols.

1 Introduction to Deep Biosphere Objectives in IODP during the 2012 Building US Strategies Workshop that many

scientists who do not directly identify their research as rele
Scientific ocean drilling is entering its 48th year and is poisedvant to biosphere frontiers are nevertheless interested in bio
to continue creating momentous breakthroughs in the unsphere challenges and would sail, request data, or apply oth-
derstanding of Earth processes. Four challenges have beems’ results to their research. The priorities within biosphere
set forth by the drilling community as the best opportuni- frontiers challenge address questions suchVast are the
ties for rapid achievement of transformative science: climateorigin, compaosition, and global significance of subseafloor
and ocean change; Earth connections; Earth in motion; andommunities? What are the limits of life in the subseafloor?
biosphere frontiers (IODP, 2011). Interdisciplinary scienceHow sensitive are ecosystems and biodiversity to environ
has been the foundation of the drilling program, and recentlymental change?
deep biosphere science has been recognized as a significantSeveral IODP (International Ocean Discovery Program
contributor in addressing questions across all themes, particexpeditions have focused on testing specific hypothesgs
ularly climate and ocean change. It was specifically noted
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regarding factors that control the distribution, community suggesting that samples from even deeper below the subfloor
composition, and activities of the deep biosphere in a di-will yield countless new discoveries.
verse array of subseafloor environments. These environ- With only a handful of microbiology-based drilling expe-
ments included a near-shore upwelling regime (Expeditionditions to date, subseafloor microbiology and biogeochem-
201: Peru Margin), extremely low-energy sediments (Expe-istry studies have made transformative discoveries that have
dition 329: South Pacific Gyre and Expedition 336: North added a new level of understanding to biological and chem-
Pond), oceanic crust (Expeditions 301 and 327: Juan de Fudaal oceanography. Active microbial metabolism in the sub-
Ridge, and Expedition 336: North Pond), near-hydrothermalseafloor is now known to proceed over geological timescales
vents (Expedition 331: deep hot biosphere), a carbon-ricHD’Hondt et al., 2002, 2004; Orcutt et al., 2011; Lomstein
environment (Expedition 337: deep coalbed biosphdfe o et al., 2012; Lever et al., 2013), in sediment that is up to 86
Shimokita), and, most recently, the Baltic Sea paleoenviron-million years old (Ray et al., 2012). Genomic, metagenomic
ment (Expedition 347). These expeditions demonstrate th@nd metatranscriptomic data sets from the subseafloor have
rapid growth of deep biosphere research and the critical conallowed for metabolic rate calculations and measurements to
tributions provided by scientific ocean drilling. They also be placed in a microbiological context (Biddle et al., 2008;
highlight the fact that deep biosphere investigations are noMills et al., 2012; Lloyd et al., 2013; Orsi et al., 2013b). New
platform-specific, but can be adapted for IODP expeditionstechniques for assessing the activity and whole genomic ma-
on the RVJOIDES ResolutionRV Chikyy or on mission-  terial from individual microbial cells have opened up the pos-
specific platforms. These recent advances and expeditionsibility of discovering new capabilities in living native sub-
prompted a call for a workshop to synthesize new findingssurface cells (Morono et al., 2011; Lloyd et al., 2013), and by
in a global context, and to identify obstacles to new discov-employing new chemical indicators for sporulated cells, re-
eries. searchers now have the tools to distinguish between dormant
and metabolically active populations (Lomstein et al., 2012).
Finally, the third domain of life, Eukarya (specifically fungi),
is also now known to be active in the subseafloor and, likely,
2 Recent deep biosphere discovery highlights to play an important role in the degradation of organic matter
in subseafloor sediment (Biddle et al., 2005; Edgcomb et al.,
Since the incorporation of sterile sampling techniques in2011; Orsi et al., 2013a). Such studies have fostered a new
2001, ODP (Ocean Drilling Program) and IODP expeditions level of understanding of subseafloor microbiology and have
have produced a wealth of high-impact discoveries about théaid the foundation for future investigations of important sub-
subsurface biosphere. The largest leap forward was simplgeafloor microbial processes.
the discovery that microorganisms (archaea and bacteria) are
present, intact, and metabolically active in uncontaminated
deep subsurface sediments (Parkes et al., 2005; Schippers®t Using geochemical and geophysical data to
al., 2005; Biddle et al., 2006; Morono et al., 2011). Not only ~ constrain microbial activity
are they present, but also they are taxonomically diverse, and
include many new deep evolutionary branches on the tree oAlthough the ubiquity of active microorganisms in marine
life (Schippers et al., 2005; Biddle et al., 2006; Inagaki et al.,deep sediments has been confirmed, it is not yet clear exactly
2006). The growing library of deep subsurface sedimentarywhat they are doing or how fast they are doing it (Jargensen,
cell count measurements has enabled the most refined es®011). One approach to constraining answers to these ques-
mate of the total amount of subsurface life to date, showingtions is to use quantitative models that employ the physical
this vast ecosystem to rival the microbial biomass of all theand chemical data that describe sedimentary ecosystems. For
oceans (Kallmeyer et al., 2012). More recent IODP expedi-example, temperature, pressure, and compositional informa-
tions have given the first glimpses into life in sediments with tion reported for particular environments can be combined
very low deposition rates and with little access to photosyn-with thermodynamic data to calculate the amount of energy
thetically derived detrital food sources. Small populations ofavailable to microorganisms in sediments, and from what
slowly metabolizing microorganisms nonetheless continue tareactions this energy comes. The hypothesis guiding these
drive diagenetic processes in these extremely harsh envirorgalculations is that the reactions that are the most energy-
ments (D’Hondt et al., 2009; Rgy et al., 2012). These find-yielding in a particular environment are most likely to be
ings represent a major breakthrough in our understanding ofatalyzed by resident microorganisms. These kinds of cal-
how life can be sustained by alternative energy sources, posulations have been carried out to varying extents in deep-
sibly fueled by the radiolysis of water (Blair et al., 2007). sea sediments located in the Bay of Bengal (Schrum et al.,
Life, therefore, is not forced to conform to the energy-rich 2009), Guaymas Basin, and the Black Sea (LaRowe et al.,
habits provided by surface photosynthetic conditions. Other2008), Peru Margin (Biddle et al., 2006; Wang et al., 2010;
IODP expeditions have shown that life exists in the sub-LaRowe and Amend, 2014), the Gulf of Mexico (Joye et al.,
seafloor oceanic crust (Mason et al., 2010; Lever et al., 2013)2009), the South Pacific Gyre (LaRowe and Amend, 2014),
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the Juan de Fuca Ridge (LaRowe and Amend, 2014), andnd other biomolecules from cryogenically frozen samples,
the Juan de Fuca Ridge flank (Lever et al., 2010). In a re-These genomic approaches are appealing due to the high
lated study, the energetic potential of iron and sulfur-bearingthroughput and high data: cost ratio, but they only truly be-
minerals from a number of DSDP®DP drill sites was also come relevant and potentially transformative when paired
quantified (Bach and Edwards, 2003). The limitation of this with biogeochemical measurements and models of impor
thermodynamic approach is that the results of these calculaant microbial processes (e.g. carbon oxidation rates, oxy
tions only reveal the amount of energy that is available fromgennitratgiron/manganegsulfate reduction rates, methano-
the reactions for which there arefBoient chemical data, and genesis, and organic matter remineralization). Moreover, be
nothing is determined about whether these reactions actuallgause the cost of DNA sequencing is no longer the rate
occur, and, if so, at what rates. determining step for DNA- and RNA-based studies, care
A complementary approach to understanding microbialful consideration of sampling design should be made when
behavior in the deep biosphere utilizes reaction-transporstudying the spatial ecology of subseafloor microbes. For ex-
models (RTMs) that relate depth-dependent compositionabmple, it is now possible to easily barcode and sequence hup-
trends observed in sediments to the rates @udion, ad-  dreds of samples in parallel, obtaining hundreds of thousands
vection and abiotic and microbially mediated reactions. Al- of DNA sequence reads for each sample. Thus, microbial
though RTMs have been applied to explain the driving forcesecologists can now produce biological replicates, and scale
shaping numerous ecosystems, few have been used to quamp the sampling forts for spatially relevant studies. The
tify the activity of microorganisms in marine deep sediments.rate-determining step for DNA and RNA sequence-based
Notable exceptions include models applied to sedimentstudies has shifted from data production to data analysis. In-
from the Demerara Rise (Arndt et al., 2006) and the eastermovative methods will need to be developed to get the most
equatorial Pacific (Wang et al., 2008). A RTM has recently out of sequence databases to use them to their maximum
N

e

been applied to quantify the rates of microbial catabolism inadvantage, and to use genetic information to catalyze ne
deep-sea hydrothermal vent chimneys (LaRowe et al., 2014 yypotheses for direct testing in the hard-to-reach subsurfag
and similar types of models were used to constrain oxygerecosystem. This is an exciting time because microbial ecol
consumption patterns in upper oceanic crust (Orcutt et al.pgy studies can now utilize sampling designs and scales sim
2013) and North Pacific Gyre (Ray et al., 2012). Both bioen-ilar to those used in more traditional fields of ecology (e.qg.
ergetic and RTM strategies for understanding the deep biobotany and zoology), to reach a deeper level of understand
sphere functions are restricted by the availability of phys-ing of subseafloor microbial ecology and of how distributions
iochemical data produced by the IODP. However, as moreand activities are linked to in situ geochemistry and geology
IODP sites are microbiologically characterized, the resultingacross dierent subseafloor provinces.

physiological and biomolecular data can be used in a com- Furthermore, there is increasing awareness tliatrte
plementary fashion with modeling techniques. The archiv-to enrich and cultivate rare and dominant deep biospher
ing of geochemical data in databases such as SEDIS (Sciespecies are needed in order to understand growth rates and
tific Earth Drilling Information Service) is critical for these adaptation strategies for members of the marine deep big
types of models, and archival of related microbiological datasphere. The increasing sophistication of laboratory assets gn
in common databases should be a priority for the deep biothe RVJOIDES Resolutioand RVChikyufor enabling ship-
sphere community. Importantly, it is clear that deep bio- board cultivation and microbiological studies has greatly en
sphere scientists need to work closely with scientists fromhanced theseffrts, and more developments in this area
other disciplines, such as geophysics and geochemistry, tavould be beneficial. Cultivationfiarts on mission-specific
assemble and understand the environmental conditions anplatforms are somewhat limited, however, due to limited suit-
constraints on microbial activity. able laboratory space and equipment for such work.

D

4 On the horizon 5 Recommendations

Future studies of subseafloor microbiology will build upon The potential for major discoveries in the field of subsurface
I0ODP’s foundation by taking advantage of the rapid evolu- biogeochemistrymicrobial ecology is significant given the

tion in DNA and RNA sequencing technology, e.g. the “ge- large number of active early-career researchers, the promii
nomic revolution”. The average cost of sequencing a bacnhence of research objectives within the new IODP 10-year
terial genome is now under USD 1000, one million basesscience plan, and large organizations dedicated to deep
of DNA data can be obtained for less than USD 1, andbiosphere research, including the Center for Dark Energ)
sequencing technologies are continuously improving. Fur-Biosphere Investigations (C-DEBI, funded by the US Na-
thermore, advances in preservation methods for biologitional Science Foundation) and the Deep Carbon Obse
cal material, such as the new sampling freezing technolovatory (funded by the Sloan Foundation). The enthusiasn
gies, promise to greatly enhance recovery of DNA, RNA, of early-career researchers in this field was demonstrate

o =
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Figure 2. Combined ODP (green circles) and IODP (red cir-
cles) drill sites map. Larger symbols show sites where a com-
plete and well-documented microbiological sampling campaign
was adopted. For reference, these are sites 1225-1231, 1244, 1245,
1249-1251, C0013-C0016, C0020, U1301, U1316-1318, U1320,
U1324, U1362, U1365-U1371, and U1382-U1384.

Figure 1. Participants in the IODP Deep Biosphere Workshop at
the Grand Hotel Baglioni in Florence, Italy, on 25 August 2013.

Not pictured: Steve D’Hondt, Kai-Uwe Hinrichs. . . . .
P tional archived resources, and advanced training of techni-

cians have been presented to IODP and ship operators in the

past without full implementation (for example, SPC (Science
during the IODP Deep Biosphere Research Workshop, inPlanning Committee) Consensuses 808-10, 808-11, 808—
which the participants recognized the immediate importance12, and 808-15). Therefore, for the success of future bio-
of establishing standardizing routine contamination testingsphere explorations, a revised recommendation from the sub-
of core material, sampling core material at regular inter-surface community, including new techniques and technolo-
vals for archival storage, and immediately performing cell gies, should be crafted and presented to coincide with the
counts during shipboard operations. While deep biosphergtart of the new International Ocean Discovery Program. To
research builds on a rich history of biogeochemical studiesacilitate biological sampling and processing, advanced train-
within ODP-IODP, from over 800 sites drilled during the ing of current technicians or ideally a microbiology-specific
course of the ODP-IODP programs, only 31 sites (duringtechnician sailing on each expedition will be recommended.
10 expeditions) have been properly sampled, documentegvhile all of these recommendations represent a substantial
and archived for multiple microbiological assays, such asstep forward, it is noted that in the new science plan, a quar-
DNA extraction, cell counts, and cultivation studies (Fig. 2). ter of the objectives are directly associated with biological
Despite this small percentage of sites, the large number ofesearch, with many of the other objectives reliant upon bi-
transformative discoveries in deep biosphere research resullogical data. We must, therefore, strive for implementation
ing from these samples is remarkable; only a few of the no-of our new plan for biological exploration. The involvement
table papers are listed at the beginning of this report. Thusef the NSF (National Science Foundation), along with IODP
continued and additional microbiological sampling on future directors, curators, and technicians, is seen as the best course
drilling expeditions is likely to result in even more transfor- of action. Hforts are underway to complete this task, with a
mative research on deep life. The proper collecting, processformal recommendation scheduled as early as 2014.
ing and preserving of core material using biologically sensi-
tive techniques was seen as essential to ensure adequate ag- -
cess of samples to both the shipboard and shore-based scie??—orksmp participants

tists. Several long-term goals were also discussed, includingz, Amend (coorganizer), Heath Mills (coorganizer), Beth
the identification of a common nucleic acid extraction pro- N oreutt (coorganizer), Karine Alain, Marco Bldthe, Steve

tocol and the selection of specific gefpamers for targeted  'yongt Jiasong Fang, Gretchen Friih-Green, Kai-Uwe
molecular characterizations. We determined that future disyinrichs. Tatsuhiko Hoshino. Akira ljiri, Fumio Inagaki

cussions with a broader audience would be required to estaby ;s ke Kubo. Jessica Labonte Doug LaRowe, Karen Lloyd
lish these standards. However, success in establishing susjj,ki Morono. Bill Orsi. Brandi Kiel Reese. Susumu Sakata

protocols should be considered a high priority, as they will j,5tine Sauvage, Axel Schippers, Fengping Wang, Xiang
facilitate the construction of data sets comparable betweer,q.
expeditions and provide the needed linkage between individ-
ual eforts made by our growing community.
During workshop discussions, it was noted that similar
recommendations for standard and routine sampling, addi-
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DOSECC Returns to
its Roots

DOSECC (Drilling, Observation, and
Sampling of Earth’s Continental Crust)
returns to its roots as a non-profit re-
search consortium to promote and facili-
tate continental scientific drilling.

DOSECC was originally developed as
a University consortium with a mission
to provide leadership and technical sup-
port to continental scientific drilling pro-
jects. Through time, DOSECC evolved
and was charged with maintaining a
continent drilling facility to provide
scientific drilling expertise to principal
investigators, design and implement
new tools and platforms, and manage
scientific drilling projects. These duties
have now shifted to the new U.S. Con-
tinental Scientific Drilling Coordination
Office at LacCore. As a result of these
changes, DOSECC has transferred its
drilling facilities in a managed process
that will maintain drilling equipment for
use by the scientific community. The
Deep Lake Drilling System (DLDS)
has been sold to the International Con-
tinental Drilling Program (ICDP), and
DOSECC’s for-profit subsidiary, DO-
SECC Exploration Services (DES), has
been sold in a structured management
buy-out to Geoscience Technology and
Engineering, which will continue to
provide drilling services to the scientific
community including operations of the
DLDS.

DOSECC will now operate solely as
a non-profit research consortium to rep-
resent the scientific drilling community.
We are looking forward to working with
the new U.S. CSD Coordination Office
as the voice of continental drilling.

John Shervais (President) and
James Russell (Chairman of Board)

Scientific drilling at
EGU and ISC 2014

During spring and summer 2014,
ECORD and ICDP will organise joint
activities and events at two major con-
ferences to promote ocean and continen-
tal research drilling.

At the EGU General Assembly 2014
in Vienna, Austria, from 27 April to
1 May, the IODP-ICDP exhibition booth
(#55-56-57) will be a meeting point for
everyone looking for news and informa-
tion about the programmes. The “Eu-
roForum 2014 — Major achievements
and perspectives in scientific ocean and
continental drilling”, a co-organised sci-
ence session with talks and posters, will
be held on Tuesday 28 April. Then the
IODP-ICDP Townhall Meeting will be
the place to share our views on recent
and future exciting challenges of the
programmes. In co-ordination with the
EGU Press Office, ECORD organises
a media conference “Looking into the
past to predict future climate: new re-
sults from the IODP Baltic Expedition
on Tuesday 28 April at 14:00.

More detailed information with links
is posted on http://www.ecord.org/pi/
egul4.html.

For the first time ECORD and ICDP
will present ocean and continental re-
search drilling programmes at the 19th
International Sedimentological Con-
gress (ISC) from 18 to 22 August 2014,
in Geneva, Switzerland (http:/www.
sedimentologists.org/meetings/isc).
A joint exhibition booth (#12) will be
organised in conjunction with IODP
and ICDP science sessions. Detailed
information will be posted soon on the
ECORD and ICDP websites.

We look forward to meeting you in
Vienna and Geneva!

Patricia Maruéjol, ECORD

A new Science Plan
for ICDP

“Imaging the Past to Imagine our
Future” is the motto for future science
in the ICDP. About 180 geoscientists,
stakeholders,  representative  from
partner programs, early career scientists,
policymakers, and industry professionals
from 26 countries gathered at the ICDP
Science Conference 2013 (11-14 Nov,
Potsdam, Germany) and discussed the
forthcoming ICDP Science Plan. It will
broaden the goals of continental

scientific drilling towards targeted
understanding of geoprocesses in
relation to society. In future, scientific
drilling for faulting and earthquakes
processes, for heat and mass transport,
for global cycles and environmental
change and for the hidden biosphere
shall be considered in the context of
societal needs and relevance such as
water quality and availability, climate
and ecosystem evolution, energy and
mineral resources and natural hazards.

The conference served to (i) review
ICDP activities and highlight past
achievements, (ii) identify new hot
topics, (iii) strengthen and expand ties
between member countries and partner
programs (IODP, ANDRILL), (iv) invite
and integrate early career researchers in
upcoming ICDP activities, (v) debate
incorporation of industry partners into
selected ICDP strategic activities for
a science-driven mutual benefit and
(vi) discuss new outreach measures to
media, policy makers and the interested
public. The successful cooperation
between ICDP and IODP/ECORD
was highlighted and shall be further
developed in the future.

All talks and discussions were video-
streamed and are available at the ICDP
website  (http://www.icdp-online.org/
media/icdp-science-conference-2013/
conference-videos/). A white paper
serving for the forthcoming years as
ICDP science plan is currently in the
make, and a special issue of a scientific
journal will present key papers discussed
during the conference to provide a
snapshot of the scientific framework
within which ICDP operates.

Thomas Wiersberg, ICDP

The Open Access ICDP and IODP Program Journal
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Schedules

IODP - Expedition Schedule http://www.iodp.org/expeditions/

INTERNATIONAL OCEAN
DISCOVERY PROGRAM

$ 10DP

USIO Operations

Platform

Dates

Port of Origin

350 Izu Bonin Mariana Reararc

JOIDES Resolution

30 Mar-30 May 2014

Okinawa, Japan

351 Izu Bonin Mariana Arc Origins

JOIDES Resolution

30 May-30 Jul 2014

Yokohama, Japan

352 Izu Bonin Mariana Forearc

JOIDES Resolution

30 Jul-29 Sep 2014

Yokohama, Japan

icdp |

ICDP - Project Schedule http://www.icdp-online.org/projects/

ICDP Project

Drilling Dates

Location

1 GONAF

since Sep 2012

Istanbul, Turkey

2 HSPDP

Jun 2013-Dec 2014

Kenya, Ethiopia

3 Songliao Basin

Apr 2014-Apr 2015

Songliao Basin, China

4 COSC

Apr-Sep 2014

Jamtland, Sweden

5 IDRAS Sep 2014 Illinois, USA
6 Alpine Fault Sep-Nov 2014 South Island, New Zealand
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