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Proposed Site IBM-3C is, thus, located at 31°47.38’N, 139°01.58’E, and 2114 m below sea
level (mbsl) in the eastern half of the Izu-Bonin rear-arc seamount chains, about 90 km west of
the arc volcano Myojin-sho (Fig. 4). It is located between the Manji and Enpo rear-arc seamount
chains where Neogene rear arc sediments may lap onto an Oligocene basement. Seismic units at
the site consist of LI (2.83-2.87 s), LII (2.87-3.17 s), LIII (3.17-3.58 s), LIV (3.58-3.90 s) and LV
(3.90-5.41 s) (Fig. 17). Average sonic velocities of sediments at site 792 increases from 1.59
km/s through 1.85 km/s to 2.28 km/s from 0 to 708 mbsf. Velocity data in basement rocks at site
792 average 4.26 km/s (range = 2.62-5.09 km/s). We used these values to estimate the thickness

of each seismic unit at IBM-3: namely,
sosms 055 Ms LI, LII, LI, and LIV have average
seismic velocities of 1.59, 1.85, 2.28

6.86 Ma 6.53 Ma

and 2.62 km/s, respectively. The sonic
velocity of unit V is assumed to be
4.26 km/s. The estimated depths of
LI/LII, LII/LII, LII/LIV, and
LIV/LV boundaries are, thus, ~32
mbsf, ~ 309 mbsf, ~777 mbsf, and ~
1196 mbsf, respectively (Table 1).

Figure 17. Seismic profile of cross point between line IBr5 and line IBM-3d around site IBM-3C looking toward the volcanic
front. Manji chain is to left; Enpo chain to right. Black dotted line indicates the fault. Colored lines as in Fig. 13.

Table 1. Estimated characteristics of seismic units of IBM-3C.

Seismic Age Two way Assumed sonic Sub-bottom Thickness  Sedimentation
Unit (Ma) time (sec)  velocity (km/sec)  depth (mbsf) (m) rate (m/My)
LI 0-1 2.83-2.87 1.59 0-32 32 32
LII 1-3 2.87-3.17 1.85 32-309 277 139
LIII 3-6.5 3.17-3.58 2.28 309-777 467 134
LIV 6.5-9 3.58-3.90 2.62 777-1196 419 168
LV 25-35  3.90-5.41 4.26 1196-4412 3216 322

The unit LII/LIII boundary should capture the transition between "rear-arc" cross-chain

mostly-andesitic Upper Miocene volcanism (III) versus "rift-type" extensional zone, mostly
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bimodal Pliocene volcanism (II). That is consistent with the ages in Ishizuka et al. (2003b) and
the rock chemistry in Ishizuka et al. (2003a) and Hochstaedter et al. (2001). There are four
dredges from the Manji side and four from the Enpo side within 30-km of the seismic lines.
Everything north is felsic with rear-arc chemistry. Everything south is basaltic (MgO=5-8)
with rift-type” chemistry.

7.4 Overall Drilling and Logging Plan

We expect to drill through ca. 1,200 m of volcaniclastic Neogene sediment (LI, LII, LIII and
LIV) above Oligocene-Eocene sediment (LV) (Table 1). This is consistent with sedimentation
rates somewhat similar to the same time interval at ODP Site 792. Site 792 is much closer to, and

more likely to receive sediment from, the Oligocene volcanic front.

Figure 18. Seafloor of IBM3C taken by ROV Hyper-Dolphin
during the R/V Natsushima-Hyper-Dolphin cruise (NT07-15) in
July 2007. Heat-flow data are on

(http://www.jamstec.go.jp/ifree/jp/03program/program02 .html).

We do not expect a problem spudding-in
T | based on discussions with Jay Miller at TAMU.
JAMSTEC has bottom photography (Fig. 18)
and sediment piston cores from the area. It is

relatively flat and the surface sediments are

calcareous ooze. In general, we expect drilling conditions to be similar to that of ODP Hole 792E
where 800 m of volcaniclastic sediments overlying Late Eocene basement were drilled in 6-7
days with >50% core recovery. Thus IBM-3C could be drilled in two weeks with >50% recovery.

We expect to encounter Unit V at ~1,200m. If it consists of Oligocene sedimentary and
lavas/sills, then Scientific Objective 5 also can be addressed there. We plan to drill at least 700 m
into Unit V in order to establish the Oligocene magmatic history of the rear arc. Leg 125 Site 793
drilled ~250m into basement, most holes in the IBM outer-arc high on Leg 125 drilled 200-400m
into basement, and Site 841 in Tonga drilled about 200m into basement. In each of these cases,
the basement consisted of inter-bedded breccia and lava; 200-400 m was sufficient and necessary
to obtain a representative range of rock types, and core recovery was good.

Logging will play an important role, of course. The gamma ray tool should clearly distinguish

sediments derived from the proximal volcanic front (low K, U, Th, Th/U) from rear arc
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(opposite), although perhaps not between volcanic front versus rift-type. The FMS (formation
microscanner) will help to identify the basal portions of turbidites and their flow direction as it
did in the forearc (Hiscott et al., 1992). We plan a VSP (Vertical Seismic Profile) experiment to
tie our results to the MCS lines. The magnetic susceptibility tool may aid in interpreting the
depositional environment of volcaniclastic units, as paleomagnetics did in the rear arc basin
closest to the Izu volcanic front (Gill et al., 1990; Koyama et al., 1992).

Although we have given reasons why unit LV may be Oligocene basement, we have also
acknowledged some uncertainty. If SSEP agrees that all other concerns have been addressed
sufficiently in this revision, then we ask for external review of the overall proposal in general and
Site IBM-3C in particular now, and a mandate to find an additional site, probably on the Kyushu-
Palau Ridge, where the deeper objectives can be achieved with confidence.

7.5 Temperature and alteration

The currently available heat flow data show 50-150 mW/m” in the Izu-Bonin rear-arc seamount
chains. Thus hydrothermal conditions are absent and drilling will be cooler than at the successful
Site 504B, for example. Genroku Seamount, 90 km south of IBM-3, has higher heat flow (150
mW/m?) possibly because rift-related volcanism continued there until 1 Ma (Ishizuka et al.,
2003). Another site on the Genroku seamount chain, ~25 km WSW of the previous site, has only
50 mW/m®. There has been no volcanism anywhere on the Manji Chain since 5 Ma, and rift-
related volcanism (< 1Ma) is more than 25 km east of this site. The latter volcanism appears to be
monogenetic and short-lived, suggesting that heat flow of IBM-3C should be less than 50 mW/m”.
Five heat-flow measurements using a stand-alone heat flow meter from ROV Hyper-Dolphin

were conducted at the exact point of IBM-3C during the R/V Natsushima-Hyper-Dolphin cruise

(NTO07-15) in July 2007 (http://www.jamstec.go.jp/ifree/jp/03program/program02.html). The data range
from 31.9 to 56.97 mW/m’ with an average of 45.2 mW/m’. Even if gradients are slightly
underestimated because of warm bottom water, temperatures in the target area are low enough
not to impede drilling. Low-temperature alteration of the volcanogenic sediments might be
observed as it was at Site 792 where there was a marked increase in smectite and zeolite at the
expense of volcanic glass below 350 mbsf. If anything, such alteration should improve core
recovery. We estimate that the temperature at the LIV/LV boundary, 1,200 mbsf, will be 50-90°C.

Volcanism prior to Miocene also may have caused hydrothermal alteration. Even in this case

we can reconstruct rear arc magmatic history by using elements and isotopes that are resistant to
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alteration, such as HFSE (high field strength elements) and HREE (heavy rare earth element), as

discussed previously.

8. SUMMARY

Our hypotheses are that arc crust grows with fundamental asymmetry at least during steady state
times after inception, that rear arc magma is more similar chemically to "average continental
crust" through time, and that the asymmetry and similarity get amplified in felsic rocks that are
created by intra-crustal differentiation, especially during non-steady state events like arc rifting.
In addition, the rear arc is a more faithful monitor of mantle geochemistry through time, and is at
least as important volumetrically (i.e., in crustal structure) as the volcanic front for fluxes of
elements in subduction zones. These two latter points make it necessary to know the history of
rear arc volcanism in order to have all the information necessary to integrate the history of arc
outputs.

If we reach Oligocene without discovering proximally-derived Middle Miocene volcanics as
predicted in this proposal, it will confirm that there was no 10-17 Ma magmatism this far east at
that time, and thus Miocene rear arc magmatism migrated from west to east. This migration,
which is expected theoretically (Honda & Yoshida, 2005; Honda et al., 2007), would be closely
related to convection within the mantle wedge and would explain the origin of the seamount
chains as ‘hot fingers’ (Tamura et al, 2002). Most arc segments have reararc magmatism so
whatever explanation applies to Izu may have global importance.

If rear arc drilling reaches pre-Oligocene basement, then it also will be possible to assess
whether there were across-arc variations in the composition of Eocene magmas. It may be that
such variation requires establishment of relatively mature cold subduction with a well-developed
volcanic front. If so, then consistent across-arc variations may not occur until the Oligocene or
even Neogene. Comparison of across-arc variations through time will constrain the fundamental
reasons for the variations themselves, and will show how the variations affect crustal
development. Consequently, rear arc drilling is the necessary “Other Half” of subduction factory

output.
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IODP Site Summary Forms:

Form 1 - General Site Information

Please fill out information in all gray boxes

Revised 7 March 2002

New

:] Revised -

Section A: Proposal Information

Title of Proposal:

Date Form
Submitted:

Site Specific
Objectives with
Priority

(Must include general

objectives in proposal)

List Previous
Drilling in Area:

697-Full3: The rear arc: the missing half of the subduction factory

1** April, 2007

Our goal is to establish the temporal history of across-arc variations during five time periods that
stand out in the rear-arc evolution.
3 Ma to the present. We will determine whether rear-arc and rift-type magmatism have overlapped

since the onset of rifting at 3 Ma, and whether rift-type mafic and felsic magmatism changes
during that time.

9 to 3 Ma. We will also establish whether rear arc magmatism changed with time and how felsic
rear arc magmatism is distributed through time and compares in composition between the rear
arc and volcanic front.

/7 to 9 Ma. We will determine whether rear arc magmatism migrates from west to east and the
rocks of this age are missing in the proposed site.

25 to 17 Ma. We will determine whether volcanism stopped in the rear arc during opening of the
nearby Shikoku Basin as it did at the volcanic front.

>25 Ma. We will determine whether rear arc magmatism changed with time, whether Oligocene
rear arc and frontal arc magmas differed in the Oligocene, whether there were across arc
variations in even at the initial stage of arc development, and especially whether felsic materials
differ in their abundance, character, and mode of origin during arc evolution.

ODP Leg 125,126

Section B: General Site Information

Site Name:
(e.g. SWPAC-01A)

Latitude:

Longitude:

Coordinates
System:

Priority of Site:

IBM-3C If site is a reoccupation IZU-BOIliIl arc

OIT an old DS.DP/ODP Area or Location:

Site, Please include

former Site #

o Japanese EEZ

Deg: 31°N Min: 47.3874° Jurisdiction:

. . 100 km
Deg: 139°E Min: 01.5786’ Distance to Land:

IWGS 84|, Other ( )

Prima Alt: Water Depth: 2114 m



iodp-imac17-1
697-Full3



Section C: Operational Information

Proposed
Penetration:

(m)

General Lithologies:

Coring Plan:
(Specify or check)

Wireline Logging
Plan:

Max.Borehole
Temp. :

Mud Logging:
(Riser Holes Only)

Estimated days:

Future Plan:

Hazards/
Weather:

Sediments

Basement

1,200 m

What is the total sed. thickness? 1,200 m

700 m

Total Penetration:| 1,900 m

Volcaniclastic turbidites, tephra layers,

calcareous sediments

massive basaltic to andesitic
lavas and breccia

1-2-3-APC | VPC* [] XCBJll MDCB*{] PCS [] RCB il Re-entryll HRGB[]

* Systems Currently Under Development

Standard Tools Special Tools LWD
Neutron-Porosity [ | Borehole Televiewer ll | Formation Fluid Sampling [l | Density-Neutron O
Nuclear Magnetic Borehole Temperature
Litho-Density | = (| g || Resistivity-Gamma Ray 0
Resonance & Pressure
Gamma Ray | Geochemical | Borehole Seismic M | Acoustic U
Side-Wall Core
Resistivity u . L]
Sampling
Acoustic ||
Formation Image [ Others ( ) Others ( )
Expected value (For Riser Drilling)
_______°C
Cuttings Sampling Intervals
from m to m, m intervals
from m to m, m intervals

Basic Sampling Intervals: Sm

Drilling/Coring: Logging:

Total On-Site:

Longterm Borehole Observation Plan/Re-entry Plan

Please check following List of Potential Hazards

Shallow Gas Complicated Seabed Condition
Hydrocarbon [] Soft Seabed |
Shallow Water Flow D Currents D
Abnormal Pressure [ |  Fractured Zone Il
Man-made Objects B roult O
H,S [] High Dip Angle |

Co, O

Hydrothermal Activity

Landslide and Turbidity Current

Methane Hydrate

Diapir and Mud Volcano

High Temperature

Ice Conditions

O O 0O o oOoad

What is your Weather
window? (Preferable
period with the reasons)

From April to
November

(To avoid winter
monsoon)




Form 2 - Site Survey Detail
IODP Site Summary Forms:

Please fill out information in all gray boxes New C] Revised -

IProposal #: 697-Full3 | Site #: IBM-3C | Date Form Submitted: 1°' April, 2008 |
SSP
Requir-  Exists
Data Type ements In DB Details of available data and data that are still to be collected
1 Yes Primary Line(s) ‘Location of Site on line (SP or Time only)

High resolution IBr5 (collected by JAMSTEC using 204 streamer cable)

seismic reflection Crossing Lines(s):

2 Yes Primary Line(s): Location of Site on line (SP or Time only)
Deep Penetration IBM3e (collected by JAMSTEC using 12 ch streamer cable)

seismic reflection Crossing Lines(s):

IBM3d (collected by JAMSTEC using 12 ch streamer cable)

3 | Seismic Velocity'

4 | Seismic Grid Yes Deep penetration reflection, 3 NE-SW x 2 NW-SE x 1E-W
5a | Refraction
(surface)
5b | Refraction Processing by JAMSTEC
(near bottom)
6 3 5 kHZ Location of Site on line (Time)
7 | Swath Multi-narrow-beam data complied by Japan Coast Guard
bathymetry

8a | Side-looking
sonar (surface)

8b | Side-looking
sonar (bottom)

9 | Photography ROV still image
or Video
10 | Heat Flow http://www.jamstec.go.jp/ifree/jp/03program/program02.html
11a [ Magnetics Map complied by AIST, Japan, is published.
11b | Gravity Map complied by AIST, Japan, is published.

12 | Sediment cores

13 | Rock sampling dredges
14a | Water current data Available on JODC web page (hhtp://www.jodc.go.jp)
14b | Ice Conditions
15 | OBS Acquired by JAMSTEC, and data are now processing.
microseismicity

16 | Navigation

17 | Other

SSP Classification of Site: | SSP Watchdog: | Date of Last Review:

SSP Comments:

X=required; X*=may be required for specific sites; Y=recommended; Y*=may be recommended for specific sites;
R=required for re-entry sites; T=required for high temperature environments; { Accurate velocity information is required
for holes deeper than 400m.



Form 3 - Detailed Logging Plan

IODP Site Summary Forms:

New C] Revised

Proposal #: 697-Full3 Site #: IBM-3C Date Form Submitted: 1* April, 2008
Water Depth (m): 2,114 Sed. Penetration (m): 1,200 Basement Penetration (m): 700

Do you need to use the conical side-entry sub (CSES) at this site? Yes[] No H

Are high temperatures expected at this site? Yes [] No B

Are there any other special requirements for logging at this site? ~ Yes O No |

If “Yes” Please describe requirements:

What do you estimate the total logging time for this site to be: 7 days

Measurement Type

Scientific Objective

Relevance
(1=high, 3=Low)

Neutron-Porosity

Volcaniclastic sediment and dike and lava porosity; relate core to bulk

crustal properties

1

PACKER, VSP, PCS, FWS,
WSP

gradient and environment

VSP: core-log-seismic integration

Litho-Density Volcaniclastic sediment and dike and lava density for mechanical | 1
properties and synthetic seismogram

Natural Gamma Ray Hydrothermal alteration (particularly K, Th and U profiles) and relate core | 1
to bulk crust

Resistivity-Induction Estimation of electro-magnetic properties, bulk density and mineral | 1
composition in sedimentary sequences and basement

Acoustic Crustal velocities (Vp and Vs) for synthetic seismogram 1

FMS Fracturing (dip angle and azimuth), lithology, sedimentary structures, | 1
magnetic field

BHTV Downbhole stresses, active faulting, borehole stability, lithology 1

Resistivity-Laterolog Lithology (thickness, geometry)

Magnetic/Susceptibility Magnetic polarity 1

Density-Neutron (LWD) no

Resitivity-Gamma Ray [ no

(LWD)

Other: Special tools (CORK, [ Borehole temperature and pressure sensor: Determination of thermal | 1

at:

For help in determining logging times, please contact the ODP-LDEO Wireline Logging Services group

borehole@ldeo.columbia.edu
http://www.ldeo.columbia.edu/BRG/brg_home.html
Phone/Fax: (914) 365-8674 / (914) 365-3182

Note: Sites with greater than 400 m of
penetration or significant basement
penetration require deployment of
standard toolstrings.




Form 4 — Pollution & Safety Hazard Summary

IODP Site Summary Forms:

Please fill out information in all gray boxes

New C] Revised -

| Proposal #: 697-Full3

| Site #: IBM-3C | Date Form Submitted: 1™ April, 2008

Summary of Operations at site:
(Example: Triple-APC to refusal, XCB
10 m into basement, log as shown on
page 3.)

Drill rear-arc of the Izu-Bonin arc from Neogene sediments through Paleogene
sediments into Paleogene basement at this site (1,900 m bsf)
APC to refusal, then XCB to refusal. RCB to 1,900m

Based on Previous DSDP/ODP
drilling, list all hydrocarbon
occurrences of greater than
background levels. Give nature
of show, age and depth of rock:

None

From Available information,
list all commercial drilling in
this area that produced or
yielded significant hydrocarbon
shows. Give depths and ages of
hydrocarbon-bearing deposits.

None

Are there any indications of gas
hydrates at this location?

No

Are there reasons to expect
hydrocarbon accumulations at
this site? Please give details.

No

What “special” precautions will
be taken during drilling?

Standard

What abandonment procedures
do you plan to follow:

Standard

Please list other natural or
manmade hazards which may

effect ship’s operations:
(e.g. ice, currents, cables)

Some cables

Summary: What do you
consider the major risks in
drilling at this site?

Drilling of volcanic sediments similar to Site 792, but to relatively deep penetration
(1,200 m).




Form 5 — Lithologic Summary

New C] Revised -

IODP Site Summary Forms:

| Proposal #: 697-Full3 | Site #: IBM-3C | Date Form Submitted: 1% April, 2008
Sub- Key reflectors, Assumed Avg. rate
bottom Unconformities, Age velocity Lithology Paleo-environment of sed. Comments
depth (m) Sfaults, etc (km/sec) accum.
(m/My)
0-32 None 0-1 1.59 Turbidites, Rear arc 32
tephra
32-309 None 1-3 1.85 Turbidites, Rear arc 139
tephra
309-777 None 3-7 2.28 Turbidites, Rear arc 134
tephra
777-1196 None 7-9 2.62 Turbidites, Rear arc 168
tephra
Unconformity
1196-4412 None 25-35 4.26 Turbidites, Rear arc 322
tephra

lavas




Two Way Time (s)

Two Way Time (s)

These seismic sections are based on data in the SSDB:
_ IODP-SSDB_P697_20070119142038_ky0614_ibm3e.pdf
Site IBM-3C IODP-SSDB_P697_20070119142036_ky0614_ibm3d.pdf

CMP No. CMP No.

Proposal 697

4500
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CMP No. CMP No.
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LII, LIl and LIV are Neogene sediment. LV is Oligocene-Eocene sediment.



