
Anatomy of a Long-Lived Oceanic Arc: 
Synthesis of Three International Ocean Discovery Program 

(IODP) Expeditions 
in the Izu-Bonin-Marianas Arc

Cathy Busby, University of California at Davis

This talk provides an overview of results from 
three closely related IODP expeditions carried 
out in sequence in the Izu-Bonin-Mariana arc 
system in 2014. 

It focuses on geologic results that are of 
interest to those working in magmatic arcs on 
continents as well as those in the sea.



GET A TOUR OF THE JOIDES 
RESOLUTION AT: 
http://joidesresolution.org/node/
3819

The ship is about 150 meters 
long, with a derrick standing 
62m (205 ft) above the water 
line. It suspends 9,150 m 
(30,020 ft) of drill pipe – that’s 
about six miles!
 
It’s a floating research center, 
with cold storage, computers, 
geochemistry, microbiology, 
paleontology, X-ray diffraction, 
hand-held X-ray flourescence,  
physical properties, 
paleomagnetism, downhole 
measurements, core photos, 
thin sections, smear slides and 
photomicroscopy.

“MY BOAT”
By our educational outreach officer, Julia DeMarines

The Life Aquatic with Steve Zissou (2004)



With	about	30	interna/onal	scien/sts	and	30	IODP	technical	support	staff,	plus	another	
70	drilling	technicians	and	stewards.		60	DAYS	AT	SEA!	The	three	IBM	expedi.ons	
brought	in	lots	of	geologists	who	had	never	sailed.		
	



Outline: 
I.  Introduction to the Izu-Bonin-Marianas arc (IBM)
II.  Expedition 352: IBM Forearc: Subduction Initiation - Mark Reagan and 

Julian Pierce, Co-Chief Scientists
III.  Expedition 351:  IBM Arc Origins - Richard Arculus and Osamu Ishizuka, 

Co-Chief Scientists
IV.   Expedition 350: IBM Rear Arc: The Missing Half of the Subduction 

Factory - Yoshihiko Tamura and Cathy Busby, Co-Chief Scientists: I will 
give the most details from my expedition, to give you an idea of what we do 
on the ship.

V.  Future directions.



I.  Introduction to the Izu-Bonin-Marianas arc (IBM)

Izu-Bonin-Mariana arc system: subduction of Pacific plate under the eastern 
margin of the Philippine Sea plate, stretching 2800 km from Izu Peninsula, 
Japan, to Guam, USA. 
Major change in motion of the Pacific plate (bend in Hawaiian-Emperor 
seamount chain) probably due to onset of slab pull.

(from	Stern	et	al.,	2012)	
	



Mariana arc has 
has active backarc 
seafloor spreading. 

Izu-Bonin arc is in 
process of rifting to 
form a new backarc 
basin.

Shikoku-Parece 
Vela are remnant 
backarc basins.

This talk focuses on 
the Izu-Bonin arc 
where expeditions 
350, 351 and 352 
took place.

I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued.

The Mariana arc would be a whole other talk!



How do backarc basins and remnant arcs form? By arc rifting; this 
produced the Parece-Vela backarc basin:

After about 15 MY, the seafloor spreading center gets too far from trench, 
resulting in renewed arc rifting and formation of a new BAB and remnant arc. 
This has occurred in the Marianas arc and is in progress in the Izu-Bonin arc.

I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued.
	



I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued

2. Arc rifting produced a BAB with sea-floor spreading ~25 to 15 Ma (Shikoku 
basin, ), and hiatus in arc front volcanism. Sea-floor spreading left behind 
a remnant arc to the west, the Kyushu-Palau Ridge (KPR).

1. Eocene (52 Ma) intra-oceanic subduction initiation, followed by growth of  
Eocene-Oligocene (48 to ~25 Ma) “Paleogene arc” . 

3. Resumed magmatism at Neogene arc front (~16 Ma-present), development 
of rear-arc seamount chains (~15-3 Ma) and renewed arc rifting (3 Ma to 
present). 	

Expedition 352 SUBDUCTION INITIATION 
is in the forearc by the Bonin trench .	

Expedition 351 ARC ORIGINS
 is behind the KPR remnant arc.
	

**

KPR	

*
	
	

*
	
	

Paleogene arc	

Neogene arc 
front 	

Expedition 350 IZU REAR ARC
is the first to drill the rear arc; previous 
expeditions were in the arc front and 
forearc regions.

*
	
	

*
	
	



I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued

What is the difference between the Izu arc and the Bonin arc?

The two are separated by the Sofugan Tectonic Line (Yuasa, 1985; Yamazaki and 
Yuasa, 1998) and have different crustal structures (Takahashi et al., 2009). 

Expedition 350 lies north of the Sofugan Tectonic line. What is the origin of the 
Sofugan Tectonic Line?
Expedition 352 (subduction initiation) is on east flank of the Bonin Ridge. What is the 
origin of the Bonin Ridge?



What is the origin of the 
   Sofugan Tectonic Line     ? 

I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued.

Izu arc: Wide-angle seismic profiles showing 
middle-crust thickness variations beneath the 
arc front and along the rear-arc Nishi-shi-chito 
Ridge: rear-arc crust was obliquely rifted off 
the arc front along the        Sofugan Tectonic 
Line       probably during the opening of the 
Shikoku Basin at ~25 Ma (Kodaira et al., 2008).

*
**	
*

*

*

**

SINISTRAL SHEAR, PROBABLY IN LATE OLIGOCENE.

*

** **



But I say a NE 
  extension    of the
  Sofugan Tectonic Line  
must have been active 
earlier, to accommodate 
Eocene opening of the 
Ogasawara trough (OT) 
behind the Eocene arc 
which existed on the 
Bonin/Ogasawara Ridge 
(BR). Also sinistral.
BR  and OT now lie in 
front of the active arc 
(AA).  

I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued.

*
**	
*

*

*

***

**
**

*
			

*

OT	

BR	OT	

B
R	

OT	 BR	

Ishizuka et al., 2006; Takahashi et al., 2009

* *

AA	

AA	

AA	



I. Introduction to the Izu-Bonin-Marianas arc (IBM), continued
Why was the Izu-Bonin arc system targeted for drilling?

1. Intraoceanic arcs are built on oceanic crust and are sites of formation of juvenile 
continental crust (Rudnick, 1995; Tatsumi and Stern, 2006), referred to as “the 
subduction factory”. 

2. The IBM arc system is old enough (52 Ma to present) to carry a full record of the 
generation of new crust, by a variety of processes (subduction initiation, arc 
construction, arc rifting and sea floor spreading).

3. The IBM arc system lies mainly in deep water and thus has undergone little erosion; 
therefore, its stratigraphy provides a continuous record of the evolution of the arc 
system, which can be accessed by drilling.



II. EXPEDITION 352– Subduction 
Initiation – In the Bonin forearc close 
to the trench, to  test the hypothesis 
that forearc lithosphere created during 
subduction initiation is the birthplace of 
suprasubduction zone ophiolites.

Expected 
stratigraphic 
section.

(Expedition 352 
Scientific 
Prospectus)



II. Expedition 352: IBM Forearc: Subduction Initiation, continued 
Supra-subduction zone ophiolite exposed 
on inner trench wall at south end of 
Mariana arc, going upsection: peridotite, 
gabbro, forearc basalt (FAB) lava, 
boninite lava, arc calc-alkaline lava.

Reagan et al., 2013

Ti vs V plot of Shervais (1982), distinguishing global MORB from suprasubduction zone 
FAB and boninite of IBM (data from Ishizuka et al., 2006, 2011).



(after Stern, 2004)	

Review of Subduction Initiation Processes	
II. Expedition 352: IBM Forearc: Subduction Initiation, continued



Test	the	tectonic	model	for	subduc/on	ini/ta/on,	Izu-Bonin-Mariana	arc.		
FIRST,	Sinking	without	downdip	mantle	
mo/on:	
	Genera/on	of	SSZ	ophiolite	and	MORB-
like	forearc	basalt	(FAB),	then	boninite		

	
SECOND,	Establishment	of	true	
subduc/on	with	downdip	mo/on:	
Fixing	of	the	magma/c	arc	~150	km	west	
of	the	trench	(separated	by	a	broad,	dead	
fore	arc)		

Expedi/on	352	subduc.on	ini.ta.on	
focuses	on	Stage	I	

	(Stern	and	Bloomer,	1992;	Ishizuka,	2006)	
	

Expedi/on	351	arc	origins		was	
expected	to	focus	on	Stage	II	but	it	
turned	out	to	have	rocks	from	both	
stages	(I	and	II).	

II. Expedition 352: IBM Forearc: Subduction Initiation, continued



From Expedition 352 prospectus, modified after Ishizuka et al., 2011 

Expedi/on	352	expected	to	drill	the	52-45	Ma	forearc	basalts	and	boninites,	and	examine	the	
transi/on	between	them.	

II. Expedition 352: IBM Forearc: Subduction Initiation, continued



Predicted: 
stratigraphic transition 
from FAB to boninite, 
seen in Mariana 
forearc (Reagan et 
al., 2010) and in 
many ophiolites 
(Stern et al., 2012). 

Encountered: 
geographic separation
of FAB and  boninite, 
each with their own 
sheeted feeder dikes 
beneath them. 

Based on petrogenetic arguments, it is inferred that a FAB spreading center formed 
first and then a boninite spreading center formed wast (inboard) of that (352 
Expedition Summary). 40 Ar/ 39 Ar dating (in progress, Heagan and Koppers) will test 
that model. But restricted areal extent of the FAB seems to contradict the findings of 
Expedition 351…... 

II. Expedition 352: IBM Forearc: Subduction Initiation, continued



III. EXPEDITION 351– Arc origins –
in the Amami-Sankaku basin, ~100 km 
west of Kyushu-Palau remnant arc, to 
determine:

1. Nature of preexisting crust and 
mantle prior to subduction onset at 52 
Ma (middle Eocene): arc substrate 
was expected to be older – Mesozoic. 

2. Processes of early arc crust 
formation:
Paleogene arc rocks and substrate are 
largely deeply buried under the 
Neogene  Izu arc rocks, but there is no 
Neogene arc to bury them along the 
Kyushu-Palau remnant arc.



From Expedition 352 Scientific Prospectus

Expected stratigraphy: 

1300 m sediment -. Dredges on top of Palau 
Kyushu Ridge remnant arc only span 28 Ma to 25 
Ma. Drilling records arc magmatism from 52 Ma to 
25 Ma

Basement – what predates the arc? Mesozoic 
oceanic crust of western Tethys? Mesozoic arc 
rocks?

	

III. Expedition 351: Arc foundation and early 
evolution of the IBM arc, continued.   
	



Based on nannofossil dating of 
overlying strata and heat flow 
measurements, the sea floor 
behind the remnant arc is similar 
in age to the forearc basalts 
(52 Ma), and is not Mesozoic as 
expected.

The overlying sediments are arc 
volcaniclastic rocks derived from 
the Eocene-Oligocene Kyushu-
Palau arc.

So the site not only records the 
Paleogene evolution of the Izu 
arc, it also records its foundation 
on very widespread 
suprasubduction zone forearc 
basalt (FAB).

Arculus et al., Nature Geoscience, 
2015

III. Expedition 351: Arc foundation and early 
evolution of the IBM arc, continued.   
	



Global Mid-Ocean Ridge 
Basalt: (MORB) =  gray dots 

IBM subduction-related 
basalts: 
blue = Mariana, 
green = Izu-Bonin
black diamonds = new Bonin 
forearc data from Expedition 
352 (subduction inititation).
 
OBSERVATION: Subduction-
related basalts are distinct 
from global MORB. 

Red = EXPEDITION 351
Eocene sea floor 
behind Kyushu-Palau remnant 
arc shows that the “fore-arc 
basalt” is far more widespread 
than previously thought. Does 
not just occur in the forearc!

Arculus et al., 2015

III. Expedition 351: Arc foundation and early 
evolution of the IBM arc, continued.   
	



“Forearc	
basalt”	(FAB),	
formed	at	
subduc/on	
ini/ta/on	(52	
Ma),	
	
	is	actually	far	
more	widespread	
than	expected,		
	
extending	from	
the	trench	to	the	
backarc	region	of	
the	Kyushu-Palau	
remnant	arc.	
	
	

From	hbp://www.jamstec.go.jp/e/about/press_release/20150825/	

Mesozoic	
sea	floor	

Jurassic		
sea	floor	
(Pacific	
plate)	

III. Expedition 351: Arc foundation and early evolution of the IBM arc, cont’d. 	

PREDICTED	 DISCOVERED	
	 Widespread	
“forearc	basalt”	



Arculus et al., Geoscience Nature, 2015:

Much of the areally extensive, basaltic crust of the earliest IBM arc was 
constructed by subduction-related processes.

The limited presence of Jurassic (159 Ma) tholeiites in the IBM trench slope1 
has led to assumptions that the IBM arc system is floored by basement with 
a crustal thickness equivalent to mid-ocean-ridge-generated basalt.  

This may have led to a great underestimation of the volumetric flux for the 
early IBM arc, which may have been equivalent to that of mid-ocean ridges 
for during the first few million years of arc growth (~1,000 km 3 per kilometer 
per million years).

Apparent absence of boninite may reflect a trenchward focusing of mantle 
wedge melting as the arc developed. 

1 Ishizuka et al., 2006 	

III. Expedition 351: Arc foundation and early evolution of the IBM arc, cont’d. 	



IBM arc system: Widespread extension and generation of FAB 
during subduction initiation (ca. 52 – 48Ma). 

HOT OFF THE PRESS:

Tonga-Kermadec arc to the south: Subduction initiation at the 
same time, but with compressive stress normal to the trench for 
ca. 20 myr, for a distance of 2,000 km…..then extension began.

Cause not yet known.
Sutherland	et	al.,	April	2017,	Geology	



Shore-based studies in progress:

Need direct dating of the FAB.

Need geochemistry of the Paleogene 
(Eocene to Oligocene) volcaniclastic 
rocks – the BEST record of the 
Paleogene rear arc, because the site 
is behind the remnant arc, and is 
therefore not deeply buried by 
Neogene arc rocks.

Tantalizing presence of amphibole 
suggests across-strike compositional 
variability in arc magma composition 
during the Paleogene. 

This leads to one of the biggest 
questions for Expedition 350 (Izu 
rear arc)…..........

III. Expedition 351: Arc foundation and 
early evolution of the IBM arc, cont’d. 	



…..... WHEN DID COMPOSITIONAL 
ASYMMETRY OF THE IZU ARC 
DEVELOP?
Izu rear arc has similar overall crustal 
structure (below) but different 
chemistry and surface geology.

Previous drilling in IBM focused on the arc 
front and forearc over the past 52 myr (e.g. 
see sites 792, 793, 786 below). Expedition 
350 drilled in the rear part of the Izu arc, on 
arc crust (not in the backarc basin).

EXPEDITION 
350



Rear-arc seamount 
chains differ from arc front 
by being more similar to 
averaged continental 
crust.
(Enriched in alkalis, Ba, Th, 
U and LREE). 

This has implications for 
the growth of continents.

When did this arc asymmetry develop? In the Paleogene (“from the beginning”)? 
Or after the hiatus during BAB opening (“from the middle”)? 

Neogene Izu arc
~17 Ma – present

Arc hiatus during opening of 
BAB, 27-17 Ma

Paleogene Izu arc
45 - 27 Ma

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Morphology of the Izu rear arc:
w A series of ~16 – 3 Ma basaltic to rhyolitic seamount 
chains up to ~50 km long.
w  Strike at a high angle to the arc front. 

The HOT FINGERS hypothesis: Proposed for NE 
Japan but also suggested for Izu rear-arc 
seamount chains (Tamura et al., 2002).

But the rear arc also includes 3 Ma to present 
extensional zone (left), which has narrowed down 
into the <1.5 Ma active rift.

	

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



~17 to 3 Ma: 
Volcano-
bounded 
basins 
between rear-
arc seamount 
chains. 

~3 Ma to 
present: 
Fault-
bounded 
basins in 
extensional 
zone and 
active rift.

Boxed area on next slide.

What is the history of the NEOGENE IZU REAR 
ARC?

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Site U1437 
is in 
Manji-Enpo 
volcano-
bounded 
basin,  
downslope 
from the arc 
front as well 
as the  <3 Ma 
extensional 
zone.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Three holes, seven lithostratigraphic 
units – to 1800 mbsf.

I will go over this expedition in the most 
detail because it was my expedition – 
to give you the flavor of ocean drilling.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



SHIPBOARD	Age	model	
We	had	4	paleontologists	and	two	
paleomagicians.	
	
14	biostra/graphic	datums	nn	
29	magnetostra/graphic	datums	n		
	
Excellent	agreement	to	867	m	(Units	I	–	III)		
MagneFc	reversal	datums	only	for	867	–	
1303	m	(Units	III,	IV,	V)		
	
	
Hiatus	interpreted	as	a	normal	fault	
encountered	at	base	of	Hole	D	
	
Pleistocene	to	Upper	Miocene	
0	to	9	Ma	
	
No	shipboard	datums	shown	below	1303	
m	(Units	VI	and	VIII,	to	1800	m)	BUT…....	
	

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
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Post-expedition 40Ar/39Ar and U-
Pb zircon dating:

Igneous Unit 1 rhyolite sheet: in-
situ and crystal separate U-Pb 
zircon: 13.7±0.3 Ma

U-Pb zircon and
40Ar/39Ar plateau ages from 
samples above igneous Unit 1 
are concordant with 
biostratigraphic and
paleomagnetic ages

Below igneous Unit 1,
   40Ar/39Ar ages get younger 
with depth due to alteration, 
but we got a U-Pb zircon age 
of 15.4±1.8 Ma from unit VII.

Oxygen	and	Hf	isotopic	values	of	
igneous	zircon	indicate	mantle	origins,	
with	some	influence	of	assimila/on	of	
hydrothermally	altered	oceanic	crust	(Konrad, Schmitt, Andrews, Horie, Brown, Koppers, 

Busby and Tamura, AGU 2016 and paper in review) 	

IV. Expedition 350 - The Izu Rear Arc: The 
Missing Half of the Subduction Factory, continued. 
	



Difficulties
• Scarcity of zircon combined 
with potential for 
contamination from drilling 
mud requires full-fledged 
zircon chronochemistry to 
obtain interpretable results.

Successes
• Oceanic trace element and 
isotopic characteristics of 
zircon contrasts with the 
continental zircons of the 
drilling mud.

Andrews,	G.	D.,	Schmib,	A.	K.,	Busby,	C.	J.,	Brown,	S.	R.,	Blum,	P.,	&	Harvey,	J.	(2016).	Age	
and	composi/onal	data	of	zircon	from	sepiolite	drilling	mud	to	iden/fy	contamina/on	of	
ocean	drilling	samples.	G3.	doi:	10.1002/2016GC006397.	

Green	dots	=	Izu	zircon	(oceanic)		
	Red	crosses	=	drilling	mud	zircons	(con/nental)	

IV. Expedition 350 - The Izu Rear Arc: The 
Missing Half of the Subduction Factory, continued. 
	



Caution!

CORED HARD ROCK VOLCANICLASTIC SAMPLES were vigorously 
brushed  and cleaned prior to crushing BUT DRILLING MUD 
CONTAMINATION OCURRED ANYWAY!

The bad news: if your zircons are continental you have no way to distinguish 
them from those in the drilling mud. 

V. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

Andrews	et	al.,	2016	



Unit I makes up a third of 
the section: featureless 
(thoroughly bioturbated?) 
tuffaceous mud/mudstone 
(depositional process???),

with thin minor ash/tuff beds 
(suspension settling +/- density 
currents).

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



*

*

* =	Top	&	bobom	of	Unit	I,	which	is	90%	tuffaceous	mudstone	
(682	m,	0	–	4.3	Ma).	Origin?		

LOOKS LIKE SEDIMENT DRIFT DEPOSITION BUT PAST BEHAVIOR OF 
KUROSHIO CURRENT IS NOT KNOWN. More on that under “SURPRISES”.
	



Unit II:
42 m of pumice lapilli tuff and tuff 
density current deposits.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

Where was it erupted? 
	



*

See that tiny cone-
shaped feature on 
the flank of Manji 
seamount chain 
(below the red star)?

Martin Jutzler has 
traced it into Unit II 
on the seismic and 
interprets it as a tuff 
cone. 

He found another 
one on another 
seismic line so it 
looks like a line of 
synchronous tuff 
cones.



Unit	III	-		
More	
tuffaceous	
mudstone	
	

*
* Base	of	Unit	III	tuffaceous	mudstone	

and	lesser	tuff	(291	m	thick).	*

Unit	II	lapillistone	beds	make	
bright	reflectors	(42	m	thick).	
	

*

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Daniel	Day-Lewis	
There	Will	Be	Blood	
2007	



Unit III also includes

multi-meter thick sections

of very fine-grained, 

very well-sorted 

laminated tuff

 

with soft-sediment 

deformation, 

and no intercalated tuffaceous 

mudstone 

(i.e. rapid subaqueous 

accumulation). 

Phreatomagmatic tuff

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



*

*
From top
of Unit IV 
downward,
the section 
is coarse-
grained,
and is 
seismically 
chaotic.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

 
FINALLY! SOME ROCK FRAGMENTS THE IGNEOUS 
PETROLOGISTS CAN WORK ON!



Unit V

has distinctive 
reversely-graded 
pumice lapilli tuffs:

Submarine 
density currents 
fed from 
explosive 
eruptions.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

Unit VI 
Lapilli tuff with
pumice (green) and 
volcanic lithic clasts.



Unit VI is intruded by a rhyolite peperite = Magma-wet sediment mixture.  
Complex mingling between the intrusion and its sedimentary host. A DATE 
ON THIS DATES THE SECTION IT INTRUDES.

Crenulated lobate margins 
on the intrusion. 

Dispersal of the magma 
into the host on the 
microscopic scale 

Plagioclase hornblende 
quartz high-silica rhyolite: 
U-Pb zircon concordia 
intercept age of 
13.6 +1.6/–1.7 Ma

IN SITU  on a thin section, 
tiny zircon inclusions 
within magnetite SO 
CAN’T BE DRILLING MUD.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Units VI and VII: Vent-related 
deposits -  basal 20% of section.

Massive to very thick-bedded with 
blocks tens of cm in size:
 
quenched margins, jig-saw fit textures, 
intricate fluidal margins, breadcrust 
and peperitic margins.

BLOCKS EMPLACED HOT 

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Vent-related deposits (basal 20% of 
section), continued – 

includes black glassy lapillistone and 
lapilli tuff: 

Nonvesicular glass particles. 
No bubble-wall shards or broken crystals.
84 m thick with no stratification.

Hyaloclastite, formed by autobrecciation 
and quenching of lava in a submarine 
environment.  

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Ocean drilling 
always brings 
surprises!

What were the 

SURPRISES 

for Team Izu 

(Expedition 350)?



SURPRISE 1: Section much younger than predicted from seismic.
At 777 mbsf, predicted 6.5 Ma, but instead it was 4.3 Ma.
At 1250 mbsf, predicted Oligocene (>23 Ma), but instead is 9 Ma (Late 
Miocene).

200 m from base of drilled 
section,
at 1600 mbsf, it’s
Middle Miocene
(15.4±1.8 Ma), not 
Oligocene-Eocene.

So we did not reach the 
Paleogene arc to 
distinguish between our 
two models for arc 
geochemical 
asymmetery: 
from the beginning 
vs 
from the middle.

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

 (Tamura, Busby and Blum, 2013, Expedition 350 
Scientific Prospectus)
	



SURPRISE 2:
Both arc-front and rear-arc sources are represented in the upper 75% of 
section, consistent with their fine grain size, which may be distal from 
sources.
 

	
	

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

BUT data for vent-
proximal coarse-grained 
deposits in the lower 
25% of the section plot in 
the arc front field, 
DESPITE their position in 
the rear arc. 
	



SURPRISE 2, continued:

Compositional divergence between arc-front and rear-arc magmas only 
fully developed after ~12 Ma. This divergence is younger than the 
Paleogene-Neogene arc hiatus – so it’s AFTER THE MIDDLE!
	

	
	

Neogene Izu arc
~17 Ma – present

Arc hiatus during opening of 
BAB, 25 -17 Ma

Paleogene Izu arc
45 - 27 Ma

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

If	Paleogene	arc	asymmetry	is	found	behind	in	the	remnant	arc	(rived	off	Izu	rear	arc),	does	
that	mean	asymmetry	formed	ini/ally,	then	switched	off	and	on	again	in	the	Neogene?		



SURPRISE 3: The section is much more mud-rich than expected for an 
intra-arc basin: 60% tuffaceous mud for the section as a whole, 89% in the 
uppermost 433 m, with high sedimentation rates of 100-260 m/my. WHERE 
WAS ALL THAT TUFFACEOUS MUD COMING FROM? Initial shore-based 
work using different techniques (in progress):

Nb vs Th: a mixture of arc front ash and 
Chinese loess
 (J. Gill, E. Bongiolo, T. Miyazaki, C. Hamelin 
and P. Blum)

Major and trace 
elements
and Sr-Nd-Pb-Hf 
isotope ratios: 
a mixture of 
carbonate, eolian 
dust from Asia 
and volcanic ash 
from Izu Bonin 
and Japan arcs 
(Kyushu, Honshu).

(S. Straub and J. 
Schindlbeck et al.) 

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	

SURPRISE 3, continued:
But none of the forearc 
drill sites have lots of 
tuffaceous mud!

Hypothesis: the tuffaceous mud was piled up 
and plastered against the rear arc seamounts 
by the Kuroshio Current, which flows from west 
to east through the Izu arc at this latitude.

We were worried this current might become so 
strong we could not drill.



SURPRISE 4:
Grain size of volcaniclastic 
rocks in upper 75% of 
sections is much smaller than 
expected for a basin between 
two coeval volcanic chains.

Related surprise: No basalt 
clasts, and rhyolite/dacite 
limited to Unit II (42 m thick) 
and igneous unit 1 (~7 m thick 
intrusion). Yet dredges from 
the rear arc seamount chains 
range from basalt to 
rhyolite…....

Dispersal from seamount 
chains very low! Why? 

IV. Expedition 350 - The Izu Rear Arc: The Missing Half of the Subduction Factory, continued. 
	



Future directions: Approved site IBM-4, Ultra-deep drilling to arc middle 
crust. 

A 5-kilometer section that would be drilled by the Chikyu over the course of 
about two years, involving multiple science parties! 

Sue DeBari and I  have an NSF grant to construct an Island Arc Crust 
Virtual Field Model, to be used as a reference model for IBM drilling 
outcomes.  



Cretaceous	Alisitos	arc,	Baja	California:	outstanding	field	analog	for	the	Izu-Bonin-Mariana	
(IBM)	arc	because	it	is	structurally	intact	and	unmetamorphosed,	with	superior	three-
dimensional	exposures	of	an	upper-	to	middle-	arc	crustal	sec/on.	

PHASE	1	-	normal	
faults	and	silicic	
calderas	

	
	
Phase	2	-	
widespread	diking	
and	dominantly	
mafic	effusions.		

Geochemical	data	best	match	the	Izu	ac/ve	riv	immediately	behind	
the	Izu	arc	front,	consistent	with	geologic	evidence	for	extension.	
	



JUST	DRILLED:	MARIANA	FOREARC	IODP	IODP	Expedi/on	366		
(Dec.		2016	–	Feb.	2017)	



After 60 days at seas, a guide boat 
brought us into Yokohama Harbor 
(Japan) and we were at the Finish 
Line! 

THANK YOU FOR YOUR ATTENTION.


