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Objectives of Expedition 345
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sheeted Dikes H ‘ ”””“ Target : deep primitive gabbroic rocks
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« Testing competing hypotheses
Gabbro | 4T for the accretion and
hydrothermal cooling at fast-
1 spreading MORs
Mantle [ i » Addressing specific questions :
Peridotite |3

- Melt transport from the
mantle through the lower crust ?

After Nicolas et al., 1988 km - Is there layering?
Origin and significance?
Lavas —— - Heat extraction from lower

Dikes
Upper
gabbro

plutonic crust?

- Fluid and geochemical
fluxes in the EPR lower plutonic
crust?

Lower
gabbro

Moho

“Gabbro Glacier” “Sheeted sills”

After Korenaga & Kelemen, EPSL, 1998



Expedition 345, Hess Deep, Dec. 2012 - Feb. 2013
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Expedition 345, Hess Deep, Dec. 2012 - Feb. 2013
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Lower Crust in Hess Deep
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IODP Site U1415

2°15.40
2°15.35’

2°15.30

2°15.20'
2°15.15" |

2°15.10' |-

2°15.00’ —
101°33.00'W 101°32.95" 101°32.90' 101°32.85" 101°32.80' 101°32.75 101°32.70' 101°32.65° 101°32.60

Challenging drilling conditions
(water depth, slope, faults, rubbles, ...)
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IODP Site U1415
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Layered Gabbros
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U14151-4R1

Layered Gabbros
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Cpx Oikocryst - Bearing Troctolites

Gillis et al., IODP Proc. 345, 2014



10

20

30

40

50

60

U1415P-4R1

Banded Gabbros

Lithology &
Recovery (%)

0 10 20 30 40 50 60
1 1 1 1 1

Cores & Units

Cores & Units

Lithology &
Recovery (%)

0 10 20 30 40 50 60
Il 1 1 1 1 1

5G

G Core 5G

Opx-rich
band

12r

Unit | Rubble

201

13R

Depth (mbsf)

307 e

Unit Il Layered
geries

Gabbro

40- 40-

C
-\
£ N
-\
O
-

501

Distinct i
bands

70
801

90-

101
: 3R
20

4 4R

G Core 2G

2G

TR

301

Unit | Rubble

G Core
cluster 1

O

6-7G

18R

24G

15G
14G

Unit Il Oikocryst-bearing
Layered Gabbro Series

G Core
cluster 2

17G
22G

{18R

19R

Unit Il Troctolite Series

T20R

1002

21R [ £

23R

26R

1101

Gillis et al., Nature, 2014

U1415J

Lithology &
Recovery (%)

0 102030405060 70
0 [ R

Ghost Cores

Cores & Units

Unit | Rubble

4 3R | 4G

201 R
4 6R
1 7R
30
: 8R
IE
40
110R
:11R
50 1oz
413R

60 {7#R]

18R

Unit Il: Multi-textured Layered Gabbro Series

24G
117R

T118R

801

420R

21G
25G

90-

|22R

Unit II: Troctolite Series

1002

U1415P
Gillis et al., IODP Proc. 345, 2014



10

20

30

40

50

60

70
cm

U1411 Banded Gabbros

Opx-rich
band

* [ eucocratic to melanocratic bands

 Defined by modal, grain size, and
grain shape variations
» Mineralogically asymmetric

Distinct  Variable dip

bands L.
» Foliation rare to absent

Diffuse
bands

Gillis et al., Nature, 2014

Gillis et al., IODP Proc. 345, 2014



U1415P-23R2

10

20

30

40

50

60

70
cm

Depth (mbsf)

Cores & Units

Troctolites

Lithology &
Recovery (%)

0 10 20 30 40 50 60
N N

0
i 5G
1R
E 9
Q G Core 56
10_ o)
T— 5
E h'd
2R =
] =
T | [=
201 5
13R
30 38
| Bg
14rR 25
i 82
_— =
1 =0
{ | |58
40

C
-\
£ N
-\
O
-

Cores & Units

Lithology &
Recovery (%)

0 10 20 30 40 50 60
N R N

Cores & Units

OMO

Lithology &
Recovery (%)

0102030405060 70

T TR T N N
O 111 0 s »
- 1 g Ghost Cores
-
- 1 x
| % G Core 26 ] -
10y E3ls 10] [=] 2
] = { 3R | 4G
13Rr = ] .
- 5 Q
S
204 D 201 :
] G Core py — wn
i cluster 1 4 6R g
IR - E
301 [676 30] 3
- 2 o 18R 8
| £ - g
18R 2B i .
1 156 |5 2 IEa 2
40 16|28 40 B
] 29 {10R 3
12 B ] g
i = _ s
1 = TR %
R i 50 TR =
- i =
] 1 5
T10r e <
603 60| | E
] H14rR =
] q =)
| 15R
{11Rr .
- 16R
70—_ 12R g 70_. .
= G Core —
:13R 24G g cluster 2 :_17R 19G "
—— o)
- = 118rRL_| =
— = Sia] ©
= S 3 21G
80_162 76| 5 80_ = &
i 22G| © o g
J18R E _ =
= |2 I -
90-1eRrR = 901 8
] - | <
T20r =) ] =
1 =
] —— == D
100 21r [25G 10015
23R i
{26r
110- U1415P

UT475J

Gillis et al., IODP Proc. 345,

2014



U1415P-23R2
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Bulk Composition of EPR Crust at Hess Deep
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Bulk Composition of EPR Crust at Hess Deep
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Summary

» IODP Expedition 345 recovered primitive troctolites and layered
gabbros from the lower third to half of plutonic crust at the Hess Deep rift
(NB: displaced, tilted, discontinuous blocks)

« Variety of layering observed in >50% of recovered core
 Variable intensity of magmatic foliations

» Calculated bulk composition of Hess Deep crust consistent with a
simple "Penrose" MORB differentiation model

» Unexpected abundance of cumulus orthopyroxene challenges a simple
MORRB differentiation model




Summary CMOM

» IODP Expedition 345 recovered primitive troctolites and layered
gabbros from the lower third to half of plutonic crust at the Hess Deep rift
(NB: displaced, tilted, discontinuous blocks)

« Variety of layering observed in >50% of recovered core
 Variable intensity of magmatic foliations

» Calculated bulk composition of Hess Deep crust consistent with a
simple "Penrose" MORB differentiation model

» Unexpected abundance of cumulus orthopyroxene challenges a simple
MORRB differentiation model

Poster EGU2014-11744 (2273)
Petrological characteristics of Opx-bearing primitive gabbros from the
East Pacific Rise and the Oman ophiolite

M. Python, N. Akizawa, M. Godard, B. lldefonse, and J. Koepke

Formation and evolution of oceanic plates PICO Session / Wed, 30 Apr, 08:30 - 12:00
EGU2014-11420

Static and fault-related alteration in the lower ocean crust, IODP Expedition 345, Hess Deep
A. McCaig, K. Faak, N. Marks, T. Nozaka, M. Python, R. Wintsch, Y. Harigane, S. Titarenko and

the IODP Expedition 345 Team




