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Petrological Model of Sub-oceanic Mantle and its Bearing
on the Scientific Strategy for IODP
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Abstract

Petological constitution of the upper mantle beneath the ocean floor has been poorly
known except for oceanic fracture zones of slow-spreading ridges. Information from ophiolites
may supplement the paucity of data to some extent ; however, the ophiolites should be treated
carefully because of their polygenetic nature. The abyssal peridotite varies from lherzolite
with Cr# of spinel of 0.1 to harzburgite with Cr# of spinel of 0.6. Dunite is relatively rare from
the ocean floor. An exotic lherzolite with continental mantle signatures appears in mid-
oceanic areas. The refractoriness of the abyssal peridotie has been proposed to correlate with
the spreading rate of the ridge system, but this is false. The upper mantle beneath the ocean
floor changes downwards from dunite to lherzolite via harzburgite, being independent of
spreading rate. The lithological change is more abrupt in a slow-spreading system than in a
fast-spreading one, so it is around ridge segment boundaries rather than around the segment
center on the same spreading ridge. The thin harzburite layer in slow-spreading ridges has
resulted in its rarity there, and the deep seat of lherzolite in fast-spreading ridges has caused
its apparent absence. The primitive MORB can be in equilibrium with dunite, which is formed
along the melt conduit beneath the ridge via peridotie/melt reaction, and the dunite part is
laid down by the corner flow of the mantle just below the lowermost gabbro layer as it leaves
the ridge axis.

We proposed the following deep ocean-floor drilling to explore scientific proglems
concerning the abyssal upper mantle: (1) non-riser drilling on the “continental peridotite”
to know the relationship with abyssal peridotite, and (2) non-riser or riser drilling on the ocean
floor where deep-seated rocks have already been exposed to examine the deep constitution of
the upper mantle. The “21st Century Mohole" drilling through the oceanic Moho should
primarily be directed to the segment center of a fast-spreading ridge system. The back-arc
basin such as the Sea of Japan will be the alternate for Mohole drilling because we have had
relatively little information on the petrological nature of the back-arc basin lithosphere
despite its importance. We can solve the “ophiolite problem” simultaneously if we are careful
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in choosing the drilling sites. We also propose a close linkage between the ophiolite study and

ocean drilling in the coming IODP.

Key words: ocean floor, ophiolite, upper mantle, petrological model, dunite, lherzolite,

harzburgite, IODP
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(a) Splitting continent

continental crust

(b) Spreading ocean

remnant of continental

crust/mantle Ceanic crust

Bonatti's hypothesis
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Fig. 1 TIllustration of the genesis of “continental

peridotite” within the mid-oceanic areas
after Bonatti (1990).
Block of continental lithosphere has
stagnated at the center of the mantle
plume that caused the continent to split
and spread away. Drilling (thick dotted
line) through the remnant continental
lithosphere to underlying oceanic mantle
is proposed to explore the relationship
and the interaction between the two
kinds of mantle.
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Oman Ophiolite Model
MOR "SSZ
products products"

tholeiitc

U
sheeted dike
]

“wehrlite in

.........

dunite
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Fig. 2 A lithologic column illustrating the

petrological constituents of the Oman
ophiolite.
Note that it is composed of older mid-
ocean ridge (MOR) products (left side;
in roman) and younger supra-subduction
zone (SSZ) products (right side ; in
italic). The late intrusives including
discordant dunite may be a remnant of
melt conduit for the SSZ-type lava.
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Fast-spreading ridge

Slow-spreading ridge

Moho transition zone ~ dunite

10km {

it

pyroxenites

(Exaggerated vertically for the uppermost part)
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) ZRT.

Fig. 3 Petrological model of the upper mantle beneath the ocean

floor.

Note that the constituents (dunite, harzburgite and
lherzolite) are basically the same at the fast- and slow-
spreading ridges. The lithological variation is more abrupt
in the latter than in the former. See text for more detailed
explanation. White arrows indicate the lithological change
from lherzolite to harzburgite (increase of refractoriness of

peridotite) .
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Possible Along-Ridge Section

Fast-spreading ridge system

segment
boundary S.g. s.g.

Slow-spreading ridge system

Moho
transition
zone

Iherzolite]

diapir PLUME

X 4 EEERCOHB- <Y NVOELAFEHNES
v
RIA V7 ELERBREHEI) Y Y - 72
¥ M BRI T L R TR R
Ko, B2y vy x v MERMEC
DA THTHA .

Fig. 4 Along-ridge petrological model of the

crust and upper mantle beneath the
ocean floor.
The mafic rock layer and Moho transi-
tion zone are thinner around the ridge
segment boundaries. The serpentinization
front appears within the peridotite layer
only from the slow-spreading ridge
system, especially along their ridge
segment boundaries.
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BOWRD ) v FAF—HHZRE L2V (H 1),
Zabargad B3 Y7 N OBEFRERMIBMTH Y, FHL
TORENE Y/ K TDH 5 DT Pt. Peter-Paul &
RS BHOMARNRE LD THAH o D
HIDEB T IS KEEPA S AE L EEEPAD
AEDBBRIPHEE b, SITETE/ AT <
TEYVVAT 27 OMERIGOBIELMFTE S
THHI F/, A=V FTAA T OT Y
FVEORTEIZL—VISA FDBHELET D
(Lippard et al., 1986) . Takazawa et al. (2003)
&) ZOREPBET SN TV 25, WIS
HHINSD [KEENALASE] & ORBRKE
WRBELBRIE VY, Z O St. Peter-Paul ‘A HEE 4 D Hi )
F2 BRI L TRV EB ST A,

2) BEEKY > MVOBRFHTET IVOKEE
K1, 20 %9 %< v MVOELFRET VI
2447 %° Hess Deep D & ) A b ASmHEHH#MIZ
BWT/ v A F—HHIR T A F—3EIZ XY
MR CTH b0 7272 L—MEM R BEEIZ TR
DIAF =L B0ALAEBR RO
R RRERS R VWTHA D, Bl ZE, Hess
Deep DhADAEBEMMEZRS BGkm FEE?)
HHILZ25 L=V I 4 FBHBT20THS )
2 BRIIR X v, Hess EF VIR IERS
AL R R O A 8 VAR B K oD Wy 24 D IR B 2 8 1)
o (BIZAE, EPEA >~ FEEE, 7 b T T4 Rl
) CTOMBEEHREIZIVTETH S,

3) 21 H#REHR—ILETE

IODP Planning Sub-Committee (2001) 2 &
R, WEEEZ~< Y MV ECHEEIT S [21 i E
A—N] IZIODP OEELBED—DTH %, i
RIEOEMO— ML MEEZ MY, F 74454
FMHEOMRE L HET L L7225, BHIEKRO
LAY MRGEE R Y MV E TR O2SRE
Dy =7y bebThHA) (Mb5e)s K20
EIBA T4 T4 POERFENETVICBIT S
[RIEAEE] O2)E (EEETor7-) v Y
<~ 7=iGEED, AT 4+ T4 MET B0 B
RETTOIEHN?) b ZOMWENC LT
DRFFRWEETH 5 9 o

T/, HAMBOES—VIHINESE LTHEIR

BE LB ONHRERS S (K 5b), HikiFEEE
Bl KREOERICE > TEEREFITHHI2D
b 5T, WEIIZRNKRATH LS. 72,
ATG - HTFrvaviEt T4 454 BN
HERIEEEZ HDANDE L (Bl 2L, Pearce et
al., 1984), F* 7 4+ 54 b & OIELDH FBREE
Vo BlZIE, A —rF T 104 F4 FTRIBED
BEACERNRERBHBIrOMbo T, &L
LCHFEEBMORBY 2 MEREZLZL TS
(K2, M 5a), HiELRED EEE HIMOH K%
REEAET 205, AAFNEHERIEE) ZoTw
ADOTHHH0? (WbEb)o RIZHREGEDER—
WINEBRLET 5L, HARFEIZEME L 2Bk
B, BERFEHTORX) Y MIBDOTKRKE WV,
372, BEOEROREE LT, BARORERD
AR LT ARG 251 %7 MIKREWT
H59o
CITEETRIER SRV [EFR] %58
LDRFLTH 5 (EIED, 2008 KA FBH), T&
ZTT SRR IR ARIREE & v Wtk oAk & L
THREAWICERINLZDIDOTH S, HE, [H
AEWER] 75 HENEY L (George, 1978 &
), EXOMESIRELEB V2. AAFNER
1, HIEZENICIEIRAMTE LYy, SAREmN R
AHBEH 28T, BIZI1E, THOB< 74 v 7E
TR E (Wb®B2 Yy MURALAR) & B
D=7 4 v 7 EHE (FFA MY OBRE
LCTHWwWSNS (George, 1978) 4%, i Tldf
ORE (Z7aVx AL PEDPALABDOER) b
i, BRELTW5, BAKKGN A EEH %
[(AAFMERIES ) D% 5L, Hess O E
LT & L COMNEREIE (28 (Bl 5A%
WEXR]EEbRIERS RV, ZOLARERO[H
AFMER] W TRREAERER] LEDRIT
o, Bex TEA¥MEKR] 25HFEOAR
HZRZ 2V [EaFENAERE] &2 [5h
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(a) Oman ophiolite (b) BAB lithosphere
(= SSZ ophiolite?)

BAB Mohole

(c) Oceanic lithosphere

MOR, mid-ocean ridge  BAB, back-arc basin

5 3 2oDBXM ALK,

Lava

Dike complex

Gabbro

SSZ, supra-subduction zone

(a) A== F744+54 b (M2), b) WRBZY VA 727, BLO (¢) BEY VX
TxT . A=V FTAFTIANREDRT T HTF¥rart74F%54 MEEilkidEs")
VA7 2TIZEUTVWLEDOTHAS ) H. (b) (¢) DRV 21 LT R — VETHIZ B W TR

FENDIRH.

Fig. 5 Three possible lithological columns, (a) Oman ophiolite (Fig. 2), (b) back-arc basin

lithosphere, and (c) oceanic lithosphere.

Deep drilling at the segment center of a fast-spreading ridge (thick broken line of (c))
may have first priority in the future IODP. Drilling down to the mantle in a back-arc
basin (e.g., the Sea of Japan) (thick broken line of (b)) may be an alternate for IODP.
The differences between the Oman ophiolite, back-arc basin lithosphere, and oceanic
lithosphere are very important for solving the ophiolite problem and exploring otherwise
impossible deep petrological constitutions of the ocean floor and back-arc basin.

W3 (BlzZE, BT, 1999; 7ik, 2001 ; Ishikawa 1.

et al., 2002 ; Ahmed and Arai, 2002), & % iZ
IODP &L INbBH+T7 4454 FORERH LY
YIEETHAPRERSRVWEEZ TS, F
TAXTA MIEHTH S LIET R, TOWFEE
WFZEIC BT BAGE AT S DIZH ATz Hh BT

Hbo $F1Z, LI~ bvo X REHWE O 2.

FTIZBVWTA 74454 POEEWRIZE S I2H
TTH 9o

IX. &0 LHER

WEED E#~ v VOSSR FNREEDS X O,
WERENICE LT TOXAICEF L DAL ERT

&b 3.
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