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Constitution of Oceanic Crust and Ocean Ridge Magmatism

Sumio MIYASHITA " and Jin-ichiro MAEDAEU

Abstract

O O Volumetrically, magmatism at spreading axes occupies more than 600 of present day
volcanism, and oceanic crust generated there covers more than two thirds of earth surface.
Therefore, studies of the oceanic crust and magmatism at spreading axes yield significant
insights to understanding earth evolution. Recent studies on oceanic crust through drilling,
submersible surveys, dredging and geophysical exploration indicates that there is considerable
variation in lithologic composition and stratigraphic sequences in oceanic crust that is
dependent on the spreading rate. Typical ophiolitic stratigraphic sequences are expected to
occur at fast-spreading ridges, while complicated and variable stratigraphic successions are
encountered at slow-spreading ridges. Mid-Ocean Ridge Basalts0 MORBs[O are generally
regarded as having comparatively uniform compositions. Major element compositions of
MORB corrected for low-pressure fractionation show a global systematic variation correlated
to axial highs, which can be ascribed to the degree of partial melting. However, the
composition of MORB should represent a final product of magmas whose compositions have
been greatly modified during ascent through mantle peridotite, by crustal fractionation that
produced lower crustd ultramafic to gabbroic cumulates] and by mixing in a melt lens in
shallow crust. Therefore, to fully understand MORB petrogenesis it is necessary to study the
total magmatic system, which includes surface lavas, dike complexes, plutonic cumulates
extracted from melts, and residual mantle. Recent results from the MARK area of the Mid-
Atlantic Ridge, the Atlantis bank of the Southwest Indian Ridge and Hess Deep near the East
Pacific Rise strongly suggest that source mantle is heterogeneous and that the magmatic
system differs significantly depending on the spreading rate.
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Fig. 20 Vertical compositional variations of olivine and plagioclase for the gabbroic section
at Site 735B after Natland and Dick[ 20021
This succession is composed of five major units of primitive gabbro open circle[]
each more differentiated toward the top, and each some hundreds of meters thick,
which are subsequently intruded by numerous more differentiated gabbrosO gray
circlell The differentiated gabbros intrude along shear zone.
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The Hess Deep was formed at the leading tip of the westward propagating ridge axis. Extension of the
EPR lithosphere ahead of the propagating ridge has produced rifting of 0 1 m. y. old oceanic crust

accreted at fast spreading EPR.
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The basaltic rocks of the Hess Deep Rift show a wide compositional
variation though they are considerably overlapped with those from

1°-2°N EPR.
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Fig. 600 MgO versus trace element ratios of the
sheeted dikes at the Hess Deep after
Stewart et al.0] 2002[1
The solid curve represents the in situ
fractional crystallization trend. Open
squares represent closely spaced sample
pairs connected by tie lines. Note that
some of tie lines are highly oblique to
the fractional crystallization trend, sug-
gesting that they are derived from
heterogeneous source mantle.

IO —



; o Dikes 3%
1.8 | + Lavas
E ¢ Undifferentiated
1.6 —
= ° seamounts
14 &
Z C s
fg 1.2 [ Melting of @\Aﬁ/
o E depleted -
=3 10 - peridotite  /
- -
~ C
0.8 — 98
E 285 o Melting of
0.6 — \ iched
C + enriche
- T 30% roxenite
04 [ Py
- I | I | L I
1 2 3 4 5 6 7

Zr/Y

0 70 La/Sm-Zr/Y O O Stewart et al., 2002 0 O [1J

000000oooooooDooooooooooo
o0o0o0oo0oooooUoooooD0ooooooooDooo
0oo0oooboo0oo0ooooDDDdseamounts O OO
0 O Niu and Batizall 19970 0 0O 0O 0O

Fig. 70 La/Sm versus Zr/Y diagram of basaltic rocks from

the Hess Deep after Stewart et al.[J 2002[1

The solid curves show incremental melting models
of depleted peridotite and enriched pyroxenite.
Small open circles are near-EPR seamount data
from Niu and Batizal 1997[1 The compositional
variability of the basaltic rocks from the Hess Deep
suggests mixing between melts from a heterogene-

ous mantle.
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Table 10 Comparison of a magmatic system at fast- and slow-spreading ocean ridges.
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