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Structural Geology of Peridotite and Rheology of the Uppermost Mantle

Katsuyoshi MICHIBAYASHI

Institute of Geosciences, Shizuoka University, Shizuoka 422-8529, Japan

The earth consists of crust, mantle and core. The crust is the earth’s surface component, upon which we live. Situated
below the crust, the mantle is the dominant component consisting of the earth, making up 80 %. The rheology of the
mantle is the key to understanding the working of our mother planet. Peridotite, which is derived from the uppermost
mantle, preserves structures and textures that contain information on flow stress and strain (e.g., foliation, lineation and
grain size), while the crystal-preferred orientations of minerals (i.e., fabric) reveal the nature of kinematic movement
within the mantle. The mantle section of the Oman ophiolite is the largest section of oceanic lithosphere exposed at the
earth surface. Extensive structural mapping of these rocks has been conducted throughout the Oman mountain range to
unravel mantle processes associated with the generation of oceanic lithosphere. Research in this area demonstrated that
the formation of oceanic mantle lithosphere at a fast-spreading ridge involves active mantle flow associated with a
mantle diapir.
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Fig. 1. (a)Simplified structure of the earth. (b) Plate tectonics and the
uppermost mantle convection.
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Fig. 2. (a)Peridotite structures and the method involved in preparing a thin
section oriented normal to foliation and parallel to lineation from
an oriented sample collected from an outcrop at the earth surface.
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Fig. 3. (a) Creep curve of dunite with respect to temperature and strain

rate.® (b) Relationship between flow stress and strain rate for
dunite.® (c) Relationship between flow stress and the grain size of
recrystallized olivine.'?
(@) DA b (XA L) OEOTHEERRICE T 278067 & O
PHT D2 V=TS (b) EH 2V —TICBT DA AE
(FFA B) AT DRENET) & OFHBEEDBR. (o) EHZ VU —
TN 23 b AFETHT DB ) LRI DR 1

293



Nihon Reoroji Gakkaishi Vol.34 2006

FEEE TN E P OFEITENE T 528, —RRICHKE S IFALE M
I3, EE - BEEREE L AT VAR Y MChABAA
DGR 2R L ICENEFRBEEZL TREND
(Fig. 4b DPAA) .9 F£7=, Fig. 4ciZXR L= X 9 1SREI A
NOBEMEAM TH DA, AT LA %y b LT - Sk
i& & affi b DE S & ORIZRIAZMNAE T H720, DDALA
ENEME AR LT L OB R (FAKRE AN D)
EHEETE 5.9

K EH~r b L Aa—%FERT 50AL AR
fh & L Calih, biih, ciizhEhUCEEOMEE L5, HBAL
7V —FIZBWTHENG S « IBEK « A0 b CE A AR

1200 1100 XY S 5

S {OKI}[100] T~ D

+(001)[100] <Y

600 (1100011 )Y

2 O
gjﬁ_ﬂfiﬁﬁﬁu % % N

A BE

[100] [010]  [001]
(c

Fig.4. (a) Crystallographic habit and optical direction of forsterite

(olivine). (b) Slip systems that operate within olivine at different
temperatures. The enclosed box shows a stereoplot of the pattern
of crystal-preferred orientation resulting from (010)[100] slip.
(c) Relationship between the trace of the foliation (X) and the
plane of crystal symmetry during simple shear.
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Fig. 5. Location and simplified geological map of the Oman ophiolite.
The areas shown in Figs. 6 and 7 are indicated on the map.
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Fig. 6. Map of foliation measurements (a), lineation measurements (b) within the Hilti peridotite massif in the northern part of the Oman ophiolite.'®
Structural trajectories are also shown in (a) and (b). (c) Cross- sections across the lines A and B in (a) showing vertical structural trajectories and
sense of shear. (d) Sense of shear indicators. Black arrows indicate a top-to-the-west sense of shear, whereas white arrows indicate a top-to-the-east
sense of shear.
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Fig. 7.

Map of foliation (a) and lineation (b) measurements in the vicinity of the Magsad area in the southern part of the Oman ophiolite.'¥ (¢) Synoptic

cross-section constructed from the structural data shown in (a). The peridotite body is considered to preserve structures that are indicative of a

mantle diapir from beneath a mid-oceanic ridge.
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2-D model of mantle flow and the formation of the oceanic crust beneath a fast-spreading ridge. The model is based on structural analysis of the
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Fig. 9. 3-D model of mantle flow and the formation of the oceanic crust beneath a fast-spreading ridge.
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Fig. 10. Active mantle vs. passive mantle. A velocity gradient occurs in the uppermost mantle.
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