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Significance and Variety of Mantle-crust Boundary in the Oman Ophiolite
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Abstract

We examine the petrological nature of the mantle-crust transition zone (MCTZ) based on
detailed field observations of the northern Oman ophiolite. Two kinds of MCTZ, early-gabbro-
in-dunite and late-dunite-in-gabbro transition zones, can be recognized between the residual
peridotite and the layered gabbro sequence. They are distinguished by an intrusive
relationship between gabbro and dunite. In the early-gabbro-in-dunite transition zone, gabbro
forms network-like sills and has intrusive contact with dunite. The frequency of the gabbro
sills gradually increases from the top of residual peridotite to the base of layered gabbro,
which itself has a sharp boundary with the underlying dunite. All constituents of the early-
gabbro-in-dunite transition zone are deformed, and lithological boundaries are parallel to
foliation of the rocks. On the other hand, in the late-dunite-in-gabbro transition zone, dunite
has intrusive contact with gabbro sills and layered gabbro. Clinopyroxenite produced by
reaction/partial melting occurs frequently along the intrusive contact. The late-dunite-in-
gabbro transition zone is of secondary origin, being modified from the primary layered gabbro
to the early-gabbro-in-dunite transition zone by later dunite intrusion.

Degree of serpentinization is irregularly distributed, and antigorite, a high-temperature
serpentine species, is not found in the peridotite portion. This indicates the Hess model that
the oceanic Moho is placed within peridotite as a serpentinization front is not deduced from

observations of the Oman ophiolite.
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We propose a model for the formation of two kinds of MCTZ. The gabbro sills in dunite
were originally formed beneath a mid-oceanic ridge as a network of upward-moving melt
within residual harzburgite. Dunite was produced by a reaction between melt and
harzburgite. The network-like gabbro and dunite were deformed to become elongated by the
horizontal mantle flow with leaving the spreading ridge. The boundary between the melt-rich
part (center of paleo-melt flow) and melt-poorer part later became the layered gabbro/dunite
boundary. The early-gabbro-in-dunite transition zone is the part between the layered
gabbro/dunite boundary and the residual harzburgite. An off-ridge magmatism formed so-
called late-intrusive plutonic bodies including dunite, cutting the primary rocks formed at the
spreading ridge. The dunite formed intrusive contacts throughout the pre-existing crustal
sequence, that is, the secondary late-dunite-in-gabbro transition zone. The intrusive bodies
have island-arc geochemical signatures and are genetically linked to effusive rocks of island-
arc type including picrite. The late-dunite-in-gabbro transition zone probably formed at an
island-arc setting during detachment and obduction of a slice of oceanic lithosphere as an
ophiolite suite. The early-gabbro-in-dunite transition zone may occur frequently beneath the
ocean floor, especially that of the fast-spreading ridge system. We predict a common late-

dunite-in-gabbro transition zone beneath some oceanic island arcs and back-arc basins.

Key words : Moho, mantle-crust transition zone, Oman ophiolite, early-gabbro-in-dunite
transition zone, late-dunite-in-gabbro transition zone, oceanic ridge, island arc
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Fig. 1 Simplified geological map of the Oman ophio-
lite. Modified from Lippard et al. (1986).
Rectangles indicate researched areas, Fizh
and Salahi blocks, in the northern Oman
ophiolite.
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Fig. 2 Schematic geological column of the Oman
ophiolite.
Modified from Nicolas (1989) based on
recent results. Mantle-crust transition zone
(MCTZ) is defined as the zone between
uppermost residual mantle and lowermost
layered gabbro.
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Photo 1

a ! Relationships between mantle harzburgite, dunite, and troctolite at the lowermost part of MCTZ in W.
Hilti. Note the network-like troctolite and dunite in harzburgite. Dunite exists between troctolite and
harzburgite.

b : A sharp boundary between layered gabbro (upper) and MCTZ dunite (lower) in W. Fizh.

¢ : Augen-structured clinopyroxenes (arrow) in the lowermost layered gabbro in W. Fizh.

d © A boundary between deformed early-dunite (lower right) and undeformed late-dunite (upper left) in W.
Thugbah. Arrow indicates the foliation of the early-dunite.

e . Late-dunite that clearly cuts foliated troctolite and intrudes into troctolite along foliation (arrow) as a sill
in W. Thugbah.

f : Huge layered gabbro block included by late-dunite around a late-dunite-in-gabbro transition zone in W.
Hilti. Note the two kinds of dunite-gabbro boundary. The dunite cuts the layered gabbro at a high angle
along boundary 1, and intrudes into the layered gabbro in parallel with layering along boundary 2.

g  Huge layered gabbro blocks included by late-dunite around a late-dunite-in-gabbro transition zone in W.
Hilti. The lowermost part of this cliff is the border between late-dunite and mantle harzburgite. Note the
complete missing of a middle to upper part of early-gabbro-in-dunite transition zone, composed of early-
dunite and gabbro sills.

h  Clinopyroxenite and clinopyroxene megacrysts formed at the boundary between a layered gabbro block and

late-dunite in W. Thugbah.
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Fig. 3 Photograph and sketch of the boundary between MCTZ (lower), which
shows a gabbro-in-dunite relationship, and lowermost layered gabbro

(upper) at W. Fizh.

The boundary between layered gabbro and dunite-dominant part is
indicated by the broken line. Note that the gabbro sills in MCTZ are
network-like and that the gabbro sills (see area A in sketch) and
dunites (see area B in sketch) in MCTZ connect with the gabbroand
ultramafic layers of the layered gabbro, respectively.
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Photo 2 Photomicrographs of early-dunite (a) and late-dunite (b, ¢) from the mantle-crust transition

zone in W. Thugbah.

Scale bar is 2 mm. Note the deformation (foliation indicated by arrow) of early-dunite (a)
recognized by the arrangement of flattened spinel and plagioclase (altered), and non-
deformation of late-dunite (b, ¢). Ol, olivine; spl, chromian spinel; pl, plagioclase (altered);
ser, serpentine. (a) and (b), plane polarized light, (c), crossed-polarized light of (b).
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Fig. 4 Equal-area stereographic projection of poles
for structural elements in the W. Fizh area.
These figures are drawn on a Macintosh
computer using stereonet program (written
by Richard W. Allmendinger at Cornell Univ.).
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Fig. 5 Schematic geological columns from uppermost residual
peridotite to lower layered gabbro to show early-gabbro-in-
dunite transition zone (left) and late-dunite-in-gabbro

transition zone (right).

WWENEY, BT FA N A TSR ER
TEALVEERENTWE Y Y M- HEER
BT FA L Ay - T OB LIRS L
2%, BB 7Ta~Br7a - 4 v -
FFA NERWICBR YA MR sk
WA RS SR D EEZ B2 ERT
& %o W.Fizh Tl&, %II&F 4 NI MBI
ThY, BATO -4V - FF L BB
B ICBl8E T & %, W. Thugbah Tix, B4
a4y L PEBHEBMTFA A2
7T ERS O & BlE T & 5, W. Hilti TiZ,
n»yn—ﬁfbﬁ%E?%vybnhﬂﬂ%%
AN SUNRDAMESS P o (VN Y A5
L, IZHMTF A b - AV - T UBEBE O A
BRSNS, W. Fizh TREHA 70 - 4~
FA4 FERE O, W Hilti TRBEMSFA4 - A
Vo AT BB OB WEIS RSN, W

Thugbah T2 % 25RAE L T % LT 5 &
LATED,

IV. LG/D E L FDEAOEHYLFHERK

LG/D W (gIRAT 7w /¥4 MERE) LTo
T (Goh o ALK A7 E) &, LG/D
Ml oKy 7ens >4 E, LG/D HET

DR T FA N, BT F A N OSILEME %
%=m ﬁ%btouﬁ AR &
vy — @EIZ"\EE;T*J_Z’Q EPMA (JXA-8800R)
%mwtuﬂ ST IAEE 20KV, BBHE T 20
nA, 7U—7% 3 um T, MiEFHRICIZ ZAF #:%
vz,

SINTHRE I & BURHR U T oL R L & D ICIK
6a~cll/_"d, ¥3, W.Fizh IZBIF 5, LG/D
2 IRAT LT ORMEOEFHITOWTHIK % ik
LCTAhb, HF7alZonwTliET5E, LG/



Layered gabbro
J 10m above LG/D
§ boundary

11
gabbro layer 10m above LG/D boundary

clinopyroxenite

Layered gabbro
just above LG/D
) boundary
gabbro layer just above LG/D boundary LG/D
®houndary® ™
. ) Gabbro sills &
| 5 gabbro sill in mmnle-cfl'u\': transition zone early-dunites

n uppermost mantle
-crust transition zone

S0082 S+ 86 $8 90 920 04 08 12 16 0 01 02 03 04 05 06 8 & 8 9 B %
olivine Fo Cr203 wt% TiO2 wt% 100*Mg/(Mg+Fe)
| I— I —_—
clinopyroxene

Late-dunite

(a) olivine-bearing gabbro, Wadi Fizh Uppermost
=4 harzburgite

Layered gabbro
10m above LG/D
boundary

clinopyroxenite
Layered gabbro
just above LG/D

late-dunite

i = — . boundary
ultramafic laver
- Iv-ult, fi — LG/D -
early-ultramafic
o— il = o———— boundary
L

Gabbro sills &
early-dunites

in uppermost mantle
-crust transition zone

T T S B | TR | T R Rt T N B B
80 82 84 86 8& 9% 92 0 04 08 12 16 0 01 02 03 04 03 068 8 8§ 89 91 9% 9

olivine Fo Cr203 wt% TiO2 wt% 100*Mg/(Mg+Fe)
L——clinopyroxene _

™ Late-dunite

== W. Fizh

(b) dunite & wehrlite B \. Thugbah
(early & late) P22 w. Hili Uppermost
harzburgite
b= —
Layered gabbro
10m above LG/D
boundary
clinopyroxenite
rato-dumi Layered gabbro
ate-dunite 1
just above LG/D
—ie— et — —{7/= boundary
. uliramafic laver.
— —= LG/D -
early-ultramafic
- early-ultramafic boum.lary
1 1 1 Il 1 1 1 L 1 1 1 1 L Gabbro Sl]ls &
I L
0o 02 03

. ! !
0 00 020304050607 0 02 04 06 08 100 02 04 08 early-dunites

3 34+ L in uppermost mantle
Fe/(Cr+Al+Fe’) Cr/(Cr+Al) TiO2 wt% Mg/(Mg+Fe**) -crust transition zone
L chromian spinel e

Late-dunite

= W. Fizh

(C) dunite & webhrlite B\ Thugbah
(early & late) W. Hilti

Uppermost
harzburgite

— 760 —



FRATHL, EToXF7aTlX, »ALAHN
HElEa e b, MRHASIZITELRS (M6a),.
LG/D 254 10 m Fuoso A7 aid, A
SAM, HEATRA L, LG/DEEL, B
DOF7Ta XY RGICBHEERT . 10m LD
#7013 LG/D FAED A 7RIl TRR N A
LARIWZEATEY, LG/ HfFHEDH 7 2Tk
L CTRAL 7 SR AL MR L R iR Iy e 2 R
EHFINTH A, RIZ, FFA MIOWTHIET
% (6b, ¢)o LG/DIHE LOFRYT 7D 5 F
4 &, LGDHEBETORMYF 14 ML, Z7ui
AERNVOMETIEH F Y #1d7% <, Cr/(Cr+AD
It (=Cr#) 12 0.55-0.60 TH5 (M6c)o AL
A D Fofli (=100 x Mg/ (Mg+Fe)), HiEHEA
D Cr:0, EHF BT TF A4 P TEVWDB OIS
N, TIO ZHEREITFEM T F A4 FOHHPME N DA
£ (M 6b)o 2RMICH 2 &, LG/D IfiE T ok
WEF4 bOFPELOMKRTTaD T+ 4 Mg
IV RGILTH S, BIRTTany 4 FEIE
B 7> A4 MCHPROPRRE L, WEOHM
IR L LS AP R R L TH S

RIZ, HZITITORMTF A4 MBS FA b
DMK E KT % (K 6b, ¢)o T3 W. Fizh
T, PABLAHD Fo, HFHEA D Cr.0; 5 =
WKELT, NAFDOFF A4 MIERIRONZ W, L
ML, HEWER, 20 2A AR VO Ti0, A =T
BHBMT T4 bolp vz Ry, $/2, 70
A AE RNV Fe [(Cr+Al+Fe’") It (=Fe*' #)
BBRWEYFA FOFDRE V., ZULAEARILD
Cr# 3B &7+ 4 P TRREVIOH LR,
0.63123% 3% (X 6c)s W. Thugbah Tid, %
FF A N OHFHES, 7 1A A RO TiO, &4

AR F 4 MK, F72, PALAR
® Fo izt &+ 4 o lidsmey (K eb), 71
LAY RNVDOCr# W74 P THE 2L % L,
IR 0.56 DEZ RS (M 6¢)o W. Hilti Tl
B & F A4 v HRbNITWE720, ZOHYHIK
B 5%, W, Hilti 0% 57+ 4 ~O&8
OALFEHE IO T OB T F 4 b oFEOHM
WA RT (X 6b, ¢
PR DO RE T DL ERDE I TH
%, (1) LG/D Wi I, B FOF 70Dz
EFRLUTH b, (2) LA/DIH X Y LA710m I
LG/D i L& Y k% ﬂﬁﬁ7nﬁmaénto
(3) LG/D Wil Loy 7an s+ 4 FEIZ
~, LG/D il FoR ﬂ&%%bi*\m&m&%
R (4) BRIWFF4 MIBELT, By~ b
IR, TiO2Z LK, LIRILIE LY EWAE R
VDT #, ASAAD FoflizRid, (2), (3)
LT, R LZAADOHEWRILIRR RS
AT s, FTuLRBWsy+ 4 bogl, OF
DAV ENPALAGDRLENE o TV
ch,jbfﬁwxﬁrﬂf%{b*m CBEDOREDE - 72
EIGERLTWwAREEZBNS, LoT, &k,

&L o Z ML, FAEEOHEYEILOR
BE R ZIT) 2 LicX o T, X 0EFA
MR BETH 5,

V. 5 v M- HREBSORREE
ZDEEM

1) AY—=2FT7 445414 MIEBT5 Hess TF
WOHFIZOWT

EBARTHRbEEAMEN ZAERIA~ >~ bV

A S AT OIERCAAL L 723800 & 3l 2 587012

B 6 < bV-@ERWEAo 7T, ¥h 4 Fo@EWLERK. v 7 oA E 2 R ARENR T,
a) Y MU-HBERGOTSTa YL, BMIRTTa (hALAAKTTO) FEHO»PAL AR, HEEHHA DL

M. W. Fizh.

b) <74 v 7 E00ALANB X HEEHE N OILFARIK.

c) MY 74 v 775D 7 LAY RIVOILFHK.

Fig. 6 Mineral chemical variations of gabbro and dunite around MCTZ. Relative positions of the samples are

shown on the geologic columns.

a) Olivine and clinopyroxene in gabbro sills and lower layered gabbro. W. Fizh.

b) Olivine and clinopyroxene in ultramafic rocks.

¢) Chromian spinel in ultramafic rocks. The cation ratios of spinel were calculated assuming spinel
stoichiometry after subtracting all Ti as ulv spinel molecule.
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Fig. 7 A model for forming of two kinds of MCTZ, early-gabbro-in-dunite transition zone

at the mid-ocean ridge and late-dunite-in-gabbro transition zone at off-ridge.

A) Melt flowing up at the mid ocean ridge reacts with the surrounding peridotite
wall. Complicated melt network with dunite is formed in harzburgite by
mantle-melt reaction.

B) Subsequent mantle flow deforms and elongates the dunite-gabbro network to
be almost horizontal. The boundary between the melt-rich part (center of
paleo-melt flow) and melt-poorer part becomes the layered gabbro/dunite
boundary (Figs. 3 and 5). The gabbro network becomes a sill-like form
having a concordant structure with the foliation of harzburgite.

C) Late off-ridge magmatism injects magmas or crystal mushes passing through
the mantle to the crust. Various-scale dunitic bodies are emplaced from the
upper most mantle to the crust, leading to the formation of a new gabbro-
dunite relation (late-dunite-in-gabbro transition zone) .
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