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INTRODUCTION

Originally, diamonds were thought to be genetically con-
nected to the kimberlites in which they were found. How-
ever, for the last 30 years or so, it has been generally agreed
that virtually all diamonds, although found in the kimberlite
[and lamproite], had peridotites and eclogites as their origi-
nal hosts in the mantle (Sobolev, 1977; Meyer, 1987).
Moreover, since the mid-80s, our understanding of the tec-
tonic role of subduction has been refined, such that it is now
accepted that many mantle eclogites, including diamondi-
ferous ones, had their protoliths in ancient oceanic crust.
The history of the thought processes and data bases that
went into this drastic change in mantle eclogite genesis is
reviewed in this paper, as it provides insight into the scien-
tific method of deduction that occurred. The lessons learned
from these studies are revived and applied to the investiga-
tion of yet another radical departure from the accepted — i.e.,
hat some diamondiferous peridotites may have had a similar
heritage to the subducted eclogites.

ORIGIN OF MANTLE ECLOGITES

It is now generally agreed that “mantle” eclogites from kim-
berlites had their origin in the subduction of oceanic crust
beneath the major cratons of the world (e.g., MacGregor and
Manton, 1986; Shervais et al., 1988; Kesson and Ringwood,
1989; Taylor and Neal, 1989; Taylor, 1993; Jacob et al.,
1994). One of the first signatures to be identified for the
possibility of crustal protoliths was from studies of the car-
bon isotopes of the diamonds (e.g., Soblev et al, 1979;
Deines et al., 1984, 1987, 1989, et cetera; Javoy et al., 1986;
Kirkley et al, 1991; Nisbet et al., 1994), as shown in Figure
1. It is abundantly clear from the 5"°C values that the ec-
logitic diamonds possessed such a wide spread (+1 to —35
%o) as to have involved processes extraneous to the mantle —
i.e., crustal modifications, possibly by biogenic mecha-
nisms. But, suggestions of crustal origins for the carbon
went largely unrecognized until a second major signature
was brought to bear on the eclogite subject — i.e., oxygen
isotopes. It was probably the study of Garlick et al. (1971),
as part of the initial study of Roberts Victor by MacGregor
and Carter (1970), which first brought the non-mantle 3'*0
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Figure 1. Carbon isotope values for both P-type (peridotitic) and E-type (eclogitic) diamonds.
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values from eclogites to the attention of the world, but with-
out an adequate explanation. Subsequently, it was the oxy-
gen isotope studies by Gregory and Taylor (1981) that laid
the groundwork for understanding the 5'°0 values of oce-
anic crust, which were both above and below the accepted
mantle value (now, 5.4 0.4 %o, Mattey et al., 1994), as
shown by the example in Figure 2.

With a decade-plus hiatus, it was not until the classic work
of MacGregor and Manton (1986) that real doubt was mani-
fest in the minds of the mantle-eclogite petrologists. Liter-
ally dozens of subsequent studies have confirmed the sce-
nario of subduction of ancient oceanic crust as the tectonic
mechanism for bringing the crustal protoliths down into the
mantle, into the P-T regime for diamond formation. Among
these studies by our group are: Shervais et al. (1988); Taylor
and Neal (1989); Neal et al. (1990); Jerde et al. (1993); Tay-
lor (1993); Taylor et al. (1996, 1998, 2000, 2002, 2003a,b);
Sobolev et al. (1994); Snyder et al. (1995, 1997), Beard et
al. (1996); Sobolev et al. (1998), et cetera. These subse-
quent studies of diamondiferous eclogites, particularly from
Yakutia, have revealed several additional crustal signatures,
such as +Eu anomalies in garnet and omphacite, both in
diamond inclusions and in the host eclogites; eNd values to
+250; decoupled Rb-Sr and Sm-Nd; unusually high
7S1/*Sr; et cetera.

The mantle-eclogite, crustal-protolith hypothesis (e.g.,
Beard et al., 1996) is envisioned as the subduction of an
ophiolite sequence beneath a continental craton, whereby
the basaltic and mafic components were metamorphosed,
devolatilized and partially melted, and otherwise trans-
formed into eclogites. This tectonic scheme has found sup-
port from the studies of Ireland et al. (1994) and Rudnick et
al. (1995) with the formation of the TTG igneous complex.
Being within the diamond-stability field, the eclogites have
later experienced metasomatic diamond formation. With

this scenario for crustal protoliths for eclogies, it is surpris-
ingly to us, that the closely associated diamondiferous peri-
dotites are considered to be of original mantle origin. We
pose the query: Could the ultramafic portion of the sub-
ducted crust account for at least some of the mantle peri-
dotites? This is the subject of the present study, and we will
take a similar approach that history has shown to have
worked for the eclogites.

OPHIOLITES

It is generally accepted that the ancient oceanic crust is ef-
fectively represented by an ophiolite complex (Coleman,
1977). The term “ophiolite” refers to an assemblage of ma-
fic to ultramafic rocks in the following sequence (from bot-
tom up): Ultramafic Complex, consisting of variable propor-
tions of harzburgite, lherzolite, and dunite, with metamor-
phic overprint; Ultramafic-Mafic Gabbroic Complex, con-
taining cumulate peridotites and pyroxenites, leading up-
ward into gabbroic varieties; Mafic Sheeted-Dike Complex;
Mafic Volcanic Complex, consisting of pillow basalts with
sodic felsic intrusives and extrusives, and an overlying
sedimentary section with cherts, shales, and limestones
(Coleman, 1977). The Ultramafic Complex contains some
inter-cumulate plagioclase in the peridotites, and crystal
fractionation from the melt produces peridotites interlayered
with plagioclase-rich gabbros, troctolites, and anorthosites.
This is a generalized sequence of rock-type stratigraphy, and
each ophiolite complex has its own variations on this central
theme (Fig. 3). The important point is Ophiolites are oce-
anic crust developed at a spreading oceanic ridge, and are
representative of oceanic crust.

Probably the two most studied ophiolite occurrences are the
Troodos Ophiolite, Cyprus, and the Semail Ophiolite, Oman
(Fig. 3). In a classic study of this latter
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Figure 2. Oxygen isotope values for eclogitic and peridotitic garnets from Yakutian kimberlite pipes.

8.0

8" International Kimberlite Conference Long Abstract 2



SEMAIL OPHIOLITE

(Gregory & Taylor, 1981;
McCulloch et al., 1981)

) L)
Km

7_=:|V0Icanics I:'
LTI
Sheeted
Dikes

6
5|2 [Gabbro |

! LA A A

BETISTI
reeeeee?

5180=5.7+0.2

#|Layered ¥
3—., |Cumulate
Gabbro re

#&t###*g

# H. s
---,-arzburlte s
TACSIZT) B L

Figure 3. Cross-section of the Semail Ophiolite
Complex, Oman, showing the variations in 8'*0
values as a function of position within the com-
plex. The higher than mantle values near the top
are due to low-temperature hydrothermal altera-
tion by seawater, whereas the less-than-mantle
values are due to high-temperature alteration
(Gregory and Taylor, 1981).

complex, Gregory and Taylor (1981) demonstrated
that this ancient oceanic lithosphere provides a framework
for the time-averaged effects of seawater circulation in “fos-
sil” hydrothermal systems associated with spreading centers.
The bottom portion of the Semail complex includes tec-
tonized harzburgitic peridotite; a basal zone of Ol-Cpx cu-
mulates (wehrlites); followed by 3-5 km of ultramafic to
mafic cumulate gabbros, grading into a km-thick zone of
Plg-Hrbl-Cpx-OIl-Mt non-cumulate gabbro; with an abrupt
transition interval of gabbro, with 10% diabase dikes; to a 1-
2 km sheeted-dike complex, topped by pillow lavas, inter-
bedded with cherty sediments (Fig. 3). The study of
McCulloch et al. (1981) further approached the Rb-Sr and
Sm-Nd systematics as these related to the fluid-flow of the
hydrothermal modifications to the oxygen isotopic values.
Gregory and Taylor (1981) demonstrated that the low-
temperature hydrothermal alteration of seawater, in the up-
per portions of the ophiolite, effectively raised the 8'°0
above the average MORB value of 5.7 0.2 %o (later modi-
fied to 5.5 £0.4 %o; Mattey et al., 1994), as shown in Figure

3. High-temperature alteration in the lower portions of the
complex effectively reduces the 80 values. It is envi-
sioned that most mantle eclogites come from the upper
2/3rds of the ophiolite complexes (= mostly mafic). It is to
the lower 1/3rds portion of the oceanic crust, with its ul-
tramafic to mafic compositions, that we address this study,
first from the carbon isotopic compositions of the peridotitic
(ultramafic) diamonds; then, from the oxygen values of the
mantle peridotites.

MANTLE PERIDOTITES

It has been generally agreed that mantle peridotites occur-
ring as xenoliths in kimberlites are representative of the
cratonic mantle (Boyd and Finnerty, 1980; Boyd et al.,
1997). However, below we address not the mineralogy or
whole-rock chemistry of the peridotites, but the stable iso-
topes of the peridotitic minerals and P-type diamonds.

CARBON ISOTOPES

The restricted 8"°C  values for P-type (peridotitic) dia-

monds is commonly used as evidence for the mantle origin
of peridotites, as depicted in Figure 1. However, a compila-
tion of 8"C data, published largely by Peter Deines and
colleagues (see numerous references) for P-type diamonds,
mainly from several South African pipes, shows a signifi-
cant number of values that are significantly more depleted
in °C than the mantle field (to —21 %s). The major compi-
lation of carbon isotopes of diamonds by Kirkley et al.
(1991) also showed several 8°C values that were outside
the mantle range of -1 to -10 %o.
As can be readily seen in Figure 1, the 8"°C values for ec-
logitic diamonds are predominantly within the mantle re-
gion, but almost 1/3™ of the data are definitely lighter in
carbon. In contrast, the 8" °C values for mantle peridotitic
diamonds are fully 90% in the mantle range. But, it has
been these few lighter carbon values that have provided the
important impetus to consider the ultimate source of the
peridotites.

OXYGEN ISOTOPES

Since the advent of the laser-fluorination technique for oxy-
gen-isotope analysis, several elegant and extensive studies
have been performed on mantle-peridotite minerals (e.g.,
Mattey et al., 1994). Such studies have greatly broadened
our knowledge of the range of 5'°0 values. Indeed, some
mantle peridotites are enriched in 'O, with olivine possess-
ing 8'"°0 values extending from +4.5 %o to +7.2 %o (Mattey
et al., 1994). In a remarkably delicate and exacting study of
diamond inclusions by the laser-fluorination technique,
Lowry et al. (1999) determined that chrome pyrope DlIs
have a range of 8'*0 from +4.6 %o to +5.6 %o. The possibil-
ity is intriguing of “outliers” to the normal mantle value of
+5.5 £0.4 %o being from a non-mantle oxygen source, just
like the case was for the few 8'°C values that fell ‘outside
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the box.” With this in mind, we have determined the oxygen
isotopes in a large population of peridotitic garnets from the
archives of the ALROSA Co. in Mirny, Yakutia.

5'°0 in MANTLE PERIDOTITE GARNETS

Fresh garnets were carefully selected from over a hundred
peridotites collected from several Yakutian kimberlites,
many diamondiferous. The garnets were crushed and sieved
to 100 um and picked using a binoc microscope. After a
second crushing and picking of the first selection, the clean,
optically gem-quality garnet grains were washed with water
and acetone. A split of each sample was used for EMP
analyses. Another 10 mg portion was set aside for oxygen-
isotope analyses by laser-fluorination at the University of
Wisconsin. The oxygen-isotope analyses were performed
on the garnet mineral separates, approximately 1-2 mg per
run, using a 32 W CO, laser, BFs, and a dual-inlet Finnigan
MAT 251 mass spectrometer. Replicate analyses were per-
formed on many samples, particularly those that had initial
oxygen values outside that of mantle. The general proce-
dures are those discussed by Spicuzza et al. (1998). All
values are reported with respect to V-SMOW.

The majority of the 3'%0 garnet values (Fig. 2) plot within
the accepted mantle range of 5.5 0.4 %o (Mattey et al.,
1994). However, a significant number (~20%) plot outside
this window, both above and below. These values are inter-
preted to represent the effects of both high- and low-
temperature hydrothermal alterations that occurred in the
oceanic crust prior to subduction of this slab into the mantle.

CONCLUSIONS

We have demonstrated that there are 5'*0 values for mantle
peridotitic garnets that are outside the accepted mantle range
— i.e., signatures of crustal origin — similar to that shown by
8"C data. We propose that at least some of the diamondi-
ferous peridotites, as well as mineral inclusions in_P-type

diamonds, owe_their ultimate heritage to subducted oce-
anic _crust, possibly represented by the lower portion of an
ophiolite complex. Additional compositional and isotopic
data are under examination to further bolster or negate this
paradigm. The defining data set has yet to be collected.
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