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mantle (Northern Canada)

G K 1 a
*

a Ch
. bM. . opyova', J. Lo ,N.!. . nstensen

.. Geological Sciellces Di,'isioll. Earlh (/Ild Oceall Sciellces. The Ulli\'ersil]' orSrilish Coilimbia. 0339 Slores Road.
Brilish Coillmhia. C(}Ili/da. I 'oT I R9

bDepartmelll or Geolog\' (}Illi Geophnics. Ulli,'ersil\' or His(,(!I1sill-A!adisoll. Madisoll. WI. USA

l'(IIU'OlI1'el;

R~eeived 27 Jun~ 2003: a~eept~d 21 January 2004

Available online 2~ May 2004

Abstract

Modes and compositions of minerals in Slave mantle xenoliths. together with their pressures and temperatures of
equilibrium were used to derive model depth protilcs of P- and S-wave velocities (Vp, Vs) for composites equivalent to
peridotite, pyroxenite and eclogite. The rocks were modeled as isotropic aggregates with uniform distribution of crystal

orientations, based on single-crystal elastic moduli and volume fractions of constituent minerals. Calculated seismic wave
velocities are adjusted for in situ pressure and temperature conditions using (I) experimental P- and T- derivatives for bulk

rocks' Vp and Vs, and (2) calculated P- and T- derivatives for bulk rocks' elastic moduli and densities. The peridotite seismic
profiles match well with the glol:J.ally averaged IASP91 model and with seismic tomography results for the Slave mantic. In
pelidotite, an observed increase of seismic wave velocities with depth is controlled by lower degrees of chemical depletion in

the deeper upper mantle. In eclogite, seismic velocities increase more rapidly with depth than in peridotite. This follows from
contrasting first-order pressure derivatives of bulk isotropic moduli for eclogite and peridotite, and from the lower
compressibility of eclogite at high pressures. Our calculations suggest that depletion in cratonic mantle has a distinct seismic
signature compared to non-cratonic mantle. Depleted mantle on cratons should have slower Vp, faster Vs and should show

lower Poisson's ratios due to an 0I1hopyroxene enrichment. For the modelled Slave craton xenoliths, the predicted effect on
seismic wave velocities would be up to 0.05 kmls.
cg 2004 Elsevier B.Y. All rights reserved.
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1. Introduction elastic properties and the bulk composition of peri-
dotitic mantle. Since then we have begun to under-
stand better the compositional contrast between
Archean cratonic mantle and younger non-cratonic
mantle (Boyd, 1999; Kelemen et aI., 1998). This
paper aims at analysing compositional effects on

seismic properties of cratonic mantle.
The analysis is carried out for mantle rocks of the

Slave craton found as kimberlite-derived xenoliths.

More than 20 years ago, the pioneering work of
Jordan (1979) established links between density,

.,

Supplementary data associat~d with this article ean be found.

in the online version, at doi: 10. 1016/j.lithos.2004.03.012.

* Corresponding author. Tel.: + 1-604-R22-0865.

E-!I1ail address: mkopylov(leos.ube.ca (M.G. Kopylova).

0024-4937/$ - see front matter ,(: 2004 Elsevier BV All rights res~rved.

doi:10.1016/j.lithos.2004.03.0l2

Author's Personal Copy

geouser

geouser

geouser

geouser



494 M.G. AO!'.,';o\'{! I!I ill.

These mantle rocks arc characterized mineralogically
and geoehemieally, and eomprchensivc data on their
modal mineralogy, mineral chcmistry and prcssurcs
and tcmpcraturcs of equilibria arc availablc. For this
study, thcsc bulk eharactcristics arc combined with thc
latest experimcntal data on elastic prope11ies of end-
member components of mineral solid solutions (i.c.
reviews by Vacher et aI., 1998; Hofllleister and Mao.
2003; Ji et aI., 2003). Sufficient experimental data now
exist for estimating thc bulk elastic properties of a
mantic rock with good accuracy if the mineralogy of
the rock is known (Gregoire et aI., 200 I; Hofilleister
and Mao, 2003).

The Slave mantle is an excellent natural laboratory
for analysing compositional et1ects on seismic prop-
cl1ies of cratonic mantle as it provides samples of
variously depletcd peridotite, pyroxenite and compo-
sitionally diverse eclogite. The modelling used in this
study detenllines the contrast in seismic properties in
different mantic lithologies and the range of seismic
velocities expected for a naturally hetcrogeneous
mantle section. We find that eclogite stands out when
compared with other mantle rocks because of its faster
increase of compressional and sheared wave velocities
(Vp and Vs) with depth. Our calculations also suggest

a distinct seismic signature indicating depletion in the
cratonic mantic.

2. Samples and analytical techniques

This study is based on mantle xenoliths derived
from the Jericho and 5034 kimberlites on the Slave
craton (northern Canada). The Slave craton, stabilized
at 2.6 Ga, represents a small Archean nucleus to the
larger Proterozoic North American craton. The kim-
berlites are located in the northern and southeastern
parts of the Slave Craton (Fig. I). The Jericho pipe is
dated as Middle Jurassic (172 :t 2 Ma by Rb-Sr and
U-Pb geochronology) and the 5034 kimberlite of the
Gahcho Kue cluster as Middle Cambrian (539 :t 2 Ma
by the Rb-Sr method on phlogopitc) (Heaman et al..
2003). We studied all mantle lithologies typical of the
cratonic mantle. i.e., peridotite, pyroxenite and eclo-
gite. The mantle peridotites and pyroxenite that are the
basis for this study were previously described in
several papers (Table I) which reported the petrology
and bulk and mineral compositions.

Lilhos 77 (211114) 493 5/11

Eclogitic xcnoliths make up - 25%, of all mantle

xenoliths in thc ./ericho kimberlite, and - IR'% in the
5034 kimberlitc. This work presents new data on
mineral compositions. pressures and temperatures of
equilibrium. and modal mineralogy for 13 new samples
of the ./ericho eclogite whose elastic properties arc
modelled (Supplementary Electronic Tables I and 2).

Mineral modes werc estimated using image analysis
techniques applied to scanned imagcs of 2 cm x 4 cm
thin sections of eclogite. Digital images were acquired
using a Polaroid Sprintscan" 35 on thin sections that
were cut thicker than nonllal (>30 microns) to lend
stronger body colour to garnet. The images were
captured with a polarized light source. enhanced, and
analysed using fl'ce image analysis software NIH
Image 1.62 (http://rsb.info.nih.gov/nih-image/). It was
possible to detenlline modal abundances of secondary
cl inopyroxene and garnet because of their distinctly
finer grain size which give them darker colours. The
precision on the modal estimates by the image analysis
method is estimated to be 2.5% (Kopylova and Russell.
2000).

Minerals in the eclogites were ana lysed using an
automated CAMEC A SX-50 microprobe (Dcpart-
ment of Earth and Ocean Sciences, University of
British Columbia, Canada) at an accelerating voltage
of 15 kV and with a 20-mA beam CUITent. On-peak
counting times were 10 s for major clements, and 60
s for K in clinopyroxene and Na in garnet. Primary
phases in a sample were ana lysed as 8-15 points in
cores and rims of 4-5 grains. Analyses with poor
stoichiometry and totals were excluded and mineral
compositions were averaged over 3 -12 analyses for
homogeneous phases or presented as individual anal-
yses for inhomogeneous minerals (Supplementary
Electronic Table 2).

In eclogite of the 5034 kimberlite. all primary
minerals. with the exceptions of garnet (20-30%)
and rutile (2%). are completely altered to serpentine.
chlorite and phlogopite. Limited observations on min-
eralogical and textural characteristics of these rocks
suggest that the 5034 eclogite resemble that of Jericho.
Severe weathering of the 5034 eclogite prevents de-
tailed petrographic and petrophysical work. and only
Jericho eclogite was used as the basis for this study.

Eclogite xenoliths from Jericho are fresh and are
composed of primary pyrope. omphacite and rutile.
with occasional zircon. olivine, orthopyroxene, kya-
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Fig. I. Schematic map of the Slave craton (Northwest Territories, Canada-see inset), showing the location of kimberlite pipes (black dots).

Double lines designate the boundaries between northern, central and southern lithospheric domains as distinguished by distinct compositions of

garnet in kimberlite concentrates (Grutter et aI., 1999). The SW and SE Slave terranes may be separated by the Pb isotopic boundary of Thorpe

et aL (1992) (thin solid line). The darker area is the postulated surface and subsurface extent of the Central Slave Basement Complex

(protocraton of Ketchum and Bleeker, 200 I ). Orientation of the S-wave polarization (bar'S with arrows) indicates the directions of anisotropy of

the mantle (Bank et aL, 2000). Also shown are the minimum extents ofa shallow ultra-depleted layer (horizontal lined pattern) and of the deeper

Archean lherzolitic layer (Griffin et aI., 1999b) of the Central Slave (dashed outlines).

nite, apatite and ilmenite, Omphaeitie clinopyroxene
commonly comprises 60- 75% of the eclogite (Sup-
plementary Electronic Table 2), Detailed mineralogi-
cal work on these specimens revealed the presence of
two late mineral assemblages, The first, which we
consider mantle metasomatic and pre-kimberlitic,
relates to partial recrystallization of garnet and clino-
pyroxene and their replacement by phlogopite and
amphibole, Spongy rims of recrystallized, secondary
clinopyroxene enriched in Ti, Ca and Mg, and deplet-
ed in the jadeitic component (Supplementary Elcc-

tronic Table I), may overgrow primary omphacite and
replace up to half of it Pyrope may also be overgrown
by rims of late, Mg :t Ti-rich and Ca-poor garnet or,

more commonly, by amphibole, The second mineral
assemblage comprises epidote, chlorite and serpentine
that mark shallow retrograde alteration of the eclogite,
The Jericho eclogite is subdivided into two groups
based on the presence of massive or foliated fabric;
the foliated texture is partly controlled by preferential
replacement of garnet and clinopyroxene by second-
ary volatile-rich phases along specific planes, The
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Table I
Types and characteristics of Slave mantle xenoliths

Rock type

Low-T spind peridotite J5- 100

ReferenceLocation Depth. km"

Jericho (N Slave)

Jericho (N Slave) Low-T spinel-gamet
peridotite

XO 170

Jericho (N Slave)

Jericho (N Slave)
Low- T garnet peridotite
High-T gamet peridotite

120 IX5

165-194

Jericho (N Slave) Low- T and high- T krtile
garnet peridotite

Pyroxenite

Low- T spinel peridotite

200-215

3S 100
Jericho (N Slave)

SOJ4 (SE Slave)

SOJ4 (SE Slave) Low- T gamet peridotite 2IS- 260 Coarse or defonned

" Estimated according to the Brey and Kohler (1990) thermobarometry.

massive and foliated eclogites differ in mineral com-
position (Kopylova et aL 1999b), bulk composition
and origin (Kopylova, 2003). The proto lith for the
foliated eclogite may have been low-pressure mafic
rocks that formed pal11y as plagioclas~ cumulates. The
protoliths for the massive eclogite may have been
deeper high-P cumulates of mafic magmas.

3. Experimental methods

Laboratory determination of acoustic velocity and
density was pertolllled at the Rock Physics Lab at
Purdue University on mini-cores of approximately 2
cm in diameter and more than 3 cm in length.
Where possible, three cores were cut for a sample;
A-core was perpendicular to foliation, B-core was
parallel to lineation in the foliation plane, and C-
core was perpendicular to lineation in the foliation
plane. For smaller samples only A- and B-cores
were cut. Compressional and shear wave velocities
polarized at A and B directions were measured on
each core samples at hydrostatic confining pressures
up to 1000 MPa using the pulse transmission
technique (Christensen, 1965) and I-MHz trans-

Comments

Chemically depleted mineral analyses arc from McCammon and
Kopylova (accepted pending revisions): modes

and bulk compositions arc from Kopylova

and Russell (2000)
Petrology and mineral

analyses arc fr0I11

Kopylova et al. (1999a):

modes and bulk

compositions

arc from Kopylova

and Russell (2000)

Defom1ed. not equilibrated
on a steady-state geotherm

Enriched in modal

elinopyroxene and gamet

Megaerystalline

Chemically depleted Kopylova

and Caro (2004)

ducers. The error in the laboratory velocity meas-
urements was evaluated to be less than 0.5% for Vp
and I% for Vs (Christensen and Shaw, 1970). The
bulk density of each core was calculated from its
mass and dimensions.

4. Measured elastic properties

Acoustic velocities and density were measured in
four eclogite xenoliths chosen to represent the foli-
ated and massive types. Measured Vp and Vs at
different confining pressures (Supplementary Elec-
tronic Table 3) are plotted on Fig. 2. An extrapola-
tion of the linear fits of velocity-pressure curves at
P>600 MPa, where microcracks are closed, yields
Vp and Vs at room temperature and pressure (Fig.
2). Vp in Jericho eclogite varies from 6.25 to 7.9
kmls, and Vs from 3.5 to 4.4 km/s. The velocities
are strongly controlled by modal mineralogy. In fresh
eclogite rocks 26-6 and F6NEcl Vp=7.25-7.9 and
Vs = 3.9-4.4 km/s, whereas in retrograde eclogite,
where primary omphacite is almost totally replaced
by chlorite + epidote :t phlogopite and amphibole, the
velocities are much lower. Massive eclogite 26-6
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Fig. 2. Laboratory-measured vdocity -pressure curves fi.,r the Jericho eclogite. Letter after sample number indicates direction of the wave
propagation. For Vs measurements. the first Jetter designates the propagation direction. second letter-the vibration direction. Dashed lines

extrapolate seismic velocities for atmospheric pressures.

shows Vp and Vs values that exceed those for all
samples of foliated eclogite.

Vp anisotropy varies in Jericho eclogite from 0%

to 8.1 %. Massive fresh eclogite 26-6 shows no an-
isotropy, fresh anisotropic sample F6NEcl has 2% Vp
anisotropy, and a maximum anisotropy of 8% is
recorded in sample 10- 13, where it is density-related.
Large variations in density from 2.971 in the A
direction to 3.108 in the B direction reflect uneven
development of the secondary chlorite-epidote-
phlogopite aggregate (65% of the rock).

Vs anisotropy (1.3-3.4%) is detected only in
sample F6NEcl. In all other samples it does not exceed
I %. Shear wave splitting was measured only in
sample F6Neci. It is relatively large (2%) only in the
A direction and is practically nonexistent in the Band

C directions. It reflects strong polarizing properties of
the foliation plane where waves parallel and normal to
the lineation propagate with different velocities.

5. Calculated elastic properties

5.1. Elastic properties at the surface

Seismic velocities (Vp, Vs) of the mantle rocks
were estimated from high-precision single crystal
elastic moduli and volume fractions of constituent
minerals using appropriate mixture rules. They de-
scribe variations of effective elastic moduli of poly-
mineralic composites as a function of their end-
member elastic moduli and volume fractions. It has
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Component ComptJsition Adiabatic bulk Shear modulus Density. Source

modulus As. GPa G. GPa g/C111Ja

Forsterite Mg,SiO" 12R RI 3.222 Dufry and Ahrens (1995). Li et al. (1996),

Zha et al. (1996. 1997)

Fayalite Fe,SiO" 12R 50 4.404 Dufry and Ahrens (1995), Li et al. (] 9(6),

Zha et al. (1996, 1(97)
Enstatite Mg~Si~06 104 74.9 3.215 Flesch et al. (199R). Vacher et al. (199R)

Ferrosilite Fe,Si,O" 124 54 4.014 Angel and Hugh-Jones (1994). Chai et al. (1997)

Jadeite NaAISi,O" 126 R4 3.320 Zhao ct al. (1997). Kandelin and Weidner (199R)
Diopside CaMgSi,O" 105 67 3.277 Zhang et al. (] (97), Sumino and Anderson (19R4)

Hedenbergite CaFeSi,O" ] IR 61 3.657 Zhang c4 al. (1997), Sumino and Anderson (19R4)

Pyrope Mg,AI,(Si04L ]73 92 3.600 Vacher et al. (1998)

Almandine FeJAI,(Si04L IRO 99 4.32R Chen et al. (1996)

Grossular Ca,AI,(Si04h 168 107 3.597 Isaak et al. (1992)

Andradite Ca,Fe,(SiO"h 157 90 3.836 Bass. 19R6
Uvarovitc Ca,Cr,(Si04b ]62 92 U5 Bass. 19R6
Spinel MgAI,04 197.9 IOR.5 3.5R2 Yoneda (]990), Chang and Barsch (1973)

Hercinite FeAI,O" 210.3 R4 4.25R Wang and Simmons, 1972

Phlogopiteh 50 25.2 2.820 Yang and Prewitt. 2000

Hornblende 87.1 43.2 3.120 Hearrnon. ] 984

Ilmenite 212.3 132.3 3.795 Weidner and Ito. 1985
Apatite 84.3 60.7 3.200 Heannon. 19R4

Rutile 211.5 113.1 4.240 Isaak et al.. 199R

Chlorite RI.O 43.1' 2.800 Collins and Cat low (] 992): Welch and Crichton
(2002)

49R M.c;. AOf!donJ ('I "I.

been shown that the mean Vp of a polymineralic rock
is exclusively controlled by the volume fi-actions of its
constituent minerals, while grain shape, crystallo-
graphic preferred orientations, anisotropy and other
perturbations have minimal effects (.Ii et ai.. 2003).
Therefore, we computed average velocities for mantic
rocks as for isotropic aggregates with unifonTI distri-
bution of crystal orientations. Several mixture nIles
were proposed for such calculations: the Reuss aver-
age, the Voigt average, their arithmetic (known as the
Hill) average or geometrical mean (reviewed in Ji et
aI., 2003), and the average of the Hashin-Shtrikman
bounds (Bina and Helffrich, 1992). Since the Hill
average remains the most widely used mixture nIle for
predictions of seismic velocities in isotropic polycrys-
talline mixtures (e.g. Long and Christensen, 2000;
Gregoire et aI., 200 I), and gives results similar to the
more complex iterative Hashin - Shtrikman method
(Bina and Helffrich, 1992), it was employed for the
computations.

Table 2
Densities and elastic moduli for minerals and mineral end-members

Lithos 77 (2004) 493 5/0

These methods require knowledge of the volume
percentage of mineral end-members in a rock. Here,
volume percentages were calculated based on mineral
modes and volume ti-actions of end-member compo-
nents which, in turn, were estimated based on com-
positions of mineral solid solutions. We expressed the
mineral solid solutions as ideal mixtures of appro-
priate components with known clastic properties.
Olivine, orthopyroxene and spinel were recalculated
as mixtures of Fe and Mg end-members, whereas
clinopyroxene and garnet were modelled more elabo-
rately (Table 2). Cr20, in garnet, which may range up
to 20 wt.% in cratonic peridotite, was accounted for
using an uvarovite end-member. Although the andra-
dite component in mantle garnets is not very signif-
icant, we assigned all Fe"" estimated
stoichiometrically to andradite. Clinopyroxene in
studied rocks contains significant amounts of Na, Al
and Cr. Since clastic moduli data arc not available for
Cr end-members of clinopyroxene, and the elastic

a Densities are after Dufry and Anderson (19R9) except when indicated.
h Density is trom Christensen (19R9), and G is cakulated trom Vs of Christensen ( 19R9).
,

Data for mica.
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moduli of Ca-tchermakite (Ca-Ts) were shown to be
reasonably well approximated by those of jadeite
(Gregoire et aI., 2001), the "jadeite" abundances in
Table 3 refer to combined volume percentages of
cosmochlore (NaCrSi20(,), Ca-tchermakite (CaAIAI-
SiO(,), and jadeite (NaAISi20r,). F0l1unately, in cclo-
gites, where modes of clinopyroxene arc high, molar
fractions of Ca- Ts and cosmochlore in omphacites are
negligible, and the absence of experimentally detcr-
mined clastic parameters for them docs not affect the
calculations. We used the most recent experimentally
determined densities and elastic prope11ies available
for the mineral end-members (Tablc 2).

The resulting volume prop0l1ions of tixed compo-
sition minerals and end-member components for in-
dividual xenoliths of peridotite and pyroxenite are
given in Supplementary Electronic Table 4. Various
types of peridotites were also characterized by mean
mineral modes (Kopylova and Russell, 2000; Kopy-
lova and Caro, 2004). Calculated abundances of end-
member components for them and for individual
eclogite xenoliths are listed in Table 3.

Seismic velocities modelled at the surface can be
checked ;:gainst those measured experimentally. An
excellent match between the two is observed in
sample 26-6 (7.92 vs. 7.82 km/s and 4.56 vs. 4.36
km/s; Table 3). In all other S'amples, measured veloc-
ities arc lower than those calculated, even when
secondary chlorite is compensated for. The difference
is 0.2 km/s in a sample with 25% chlorite pseudo-
morphs, and 1.1 km/s in severely altered samplcs 11-
17 and 10- 13 with 65% chlorite. A factor that
contributes to this discrepancy may be a higher
porosity of altered retrograde eclogite, which makes
the pores remain open at higher pressures and leads to
underestimation of measured ultrasonic velocities in
xenoliths (Soedjatmiko and Christensen, 2000).

5.2. Elastic properties at depth

Knowlcdgc of accurate ambient pressures and
temperatures for mantle lithologies is central to mod-
elling mantle seismic profiles because seismic prop-
erties arc strongly dependent on P - T variations.
Pressures and temperatures were estimated by two
methods, both of which satisfy available petrological
constraints for the Jericho and 5034 xenolith suites,
i.e. (I) the two-pyroxene geothenTIometer of Brey and

499

Kohlcr (1990) (BKN) and the AI-in-Opx geobarom-
eter of Brey and Kohler (1990) (BK); and (2) the
geothermometer of Finne11y and Boyd (1987) (FB)
and the geobarometer of MacGregor (1974) (MC)
(Table 3). Pseudo-univariant pressure-temperature
lines for eclogite samples have been calculated by
garnet-clinopyroxene gcothennometry using both the
Ellis and Green (1970) (EG) and the Ai (1994)
formulations with all Fe calculated as Fe2 '. The
rationalc for this choice was discussed in detail in
Kopylova et al. (I 999b). The Ai themlOmetry was
used only in conjunction with the FB-MC peridotitic
geothenn, whereas the EG thennometry was used
only in conjunction with the BKN-BK peridotitic
geotherm (Table 3). These combinations of eclogitic
and peridotitic thennobarometry were chosen to sat-
isfy a petrological constraint based on the diamond if-
erous character of some of the Jericho eclogites
(Kopylova et aI., 1999b).

Two methods were used to estimate seismic wave
velocity at depth. First, calculated seismic wave
velocities at the surface were adjusted for pressures
and temperatures corresponding to mineral equili-
bration at depth. Temperature and pressure deriva-
tives employed in these computations arc listed in
Table 4. Pressure derivatives for eclogite were
calculated from high-pressure measurements on sam-
ples JDF6Necl and 26-6, which are the least altered
samples and are practically chlorite-free. The tem-
perature derivatives for eclogites and all derivatives
for peridotite and pyroxenite were calculated based
on high-frequency ultrasonic studies reported else-
where (Table 4). We considered only measurements
for unaltered samples that were close in mineralogy
to the samples studied here. Table 4 also shows that
the generalized values of seismic wave velocity
derivatives for all mantic and lower crust lithologies,
and for pyrolite, are similar to those used in this
study. The pyrolite derivatives were estimated based
on the Mie-Gruneisen's equation of state and single
crystal clastic data at temperatures of 500, 1000 and
1500 DC (Bina and Helffrich, 1992).

The second method directly computes Vp and Vs
of mineral end-members at high P and T by account-
ing for the pressure and temperature dependence of
their clastic moduli and densities. We used the method
of Fei (1995) for a subset of representative samples of
eclogite and peridotite. The solution requires tabulated

Author's Personal Copy

geouser

geouser

geouser

geouser



500

2
"5iJC
U
'-'
~~v

}

~.~
;::;

~~]

~.£

~;:;

'Ec
~v
C-
'-C
~'-'C-
C

""vOJ)
2
v

'"'"&

C-v

"".~

~;:;

'-'u

'-e

~.~

~""v
v

~.~

.~

~;:;

~~c

C-:::
i3
u
~v

-g

~~a:;

....
c

~c

-::

~'-'
~;:;

~;:;
,D

'"
""v

C", ,§
V ;::;

::0 '-'OJ
r::: u

..,.
r-- 0' ..c c<', - ..,. ..c c N

r') ..c ~0; oc r')
0'<',

..c ..,. Xi cr, <', <', Xi C - C ~-
cr, cr, Xi

r--
cr, Xi or, r') Xi <', c<: ('.,

r--
'"

- <',c '" - ~-- c - 0' r') Xi
'"

0'
or, Xi

"" - '"
Xi

'" - or, Xi
"" -

c or, on~..,. tr~ Xi - cr, or, Xi cr,
C". C", ..c r') ;r;

Xi ..,. ~Xi - ..,. r-- C",- r-- ..c ..c r-- N ..c r-- r') r-- ..c r--..c or. <', -~N- <', <', cr. <', <', cr. - C C - C C - r') x .,,: - or, .--: .,,: - '"
r-- ..,. - on .--: ..,.

Xi c..c N c:
0'

or, N oc 00 0' 0' C C N - B
'"

<', ~r') 0' <', ..c r-- - on N ~~<',
cr. N Xi or,

"" - r-- :::tor, - r-- ..c c ~oc
..c

'"
N - C N C C N ~C C c c - 0' C". Xi

"':
..c N x "':

..c N X
'"

oc
'"

oc .,,: -

M.G. Kopr/o\'(/ <'I (/1. ! Lilhos 77 (20M) 493 510

_00"0'- 0'''''1";;;--:--:I-:'--or--
"T-oo"'i"-.c--:x~

~
53

c Xi

Cr--ocr-r,~, C(""'J
Nr:~~Nc:-r--
-V'JOC"T-lrjOC~

_CXC- O",OC,
::E'"1:--:~~~-r--
r--""',oo""'x""oc~

g~~~~
-ifIOC"'i"-

g~~~~'
-lr;OC'-q--

N

'0
v
OJ)
fOa:;
-<

~

v ;::;
c :r,
2 8>, ~

"-0

~,~~~~_:!~
"T",;:OC"T"T-oC~

'J:~

- ~..;:;:u
I-- U

"
OJ)

~c.. 'E..o..~ 0: c.. 0..
,"-.g~.g.gzo..g.g
?:ai~;::;<;:;~~;::;<;:;
~_£c...:r.::CCC-:r.
"::::1--,"-»1--,"-»

:r, 'J:

~~

VJ rf:J

';<";;:U

Author's Personal Copy

geouser

geouser

geouser

geouser

geouser



"¥
"'10;

;;;: 'n>r,

~Z

~§

......

-

c-
"7

C
f"", f"",

C""""'tC"
~x..-i

c-..cocC - r--
rr:x~

C
f"", '"TIf, ~ r--

-i~~

C r-- r--
:x::

- r--V-:ci..f

eX
f"",oc r1 oc

If; ci ..f

C
'"T-

V"
rl :x:

V'; -xi ~

C ("f/N
0"0 N:X:
..,f-xi"":

C'-CO"
C - r--
rr:ci";:

<f.
':;'

"';"~ rl
V '"T
;f

~
Q rl1

c-
7

M.G. AOfJl.fo\'(/ ('I (/1. / Lililos 77 (:COO.J) .J93 5fO

Of
c-7

~ c C f"",
~ -i ri ~ C': ':7';

If,

-
rr;

- -
If, If, ::=:

If,

':::t': 0'.

::=:
If, If,

- c-.
'-T,. oc .

- f"",
oc

0'.
f"",

r~ If!
f"":

-0',7C
--:C':C':
If, r~ r~

C': If~ r---x
oX C ~ ri c'

::J:~

- "T
:x: - -

If, C
r1

-:
:::;

::=:--

";'N
>r,

:::;r!-

rl - f"",'-Cr1
-..c --:;, --. I--::=: ~

C.

- r1 If,
- r~ - --

f"", f"",
:::;

eee

7
C' r--: 0'.C c: e :::;If~:::;C.

-
If,r---C C C C rJ C C

y
~
N

'"""1:
f"",

f"":
I-- V', -..0

DC
-:O-:--=:f"",rr.ecc"""'tl--
If,

- r~ C C C C C :=5..f

a;:

c-
;7

If) e e

CC-D

'(

'"7

';'
c-
7

- If! X C
-:-If)~rj~f'''': r1CC
N~OC--'-CCCC::=:CCC

>r,
,.:,
on

. . .

~ r'i - r1

r---
If,

-:
If, ..c, V', ~

-f"",OC---DC
r~ =: "7:

CCCCCC

"'1>r,
>r,

- r--- f"",
OC

-
.x ..f r-: If,

- V',
-N""T-('1-

- - --------.
6 C C - --

ox;

~Nf""~C;O'
OCIf,r--OC-

~~C;C=:=:"'1':C:
f"",cc:::c_--

If: ~ ~ c;

f"", C ~ If, oc
-f"",V',--

c- Cocccccccoc

0' 0'~ ri r~ r""",
,~

('1 ("f/ :::;

0" If, - ~ -i Nee
f"",c;-=:r--:
::=5 c rj

::=: V',

c--c,
-:. r--- rl rl
:= '"T

oc If,
:::,.r;~..-i

c oc
-:. f"", oc X
:= If,

0"
If,

-- .
~..-i

cO"
-: f"", 0" ~
=..-r:c:~
- f"", oc

""T

cO"
~~~;1
:::~x"":

-r""",X"T

S 3 If, e
:=

If, r1 X
:::~x"":

e ..c
-:. r""", 0" r~
:=: 1f, r~ oc
:=: ("'"": -xi ""T.

If,
- r~ C ~r1 a: 0': C c

- If, X If; -

~ c'1 c'"'1'"C-C
r---r---0" - f"",..foc..focc

s ~ r1 ::; ("'~ ::; ~

c-T::::t':If!CX::f"":=2:?

- f"", r--- "T I-- "T :::: ::::

C-C-:. ("'1c-
25 V":c; ~
- f"",.x..f

~~g~
:=:~X"';:

C If,
-: C --D rl:=:: If,

- r---:=:~X...;:

- r""",X "'1"

cO'
-: "T C r'i:=:: If, N r---
:::: ~ ox..f

C If,
.-: OC .,.

r---
:=:: If,

"T OC

:::~oc-.i

c -
- r""",X..;-

S~r---r---
25 If: =-:

If,

- f"",r f
c-
- f"",

If, ..:;.
:="TI--";-::::~~..f

0" :=;"
C~
r! r""",
CO

:~~~M~~~
:=:V-;:::x;-;:O"-::toXo"T

.-. C r--- ("'"", ~ v", N
~C:If:cx::r::cx:V':~
X r""", X ..;- X r""",

oX ..,..

r"""'--I--~C7";-
== ("'1 r--- X := OC ..c X
:::1f;X'::=:-;:OC"';:

~~:!-..cd

~~~~-::~:z
5..foc~0'-;:oc"';:

("'"",~~f;;~i2S;;;
r--NX..,..OCf"";OC"":

SOl

Author's Personal Copy

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser



Spl peridotite Eelogite

11-1 R 44 12 6-11

27.R 27.2 29.4

4.1 4.2 6.1
4,0 4.3 5.R

1.1 1.1 1.6

-
0.016 -0.015 -0.0]5

- 0.014 - 0.013 - 0.010

7]5 647 713

3.00 2.50 2.93

3.296 3.301 3.439

127.0 123.6 ] ]6,R

6R.5 69.0 62.9

R.13R ROR3 7.637
4,55R 4.572 4,275

8,27 R.16 7.R6

4.R2 4.7R 4.43
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Rock type Description and source

Table 4

Pressure and tcmperature derivativcs of seismic velocities fix mantle rocks

dVs/dP, dVs/dT,

km/s x MPa x 10 ' km/s x deg x 10 '

dVp/dP, dVp/dT,

km/s x Mpa x 10 ' km/s x deg x 10 '
Peridotite Harzburgite with < 16%

scrpcntinc
(Long and Christcnscn, 2(00)

Peridotite (Christenscn, 19R9)
Computation f,)f pyrolite with
15~/~,ganlct
(Bina and HeIftfich, 1992)

Pyroxcnite (Christensen, 19R9)

Measurements for 26-6A, F6NEci I R. I

Chlorite-free eclogite
(KerneraI..1999)

Jackson et al.. 1990:
Gregoire et al.. 200 I

Pyroxenite

Eclogite

Mantle and lower

erust rocks

10.7 6.4

- 60

- 44 at 500 1000 cc
- 35

- 34

- 56 at 1000 1500 cc

- 100 - 35

7.9

- 36.1 - 24.1

10 - 50

Tempcrature derivatives are calculated at 1'=300 600 MPa tiJr T=600 1000 cc (100 300 -C tiJr pyroxenite).

Pressure derivatives are calculated for 25 'C P=600-1000 MPa to eliminate the effects of micro fracture elosing (Long and Christensen, 20()():

Kern et aI., 1999).

Table 5

P and T derivatives of elastic
peridotite and eelogite

moduli, thermal expansion coeftlcients and Andersen Gruneisen parameters caleulated t<.Jrselected Slave

Source of elastic data f<.)rmineral end-members

Thennal expansion coefficient, ao ( 10 ('r'

Andersen
-

Gruneisen parameter, ,iT

First-order P derivativc K,'

First-order P derivative G'

First-order T derivative K,/dT, GPa/deg

First-order T derivative G/dT, GPa/deg

AI surface
Density, g/cm'

Ks, GPa
G, GPa
Vp, km/s

V s, km/s

Fei (1995)

Bina and Helftfich (1992), Fei (1995)

Bina and Hcltfrich (1992), Vacher et al. (199R),

Hofmeister and Mao (2003)

Bina and Heltrrich (1992), Vacher et a!. (199R),

Hofmeister and Mao (2003)

Bina and Helffrich (1992), Vacher et a!. (199R)

Bina and HeWnch (1992), Vacher et al. (199R)

3.2R4

125.6

77.9

R.36

4.R7

3,291

122.1

77.2

R.27

4.R4

3.431
1]0,0

65.2

7.5R
4,36

AI depth
T, °C
P, GPa

Density, g/cm'

Ks, GPa
G, GPa
Vp, km/s

Vs, km/s
Vp calculated using seismic speed derivatives, km/s

V s calculated using seismic speed derivatives, km/s

a ao independent of temperature as tabulated in Fei (1995),
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A 7.5 8 8.5 9 4 4.5 5 5.5

Vp, km/sec
0 1 0 4 1 Vs, km/s

0 2 . 5 50 50
2 0

'" 3 . 6 2 0

3 ~~100 3 . j 100
<U

~4
.00

...-. 4 .
0

150 150a:5 & ,.... 5 ~...
'" ~~.6 .. . 200 6 0 -. 2000

7 7
250 250

8 D, km P, GPa D,km

B 7.5 8 8.5 9 4 4.5 5 5.5

Vp, km/sec Vs, km/s
50 50

2 0 2 0

3
000

3 It0 10 100
<U 0 0

~4 4

a:5
150 150

00t

5

o!6 200 6 200

7 cdID 7 i:19
0 25 0 250

8 D,km P, GPa D, km
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data on first-order individual end-member derivatives
of isothen11al and adiabatic bulk moduli KT and Ks,
shear modulus G, as well as their thennal expansion
coefficients and Andersen - Gruneisen parameters (Ta-
ble 5). These data are now published for almost all
end-member components, including non-quadrilateral
pyroxenes and gamets, and cover real mineralogies of
rocks with sufficient accuracy. Seismic velocities at
depth computed in this manner are listed in Table 5.

6, Results

Calculated seismic velocities for the Slave peri-
dotites and eclogite are plotted against depth on Fig.
3. The tigure shows individual samples using two
sets of pressures and temperatures that are equally

Lirhos 77 (l004) 493 510 503

good at describing their equilibrium conditions of
origin. These two P- T solutions detine the similar
xenolith-derived geothenn, but may signiticantly shift
depth position of individual samples within the geo-
thermo The scatter on the resulting plot thus rct1ccts
( I) unce11ainty in the estimated P- T conditions of
rocks, and (2) varying mineral proportions in rocks
found at a given depth. The former uncertainty
translates to an average velocity variation of 0.02
km/s, although in rare samples the difference can be
as high as 0.15 km/s in Vp and 0.1 km/s in Vs. The
calculated spread of Vp at a given depth that relates
to varying mantle mineralogy reaches 0.3 km/s in
peridotite and 0.4 km/s in eclogite. This variation
reflecting mantle heterogeneity exceeds errors inher-
ent to methodology of Vp-Vs calculations. An
example of the latter is the difference of 0.05 km/s

Fig. 3. Variation of seismic velocities with depth in the Jericho mantle (A) and the 5034 mantle (B). Symbols for seismic velocities estimated for

individual xenoliths are: I and 2-peridotites at P- T conditions calculated according to the FB-MC method and the BKN-BK method; 3 and
4-pyroxenites at P- T conditions calculated according to the FB-MC method and the BKN-BK method; 5 and 6-eclogites estimated

according to the Ai-FB method and the EG-BK method. Estimates for eclogites and pyroxenites are not available for the 5034 kimberlite. Grey

fields are V depth profiles computed for average pyroxenite and average peridotites by type at P- Teonditions estimated according to the FB-

MC method and the BK-BKN method (Table 3). There is a good agreement between seismic velocity estimates for individual and averaged
peridotites, but the pyroxenite sample is not representative of a larger group of averaged pyroxcnites.
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«I rel.%) and 0.15 km/s «3 rel.'Yc,)between the
Reuss velocities and the Hill velocities for peridotite
and eclogite (Supplementary Electronic Table 4).

Fig. 3 also illustrates seismic wave velocities in
various peridotite types with averaged mineralogy.
These velocities arc computed for lower and upper
limits of pressure and temperature detel1l1ined for the
rock types of Table 3, e.g. for spinel peridotite
immediately below the Moho, and to P= 33 kb,
respectively.

The profiles show that Vp in the Jericho peridotite
increases slightly from 8.2 kmls below the crust to 8.3
km/s at 210 km. A similar gentle increase with depth
from 8.1 ~8.2 km/s below the Moho to 8.45 km/s at
260-km depth is observed tor the 5034 peridotites. The
shear wave velocity in peridotite increases with depth
even less, from 4.8 to 4.85 km/s. Because recalculation
of surface seismic wave velocities to ambient P- T
conditions at depth decreases them (Table 3), com-
monly observed increasing velocity profiles in the
upper mantle (Kennett and EngdahL 1991) must be
controlled by consistent changes in the mantle miner-
alogy with depth. Pyroxenites have significantly lower
Vp's (7.5~ 7.6 km/s) and Vs's similar to thosc of
peridotite. The seismic velocity profiles for eclogite
feature a steep increase with depth, from 8.0 km/s at
100 km to 9.2 km/s at 200 km, "cutting through" the
peridotite profile. The Vs profile tor eclogite also
cross-cuts the analogous peridotite profile.

The contrasting velocity-depth gradients of peri-
dotite and eclogite are expected based on experimental
pressure and temperature derivatives of their elastic
constants (Table 4). ]n peridotite, an increase in seismic
wave velocities due to higher pressure (LlVpP - 0.35
km/s) is offset by a decrease due to higher temperature
(LlVpT - - 0.38 km/s). This leads to practically con-

stant modelled velocities independent of depth, or to a
slight decrcase in Vp with depth along highcr geo-
therms (Jackson et a!., ]990, O'Reilly et aI., 1990;
Weiss et aI., ]999). In eclogite, seismic waves propa-
gate more quickly with increasing pressure (LlVpP =0.5
km/s) but the temperature effect is less pronounced
(LlVpT = - 0.2 km/s). The disparity in the derivatives
for eclogite and peridotite arises from contrasting first-
order pressure derivatives of bulk isotropic moduli.
They are much lower in peridotite than in eclogite
(Table 5) because the olivine modulus increases with
pressure at a lower rate than that of pyroxenes and

Litho.1 77 (]1I1I4) 493 5/11

garnet (compare their Ks' in Table I of Hofilleister and
Mao, 2003). Another effect that contributes to the
contrasting behavior of eclogite and peridotite at depth
is the lower compressibility of eclogite at high pres-
sures. Lower Andersen-Gruneisen parameters tor
eclogite reflect its smaller increase in density at depth
(Llp - 0.008 in eclogitevs. 0.012 g/cmJ in peridotite,
Table 5).

The modelled profiles represent the expected
wave velocities in mantle lithologies at depth at
times preceding kimberlite eruption, i.e. in the Ju-
rassic for Jericho and in the Cambrian for the 5034.
As such, they reflect Jurassic and Cambrian steady-
state geothel1l1s. However, the deeper part (>] 60 km)
of the 1cricho profiles may not be representative of
the steady-state mantle. Temperatures in this part of
the mantle were reported to be 100-200 DC higher

due to transie.lt thennal perturbations and interac-
tions with asthenospheric fluids (Kopylova et a!.,
]999a). Thus, at Jericho, the modelled velocities at
depths greater than] 60-] 90 km may be slightly
lower than those typical of the ambient mantle,
recording the unusual state of the upper mantle that
precedes generation of kimberlitic magma.

7. Discussion

7.1. Model profiles in comparison with seismic
surveys of the Slave craton

The predominantly peridotitic mantle of the Slave
craton is modelled to have Vp increasing from 8.2 to
8.4 kmls and Vs from 4.8 to 4.9 km/s at depths of35-
260 km. These velocities can be compared to
corresponding values derived from seismic studies
of the Slave mantle. Two sets of data based on travel
time Ps tomography are avai]able for the Slave craton.
Ramesh et a!. (2002) report that the Canadian region
has a norma] upper mantle, in accordance with the
IASP9 I model of Kennett and Engdahl ( 199]), and is
underlain by a uniform normal mantle transition zone.
The study of Bank et a!. (2000) found that the Slave
mantle is slightly faster than the global average of the
IASP91 model. An analysis ofreceiver functions with
respect to the peak defining the discontinuity at 410
km can estimate the magnitude of the higher velocities
postulated tor the Slave mantle. Assuming that the
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shift of the peak to earlier times relative to IASP91
was produced in the upper 410 km of the mantic, S-
wave velocities should be higher by 0.05 km/s
(Bostock, personal communication). These are the
only velocity estimates availablc for the Slavic man-
tic. Here, the quilt-like structure of the mantle consists
of laterally and ve11ically distinct domains (Gri.lttcr et
aI., 1999; Jones et aI., 200 I). This prevents any
extrapolations of absolute seismic velocites estimated
for the SW Slave in refraction studies (Fernandez
Viejo and Clowes, 2003) to other pm1s of the Slave
craton.

The range of seismic velocities permitted by min-
eralogy of Slave mantle rocks would expand if anisot-
ropy is accounted for. It is generally thought to relate to

lattice preferred orientations (LPO) of olivine and
pyroxenes which can be measured microstructurally
and experimentally (i.e. Soedjatmiko and Christensen,
2000; Ben-Ismail et aI., 200 I). The contribution of
LPO to anisotropy of cratonic peridotite was calculated
to be in the range of2-8% for P-waves and 1-6% for
S-waves for - 50 Kaapvaal xenoliths inespeetive of
their coarse or sheared textures (Ben-Ismail et aI.,
200 I). A combined study of laboratory measurements
and numerical calculations on a smaller set of cratonic

8

xenoliths yielded similar values, 4.4-5.4% for Vp and
3.4-4.4'% for Vs (Long and Christensen, 2000). In the
absence of our own LPO data for Slave peridotite
samples, we accept these estimates as an approximation
of their average anisotropy. The anisotropy differen-
tially expands the pell11issiblc limits of seismic veloc-
ities in the Jericho peridotitic mantle to higher values
(Fig. 4). The regular IASP91 mantle, as suggested for

the Slave craton by Ramesh et al. (2002), and a 0.05
km/s faster mantic (Bostock, personal communication)
fit equally well within the range of modelled peridotitic
Vp's.

7.2. Effect o(chemical depletion on clastic properties

Our calculations permit a quantitative assessment
of bulk compositional effects on seismic velocities of
cratonic mantle. The first and foremost of them is the
effect of chemical depletion. It is well known based
on model calculations that fertile mantle is slower
(Jordan, 1979). Seismic velocities in the primitive
mantle arc up to 0.07 km/s slower than those in the
more depicted subcontinental lithosphere (8.07 vs.
8.00 km/s for Vp and 4.68 vs. 4.65 km/s for Vs at
30 km; Weiss et aI., 1999). Our data suggest that this

8.5 9 9.5

50

Peridotite

100

150

200

D,km

Fig. 4. Calculated Vp-depth profiles for Jericho mantle lithologies in comparison with a globally averaged IASP91 model (Kennett and

Engdahl, 1991) profile (bold). Ranges of velocities in isotropic peridotite and pyroxenite (grey) and eclogite (open field) are from Fig. 3. Bars

designate the extent of seismic anisotropy expected in these rocks and equal 1% in eclogite (based on experimental values for homogeneous and

unaltered samples) and 5% in peridotite. The bars arc asymmetric (1 times closes to the minimum than maximum anisotropic Vp) about the
range of isotropic velocity in peridotite.
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pattern is true only of eireumeratonie and oceanic
mantic, i.e. of the mantle stabilized in the Phanerozoic
and found as abyssal peridotites, peridotite massifs
and mantle xenoliths in Phanerozoic settings. The
composition of cratonic peridotite is anomalous in
many aspects. Cratonic harzburgites and Iherzolites
show inverse correlations of olivine mode with de-
pletion expressed as Mg-number, whereas olivine
mode increases with the peridotite Mg-number in
ofT-craton samples (Fig. 9 in Griffin et aI., 1999a,b).
Many xenoliths from Archean cratons are character-
ized by extreme depletion, abundant 011hopyroxene,
and low 0livine/0l1hopyroxene ratios (Boyd, 1989;
Kelemen et aI., 1998; Griffin et aI., I999a,b ).

In the Slave mantle, P-waves travel slower and
S-waves faster in more depleted peridotites, thus
defining a visible decrease in the Poisson's ratio

o SE Slave peridotite

o N Slave peridotite

15 20

Opx, vol. %

25 30

,

o

o

88
4.82

I

4.85 4.86 4.87
Vs, km/s

4.89
I

4.884.83 4.84

(Fig. 5B-D). We ascribe this to a correlation
between depletion and 011hopyroxene modes (Fig.
SA). This correlation is apparent in data averaged
by peridotite types, but is masked by sample

heterogeneity if sought in individual specimens of
peridotite.

Peridotites below other cratons do not show the
visible correlation between 0l1hopyroxene modes and
rock Mg-numbers, but an intrinsic link between the
two is suggested by common 0l1hopyroxene enrich-
ment in high Mg-number peridotites (Kelemen et aI.,
1998). The correlation may be implied by several
other chemical characteristics of cratonic peridotites,
i.e. a negative correlation between Mg-number and
olivine mode (Griffin et aI., 1999a,b), and between
bulk Si02 and FeO (Boyd, 1989, 1999; Kopylova and
Russell, 2000). Since orthopyroxene is the second

B
N Slave+ SE Slave

$

8.26 8.28

D

8.3 8.32

Vp, km/s

I

8.34 8.36

o
o

o o
o

o

0.23 0.235 0.24

Poisson's Ratio

0.245 0.25

Fig. 5. Variation of geochemical and elastic parameters of the Slave peridotitic mantle with depletion. expressed as rock Mg-number. The data

are averaged by rock type and can be tound in Table 3 of this work and Table 3 ofKopylova and Caro (2004). Error bars plotted tor Opx modes
and Mg-numbersrepresent2u standarddeviationsof the datasets. Mg-numbers are plotted against orthopyroxene mode (A). Vp (8), Vs (C),
and Poisson's ratio (D). The latter is detined as u=(3/{s -

2C)/(6/{s t 2C).
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major phase of cratonic peridotite, and modes of
clinopyroxene and garnet rarely exceed 5'Y." the cra-
tonic olivine-poor peridotites with high Mg-numbers
should be richer in 0l1hopyroxene. Because bulk FeO
and MgO arc inverscly rclated, and Si02 is controlled
mainly by the orthopyroxene/olivine ratio, there
should be a correlation between Mg-number of cra-
tonic peridotite and its 0l1hopyroxene mode. These
predicted correlations can be hard to isolate if mineral
modes and mineral compositions are recalculated
based on bulk chemical compositions of peridotites
(e.g. Kclemen et a!., 1998), which arc rarely fresh.
Thorough petrographic studies of cratonic peridotite
and direct measurements of mineral modes and com-
positions in thin sections arc needed to map the
orthopyroxene- Mg# correlation.

The above data can be summarized to suggest a
distinct seismic signature for depletion in cratonic
mantle. The depleted mantle below cratons should
be slower in Vp, faster in Vs and should show lower
Poisson's ratios than the less depleted mantle. The
calculated effect should depend on the overall com-
positional rangc of peridotite and may differ from
craton to craton. On the Slave craton, the restricted
range of depleted bulk compositions suggests the
effect on Vp or Vs would be up to 0.05 km/s.

Our modelling of seismic velocities forecasts dif-
ferent responses ofVp and Vs to depletion of cratonic
mantle. Similar conelusion was reached in a recent
study on modelled clastic properties of mantle perido-
tite (Lee, 2003). Lee found that the trend of correlated
increase ofVs with increasing Mg-number is tight and
well defined (R2 = 0.71). In contrast, the eovariation of
Vp and Mg-number cannot be eharacterised by an
apparent trend for the entire data set. A positive
correlation of Vp and Mg-number is evident only for
spinel peridotite that plot on a melt depletion trend
("oceanic array" of Boyd, 1989). Gamet peridotites,
many of which are from cratonic localities and plot off
the melt depletion trend, form a large scattered field on
the Vp-Mg-number diagram with barely recognizable
negative correlation (Fig. II in Lee, 2003).

The only reason model seismic wave velocities
increase over the range of 30- 250-km depth in the
Slave peridotite is the consistently lower degree of
chemical depletion in the deeper mantic. A mantle with
a unifonn composition would show decreasing Vp and
V s with depth according to our models. A consistent

decrease in degree of depletion with depth is recorded
in garnet concentrate data (Gaul et a!., 2000; Griffin et
a!., 2003) for many Archean, Proterozoic and some
Phanerozoic subcontinental mantle columns. Com-
monly observed increasing Vp, Vs depth profiles in
the mantle as tabulated in fASP9 f suggest that the
progressively lower depletion of the peridotite with
depth should be a widespread phenomenon.

Another important elastic parameter ofthe mantle is
density. Calculated densities of various peridotite types
increase consistently from shallow spinel peridotite to
deep gamet-bearing peridotite types (Table 4). Density
increases from 3.286-3.287 g/em' in depleted spinel
peridotite to 3.319 and 3.340 g/cmJ in the high-T and
fertile peridotites. This density profilc is gravitational-
ly stable and is consistent with the long-stabilized

mantle system. Densities of 3.28 g/cmJ in the Slave
depleted spinel peridotite are lower than the average
(3.31 :!: 0.016 g/cm3, Poudjom Djomani et a!., 2001)
for the Archean cratonic mantle.

7.3. Effect of metasomatism on elastic properties of
eclogite

Mantle metasomatism partially melts 1cricho eclo-
gite and leads to partial replacement of the primary
omphacite-garnet assemblage. The secondary assem-
blage thus produced comprises fine-grained diopside,
pyrope, phlogopite and amphibole. We calculated

model seismic velocities for the metasomatized eclo-
gite (Table 3) and found them to be invariably lower
than those in eclogite not affected by metasomatism.
Recrystallization of 14% primary clinopyroxene and
31% garnet into corresponding secondary phases low-
ers Vp from 8.13 to 8.09 km/s and leaves Vs unchangcd
(Sample 52-5). Introduction of 6% amphibole and
recrystallization of 36% clinopyroxene, as in sample
47-8, lowers Vp more substantially, from 8.00 to 7.82
km/s, and Vs from 4.61 to 4.52 km/s. We conelude that
metasomatic recrystallization of eclogite in the Slave
mantic de~eases P-wave velocities in the order of
0.05-0.1 km/s.

8. Conclusions

I. Seismic profiles calculated for the Slave mantle
peridotites based on their mineralogy match well
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with the globally averaged fASP9 f model. The
calculated spread of Vp related to variations
in mantle mineralogy at a given depth reaches
0.3 km/s in peridotite and 0.4 km/s in eclogite.

2. Seismic velocities in eclogite increase faster with
depth than those in peridotite. A t~lster mantle
below 90-km depth on the Slave craton can be
explained by an unusually high proportion of
eclogite.

3. Depletion in the cratonic mantle has a distinct
seismic signature compared to the non-cratonic
mantle stabilized in the Phanerozoic. The depleted
mantle on cratons should have slower Vp, faster Vs
and should show lower Poisson's ratios due to an
orthopyroxene enrichment. On the Slave craton,
the predicted effect on seismic wave velocities
would be up to 0.05 km/s.

4. The consistently lower degree of chemical deple-
tion in the deeper Slave mantle is the sole reason
for the increase in the modelled seismic wave
velocities at 30-250~km depth.
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