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Abstract

Modes and compositions of minerals in Slave mantle xenoliths, together with their pressures and temperatures of
cquilibrium were used to derive model depth protiles 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
orientation$, 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 (1) 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 globally averaged /4SP9! model and with seismic tomography results tor the Slave mantle. In
peridotite, 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 1o an orthopyroxene enrichment. For the modelled Slave craton xenoliths, the predicted effect on
seismic wave velocities would be up to 0.05 kmy/s.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Seismic velocity: Slave mantle; Eclogite; Peridotite; Chemical depletion; Density

1. Introduction elastic properties and the bulk composition of peri-
dotitic mantle. Since then we have begun to under-

More than 20 years ago, the pioncering work of stand better the compositional contrast between
Jordan (1979) established links between density, Archean cratonic mantle and younger non-cratonic

mantle (Boyd. 1999; Kelemen et al., 1998). This

) L A paper aims at analysing compositional cffects on
Supplementary data associated with this article can be found.

in the online version, at doi: 10,1016/ lithos.2004.03.012. seismic properties of cratonic mantle.
* Corresponding author. Tel.: +1-604-822-0865. The analysis is carried out for mantle rocks of the

E-mail address: mkopylov(aeos.ubc.ca (M.G. Kopylova). Slave craton found as kimberlite-derived xenoliths.
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These mantle rocks are characterized mineralogically
and geochemically, and comprehensive data on their
modal mincralogy, mineral chemistry and pressures
and temperatures of equilibria arc available. For this
study. these bulk characteristics are combined with the
latest experimental data on elastic propertics of end-
member components of mineral solid solutions (i.c.
reviews by Vacher et al., 1998; Hotmeister and Mao,
2003; Ji et al., 2003). Sufficient experimental data now
exist for estimating the bulk elastic propertics of a
mantle rock with good accuracy it the mineralogy of
the rock is known (Gregoire et al., 2001; Hofmeister
and Mao, 2003).

The Slave mantle is an excellent natural laboratory
for analysing compositional effects on seismic prop-
crties of cratonic mantle as it provides samples of
variously depleted peridotite, pyroxenite and compo-
sitionally diversc eclogite. The modelling used in this
study determines the contrast in seismic properties in
different mantle lithologies and the range of seismic
velocities expected for a naturally heterogencous
mantle section. We find that cclogite 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 scismic signature indicating depletion in the
cratonic mantle.

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. 1). The Jericho pipe is
dated as Middle Jurassic (172 +£2 Ma by Rb-Sr and
U-Pb geochronology) and the 5034 kimberlite of the
Gahcho Kue cluster as Middle Cambrian (539 + 2 Ma
by the Rb-Sr method on phlogopite) (Heaman et al.,
2003). We studicd 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 1) which reported the petrology
and bulk and mineral compositions.

Eclogitic xenoliths make up ~ 25% of all mantle
xenoliths in the Jericho kimberlite, and ~ 18% in the
5034 kimberlite. This work presents new data on
mincral compositions. pressures and temperatures of
cquilibrium, and modal mineralogy for 13 new samples
of the Jericho cclogite whose clastic properties are
modelled (Supplementary Electronic Tables | and 2).

Mineral modes were estimated using image analysis
techniques applied to scanned images of 2 cm X 4 cm
thin sections of eclogite. Digital images were acquired
using a Polaroid Sprintscan® 35 on thin scctions that
were cut thicker than normal (>30 microns) to lend
stronger body colour to garnet. The images were
captured with a polarized light sourcc, enhanced, and
analysed using free image analysis softwarc NIH
Image 1.62 (http://rsb.info.nih.gov/nih-image/). It was
possible to determine modal abundances of secondary
clinopyroxene 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 analysed using an
automated CAMECA SX-50 microprobe (Dcpart-
ment of Earth and Ocean Sciences, University of
British Columbia, Canada) at an accclerating voltage
of 15 kV and with a 20-mA beam current. On-peak
counting times were 10 s for major clements, and 60
s for K in clinopyroxenc and Na in gamet. Primary
phases in a samplc were analysed 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 inhomogencous minerals (Supplementary
Electronic Tabie 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 cclogite prevents de-
tailed petrographic and petrophysical work, and only
Jericho eclogite was used as the basis for this study.

Eclogite xe¢noliths from Jericho are fresh and are
composed of primary pyrope, omphacite and rutile,
with occasional zircon. olivine, orthopyroxene, kya-
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Fig. 1. 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 distinet compositions of
garnet in kimberlite concentrates (Grutter et al., 1999). The SW and SE Slave terranes may be scparated by the Pb isotopic boundary of Thorpe
ct al. (1992) (thin solid line). The darker area is the postulated surface and subsurtace extent of the Central Slave Basement Complex
(protocraton of Ketchum and Bleeker. 2001). Orientation of the S-wave polarization (bars with arrows) indicatcs the directions of anisotropy of
the mantle (Bank et al., 2000). Also shown are the minimum extents of a shallow ultra-depleted layer (horizontal lined pattern) and of the deeper
Archean ltherzolitic layer (Griffin et al., 1999b) of the Central Slave (dashed outlines).

nite, apatite and ilmenite. Omphacitic 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-
pyroxenc and their replacement by phlogopite and
amphibole. Spongy rims of recrystallized, secondary
clinopyroxene enriched in Ti, Ca and Mg, and deplet-
ed 1n the jadeitic component (Supplementary Elec-

tronic Table 1), may overgrow primary omphacite and
replace up to half of it. Pyrope may also be overgrown
by rims of late, Mg % 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 1

Types and characteristics of Slave mantle xenoliths

Location Rock type

Depth. km®  Comments

Reference

Jericho (N Stave)  Low-T spinel peridotite 35100

Jericho (N Slave)  Low-T spinel-garnet 80 170

peridotite

Jericho (N Slave)  Low-T garnet peridotite 120 185

Chemically depleted

mineral analyses are from McCammon and
Kopylova (accepted pending revisions): modes
and bulk compositions arc from Kopylova
and Russell (2000)

Petrology and mineral

analyses are from

Kopylova et al. (1999a):

modes and bulk

compositions

are from Kopylova

and Russell (2000)

Deformed. not equilibrated

on a steady-state geotherm

Jericho (N Slave)  High-T gamct peridotite  165-194
Jericho (N Stave)  Low-T and high-T fertile

garnet peridotite
Jericho (N Slave)  Pyroxenite 200-215
5034 (SI: Slave) Low-T spinel peridotite 35100
5034 (SE Slave) Low-T garnet peridotite 215-260

Enriched in modal
clinopyroxene and gamet
Megacrystalline
Chemically depleted

Kopylova
and Caro (2004)

Coarse or deformed

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

massive and foliated cclogites differ in mineral com-
position (Kopylova et al., 1999b), bulk composition
and origin (Kopylova, 2003). The protolith for the
foliated cclogite may have been low-pressure matic
rocks that formed partly as plagioclas¢ cumulates. The
protoliths for the massive eclogitc may have been
deeper high-P cumulates of mafic magmas.

3. Experimental methods

Laboratory determination of acoustic velocity and
density was performed 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
cach core samples at hydrostatic confining pressures
up to 1000 MPa using the pulse transmission
technique (Christensen, 1965) and 1-MHz trans-

ducers. The error in the laboratory velocity meas-
urements was evaluated to be less than 0.5% for Vp
and 1% 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 xendliths 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
km/s, and Vs from 3.5 to 4.4 km/s. The velocitics
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 * phlogopite and amphibole, the
velocities are much lower. Massive eclogite 26-6
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Fig. 2. Laboratory-measured velocity —pressure curves for the Jericho eclogite. Letter after sample number indicates direction of the wave
propagation. For Vs measurements. the first letter designates the propagation direction. second letter —the vibration direction. Dashed lines

extrapolate scismic 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 FONEc! 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—cpidote—
phlogopite aggregate (65% of the rock).

Vs anisotropy {1.3-3.4%) is detected only in
sample FONEc!. In all other samples it does not exceed
1%. Shear wave splitting was measured only in
sample FONecl. It is relatively large (2%) only in the
A direction and is practically nonexistent in the B and

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 cstimated from high-precision single crystal
elastic moduli and volume fractions of constituent
minerals using appropriate mixture rules. They de-
scribe variations of effective clastic moduli of poly-
mineralic composites as a function of their end-
member elastic moduli and volume fractions. It has


geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser


498 M.G. Kopviova et al. / Lithos 77 (2004) 493 310

been shown that the mean Vp of a polymineralic rock
1s exclusively controlled by the volume fractions of its
constituent minerals, while grain shape, crystallo-
graphic preferred orientations, anisotropy and other
perturbations have minimal effects (Ji et al., 2003).
Therefore, we computed average velocities for mantle
rocks as for isotropic aggregates with uniform distri-
bution of crystal orientations. Several mixturc rules
were proposed for such calculations: the Reuss aver-
age, the Voigt average, their arithmetic (known as the
Hill) average or gecometrical mean (reviewed in Ji et
al., 2003). and the average of the Hashin—Shtrikman
bounds (Bina and Helffrich, 1992). Since the Hill
average remains the most widely used mixture rule for
predictions of scismic velocities in isotropic polycrys-
talline mixtures (e.g. Long and Christensen, 2000;
Gregoire et al., 2001). and gives results similar to the
more complex iterative Hashin—Shtrikman method
(Bina and Helffrich, 1992), it was employed for the
computations.

These methods require knowledge of the volume
percentage of mincral end-members in a rock. Here,
volume percentages were calculated based on mincral
modes and volume fractions 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 idcal mixtures of appro-
priate components with known clastic propertics.
Olivine, orthopyroxenc and spinel were recalculated
as mixtures of Fe and Mg end-members, whereas
clinopyroxene and garnet were modelled more clabo-
rately (Table 2). Cr»O5 in garnet, which may range up
to 20 wt.% n cratonic peridotite, was accounted for
using an uvarovite end-member. Although the andra-
dite component in mantle garnets is not very signif-
icant, wc assigned all Fe’' estimated
stoichiometrically to andradite. Clinopyroxene in
studicd rocks contains significant amounts of Na, Al
and Cr. Since clastic moduli data are not available for
Cr cnd-members of clinopyroxene, and the elastic

Table 2
Densities and elastic moduli for minerals and mineral end-members
Component Compbsition Adiabatic bulk Shear modutus Density,  Source
modulus A'g. GPa G, GPa g/em™
Forsterite Mg-SiO, 128 81 3.222 Duffy and Ahrens (1995), Li et al. (1990).
Zha et al. (1996, 1997)
Fayalite Fe,Si0, 128 50 4.404 Dutfy and Ahrens (1995), Li et al. (1996),
Zha et al. (1996, 1997)
Enstatite Mg-Si-0, 104 74.9 3.215 Flesch et al. (1998), Vacher et al. (1998)
Ferrosilite Fe,Si,0, 124 54 4.014 Angel and Hugh-Jones (1994), Chai et al. (1997)
Jadeite NaAISi, O, 126 84 3.320 Zhao et al. (1997), Kandelin and Weidner (1998)
Diopside CaMgSi,0, 105 67 3.277 Zhang et al. (1997), Sumino and Anderson (1984)
Hedenbergite CaFeSi-O, 118 61 3.657 Zhang ot al. (1997). Sumino and Anderson (1984)
Pyrope Mg3AL(S104)3 173 92 3.600 Vacher et al. (1998)
Almandine FesAlL(S104)3 180 99 4.328 Chen et al. (1996)
Grossular CazAlL(SiIOy), 168 107 3.597 Isaak et al. (1992)
Andradite Ca;Fex(Si0y): 157 90 3.836 Bass. 1986
Uvarovite Ca;Cra(Si0y)3 162 92 3.85 Bass, 1986
Spinel MgALO, 197.9 108.5 3.582 Yoneda (1990), Chang and Barsch (1973)
Hercinite FeAlLOy 2103 84 4.258 Wang and Simmons, 1972
Phlogopite” 50 252 2.820 Yang and Prewitt, 2000
Homblende 87.1 43.2 3.120 Hearmon. 1984
[Imenite 2123 132.3 3.795 Weidner and Ito, 1985
Apatite 84.3 60.7 3.200 Hearmon, 1984
Rutile 211.5 113.1 4.240 Isaak et al., 1998
Chlorite 81.0 431 2.800 Collins and Catlow (1992): Welch and Crichton
(2002)

* Densities are after Dufty and Anderson (1989) except when indicated.
b Density is from Christensen (1989), and G is caleulated from Vs of Christensen (1989).

“ Data for mica.
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moduli of Ca-tchermakite (Ca-Ts) were shown to be
rcasonably well approximated by those of jadeite
(Gregoire ¢t al., 2001), the “jadeite™ abundances in

Table 3 refer to combined volume percentages of

cosmochlore (NaCrSi»QOy), Ca-tchermakite (CaAlAl-
Si0,). and jadeite (NaAlSi-Og). Fortunately, in cclo-
gites, where modes of clinopyroxene are high, molar
fractions of Ca-Ts and cosmochlore in omphacites are
negligible, and the absence of experimentally deter-
mined elastic parameters for them does not affect the
calculations. We used the most recent experimentally
determined densities and clastic properties available
for the mineral end-members (Table 2).

The resulting volume proportions of fixed 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
mincral modes (Kopylova and Russell, 2000; Kopy-
lova and Caro, 2004). Calculated abundances of end-
member components for them and for individual
eclogitc xenoliths are listed in Table 3.

Seismic velocities modelled at the surface can be
checked against 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 samples, measured veloc-
ities are lower than those calculated, even when
sccondary chlorite is compensated for. The difference
is 0.2 km/s in a sample with 25% chlorite pscudo-
morphs, and 1.1 km/s in severely altered samples 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
undcrestimation of measured ultrasonic velocities in
xenoliths (Soedjatmiko and Christensen, 2000).

5.2, Elastic properties at depth

Knowledge of accurate ambient pressures and
temperatures for mantle lithologies is central to mod-
elling mantle scismic profiles because seismic prop-
erties arc strongly dependent on P-T variations.
Pressures and temperatures were estimated by two
mecthods, both of which satisfy available petrological
constraints for the Jericho and 5034 xenolith suites,
1.e. (1) the two-pyroxenc geothermometer of Brey and

Kaéhler (1990) (BKN) and the Al-in-Opx geobarom-
eter of Brey and Kohler (1990) (BK); and (2) the
gcothermometer of Finnerty and Boyd (1987) (FB)
and the geobarometer of MacGregor (1974) (MC)
(Table 3). Pscudo-univariant pressure—temperature
lines for eclogite samples have been calculated by
garnet-clinopyroxene geothermometry using both the
Ellis and Green (1970) (EG) and the Ai (1994)
formulations with all Fe calculated as Fe®'. The
rationale for this choice was discussed in detail in
Kopylova et al. (1999b). The Ai thermometry was
used only in conjunction with the FB-MC peridotitic
geotherm, wherecas thc EG thermometry was used
only in conjunction with the BKN-BK peridotitic
geotherm (Table 3). These combinations of eclogitic
and peridotitic thermobarometry were chosen to sat-
isty a petrological constraint based on the diamondif-
erous character of some of the Jericho eclogites
(Kopylova et al., 1999b).

Two methods were used to estimate scismic 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 thesc computations arc listed in
Table 4. Pressure derivatives for eclogite were
calculated from high-pressurc measurements on sam-
ples JDF6Necl and 26-6, which are the least altered
samples and are practically chlorite-free. The tem-
perature derivatives for cclogites and all derivatives
for peridotitc and pyroxenite were calculated based
on high-frequency ultrasonic studies reported else-
where (Table 4). We considered only measurements
for unalteted samples that were close in mincralogy
to the samples studied here. Table 4 also shows that
the generalized values of seismic wave velocity
derivatives for all mantle and lower crust lithologics,
and for pyrolite, are similar to those used in this
study. The pyrolite derivatives werc estimated based
on the Mic—Gruneisen’s equation of state and single
crystal elastic data at temperatures of 500, 1000 and
1500 °C (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 elastic moduli and densities. We used the method
of Fei (1995) for a subset of representative samples of
eclogite and peridotite. The solution requires tabulated


geouser

geouser

geouser

geouser


M.G. Kopylova et al. / Lithos 77 (2004) 493-510

500

soopuad HEos

anuaxolAd pue soynopuad oyouap

06c1 0¢sy 0§l olet 0zt 0011 0001 0sL 2 Fop ‘N £
ey 207 eLy [4:34 187 €8y 8% 08t sawy ‘ydap e sA
9T’ ST’ 99°L 97’8 144 818 'y 31'8 sy ‘pdap je dp
08's 00°¢ (VY §e9 $8'S oL's 00y 0t'e BdD DN d
06l 089 Sell 0sTI 0611 0601 098 08L D Fepdd L
ity - g 1oy3Ig
68t LY LY wy 6Ly 8Ly 6Lt LL'Y s/ ‘ypdop Je sA
LE'8 60’8 £9°L ors 178 618 61'8 I8 spuy ‘pdap Je dp
$9 'l 09 (Y 6t 9¢ §C 'l edD Md d
0l 019 0oct 08¢l 0L01 0r8 0v9 0sy D 3ap NNd L
98t oLy Ly 8y Ry 08’y 8Ly L'y AU (pdop Je sp
€8 61’8 89°L 8C'8 LT 818 818 148 sy "yidap 1e dp
0cs orl §9'¢ LL's LIS or'e e 60 v DN d
0L6 sty Stil 0zl 001 09L 059 0S¥ D 3opdd L
::Q\ 1 -d LL,SQ‘N
98t L8V LY P8y %:84 204 384 304 S/U CIITH SA
Fes ey 18 ey 1oy 6C'8 67’8 LTy S/ CYIH dA
FiEE 980t 08¢t olee opee 8lEE 80L°E (3Tt Ausuaq]
cle 9°¢co 9'06 068 816 0'co 6'Co Jaquinu-Siy yo0y
0001 0001 0°001 0001 0001 0001 0001 000t oL
00 ro 00 00 00 00 t0 |4\ FOf VAL
00 80 00 00 00 00 <0 90 FONIVIW
01 00 Ll L0 L 90 S0 00 SJoAOIRAN
10 00 00 00 00 00 00 0o apelpuy
00 00 F0 0°0 00 00 1’0 00 1Bnssolny
0t 00 §Cl L't 6 L'e LT 00 adoskg
80 00 't L0 9l 80 90 00 sulpuelfy
o 00 8°C 0 9’0 £0 o 10 angiaquapiay
Tt 90 1T Iz L8 6¢ 67 €l apisdoi
£0 00 ¥e €0 91 90 £0 1'0 Snoper
80 Tl t'C 01 60 11 <l ¢l aqisola ]
0l 081 9T £yl 861 £91 44 €T auesuy
9y I'y 8l §'s vt 6v (%% oy aneie,
I'cL 6L 0t SIL $9¢ 6'L9 999 L'LY 2JLIANSI0
rT S z 6 S 9 L 4 Jo adeday
uopuad opuod amopuad en) dnopuad apopuad Jmopuad aopuad
Iery J-mo7 1dg 2IUIXOIAJ 1-YySiH len) a[Iof 0y J-mo7 1e0)-dg 1dg

ad4y ooy

ol jo sapdwes [enpiarput o) pue anopuad jo sod4) padersae 10y yidap Je pue adepns 18 speads dUUSIAS PUB SIUAUOIWOI 12QUUIAW-PUS JO (% JOA) SIOUBPUNR PA]R[NI[B)

¢ dqeL


geouser

geouser

geouser

geouser

geouser


501

004) 493 510

2.

M.G. Kopylova ¢t al. 7 Lithos 77 (

(A VAR — V%2007 SE BN 0001 PUeR 00R 009 12 SIUSWINSEIW 10} a3eIdae Ue s pajenojed st Jumijds §S a
"SI21OWOWLIAL) PAsN 21} 10) BOHRIGIED JO d3urs Y aPISIIO aIe SUoNsodiod [RIAUNU SB PAUIULIAJIP JON

Yoty T—570

»_m:_::% SA

28 T %90 %Lle’0 %49¢70 Adonosiue sA uesjy
%E0T %018 %9ET %0TO Adonosiue dA ueapy
8Ly voy 96F Wwy SLy Wy Wy v8y 00 08% 89F  ¥SY s ydap ge sp
oF'8 9’8 188 PP8 8F'8  S¢8 HU'8 198 86’8 S8 0v'8 L0 sjuny “yidap ye dp
8¢y LLY 98F piu 0Tt T8E 9%t 08 Le’C 0SS LTh fl'Y OLe edO NE-DU
96 To0l  Ciol piu 1o L98 1.8 €00l 988 0671 8O 16 €08 D Fop ME-OT L
Wy 00's oS 8Ly LUV 8V 8T S8y L0 08F  OLY  £sF suny idap ye sA
658 '8 L6'8 858 TSR LS8 I8 €98 pie €88 SP'8 t0N s “doap e dp
os  06'S S6'S pu LS v0y 06t 1S SO 0T9  00r  8YY €6'C edD gAY J
€86 sTil  opll P THol 198 08 10l 198 00T1 v 06 tIL R I:EIUN: R R AN/
9¢p /LY PAUNSEI SA
L sy poanseaw do
[ A Ny 4 89°f 69'% 8y SOF  08F  Wr o 985y 19%  S9Y TP 69F LY L8Y 89F  LSY 9P S WY T SA
WL 86°L 60’y 608 0r'8 08 ST'Y [ co’'L 008 608 918w €l 078 tF'8 018 Lo'L  SLL sy [iH dA
ILE'E  BESE £0SE 6tFE 665t SSP'E B0S'E 9ES't EIPE 9TSE 098t S0STE EsY oFS’e S8S't ILFE 9lg’t IEb'E [u2/3 “Ansuacg
0001 0001 0001 0001 0001 0000 000 0001 0001 0001 0001 0001 (001 0001 000F 0001 0001 0001 1Bl0],
ALY
6'S 6°7¢ 01 1'¢ 00 Sy 00 0o L'y 09 6'C 00 0'e ¥0 00 o 08 L's andoToyd
6'S 6'C 11 [ £0 0°0 00 00 0 00 00 00 00 00 0°0 70 00 00 ojua]]
S0 I's 0 o £0 0o S¢C e 00 S0 l's [ 00 0 €0 00 00 1T ajuny
00 00 S0 00 00 00 00 00 00 00 00 00 00 amudy
00 00 00 00 00 00 00 00 00 00 00 00 £0 auavoifdoyngy
00 00 00 £0 00 00 0’0 00 00 00 00 00 00 aMnAoIeAn
S0 (Y €0 £0 00 00 00 00 £0 Lo £0 £0 £ ¥0 00 9’0 00 0 allpripuy
o'y St 6's ' rl 6'L oL S0 9T '8 ¥'s 99 L'y §9 16l 8t L'8 T 1B|NSS0L)
6's <6 801 ! 9'0¢ 76 L's L9 ¥ol ¥8 il 0T L6l 791 1T 06l 08l 69 adoiky
el o'tl Lel 8L Ll 6’6 YOI [ I's  9si ovl 811 08 I'sl ¢'6d 08 vl £L sulpuetuly
0¢! 8 9’8 6% 0y 'L 86 6’8 £9 0l 8’6 ] oS 08 L'y £l 8's  6¢l adiaquapay
0'9¢ L'8¢ SoF £9¢ 1'9¢ [ [ 8'CC Tes 0YT vEe S0 0Lt £eC LY 8IS 90T 6Cs apisdoid
6'¢l Il 68l L1e 91 T8 98¢ 9t P'LoE9T 6Ll 10T 1L 6L 181 78 st ¥'o Laoper.,
£1od

8-Lp €y TLE STS Frss 1PUNYAAr €101 L1-Ld 99T ¥l €T b €CS CNo4AAr tss w9l L0T 119

sisauafeled onewoselow dpuBy sisauadreaed Aiewing
a130j93 oyouar sduweg
(i 3Ly FL'E LLy et I18'% [4:34 6L’y sy yidop 1e sp
'y 91’ £9°L L1y 8T8 FC'8 £’y 91’8 srwy ‘dap e dA
06°L 00°¢ 0s'9 08's 08’y 0s's 06’ 00t edD "Md d


geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser

geouser


502

Tabic 4

Pressure and temperature derivatives ot seismic velocities for mantle rocks

M.G. Kopvilova et al. 7 Lithos 77 (2004) 493 510

Rock type Description and source

dVp/dp,

km/s X Mpa x 10 7 km/s x deg x 10

dvp/dT.

Peridotite Harzburgite with < 16%
serpentine
(Long and Christensen, 2000)
Peridotite (Christensen, 1989)
Computation for pyrolitc with
15% garnet
(Bina and Helftrich, 1992)
Pyroxenite Pyroxenite (Christensen. 1989)
Eclogite
Chlorite-free eclogite
(Kern et al.. 1999)
Mantle and lower Jackson et al., 1990:

crust rocks Gregoire et al., 2001

10.7

Measurements for 26-6A. FONEcl 18.1

10

— 60

— 44 at 500

— 56 at 1000
— 100

—36.1

— 50

) dVs/dP, ~ dVsdT,
? km/s X MPa x 10 " km/s X deg X107
6.4
— 35
1000 °C — 34
1500 °C
—35
7.9
~24.1

Temperature derivatives are caleulated at 2= 300--600 MPa for 7= 600 - 1000 “C (100- 300 ~C for pyroxenite).
Pressure derivatives are calculated for 25 °C. P=600- 1000 MPa to eliminate the effects of microfracture closing (Long and Christensen, 2000;

Kemn et al., 1999).

Table 5

P and T derivatives of elastic moduli, thermal expansion coefficients and Andersen - Gruneisen parameters calculated for selected Slave

peridotite and cclogite

Spl peridotite Eclogite  Source of clastic data for mineral end-members
11-18 4412 6-11

Thermal expansion coefficient, o (107 ) 27.8 27.2 294 Fei (1995)

Andersen - Gruneisen parameter, o1 4.1 4.2 6.1 Bina and Helftrich (1992), Fei (1995)

First-order P derivative Ky’ 4.0 43 58 Bina and Helffrich (1992). Vacher et al. (1998),

Hofmeister and Mao (2003)
First-order P derivative G 1.1 1.1 1.6 Bina and Helffrich (1992), Vacher et al. (1998),
Hofmeister and Mao (2003)

First-order 7 derivative Ks/d7, GPa/deg —0.016 —0.015 —0.015 Bina and Helffrich (1992), Vacher et al. (1998)

First-order T derivative G/d7, GPa/deg —-0.014 —-0.013 —-0.010 Bina and Helffrich (1992), Vacher ¢t al. (1998)

Al surfuce

Density, g/em® 3.284 3.291 3431

Ks, GPa 125.6 122.] 110.0

G, GPa 77.9 77.2 65.2

Vp. km/s 8.36 8.27 7.58

Vs, knm/s 4.87 4.84 4.36

At depth

7. °C 715 647 713

P, GPa 3.00 2.50 2.93

Density, g/cm® 3.296 3.301 3.439

Ks, GPa 127.0 123.6 116.8

G, GPa 68.5 69.0 62.9

Vp. km/s 8.138 8.083 7.637

Vs, km/s 4.558 4.572 4.275

Vp calculated using seismic speed derivatives, km/s 8.27 8.16 7.86

Vs calculated using seismic speed derivatives. km/s 4.82 4.78 4.43

* a0 independent of temperature as tabulated in Fei (1995).
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data on first-order individual end-member derivatives
of isothermal and adiabatic bulk moduli Kt and K,
shear modulus G, as well as their thermal expansion
cocfticients and Andersen—Gruncisen parameters {Ta-
ble 5). These data arc now published for almost all
end-member components, including non-quadrilateral
pyroxenes and garnets, and cover real mineralogics of
rocks with sufficient accuracy. Seismic velocities at
depth computed in this manner are listed in Table 5.

6. Results

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

good at describing their equilibrium conditions of
origin. These two P—T solutions define the similar
xenolith-derived geotherm, but may significantly shift
depth position of individual samples within the geco-
therm. The scatter on the resulting plot thus retlects
(1) uncertainty 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 kin/s in Vs. The
calculated spread of Vp at a given depth that relates
to varying mantle mineralogy rcaches 0.3 km/s in
peridotite and 0.4 km/s in eclogite. This variation
reflecting mantle heterogeneity excecds crrors inher-
ent to methodology of Vp—Vs calculations. An
example of the latter is the difference of 0.05 km/s

A 75 8 8.5 9 4 45 5 5.5
1 1 N 1 1
1 Vp, km/sec o 1 o 1 Vs, km/s
G2 e 50 ﬂ 50
2 o} s 3 [ ] % 2 [e]
3 T %SO 100ﬂ -3 100 -
£, mto AP L4 -
:5_— O " o 150+ - 150 -
5 £ s ™
pay
5 ’:g L] 200 -6 i% S, 2001
7+ -7 J
L 250 L 250
8 D, km| [ P, GPa D, km
T T T T T
B s 8 8.5 9 4 45 5 55
1 i o
1 }Vp, km/sec -1 Vs, km/s
50 50 -
21 o W L2 o
gto %
oo r 2 100—1 L3 i 100
[a
Str 150 r4 150
o 5 L T -5 1
6 ° 2 -6 o
| o% °°ﬂ 2001
’ od 25 7 o 250
o = 4
81 D, km|[ P, GPa D, km
T T L -1 T Ll

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: 1 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 arc J'- depth profiles computed for average pyroxenite and average peridotites by type at P—T conditions 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 ot averaged pyroxenites.
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(<1 rel.%) and 0.15 km/s (<3 rcl.%) bctween the
Recuss velocities and the Hill velocities for peridotite
and cclogite (Supplementary Electronic Table 4).

Fig. 3 also illustrates scismic wave velocitics in
various peridotite types with averaged mincralogy.
These velocities are computed for lower and upper
limits of pressure and temperature determined for the
rock types of Table 3, c.g. for spincl 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 knv/s 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 1s observed for the 5034 peridotites. The
shear wave velocity in peridotite increases with depth
even less, from 4.8 to 4.85 kmy/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 scismic 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 for 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 temperaturc derivatives of their elastic
constants (Table 4). In peridotite, an incrcase in scismic
wave velocities due to higher pressure (AVp” ~ 0.35
km/s) is offsct by a decrease due to higher temperature
(AVp” ~ — 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 higher geo-
therms (Jackson et al., 1990, O’Reilly et al., 1990;
Weiss et al., 1999). In eclogite, seismic waves propa-
gate more quickly with increasing pressure (AVp”'=0.5
km/s) but the temperature effect is less pronounced
(AVp"=—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

garnet (compare their K¢’ in Table | of Hofimeister and
Mao, 2003). Another cffect that contributes to the
contrasting behavior of eclogite and peridotite at depth
is the lower compressibility of eclogite at high pres-
sures. Lower Andersen—Gruncisen paramcters for
cclogite reflect its smaller increase in density at depth
(Ap ~ 0.008 in cclogite vs. 0.012 g/em”’ in peridotite,
Table 5).

The modelled profiles represent the expected
wave velocities in mantle lithologies at depth at
times preceding kimberlite eruption, i.c. in the Ju-
rassic for Jericho and in the Cambrian for the 5034.
As such, they reflect Jurassic and Cambrian stcady-
state geotherms. However, the decper part (>160 km)
of the Jericho profiles may not be representative of
the steady-statc mantle. Temperatures in this part of
the mantle were reported to be 100-200 °C higher
due to transicat thermal perturbations and interac-
tions with asthenospheric fluids (Kopylova et al.,
1999a). Thus, at Jericho, the modelled velocitics at
depths greater than 160—190 km may be slightly
lower than those typical of thc 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 ot the Slave
craton is modelled to have Vp increasing from 8.2 to
8.4 km/s and Vs from 4.8 to 4.9 km/s at depths of 35—
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 available for the Slave craton.
Ramesh et al. (2002) report that the Canadian region
has a normal upper mantle, in accordance with the
[ASP9] model of Kennett and Engdahl (1991), and is
underlain by a uniform normal mantle transition zone.
The study of Bank et al. (2000) found that the Slave
mantle is slightly faster than the global average of the
IASP9] model. An analysis of receiver functions with
respect to the peak defining the discontinuity at 410
km can estimate the magnitude of the higher velocities
postulated for the Slave mantle. Assuming that the
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shift of the peak to carlier times relative to 14SP9/
was produced in the upper 410 km of the mantle, S-
wave vclocities should be higher by 0.05 km/s
(Bostock, personal communication). These are the
only vclocity estimates available for the Slavic man-
tle. Here, the quilt-like structure of the mantie consists
of laterally and vertically distinct domains (Gri’ittcr ct
al., 1999; Jones et al., 2001). This prevents any
extrapolations of absolute seismic velocites estimated
for the SW Slave in refraction studies (Fernandez
Viejo and Clowes, 2003) to other parts of the Slave
craton.

The range of seismic velocities permitted by min-
cralogy 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
pyroxencs which can be measured microstructurally
and cxperimentally (i.e. Soedjatmiko and Christensen,
2000; Ben-Ismail et al., 2001). The contribution of
LPO to anisotropy of cratonic peridotite was calculated
to be in the range of 2—8% for P-waves and 1 -6% for
S-waves for ~ 50 Kaapvaal xenoliths irrespective of
their coarse or sheared textures (Ben-Ismail ct al.,
2001). A combined study of laboratory measurements
and numerical calculations on a smaller set of cratonic

xenoliths yiclded 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 permissible limits of seismic veloc-
itics in the Jericho peridotitic mantle to higher values
(Fig. 4). The regular /ASP9/ mantle, as suggested for
the Slave craton by Ramesh et al. (2002), and a 0.05
km/s faster mantle (Bostock, personal communication)
fit equally well within the range of modelled peridotitic
Vp’s.

7.2. Effect of chemical depletion on elastic properties

Our calculations permit a quantitative asscssment
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 are up to 0.07 km/s slower than those in the
more depleted 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 al., 1999). Our data suggest that this

7 7.5 8 8.5 9 9.5
) 1 1l
10 — m—
50
20 Peridotite
—30 100
a0
150
50
60 200
r70 Pyroxenite
P, kb Vp, km/sec D, km
T T RE ¥

Fig. 4. Calculated Vp-depth profiles for Jericho mantle lithologies in comparison with a globally averaged /4SP9/ model (Kennett and
Engdahl, 1991) profile (bold). Ranges of velocities in isotropic peridotite and pyroxenite (grey) and eclogite (open tield) are from Fig. 3. Bars

.

designate the extent of seismic anisotropy expected in these rocks and equal 2% in eclogite (based on experimental values for homogeneous and
unaltered samples) and 5% in peridotite. The bars are asymmetric (2 times closes to the minimum than maximum anisotropic Vp) about the

range of isotropic velocity in peridotite.
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pattern is truc only of circumcratonic and oceanic
mantle, i.c. of the mantle stabilized in the Phancrozoic
and found as abyssal peridotites. peridotite massifs
and mantle xcnoliths in Phancrozoic settings. The
composition of cratonic peridotitc is anomalous in
many aspects. Cratonic harzburgites and lherzolites
show inverse correlations of olivine mode with de-
pletion expressed as Mg-number, whercas olivine
mode increases with the peridotitc Mg-number in
off-craton samples (Fig. 9 in Griffin et al., 1999a.b).
Many xenoliths from Archean cratons are character-
ized by extreme depletion, abundant orthopyroxene,
and low olivine/orthopyroxene ratios (Boyd. 1989;
Kelemen et al., 1998; Griffin et al., 1999a.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

M.G. Kopylova et al. 7 Lithos 77 (2004) 493 510

(Fig. SB-D). We ascribe this to a corrclation
between depletion and orthopyroxene modes (Fig.
5A). This corrclation 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 corrclation between orthopyroxene modes and
rock Mg-numbers, but an intrinsic link between the
two is suggested by common orthopyroxenc enrich-
ment in high Mg-number peridotites (Kelemen et al.,
1998). The correlation may be implied by several
other chemical characteristics of cratonic peridotites,
l.e. a negative corrclation between Mg-number and
olivine mode (Griffin et al., 1999a.b), and between
bulk Si0, and FeO (Boyd, 1989, 1999; Kopylova and
Russell, 2000). Since orthopyroxene is the second
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Fig. 5. Variation of geochemical and elastic parameters of the Slave pendotitic mantle with depletion. expressed as rock Mg-number. The data
are averaged by rock type and can be found in Table 3 of this work and Table 3 of Kopylova and Caro (2004). Error bars plotted for Opx modes
and Mg-numbers represent 2¢ standard deviations of the data sets. Mg-numbers are plotted against orthopyroxene mode (A), Vp (B), Vs (C),
and Poisson’s ratio (D). The latter is defined as 6=(3Ks — 2G)/(6Ks t 2G).
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major phasc of cratonic pertdotite, and modes of
clinopyroxene and garnet rarely exceed 5%. the cra-
tonic olivine-poor peridotites with high Mg-numbers
should be richer in orthopyroxene. Because bulk FeO
and MgO arc inverscly related, and SiOs is controlled
mainly by the orthopyroxene/olivine ratio, there
should be a corrclation between Mg-number of cra-
tonic peridotite and its orthopyroxene mode. Thesc
predicted correlations can be hard to isolate if mineral
modes and mincral compositions are recalculated
based on bulk chemical compositions of peridotites
(e.g. Kelemen et al., 1998). which are rarely fresh.
Thorough petrographic studies of cratonic peridotite
and direct measurements of mineral modes and com-
positions in thin sections arc nceded to map the
orthopyroxenc—Mg# correlation.

The above data can be summarized to suggest a
distinct scismic 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 cffect should depend on the overall com-
positional range of peridotite and may differ from
craton to craton. On the Slave craton, the restricted
range of depleted bulk compositions suggests the
cffect on Vp or Vs would be up to 0.05 km/s.

Our modelling of seismic velocities forecasts dif-
ferent responses of Vp and Vs to depletion of cratonic
mantle. Similar conclusion was reached in a recent
study on modelied clastic properties of mantle perido-
tite (Lee, 2003). Lee found that the trend of corrclated
increase of Vs with increasing Mg-number is tight and
well defined (R>=0.71). In contrast, the covariation of
Vp and Mg-number cannot be characterised 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). Garnet 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. 11 in Lee, 2003).

The only reason model seismic wave velocities
increase over the range of 30-250-km depth in the
Slave peridotite i1s the consistently lower degree of
chemical depletion in the deeper mantle. A mantle with
a uniform composition would show decreasing Vp and
Vs with depth according to our models. A consistent

decreasce in degree of depletion with depth is recorded
in garnet concentrate data (Gaul et al., 2000; Griffin ct
al., 2003) for many Archcan, Proterozoic and some
Phancrozoic subcontinental mantle columns. Com-
monly obscrved increasing Vp, Vs depth profiles in
the mantle as tabulated in /4ASP9/ suggest that the
progressively lower depletion of the peridotite with
depth should be a widespread phenomenon.

Another important clastic parameter of the mantle is
density. Calculated densities of various peridotite typcs
increase consistently from shallow spinel peridotite to
deep garnet-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/cm® in the high-T and
fertile peridotites. This density profile is gravitational-
ly stable and is consistent with the long-stabilized
mantle system. Densities of 3.28 g/cm’ in the Slave
depleted spinel peridotite are lower than the average
(3.31 £0.016 g/cm’, Poudjom Djomani et al., 2001)
for the Archean cratonic mantle.

7.3. Effect of metasomatism on elastic properties of
eclogite

Mantle metasomatism partially melts Jericho eclo-
gite and leads to partial replacement of the primary
omphacitc—garnet assemblage. The secondary assem-
blage thus produced compriscs 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 unchanged
(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 conclude that
metasomatic recrystallization of eclogite in the Slave
mantle deereases P-wave velocities in the order of
0.05-0.1 kmy/s.

8. Conclusions

1. Seismic profiles calculated for the Slave mantle
peridotites based on their mineralogy match well
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with the globally averaged 7/4SP9/ model. The
calculated sprcad 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 cclogite.

. Seismic velocitics in eclogite incrcasc faster with
depth than those in peridotite. A faster mantle
below 90-km depth on the Slave craton can be
explainced 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 kmy/s.

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

o
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