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Abstract—Osmium isotope data from Iherzolite and harzburgite xenoliths of the northern Canadian Cordil-
lera provide constraints on the genesis and age of the lithospheric mantle in a typical off-cratonic continental
setting. The'®’0s/8%0s ratios of the Iherzolites show a positive correlation withQyand heavy rare earth
elements (HREE), which probably reflects Re/Os fractionation during various degrees of mantle melting,
followed by a long period of radiogenic ingrowth. These observations are consistent with melting during the
Proterozoic. Harzburgite Os isotopic ratios, however, plot above the regional correlation of the Iherzolites. A
positive correlation between their Os isotopic ratios and 1/Os concentrations suggests that they are the end
result of the introduction of metasomatic agents with low Os contents, but'*Algis/®%0s ratios, into the
lithospheric mantle. These fluids or melts may have originated from a region of anomalously slow mantle
detected seismically (Frederiksen et al., 1998) below harzburgite-rich xenolith localities (Shi et al., 1998).
Alternatively, the radiogenic Os-bearing metasomatic agents may have been related to subduction processes
along the western margin of the Canadian Cordillera, as has been previously suggested to explain the high Os
isotopic ratios of xenoliths from the northern US Cordillera (Brandon et al., 19@®)pyright © 2000

Elsevier Science Ltd

1. INTRODUCTION subcontinental lithospheric processes in an off-cratonic, post-
Archean setting.

The cratonic cores of continents have been reasonably well The Re—Os system provides a powerful tool for studying the
documented by studies of peridotite xenoliths brought up by origin of harzburgites and lherzolites. Its great advantage over
kimberlitic magmas (Walker et al., 1989; Carlson and Irving, other isotopic systems used to study mantle rocks is that Os
1994; Pearson et al., 1995a,b; Olive et al., 1997; Chesley et al.,behaves compatibly, while Re is moderately incompatible dur-
1999). Systematic constraints are limited, however, on the age, ing melting processes. Consequently, many earlier studies as-
formation mechanisms and metasomatic processes, past angumed the Os budget of a mantle rock to be nearly insensitive
present, of the lithospheric mantle underlying Phanerozoic oro- to percolating melts and fluids, in contrast to the budget of other
genic belts surrounding the cratons (e.g., Menzies, 1983; isotopic systems such as Rb—Sr, Pb—Pb, and Sm-Nd (Reisberg
McBride et al., 1996; Handler et al., 1997). Peridotite xenoliths €t al., 1991; Pearson et al., 1995a,b; Wilson et al., 1996;
found in alkali basalt centers of these regions represent this Handler etal., 1997). In peridotites, the compatibility of Os has
mantle lithosphere. A striking systematic feature of these peri- Peen used to allow calculation of minimum and model ages of
dotites is that the harzburgites are typically enriched in incom- Melt depletion in the subcontinental lithosphere (e.g., Walker et
patible trace elements compared to the Iherzolites, whereas the-» 1989; Reisberg and Lorand, 1995; Burnham et al., 1998).
opposite would be expected if these rocks were simple melting ~ Nonetheless, correlations between Nd, Pb, and Os isotopes in
residues (e.g., McDonough and Frey, 1989). This enrichment is harzburgite xenoliths from bg_neath pre_sefn.t day _volcanlc arcs
attributed to metasomatism. However, the reason why depleted SU99est that Os may be mobilized by oxidizing fluids refated to
harzburgites are more affected by the latter than fertile lherzo- subd_uctlon (Brandon et al., 1996; 1999; Mclnnes et aI_., 1999).
lites is the subject of debate, as is the relative chronology of Osmlum may also have been added by_astheno_spherlc me_taso-
melting and metasomatic events (Menzies, 1983; Takazawa etn.1atlc "’_‘ge”ts passing t_hrough the continental lithosphere in a
al., 1992; lonov et al., 1994). The presence of bimodal suites, rft enqunment bqrderlng a craton (Chesl_ey etal, 1999). The
i.e., made up of nearly equal proportions of harzburgites and chalcophile behavior of Re. and Os may induce movement of

. . . . . : ) ) these elements together with sulfur during post-volcanic alter-
Iherzolites, in the Canadian Cordillera is particularly interesting

. . . ation of mantle xenoliths (Lorand, 1990), or during grain-
as it allows a direct comparison of these two rock types at the . .

. . . . boundary percolation of PGE (platinum group element)-bear-

same location. This paper mainly focuses on the differences .

bet harzburait dih it d their imolicati ¢ ing sulphidic fluids in the sub-continental mantle (Lorand,
etween harzburgites and fherzolites and their implications for 1997; Pearson et al., 1998; Chesley et al., 1999). In this paper,

the concept of systematic immobility of Os during metasoma-

“Author to whom correspondence should be addressed tism of peridotites is challenged again (Brandon et al., 1996;
(peslier@earth.northwestern.edu) Pearson et al., 1998; Brandon et al., 1999; Chesley et al., 1999;

T Present addressGeological Sciences, Northwestern University, 1847 Mclnnes et al., 1999).
Sheridan Road, Evanston, IL 60208, USA. The results presented below demonstrate that the Os isotopic
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systematics of lherzolites and harzburgites found in off-cra- (Shi et al., 1998), opposite to what is expected for melt extrac-
tonic continental areas originated through different processes tion.

and at different times. These Os data show that the lherzolitic  Most of the harzburgite whole rocks have steep light rare
mantle lithosphere below the northern Canadian Cordillera earth element enriched patterns (Ce/Yb from 16.38 to 69.08;
preserves evidence for melt extraction during the Proterozoic. Table 1; unpublished data from Shi and Francis), except at one
However, the harzburgite xenoliths from bimodal, as well as unimodal suite (Rayfield River) where the two harzburgites
unimodal suites, record more recent metasomatic and/or melt- analyzed are depleted in LREE (Ce/¥4d; Table 1; Peslier et
ing events triggered by radiogenic Os bearing fluids or melts. al., 2000a,b). Lherzolite whole rock REE patterns are quite
The lithospheric mantle underlying Phanerozoic continental variable, but are generally more LREE depleted than those of
orogens is thus the result of a two-fold genesis, involving the harzburgites (Ce/Yb varies from 0.10 to 55.26; Table 1;

ancient melting, locally overprinted by recent metasomatism.

2. GEOLOGICAL SETTING

The Canadian Cordillera formed between 150 and 50 Ma ago
by the accretion of diverse tectonic terranes to the North
American protocontinent (Monger et al., 1982; Fig. 1). For the

past 60 Ma, the tectonics of the Canadian Cordillera have been

dominated by interactions with Pacific oceanic plates (Kula,

entirely subducted, Pacific, Juan de Fuca and Explorer plates),
which have been subducted beneath the margin of the northern

American continental plate (Gabrielse and Yorath, 1991; Fig.
1). Late Tertiary to recent basaltic volcanism occurred through-

out the Canadian Cordillera and appears to be related to zones

of transtension reflecting lateral movement between these
plates (Souther, 1991). A zone of anomalously slow mantle that
appears to reflect a Tertiary to recent thermal event in the

northern Cordillera has been discovered through teleseismic
studies (Frederiksen et al., 1998). Volcanic centers above this

zone contain a high proportion of cryptically metasomatized
harzburgite xenoliths. In contrast xenolith suites outside this
zone are dominated by lherzolites (Shi et al., 1998). These two
types of mantle xenolith suites are referred to, respectively, as
bimodal (comprising approximately equal proportions of Iher-
zolites and harzburgites) and unimodal (composed almost
solely of Iherzolites, with only minor harzburgites; about 5%).

3. SAMPLE DESCRIPTION AND PREVIOUS STUDIES

All the xenoliths of this study were derived from mid-

unpublished data from Shi and Francis). The contrast between
harzburgite and Iherzolite REE patterns is more striking in the

clinopyroxene data (Fig. 12 of Shi et al., 1998). The combina-

tion of the teleseismic studies conducted in the northern Cana-
dian Cordillera (Frederiksen et al., 1998) and trace element
laser ICP-MS analyses of clinopyroxenes from the bimodal

suites led Shi et al. (1998) to elaborate the following model for

the genesis of the harzburgites. The influx of fluids/melts from

the hot anomalous zone induced melting of the overlying

mantle lithosphere, represented by the Iherzolites which are the
dominant peridotite type in the region. The harzburgites would

thus represent the residue after this melting. The fluids/melts
were likely to be enriched in incompatible trace elements, and

thus were also responsible for the concomitant incompatible
trace element enrichment of the harzburgites. On the other
hand, a Sr—Pb study of the bimodal suites (Carignan et al.,
1996) concluded that some of the Iherzolite and harzburgite
isotopic characteristics were disturbed by a recent metasomatic
event (less than 30 Ma), probably linked to subduction related

fluids.

4. ANALYTICAL PROCEDURES

Samples for Os analysis were digested by the Carius tube
technique, and Os was extracted by double distillation (Shirey
and Walker, 1995). Typically, 1.5 g of sample powder were
digested. Osmium was further purified through a microdistilla-
tion procedure (Roy-Barman, 1993). Osmium was analyzed as
negative ions (Creaser et al., 1991; Volkening et al., 1991) on

Tertiary to recent alkali basaltic lavas and are fresh spinel a Finnigan MAT 262 mass spectrometer, in peak jumping mode
peridotites. Rhenium—Osmium analyses were performed on using an electron multiplier. Measurements of 70 standards
xenoliths from two bimodal suites; the Alligator Lake suite (17 (>40 pg yielded*®’Os/®®0s ratios=0.173 98+ 0.000 40 (2
samples) and the Llangorse suite (four samples). These twostandard deviation of the population). Osmium total blanks
suites are located in the northern Canadian Cordillera. In ad- were between 5 and 7 pg. Precision on the isotopic ratios of the
dition, three harzburgite samples from unimodal suites of the analyzed samples is less thar0.3% (2r — m, Table 1).
southern Canadian Cordillera (Fig. 1; Rayfield River and Ko- Reproducibility of*8’0s/®%0s ratios is within 1% (Table 1;
stal Lake) were also analyzed. Re—Os analysis of lherzolites Peslier et al., 2000). Osmium concentration reproducibility is
from other unimodal suites from the Canadian Cordillera are between 15 and 30%, which probably reflects a nugget effect
described elsewhere (Peslier et al., 2000a,b). All the analyzed (Shirey and Walker, 1998, and references therein), i.e., heter-

xenoliths are Type | Cr-diopside peridotites as defined by Frey
and Prinz (1978). Major and trace element compositions for
Alligator Lake and Llangorse xenoliths are reported in Francis
(1987) and Shi et al. (1998), respectively. Major element
trends, such as negative correlations of Ca0Q,Q4] TiO,,
SiO,, and FeO with MgO, and a positive correlation of NiO
with MgO, indicate that the xenoliths are the residues of melt
extraction (Francis, 1987; Shi et al., 1998). However, as often
observed in spinel Cr-diopside suites (McDonough and Frey,
1989), clinopyroxenes in the harzburgites are enriched in in-

ogeneity of the sample on the scale that the aliquots were taken.
Rhenium was processed in two ways. In some cases, separate
aliquots of powder were dissolved in 3HF 1HNO; and left
for 3 days in an oven at 140 °C. Re was then extracted on one
AG1X8 anion column following the procedure described in
Reisberg et al. (1991), and then analyzed by isotope dilution on
an Elan 6000 ICP-MS (bold characters in Table 1). In other
cases, samples dissolved by Carius tube and spiked for both Re
and Os were processed through the anion column described
above, and analyzed by ICP—MS (plain characters in Table 1).

compatible trace elements compared to those of the lherzolitesBlanks were 18+ 12 pg. The blank correction varies from 2.5
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Fig. 1. Map of the Canadian Cordillera and mantle xenolith site locations. White triangles represent unimodal suites,
while black and white triangles denote bimodal suites. Xenolith site name abbreviations: Alligator Lake, LG =
Llangorse, RR= Rayfield River, KL = Kostal Lake. Tectonic terrane name abbreviations: Y¥TYukon Tanana
(=similar characteristics to the Kootenay terrane (KO) of British Columbia, Mortensen, 1992) @assiar, ON=
Quesnellia, CG= Cache Creek, SF Stikine. Oceanic plate boundaries are from Riddihough and Hyndman (1991). The

approximate location of the seismic mantle anomaly at 200 km depth was drawn from Frederiksen et al. (1998) and Shi et
al. (1998).

to 50 % (in the low-Re content samples, i-«€0.02 ppb). Since powder splits than the corresponding Os analyses, powder
many of the Re concentrations were measured on different heterogeneity combined with large blank correction in some
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HARZBURGITES A  Harzburgites
o SW Australia xenoliths (Handler et al., 1997)
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o] rogenic Peridotites : :
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Fig. 2. S content versus Os content of Canadian Cordillera xenoliths > 0.2 O &]
and comparison with orogenic peridotites (Reisberg and Lorand, 1995; =~ A
Burnham et al., 1998). Dotted area represents orogenic peridotite field. 0O
A
0.1
A O °@m °
cases, will introduce uncertainty on the Re/Os ratios. However, o ©
all of the lherzolites, including those analyzed by Carignan et A ! %o 0° o ©
al. (1996) at the Carnegie Institution of Washington, have 0 —— T
similar *®*’"Re/®%0s ratios that are consistently higher than 0 1 2 3 4 s
those of the harzburgites (see Section 6.1), suggesting that A1203

these effects on the Re concentrations are of minor importance.
Fig. 3. Re content (ppb) (a) and Re/Os ratio (b) versy®Atontent

5. RESULTS (Wt.%%).

Osmium and Re concentrations atftiOs/%%0s ratios are
given in Table 1, as well as three data points from the study of lites define a good correlation with fusion indexes such as
Carignan et al. (1996), and two samples from Peslier et al. Al,O; and HREE (Fig. 5)This trend is not seen in the har-
(2000b). The two latter data are presented here only to show thezburgites from either the bimodal or the unimodal suites. De-
reproducibility of the data, and are not used in the figures and spite potential variations in Os concentrations resulting from
discussion of this paper. The Os contents of all the analyzed the nugget effect (see above), 1/Os correlates WitBs/%0s
xenoliths range from 0.05 ppb to 4.5 ppb, most being less than among the harzburgites (Fig. 6). The coefficient of correlation
2.5 ppb (Table 1). These values are comparable to those re-(r?) of the*®"0s/®¥0s vs. 1/Os harzburgite correlation is 0.888
ported for other spinel peridotite xenoliths in alkali basalts (excluding samples XLG-25A and AL-49). One of the harzbur-
(McBride et al., 1996; Handler et al., 1997), but less than the gites (XLG-25A) has a®’0s/®¥0s ratio of 0.1373, which is
values usually found in peridotite massifs (e.g., Reisberg et al., markedly higher than the primitive upper mantle value of
1991; Fig. 2). Sulfur contents (Table 1) are also lower than 0.1290 (Meisel et al., 1996). Furthermore this sample also has
typical peridotite massif values, as is often the case in mantle the lowest Os concentration of all the xenoliths and falls below
xenoliths (Lorand, 1990). Re contents range from 0.014 to the *¥70s/®®0s vs. 1/0Os harzburgite correlation (Fig. 6).-An
0.310 ppb, which are typical upper mantle values, and are other harzburgite xenolith from the Llangorse site (XL-12A)
generally lower in the harzburgites than in the lherzolites (Fig. also possesses a high Os isotopic ratio with a relatively low Os

3a). A broad correlation exists between Re andQjland concentration, but nonetheless plots on tA&@s/%0s-1/0s
HREE (heavy rare earth elements; Fig. 3a) contents. trend of the other harzburgites. Harzburgite AL-49 also falls off
Although no correlation is observed betwe&tiRe/®%0s the harzburgite correlation and is the only harzburgite that

and*®’0s/®%0s (Fig. 4),the *¥’0s/®%0s ratios of the Iherzo appears to lie on thé®’0s/®%0s-ALO, correlation line de
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fined by the Iherzolites, despite exhibiting the LREE enriched @&
patterns typical of most other harzburgites (AL-49 Ce/¥b Q.;o
50.67; Table 1; unpublished data from Shi and Francis). Fi- —
nally, no correlation was observed between Os isotopes and Pb
isotopes (Carignan et al., 1996) in lherzolites or harzburgites.
6. DISCUSSION
6.1. Do Harzburgites and Lherzolites Share a Common 0115 0 0.02 L'u 0.04 0.06 0.08

History?

Harzburgites and lherzolites can be formed by different
extents of melt removal from fertile peridotite during a com-
mon melting event. Partial melting of 20—25 % from the most
fertile Iherzolite is required to reproduce the bulk-rock major-
element and clinopyroxene HREE contents of the most de-
pleted harzburgite (Francis, 1987; Shi et al., 1998). In the case
of the northern Canadian Cordillera samples, however, there
are several reasons to believe that the history of the harzbur-
gites was more complex than that of the lherzolites. First, the
distribution of harzburgite and Iherzolite rock types in the
northern locales studied here is strikingly bimodal (see Fig. 2 in
Shi et al, 1998). While more extensive melting could lead to a
higher proportion of harzburgite, there is no reason that it
should produce a distribution with two distinct compositional
peaks. Instead, as suggested by Shi et al., this distribution may
have been produced by remelting of a dominantly lherzolitic
lithosphere, reheated by the underlying zone of anomalous
mantle. Second, within each bimodal suite, intermineral equil-
ibration temperatures of the harzburgites are about 60 to 80°C
higher than those of the Iherzolites (Shi et al., 1998). This
corresponds to a depth difference of about 8 km. Thus the
harzburgites may not be derived from the same depth interval

Fig. 5.870s*¥0s vs ALO, (a) and [Lu] (b). Lu concentrations in
ppm. The coefficients of correlation) for the Inerzolite trends were
calculated including harzburgite AL-49 which lies on these correla-
tions.

as the lherzolites. Third, bimodal suite harzburgites, and par-
ticularly clinopyroxenes derived from these harzburgites (Shi et
al., 1998, their Fig. 12), have much higher LREE contents than
the Iherzolites and their corresponding clinopyroxenes. This
implies that the harzburgites have interacted much more
strongly with enriched magmas or fluids than the lherzolites.
Finally, the Os data themselves suggest that the harzburgites
and lherzolites have different histories, as the harzburgites lie
above the trends relating’0s/%%0s to ALO, or Lu contents
among the lherzolites (Fig. 5). For all of these reasons, we
believe that the harzburgites and the lherzolites have different
histories, and will therefore discuss the two rock types sepa-
rately.

6.2. Re—0Os Systematics of the Lherzolites

Lherzolites with similar major element and Os isotopic char-
acteristics to those of the bimodal suites studied here are the
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Fig. 6.1870s/®0s vs 1/[0s] for the harzburgitic xenoliths, derived from both bimodal and unimodal suites. The larger
graph is an expanded view of the dashed portion of the small graph. The coefficient of correlation of the harzburgite
alignment (2 = 0.888) wascalculated excluding samples AL-49 and XLG-25A.

most abundant type of mantle xenoliths found throughout the than the Earth (Table 1). Calculated minimum ages, assuming
entire Canadian Cordillera, suggesting that this rock type is a Re/Os of zero (Walker et al., 1989), range from 0.08 to 1.11
volumetrically dominant in the mantle lithosphere underlying Ga, with no significant difference between lherzolites and har-

this orogenic belt. No correlation is observed betwé&®s/ zburgites, but four xenoliths still yield “future” ages (Table 1).
1880s and"®"Re/®80s among these samples (Fig. 4) despite the Since the Iherzolites almost certainly had Re/Os ratios signif-
existence of a good correlation betweé€f0s/*%0s and ALO, icantly higher than zero after melt extraction these “Re deple-

or HREE contents (Fig. 5). A similar lack of correlation be- tion ages” seriously underestimate the true ages of the melting
tween**'Ref®®0s and*®’0s/*%0s in other peridotite suites  events. Because of the apparent perturbation of the Re/Os
has often been attributed to disturbance of the moderately ratios, age information cannot be obtained from an isochron
incompatible element Re by metasomatic processes (e.g.,diagram. Nevertheless, the good correlation betw&E®s/
Walker et al., 1989; Reisberg and Lorand, 1995). The concen- *8%0s vs. ALO; in the lherzolite xenoliths permits the use of
tration of Re in the Iherzolites and harzburgites of the suites the method of Reisberg and Lorand (1995) to estimate the age
studied here correlates roughly with,8l; (Fig. 3a) and HREE of the last depletion event. In this method 8} is taken as a
contents, but the Os content does not. Re concentrations ofproxy for the Re/Os ratio, and gives an age of 1464.52 Ga
harzburgites are lower than those of Iherzolites. The Re con- for the Alligator Lake lherzolitesr® = 0.622 for the'®"Os/
centrations of the Iherzolites are higher than those observed in*®80s vs. ALO, correlation). Meisel et al. (1996) and Hauri and
similar xenolith suites (Handler et al., 1997; Fig. 3a) and Hart (1997) consider Lu and Re as similarly incompatible.
approach those of fertile orogenic IherzolitesQ(3 ppb). The Because of possible post-fusion Re addition, we have used the
rough correlation of Re and AD; of the xenoliths (Fig. 3a), Lu content of the whole rocks as a Re/Os ratio proxy (Peslier
coupled with the lack of correlation between Re/Os angDAl et al., 2000a; 2000b). THE"0Os8%0s vs. Lu correlation for the
(Fig. 3b) suggests that the Iherzolites may have experiencedAlligator Lake Iherzolitesi(? = 0.708;Fig. 5b) yields a model
substantial recent Os loss. Alternatively, their higher Re con- age of 1.55+ 0.72 Ga. If the harzburgite AL-49 is included in
tents compared to those of the other xenoliths shown in Fig. 3a the correlation (> = 0.832), themodel age is 1.21 0.48 Ga
may indicate that Re was added to them. TH&e/*%Os ratios (1.34 = 0.56 using A}O; r> = 0.724). These ages were
of nearly all the Iherzolites are considerably higher (Table 1) calculated using a mantle evolution curve similar to that of
than that of modern fertile upper mantte@.4), despite the fact primitive mantle (Meisel et al., 1996). If the average “chon-
that their Os isotopic ratios indicate time-integrated Re/Os dritic” mantle evolution curve (ordinary and enstatite chon-
ratios lower than that of the fertile mantle. Thus regardless of drites; Meisel et al., 1996) is used instead, the estimated ages
which process (Os loss or Re addition) was more important, the decrease by 0.1 Ga. The uncertainties on the ages are based on
increase of thé®’Re/*®0s ratios must have been recent. the expanded uncertainties on thimtercept, and mainly reflect
The decoupling of®'Ref®®0s and*®’0s/®®0s observed in ~ how well the data fit an “isochron” line (Mclintyre et al., 1966;
the Canadian Cordillera xenolith data also affects the calcula- York, 1969; Titterington and Halliday, 1979). A conservative
tion of Os model ages, and leads to “future” ages or ages older interpretation of these uncertainties suggests that the Alligator
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Lake lherzolites are the residues of melting events which took basalt mantle xenoliths excludes crustal fluids as possible Os-
place between 0.73 and 2.27 Ga ago, i.e., during the Protero-enrichment agents, as crustal fluids are likely to be extremely
zoic. It is quite possible, however, that most melt extraction poor in Os. The phenomenon responsible for the Os concen-
associated with lithosphere formation was limited to a much tration difference between xenoliths and orogenic peridotitic

shorter time interval within this period. The implications of massifs (Fig. 2) thus remains unclear, but it was probably

mantle age calculations for the lithosphere bordering cratons pre-eruptive.

such as that of the Canadian Cordillera are discussed in detail

in another paper with ad_ditional Re—Os analysis of Iherzolites g 3 5 Harzburgite formation

from seven unimodal suites (Peslier et al., 2000a,b).

Recent simple re-melting of the lithospheric mantle cannot
explain the harzburgite Os data. In theory, this process could
have produced the harzburgites from the lherzolites without
6.3.1. The'®0sM8%0s—1/Os correlation changing the187QsF8803 _ratiqs, thus causing them to plot

above the Iherzolite trend in Fig. 5. However, it could not have

In contrast to the Iherzolites, the Os isotopic ratios of the produced harzburgite XLG-25A with &®’0s/®®0s ratio
harzburgites show no relation with HREE or, 8. The pos (0.137) exceeding that of fertile mantle (0.1290; Meisel et al.,
itive correlation betweert®’0s/®%0s and 1/Os, observed in  1996). Furthermore, melting alone would not generate the
harzburgites from both bimodal and unimodal suites (Fig. 6), *®’0s/®80s-1/Os correlation.
however, suggests a mixing process between peridotite and These observations suggest that metasomatic enrichment is
components with radiogenic Os and low Os concentrations. the process most likely to explain the Os isotopic characteris-
Given the scatter in the trend, a wide range of radiogenic tics of the harzburgites. THE'Os/®%0s—~1/Os correlation (Fig.
components is permitted. For exampfEOs/®¥0s ratios be 6) could be a mixing line representing the interaction of low-Os
tween about 0.132 and 0.146 would be consistent with the content, high-Os isotopic ratio metasomatic fluids or melts with
observed scatter if the radiogenic component contained 0.2 ppbthe depleted mantle lithosphere. If the harzburgite correlation is
Os. Thus the general trend observed in Fig. 6 does not imply modeled as simple mixing between a low-Os isotopic ratio,
that all of the harzburgites interacted with a single, well-defined high Os content harzburgite (e.g., sample RRX-19) and a high
enriched component, which would be improbable given their Os isotopic ratio, low Os content mixing component, at least
geographic separation. Sample Al-49 which lies off 1R&s/ 80% of the radiogenic component would be required to repro-
1880s vs. 1/0s correlation, although enriched in incompatible duce the Os content range of the harzburgites. This is clearly
elements like most other harzburgites (Table 1; Shi et al., unrealistic from the perspective of major element bulk addition
1998), may represent a depleted end member of the Iherzoliteof any type of melt or fluid, as this process would have
trend. The exceptionally low Os content of XLG-25A (0.05 completely transformed the bulk and mineral compositions of
ppb), on the other end, suggests that it may have been affectedthe harzburgites. Instead, this simple calculation indicates that
by post-eruptive Os loss (Lorand, 1990), or a different meta- Os may have been preferentially scavenged from the peridotite
somatic agent. The two harzburgites having the highest Os to the fluid. It is for instance well known that PGE (Platinum
isotopic ratios (XLG-25A and XLG-12A) are the only harzbur- Group Elements) such as Os can be mobile under certain
gites analyzed from the Llangorse site. In contrast to the Alli- conditions of temperature, and oxygen, sulfur and chlorine
gator Lake site, where the xenoliths were removed from scoria, fugacities (Wood, 1987; Fleet et al., 1999).
mantle xenoliths at Llangorse were extracted from a lava lake ~ Two hypothetical scenarios may explain the fact that only
and may have exchanged Os with their host lava. However, the harzburgite type xenoliths displd§’Os/®®0s ratios that
Iherzolite xenoliths from the Llangorse suite do not show fall above the regional Iherzolite trend. One possibility is that
similar Os isotopic enrichments or particularly low Os contents metasomatic melts/fluids with high Os isotopic ratios preferen-
(Table 1), suggesting the Os characteristics of the Llangorse tially migrated through pre-existing harzburgites and reset their
harzburgites are primary. Os isotopic characteristics. This is in agreement with the fact

Finally, the harzburgitd®’0s#®®0s-1/0Os correlation (Fig.  that these distinct Os features are displayed by harzburgites
6) indicates that the Os concentration variation in the harzbur- found throughout the Canadian Cordillera (Table 1). Two of the
gites is not the result of sulfur loss through post-eruptive southern Canadian Cordillera samples have LREE depleted
alteration processes such as described by Lorand (1990), andwhole-rock patterns (RRX-19 and RRX-21; Table 1), unlike
that such processes are not the primary cause of the low Osthe distinctly LREE enriched patterns of the other harzburgites,
contents of spinel xenoliths compared to those of orogenic suggesting that Os and LREE metasomatism may have been
peridotitic massifs. Such processes could lower the Os contentsdecoupled. Decoupling between Os isotopes and incompatible
of the harzburgites, but not change their Os isotopic ratios. trace elements has been noted before (Pearson et al., 1995a;
lonov et al. (1992) argued that the difference in sulfur content Pearson et al., 1995b; Olive et al., 1997) but in these studies Os
between alkali basalt mantle xenoliths and peridotite massifs is isotopes were affected solely by melting, and only Nd and Sm
due to the former representing subcontinental lithospheric man- showed the effects of metasomatism. In the case of the Cana-
tle and the latter being convecting “MORB-type” mantle. dian Cordillera harzburgites, Os isotopes are disturbed by meta-
Crustal fluids would be responsible for metasomatic S-enrich- somatism as well, but this metasomatism may be different from
ment during tectonic emplacement of the peridotite orogenic that which affected the incompatible trace elements in terms of
massif into the crust (lonov et al., 1992). However, the fact that agent composition, timing or source. It is also possible that Os
peridotite massifs have also higher Os contents than alkali and REE fractionation occurred during the metasomatic pro-

6.3. Re-Os Systematics of the Harzburgites
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cess itself, given the very different chemical affinities of these larger number of harzburgites in locales overlying the thermal
elements. In particular, the fact that Os resides in sulfides anomaly.

whereas LREE are stored in silicate phases may have a strong (2) Asthenosphere derived metasomatic agent. The corre-
influence on their relative behavior during metasomatism. spondence between geophysical and petrological observations
Metasomatism of pre-existing harzburgites nicely explains the in the northern Canadian Cordillera suggests a model in which
1870s/88%0s-1/0s trend, but offers no explanation for the pref  the genesis of the bimodal suites may be linked to the presence

erential association of harzburgites with the underlying mantle
seismic anomaly (Fig. 1).

A second hypothesis is that harzburgite formation was trig-
gered by the percolation of melts or fluids (e.g., Kelemen et al.,
1992; Shi et al., 1998) with radiogenic Os compositions in the
Iherzolitic lithospheric mantle. Harzburgite formation could
then result from either lherzolite melting (increasing magma

of the seismic, and presumably thermal, anomaly in the under-
lying mantle (Frederiksen et al., 1998). A model for inducing

melting in the lithosphere via the influx of fluids from this

anomalous region was developed for the bimodal suites by Shi
et al. (1998), based on trace element data for clinopyroxenes.
These authors discussed in detail why harzburgites could not
represent the asthenospheric mantle, i.e., the anomaly itself.

volume; Shi et al., 1998) or by lherzolite-magma interaction This model could explain the Os data if the fluids were derived
(constant or decreasing magma volume) in reaction zones sur-from either an OIB-type (e.g., Widom and Shirey, 1996) or a
rounding melt conduits (e.g., Kelemen et al., 1992). In either MORB-type source, if MORBs indeed have radiogenic Os
case, interaction with such fluids could have both enhanced theratios as suggested by the data of Schiano et al. (1997). Nev-
incompatible trace element contents of the residual peridotite ertheless, Sr—Pb data (Carignan et al., 1996) favor an OIB over
(lonov et al., 1994; Shi et al., 1998) and increased tH&®s/ a MORB-type metasomatic agent. An OIB mantle source for
18%0s ratios. The existence of such melts at depth is consistent Os radiogenic metasomatic melts has already been invoked for
with the presence of the low-velocity seismic anomaly in the explaining the Os characteristics of mantle xenoliths from a
region which may represent the source of the metasomatic cratonic setting (Chesley et al., 1999). However, OIB-type
agents (Frederiksen et al., 1998; Shi et al., 1998). This melting- metasomatic agents would be less radiogenic than subduction
metasomatism process was particularly intense above the ther-ones {#70s/®%0s ratios up to 0.15 are found in OIB; e.g.,
mal mantle anomaly above which harzburgite xenoliths are Martin, 1991, Roy-Barman and Abge, 1995, Widom et al.,
more abundant than in other parts of the Canadian Cordillera. 1996;*#’0s/%0s ratios of 0.3020 are calculated for subduc
An Os poor,*®’0s/*%0s radiogenic fluid may have triggered tion fluids from a young slab of 15-20 Ma; Borg et al., 2000,
melting and scavenged Os, increasing the Os isotopic ratios of Brandon et al., 1999), and thus less akin to modify the Os
the residual peridotite. Such fluids may also have enriched the budget of the harzburgites without changing their bulk compo-
trace elements, although as noted above, incompatible-tracesition. On the other hand, the rare harzburgites from unimodal
element and Os exchange may be largely decoupled, as there isuites located far from the mantle anomaly, though not LREE
no relationship between Os ratio and LREE content in the enriched, record similar Re—Os systematics to those associated
harzburgites. with the anomaly. This might suggest that the type of metaso-
matism responsible for the Os isotopic characteristics of the
harzburgites has thus occurred throughout the length of the
Canadian Cordillera, and may not be linked to the thermal
anomaly and the metasomatism responsible for LREE enrich-

In summary, the Re—Os characteristics and REE patterns of ment of some of the harzburgites.
the harzburgites require the presence of metasomatic agents.
Two possible origins for these agents can be examined.

(1) Subduction related fluids or melts. A Sr—Pb study of
Iherzolites and harzburgites from the Alligator Lake site (Carig- Re—0s measurements in mantle xenoliths found in alkali
nan et al., 1996) concluded that there may have been a slab-relatedbasalts from the Canadian Cordillera indicate the occurrence of
metasomatic enrichment of the Canadian Cordillera lithosphere. two mantle processes:

The material of a downgoing slab is likely to be enriched in (1) The Iherzolite xenoliths record various degrees of melt
radiogenic Os (Walker et al., 1991), thus providing a potential depletion that occurred during the middle Proterozoic. The
source of high®®’0s/®%0s fluids or melts. A harzburgite suite REE patterns of some of the Iherzolites were later modified by
from a similar tectonic setting in the US Cordillera (Simcoe; interaction with an incompatible trace-element enriched melt or
Brandon et al., 1996; Brandon et al., 1999) has a simfiaDs/ fluid (Shi et al., 1998; and unpublished whole-rock data from

6.3.3. Origin of the metasomatic agent

7. CONCLUSION

1880s range (excluding sample AL-49) to that of the Canadian
Cordillera. Simple mass balance calculations led Brandon et al.
(1996) to suggest that Os might have fluid/melt affinities when the
Os-undersaturated fluid/melt from a slab reacts with a relatively

Shi and Francis). The Os isotopic ratios of the Iherzolites were
not significantly affected by this latter process.

(2) The harzburgite xenoliths were affected by recent meta-
somatism or melting triggered by the influx of fluids or melts

Os rich peridotite in the presumably more oxidizing conditions of bearing radiogenic Os. This event may have been partially or
a mantle wedge (Brandon and Draper, 1996; Parkinson andwholly decoupled from that responsible for the incompatible

Pearce, 1998a; 1998b; Parkinson and Arculus, 1999). There is alsdrace element enrichment of most harzburgites (which hap-
growing evidence for Os metasomatism in oceanic arc environ- pened less than 30 Ma; Carignan et al., 1996). The radiogenic
ments (Parkinson et al., 1998a; 1998b; Mclnnes et al., 1999). Os-bearing fluids may have been derived either from the seis-
While metasomatism by slab-derived fluids could explain the mically anomalous mantle region located beneath the northern
Canadian Cordillera Os harzburgite data, it does not explain the Canadian Cordillera or from slabs subducted along the western
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edge of North America. The harzburgite data confirm the Hauri E. H. and Hart S. R. (1997) Rhenium abundances and system-
previous suggestion by Brandon et al. (1996) that Os can atics in oceanic basalt€hem. Geol139, 185-205.

. . . - - lonov D. A., Hoefs J., Wedepohl K. H., and Wiechert U. (1992)
indeed be mobile during certain metasomatic processes, and Content and isotopic composition of sulfur in ultramafic xenoliths

that this effect can significantly alter the Os isotopic ratios of  fom central AsiaEarth Planet. Sci. Lett111. 269—286.
mantle peridotites. lonov D. A., Hofmann A. W., and Shimizu N. (1994) Metasomatism-
induced melting in mantle xenoliths from Mongolid. Petrol. 35,

. . 753-785.
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