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Abstract 
Representative crustal xenoliths from kimberlite pipes in the Buffalo Head Hills and Birch Mountains 
kimberlite fields of northern Alberta provide insight into the crystalline basement of the Buffalo Head 
domain and Taltson magmatic zone, respectively.  
 
Crustal xenoliths from the K11 kimberlite, Buffalo Head Hills kimberlite field, are dominated by olivine-
biotite orthopyroxenite and breccia that are either altered, or completed replaced, by pseudomorphic 
bastite serpentine and antigorite. A crustal xenolith from the K6 kimberlite, Buffalo Head Hills kimberlite 
field, is a quartz diorite dominated by plagioclase with less abundant intergrowth of kaolinite-quartz and 
minor biotite, magnetite/hematite, ilmenite and K-feldspar. A basement xenolith from the Kendu 
kimberlite, Birch Mountains kimberlite field, is a metamorphosed monzonite dominated by plagioclase 
with lesser orthopyroxene and K-feldspar.  
 
Uranium-lead (U-Pb) laser ablation isotopic analysis was completed on zircon from crustal xenoliths from 
kimberlite within the Buffalo Head Hills and Birch Mountains kimberlite fields. This allows for 
comparison between crustal rocks situated within Buffalo Head domain and Taltson magmatic zone, 
respectively. Zircon U-Pb ages between ca. 1919 and 1955 million yeas ago (Ma) were obtained from 
zircon U-Pb in both areas. This strongly supports the contention of a significant event in the Buffalo Head 
domain at ca. 1940 Ma. Similarities between the Buffalo Head domain and Taltson magmatic zone have 
implications for future Alberta basement domain models. 
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1 Introduction 
At present, 48 Late Cretaceous (ca. 88 to 60 Ma) kimberlitic pipes have been discovered in three separate 
areas of northern Alberta: the Mountain Lake cluster, the Buffalo Head Hills field and the Birch 
Mountains field. During the reconnaissance logging and sampling of 30 of the 48 pipes, which was 
completed as part of various Alberta Geological Survey studies, crystalline basement xenolith samples 
were located in three kimberlites shown in Figure 1, including: 

• Samples RE05-KHR-BX01 and RE05-KHR-BX04 from the K11 pipe in the Buffalo Head Hills 
kimberlite field; the samples are from drillhole DDH-11-01 and were located at vertical core depths 
of 61.8 m and 127.4 m, respectively, 

• Sample RE04-K6-X01 from the K6 pipe in the Buffalo Head Hills kimberlite field; this sample was 
collected from a surface exposure of the K6 pipe; and 

• Sample RE03-X11 from the Kendu pipe in the Birch Mountains kimberlite field; this sample was 
collected from drillhole K-00-01 at a vertical core depth of 149.7 m.  

The samples are generally small (mostly <1 cm) making whole-rock geochemical studies difficult, but 
suitable for petrographic study, and where possible, radiogenic isotope work to obtain geochronological 
information. These data are valuable because basement rocks in the Buffalo Head Hills and Birch 
Mountains areas are covered by approximately 1,600 m and 550 m of Phanerozoic sedimentary rocks, 
respectively. Hence, any information obtained from the study of basement xenoliths, which are brought to 
surface/near surface by kimberlite, may advance our geological knowledge of the crystalline basement in 
northern Alberta.  

2 Geology of the Northern Alberta Crystalline Basement with Emphasis on the 
Buffalo Head Domain and Taltson Magmatic Zone  

Approximately 5000 wells have penetrated through Western Canada Sedimentary Basin stratigraphy and 
intersected the underlying Precambrian basement, and about 600 of these wells have been cored (Burwash 
et al., 1994). The most abundant rock types in the northern Alberta basement are quartzofeldspathic 
gneiss (58%), granitoid (16%), granulite (10%), metasedimentary rock (5%), mylonite (5%) and 
amphibolite (4%), with all other types constituting less than 2% (Burwash et al., 2000). Existing pressure-
temperature estimates suggest that most of northern Alberta is floored by granulite grade rocks that have 
been intruded by major batholitic complexes (e.g., Chacko, 1997; Grover et al., 1997). 

Basement subdivisions in northern Alberta have been inferred from potential field data, particularly 
aeromagnetic and geochronological data, and include, from east to west, the Taltson, Buffalo Head, 
Chinchaga, Ksituan and Nova domains (Figure 1; Ross et al., 1991). Based on these inferred subdivisions, 
brief descriptions of the Taltson magmatic zone and Buffalo Head domain are provided below, as they 
pertain to the collection and documentation of crustal xenoliths in this study.  

The Taltson magmatic zone is a 150 to 200-km wide, north-trending belt of strike-parallel, tightly 
corrugated, positive aeromagnetic anomalies contained within broader aeromagnetic lows (Thériault and 
Ross, 1991). This is the southern continuation of the extensively exposed, 2500-km long Taltson-Thelon 
orogenic belt (Bostock et al., 1987; Hoffman, 1988, 1989). The exposed Taltson magmatic zone is dated 
at 1990 to 1910 Ma (McDonough et al., 1995; 2000). To the south, U-Pb dating of zircon and monazite  
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from drillcores of the unexposed segment of the Taltson zone yielded ages in the 1975 to 1937 Ma range. 
Initial εNd values range from –3.7 to –9.7 and are in agreement with the range of values obtained for the 
exposed portion of the Taltson magmatic zone to the north (Thériault and Bostock, 1989). Depleted 
mantle neodymium model ages (TDM) vary from 2570 to 2680 Ma. The Nd isotopic signatures of the 
Taltson domain granitic rocks reflect recycling of material with a prolonged crustal history during the 
Paleoproterozoic. 

The Buffalo Head domain is defined as a 200 to 300-km wide, elongate region of internally complex, 
north-trending, convex-westward, moderately positive aeromagnetic anomalies containing aero-
magnetically negative septa. Drillcore samples recovered from the Buffalo Head domain are mainly 
metaplutonic rocks ranging in composition from gabbro to leucogranite, with minor metavolcanic and 
high-grade gneissic rocks (Thériault and Ross, 1991; Ross et al., 1991; Burwash et al., 1994). U-Pb 
crystallization ages fall in the 2324 to 1993 Ma range, with four occurrences of plutonic rocks in the 
narrow range 1999 to 1993 Ma (Thériault and Ross, 1991; Ross et al., 1991). εNd values scatter over the 
+0.2 to –6.3 range, whereas TDM model ages vary from 2830 to 2510 Ma, with a preponderance of 2800 
to 2700 Ma ages. Rock type and εNd values show no apparent interrelation.  

It is important to point out that several authors have advocated that changes are required to the basement 
geological model of northern Alberta because of, for example,  

• the sparseness of basement core samples used to infer domains and domain boundaries (e.g., Burwash 
et al., 2000); 

• a lack of correspondence between the aeromagnetic-derived boundaries (Ross et al., 1991) and 
petrological/geochemical boundaries (Burwash and Culbert, 1976); and  

• general incompatibility between aeromagnetic and horizontal-gradient maps (Lyatsky et al., 1999).  

Consequently, Burwash et al. (2000) proposed that northern Alberta is underlain by the Athabasca 
Polymetamorphic Terrane (APT), and that the APT is probably the southwestward extension of the pre-
Taltson basement exposed in northeastern Alberta, northwestern Saskatchewan and adjacent Northwest 
Territories.  

3 Petrography of Selected Crustal Xenolith Samples 

3.1 Olivine-Biotite Orthopyroxenite Breccia from the K11 Kimberlite, Buffalo Head Hills Kimberlite 
Field (Sample RE05-KHR-BX-01) 

Sample RE05-KHR-BX01 is an olivine-biotite orthopyroxenite breccia. The clast is dominated by a large 
fragment of olivine-biotite orthopyroxenite that contains minor garnet (Table 1). Orthopyroxene was 
replaced completely by pseudomorphic bastite serpentine, whereas olivine was altered completely, or to 
much less oriented antigorite serpentine. A brecciated component contains much smaller fragments of 
olivine and one elongate fragment of limestone set in a groundmass of serpentine with minor non-
reflective opaque. Olivine in the smaller fragments is slightly to strongly altered, to antigorite-calcite-
magnetite and locally in cores of grains to chlorite-Mineral A (see below)-hematite.  
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Table 1. Mineralogy of sample RE05-KHR-BX01. 

Mineral fragment Percentage Main grain size range (mm) 

Orthopyroxene 65-70 1-1.5 

Olivine 8-10 0.5-1 

Biotite 3- 4 0.2-0.3 

Garnet 1 0.3-0.8 (one grain 1.5 mm long) 

Titanite 0.2 0.07-0.2 

Ilmenite 0.2 0.05-0.5 

Calcite 1- 2 0.005-0.015 

Magnetite 0.5 0.02-0.5 

Matrix 

Serpentine 8-10 0.01-0.02 

Magnetite/hematite 1- 2 0.01-0.05 

Pyrite trace 0.01-0.02 

Veinlet 

Antigorite-carbonate 2- 3 0.005-0.015 

 

In the main fragment that occupies 85% of the section (e.g., Figure 2a), orthopyroxene forms anhedral, 
equigranular to prismatic grains that were altered completely to bastite serpentine (pseudomorphs after 
orthopyroxene with grains in parallel orientation and with extinction parallel to original cleavage of 
orthopyroxene). Olivine forms disseminated equigranular grains that were replaced completely by 
commonly unoriented antigorite. Biotite forms disseminated equant flakes with pleochroism from light, to 
very dark brown, to opaque. Garnet forms a cluster of anhedral, corroded grains intergrown coarsely with 
orthopyroxene and biotite. Titanite forms disseminated, subrounded grains, mainly associated with garnet 
and biotite. Ilmenite forms anhedral, in part intercumulus patches up to 0.7 mm.  

In the brecciated part of the sample, olivine forms anhedral angular to rounded fragments, mainly from 
0.3 mm to 1 mm, that range from grains with fresh cores and ragged altered rims to serpentine to grains 
that were altered completely to unoriented flakes of antigorite (0.003 mm to 0.015 mm) with irregular 
patches of opaque (probably magnetite; Figures 2b, c). Some grains also contain minor to moderately 
abundant patches of calcite. A few fragments were altered to an assemblage of chlorite and an unknown 
alteration mineral (Mineral A) with the following properties: colourless, R.I. about 1.60-1.65, 
birefringence 0.010, stubby prismatic habit, hardness about 3, length-slow, inclined extinction (10-20°). A 
few subrounded fragments up to 0.7 mm are of magnetite. A fragment 5 mm long of limestone contains 
minor fossil fragments up to 0.05 mm (Figure 2b). One fragment 1.2 mm long with rounded corners is of 
strongly altered biotite and muscovite. The matrix of the breccia is antigorite with disseminated grains of 
magnetite/hematite. Veinlets of antigorite-carbonate averaging 0.02 mm to 0.05 mm wide cut the rock. 
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Figure 2. Photomicrographs of RE05-
KHR-BX01. A) Orthopyroxene (altered 
to oriented antigorite) and lesser olivine 
(altered to less oriented to unoriented
antigorite) with intercumulus biotite; 
veinlets of antigorite serpentine; plane 
light. B) Breccia zone: olivine fragments 
(one partly altered to opaque-serpentine; 
another replaced in its core by calcite 
and in an outer zone by serpentine; 
smaller olivines replaced completely by 
serpentine and minor opaque), fragment 
of limestone; breccia matrix of serpentine 
and minor calcite and opaque (probably 
magnetite); plane light in cross nicols.
C) olivine (?) grains (cores altered to 
zoned intergrowth of chlorite, Mineral X, 
and minor hematite, and rims altered to 
serpentine) in a breccia matrix of 
serpentine; plane light.

A B

C

A

B

C

Abbreviations: A – unidentified mineral ‘A’, bi – biotite, cl – chlorite, ct – calcite, he – hematite, 
ol – olivine, opx – orthopyroxene, ox – opaque-serpentine, sp – serpentine, spV – serpentine veinlet



 

 

3.2 Olivine-Biotite Orthopyroxenite from the K11 Kimberlite, Buffalo Head Hills Kimberlite Field 
(Sample RE05-KHR-BX04) 

Sample RE05-KHR-BX04 is an olivine-biotite orthopyroxenite that is dominated by equant, cumulus 
orthopyroxene grains with much less abundant grains of olivine and interstitial patches of biotite and non-
reflective opaque, with minor magnetite/hematite and garnet (Figure 3a; Table 2). Orthopyroxene forms 
anhedral, mainly equant grains that were replaced completely by bastite serpentine. Olivine forms 
anhedral grains that are intergrown coarsely with orthopyroxene and were altered completely to 
antigorite. Definition of olivine grains is poor, and probably some of the material inferred to be olivine 
may be secondary as part of the late replacement patches. Biotite forms anhedral, intercumulus grains 
with pleochroism from medium brown to opaque. Non-reflective, soft opaque minerals form anhedral 
patches up to 1.5 mm. Magnetite (altered to hematite) forms scattered anhedral to subhedral grains. 
Subrounded grains of garnet and titanite have also been identified. 

Table 2. Mineralogy of sample RE05-KHR-BX04. 

Mineral fragment Percentage Main grain size range (mm) 

Orthopyroxene 65-70 1- 2 (a few up to 3 mm) 

Olivine 4- 5 0.5-1.2 

Biotite 3- 4 0.2-0.7 

Opaque 2- 3 cryptocrystalline (non-reflective) 

Magnetite/hematite 0.2 0.3-0.5 

Garnet minor 1 

Titanite trace 0.1 

Veinlets and patches 

Antigorite 10-12 0.005-0.02 

Carbonate (ankerite?) 1 0.02-0.04 

Talc 0.3 0.01-0.02 

 

A few veinlets of talc, up to 0.03 mm wide, occur along cleavage planes in a few orthopyroxene grains 
(Figure 3b). Antigorite forms numerous veinlets up to 0.2 mm wide and related replacement patches up to 
0.7 mm across. A few of these contain moderately abundant carbonate (probably ankerite). Veinlets are 
most obvious in orthopyroxene, where they destroy the bastite texture, and less obvious in olivine where 
serpentine textures are commonly similar to the common alteration of olivine.  

  EUB/AGS Geo-Note 2006-01 (April 2006) • 6 



A B
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B

Figure 3. Photomicrographs of RE05-KHR-BX04. A) Orthopyroxene (altered to bastite serpentine and 
cut by a network of serpentine veinlets and replacement patches), lesser olivine grains (altered to antigorite
that is texturally similar to antigorite veinlets), and minor biotite; reflected light. B) Orthopyroxene (altered 
to bastite serpentine) and one grain of olivine (altered to antigorite) and one of biotite; veinlets of talc along 
cleavage planes in one orthopyroxene grain; replacement patches of serpentine also cut a talc veinlet; 
plane light in crossed nicols. 

Abbreviations: bi – biotite, ol – olivine, opx – orthopyroxene, sp – serpentine, ta - talc



 

 

3.3 Quartz Diorite from the K6 Kimberlite, Buffalo Head Hills Kimberlite Field (sample RE04-K6-
X01) 

Sample RE04-K6-X01 is a quartz diorite dominated by plagioclase with less abundant intergrowths of 
kaolinite-quartz, and minor biotite, magnetite/hematite, ilmenite and K-feldspar (Figure 4; Table 3). 
Plagioclase was altered moderately to sericite. Biotite contains abundant opaque inclusions.  

Table 3. Mineralogy of sample RE04-K6-X01. 

Mineral fragment  Percentage Main grain size range (mm) 

Plagioclase   55-60 0.5-1.5 

Kaolinite (?)   20-25 cryptocrystalline-0.005 

Quartz    12-15 0.1-0.3 

Biotite      2- 3 0.2-0.3 

Magnetite/hematite    0.5 0.2-0.5 

K-feldspar      0.3 0.3-0.5 

Ilmenite       0.3 0.2-0.7 

Pyrrhotite      0.1 0.1-0.15 

Apatite      0.1 0.07-0.2 

Hornblende (?)      0.1 1 

Titanite    minor 0.05-0.1 

Zircon     trace 0.1 

Chalcopyrite    trace 0.01-0.02 

 

Plagioclase forms anhedral, equant grains that were moderately to strongly altered, to patchy sericite and 
possibly to zeolite. Kaolinite (?) and quartz occur together in patches up to a few millimetres across with 
irregular, subangular grains of quartz enclosed in kaolinite (?; Figure 4b). Textures suggest they occupy 
the same textural sites as one would expect for quartz in a medium-grained quartz diorite. K-feldspar 
forms minor anhedral grains intergrown coarsely with plagioclase; some contain weakly developed cross-
hatched twins. Biotite forms anhedral flakes and clusters of a few flakes with pleochroism from pale to 
light brown. Biotite contains abundant inclusions of opaque (0.005 mm to 0.01 mm). Ilmenite and 
magnetite/hematite each forms disseminated patches up to 0.5 mm (Figure 4a). Pyrrhotite forms 
disseminated grains commonly associated with magnetite/hematite. Pyrite was fractured moderately to 
strongly and replaced along fractures by hematite. Apatite forms anhedral grains concentrated in a few 
patches of kaolinite (?; Figure 4a). Hornblende (?) forms an anhedral grain that was replaced completely 
by kaolinite/chlorite (?) and contains a few to several inclusions of apatite. Titanite forms a few anhedral,  
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Figure 4. Photomicrographs of RE04-K6-X01. A) Plagioclase (altered moderately to sericite), ilmenite, 
hornblende (?, altered completely to kaolinite/chlorite? with abundant inclusions of apatite), minor titanite, one 
patch of kaolinite (?)-quartz; plane light in cross nicols. B) Plagioclase (altered moderately to sericite), patches 
of kaolinite with angular inclusions of quartz (uncertain origin), patches of biotite (with abundant opaque 
inclusions) and minor opaque (ilmenite and magnetite) and K-feldspar; plane light.

Abbreviations: ap – apatite, bi – biotite, il – ilmenite, ka – kaolinite, Kf – K-feldspar, mt – magnetite,
pl – plagioclase, qz – quartz, se – sericite, sf - titanite



 

subrounded grains associated with magnetite and altered hornblende (?). Zircon forms a subhedral, 
prismatic grain. Chalcopyrite forms a few disseminated, anhedral grains. 

3.4 Metamorphosed Monzonite from the Kendu Pipe, Birch Mountains Kimberlite Field (Sample 
RE03-X11) 

Sample RE03-X11 is a metamorphosed monzonite dominated by plagioclase with lesser orthopyroxene 
and K-feldspar, and much less abundant biotite, magnetite and ilmenite (Figure 5; Table 4). In parts of the 
section, orthopyroxene was slightly to moderately replaced by sericite-(limonite), and plagioclase was 
replaced slightly by sericite. Intense, texture-destructive replacement to sericite occurs in irregular patches 
and a few veinlets, mainly near one end of the section. The presence of orthopyroxene and biotite 
suggests the rock is upper amphibolite facies, or retrograded, partly re-equilibrated pyroxenite.  

Table 4. Mineralogy of sample RE03-X11. 

Mineral fragment Percentage Main grain size range (mm) 

Plagioclase 65-70 0.5-1.5 (a few up to 2 mm) 

Orthopyroxene 8-10 0.5-1.5 

K-feldspar 5- 7 0.3-1 

Biotite 2- 3 0.3-0.7 

Magnetite 1- 2 0.1-0.5 

Ilmenite 0.5 0.1-0.5 

Apatite 0.5 0.07-0.15 (up to 0.55 mm) 

Garnet trace 0.1 

Replacement minerals 

Sericite 12-15 cryptocrystalline-0.01 

Veinlets 

Sericite 0.3 cryptocrystalline-0.01 

 

Plagioclase forms anhedral, slightly interlocking grains, some of which were warped slightly during 
metamorphism. Plagioclase alteration varies from nil to very slight to completely altered to sericite 
(Figure 5a). Orthopyroxene forms anhedral grains and clusters of grains with parallel to subparallel 
extinction and pleochroism from pale to light, slightly brownish green. Biotite forms anhedral flakes with 
pleochroism from light to medium, brownish red. K-feldspar forms anhedral grains intergrown coarsely 
with plagioclase (Figure 5b). K-feldspar may have been more prominent, as two-thirds of the section 
comprises grains replaced completely by sericite that was stained light orange by limonite. Many 
grains contain minor exsolution lenses of perthite and a few show weakly developed, cross-hatched twins. 
Magnetite and ilmenite each forms disseminated, anhedral grains, commonly interstitial between 
plagioclase and orthopyroxene. Apatite forms disseminated subhedral to euhedral, prismatic grains  
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Figure 5. Photomicrographs of RE03-X-11. A) Plagioclase, orthopyroxene (slightly to moderately altered to 
sericite-limonite), biotite and ilmenite, with minor apatite and garnet; a few replacement patches of sericite
(after plagioclase); plane light. B) Intergrowth of plagioclase and K-feldspar with minor magnetite/hematite; 
replacement patch and vein of sericite; plane light in crossed nicols.

Abbreviations: ap – apatite, bi – biotite, ga – garnet, Kf – K-feldspar, li – limonite, mt – magnetite,
pl – plagioclase, se – sericite



 

associated with mafic clusters and plagioclase. Garnet forms one equant grain bordering an altered grain 
of orthopyroxene. 

A few replacement patches up to several mm in size of sericite were formed by complete replacement of 
the rock, with plagioclase and hornblende being the major minerals replaced. Altered orthopyroxene 
generally is stained orange by limonite, whereas sericite after plagioclase is only slightly coloured. A few 
veinlets of sericite up to 0.15 mm wide are associated with the replacement patches, and similar veinlets 
occur along two borders of the section. One of these contains several grains of biotite. 

4 Zircon U-Pb Geochronology  
Comparison between zircon ages from these samples allow for comparison between the Buffalo Head 
domain and the Talston magmatic zone (Figure 1). Zircons selected for laser ablation were from three 
samples: RE05-BX-01 and RE05-BX-04 from the K11 pipe (Buffalo Head Hills kimberlite field) and 
RE03-X-11 from the Kendu pipe (Birch Mountains kimberlite field). The zircons are between 20 µm and 
50 µm and generally subhedral to anhedral (Figure 6); their general rounded shape leads us to believe the 
subsequent ages are metamorphic.  

4.1 Analytical Methodology 
Zircon U-Pb isotopic analysis were completed on in situ thin section grains using the laser-ablation 
(UP213 nm)-MC-ICP-MS (NuPlasma) instrument at the University of Alberta, which is equipped with a 
collector block that includes three ion counters and twelve Faraday buckets. Detailed information 
regarding the ion counters, the calibration of the Faraday-ion counter biases (associated linearity), 
common Pb correction, data reduction and measurement protocols are described in detail in Simonetti et 
al. (2005).  

This configuration allows for the simultaneous detection of ion signals ranging from mass 238U to 203Tl. 
Advantages of the multiple ion counting system include the capability to readily measure low Pb ion 
signals (<1 x 106 counts per second), conducting ablation runs using relatively low laser-energy output 
(~2 J/cm2) and high spatial resolution using predominantly single-spot analysis of ≤40 µm. During a 
typical 30-second analysis, the depth of the laser pit is approximately 15 µm and corresponds to a small 
amount of total ablated mass (~90 nanograms) for zircon. 

An analytical protocol and data reduction scheme typically yields external reproducibility (2 sigma) for 
206Pb/238U (and 207Pb/235U) and 207Pb/206Pb values of ca. 3% and ~0.7%, respectively. The data have been 
corrected for common Pb and error propagation regarding external reproducibility of the in-house zircon 
standard.  

4.2 Results 
Analytical results are presented in Table 5 and on concordia diagrams in Figure 7.  
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Figure 6. Photomicrographs of zircon, plane light. 

A) RE05-BX-01

100 µm

B) RE05-BX-04

100 µm

C) RE03-X-11

100 µm



 

Table 5. Results of in situ U-Pb laser ablation-MC-ICP-MS analysis. 

  Error  Error  Error 
Grain number 207Pb/206Pb (2 sigma) 206Pb/238U (2 sigma) 207Pb/235U (2 sigma) 

       
RE05-BX-01       
RE05-BX-01-1 0.10919 0.00359 0.07817 0.00569 1.17380 0.00680 
RE05-BX-01-2.1 0.10632 0.00927 0.05795 0.00687 0.82905 0.01159 
RE05-BX-01-2.2 0.06928 0.00476 0.02353 0.00033 0.21906 0.00487 
RE05-BX-01-2.3 0.11764 0.00053 0.36500 0.00291 5.96330 0.00312 
RE05-BX-01-3 0.12214 0.00079 0.28177 0.00569 4.74765 0.00583 
RE05-BX-01-4 0.06822 0.00519 0.04053 0.00143 0.37644 0.00547 
RE05-BX-01-5 0.07244 0.00249 0.03528 0.00164 0.35168 0.00315 
       
RE05-BX-04       
RE05-BX-04-1 0.11869 0.00012 0.33585 0.00247 5.49684 0.00266 
       
RE03-X-11       
RE03-X-11-1 0.11158 0.00097 0.10156 0.00101 1.56393 0.00172 
RE03-X-11-2 0.11396 0.00062 0.19893 0.00292 3.12279 0.00315 
RE03-X-11-3 0.11878 0.00036 0.29577 0.00310 4.83945 0.00328 
RE03-X-11-4 0.11611 0.00032 0.23040 0.00209 3.68791 0.00234 
RE03-X-11-5 0.11316 0.00039 0.15392 0.00331 2.39920 0.00348 
RE03-X-11-6 0.10944 0.00176 0.26272 0.00835 4.08067 0.00859 
RE03-X-11-7 0.11176 0.00067 0.15952 0.00127 2.45626 0.00175 
RE03-X-11-8 0.11912 0.00619 0.29035 0.00352 4.67780 0.00719 
RE03-X-11-9 0.11878 0.00021 0.28347 0.00183 4.64273 0.00210 
RE03-X-11-10 0.11375 0.00097 0.11838 0.00554 1.85360 0.00571 
RE03-X-11-11 0.11352 0.00380 0.14944 0.00670 2.33982 0.00776 
RE03-X-11-12 0.09718 0.00108 0.28206 0.00378 3.79223 0.00406 
       

For sample RE-05-BX01, a total of seven analyses from five grains were ablated using either 20 µm or 40 
µm spot sizes. Five analyses have a low 206Pb/238U of <0.078. Hence, Figure 7a, which includes all seven 
analyses, shows a large degree of discordancy with an age of 1961±57 Ma and a mean square of weighted 
deviation (MSWD) of 57 Ma. Alternatively, Figure 7b shows the least concordant grains (RE05-BX-01-
2.3 and RE05-BX-01-3 with 206Pb/238U of 0.365 and 0.282, respectively) and yields an age estimate of 
1941±14 Ma at 2 sigma.  

Due to the small overall zircon size in sample RE-05-BX04, we were only able to locate and ablate one 
grain at a 40 µm spot size. Figure 7b shows an estimated age of 1937±18 Ma for this single analysis.  

Sample RE03-X-11 contains numerous zircon grains. Laser-ablation was performed and U-Pb isotopic 
results were obtained directly from 12 separate zircons. The resultant data fall on a discordia line with an 
upper intercept age of 1936±24 Ma at 2 sigma (MSWD of 2.2; no exclusion of data; Figure 7c). 
Intriguingly, one grain has a concordant age of 1600 Ma, for which we have no explanation. 

In summary, crustal xenolith zircon U-Pb isotopic analysis from the Buffalo Head Hills and Birch 
Mountains kimberlite fields yielded nearly identical upper-intercept ages.  
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A) RE05-BX-01

B) RE05-BX-04

C) RE03-X-11
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Figure 7. Zircon U-Pb concordia diagram from selected crustal xenoliths. Concordia diagrams constructed 
using Isoplot version 3.0 (Ludwig, 2003). Data point error ellipses are 2 SI.
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5 Discussion 
The history of magmatism and associated tectonic events in northern Alberta is clearly complex, and 
existing geological information on the crystalline basement has been variously assembled to support 
several Proterozoic terrane-accretion models, two of which will be discussed below with emphasis on the 
Buffalo Head domain and Taltson magmatic zone.  

The plate-margin accretionary model (Hoffman, 1987, 1988, 1989; Ross, 1990; Ross et al., 1991; 
Thériault and Ross, 1991; Thériault, 1992; McDonough et al., 2000; Ross and Eaton, 2002) assumes that 
the western Canadian Shield of northern Alberta is composed of a series of distinct continental slivers that 
were accreted to the margin of the Archean Rae hinterland at ca. 1.9 to 2.0 Ga. Thus, the Buffalo Head 
domain, as a discrete continental sliver, was formed prior to accretion between 2.32 and 1.99 Ga. In the 
case of the Taltson magmatic zone, this theory proposed that the 1.99 to 1.96 Ga early granitoid suite 
formed by subduction of oceanic crust beneath a continental margin and was followed by collision 
between formerly separate crustal blocks to generate the 1.95 to 1.93 Ga late, largely anatectic plutons. 

Alternatively, the plate-interior model acknowledges that similarities in both the pre and post-2.0 Ga 
history of the Buffalo Head and Taltson magmatic zone indicate a single block of largely coherent crust 
existed since at least 2.3 Ga, and thus, the actual plate boundary of western Laurentia at ca. 2.0 Ga was 
located further to the west (Bostock and van Breemen, 1994; Burwash et al., 2000; De et al., 2000; 
Chacko et al., 2000; Ranger, 2004).  

Ranger (2004) provided strong evidence to support the latter theory when she reported that pelitic 
migmatite (high-grade assemblage Spl-Crd-Grt-Sil-Perthite), gneiss and mylonite from the Buffalo Head 
domain have electron microprobe monazite and U-Pb metamorphic monazite ages of ca. 1960 to 1910 
Ma, and represent an upper amphibolite to possibly granulite-grade metamorphic event previously not 
described. Indeed, these ages are considerably younger than the 2324±1 Ma to 1990±13 Ma U-Pb 
monazite, titanite and zircon ages reported by Ross et al. (1991) and Villeneuve et al. (1993) from the 
Buffalo Head domain.  

Our data corroborate that of Ranger (2004), particularly for zircon U-Pb that has 1919 Ma to 1955 Ma 
ages from K11 pipe basement xenoliths, which are situated in the central part of the inferred Buffalo Head 
domain (Figure 1). This reinforces Ranger’s (2004) suggestion that a significant event occurred in the 
Buffalo Head domain at ca. 1940 Ma and a connection between the Buffalo Head domain, Taltson 
magmatic zone, and possibly, the western Rae Province must be considered in future basement models.  

6 Conclusions 
Petrographical and geochronological information obtained from the study of four basement xenoliths, 
which were brought to surface/near surface by the rapid emplacement of kimberlitic rocks in the Buffalo 
Head Hills and Birch Mountains kimberlite fields, can help forward our geological knowledge of the 
crystalline basement in northern Alberta.  

The examined crustal xenoliths are orthopyroxene and plagioclase-rich rocks that include olivine-biotite 
orthopyroxenite, quartz diorite and metamorphosed monzonite. Orthopyroxene and olivine in the 
orthopyroxenite are moderately to completely altered to pseudomorphic bastite serpentine and antigorite, 
respectively. Plagioclase alteration is less intense in the quartz diorite and monzonite clasts, with slight to 
moderate transformation to sericite.  
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Laser-ablation U-Pb analysis on zircon grains from crustal xenoliths in kimberlite of the Buffalo Head 
domain and Taltson magmatic zone yielded near identical upper-intercept ages of between ca. 1919 Ma 
and 1955 Ma. This strongly supports the contention that a significant event occurred in the Buffalo Head 
domain at ca. 1940 Ma, which indicates a common tectonothermal history of the basement in the two 
regions. Hence, these data do not support previous basement domain maps, but suggest that similarities 
between the Buffalo Head domain and Taltson magmatic zone must be considered during future 
modelling of the basement geology in northern Alberta. 
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