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	Feature
	Noril'sk - Talnakh Region (Permian Siberian Traps); NW Siberia
	Amundsen Basin (723 Ma Franklin Event);
 NW Canada

	SCALE:  Both were catastrophic mafic magmatic events, comprising thick flood basalts, many, thick,  gabbro sills and dykes.
	An immense volume (~106 km3) of flood basalts up to 3500 m thick, known as the Siberian Traps.  Related sills are also extensive but regional extent not as well documented because covered by Traps.  
	Large volume of Natkusiak flood basalts (see below).  Related gabbroic dykes extend across northern Canada for more than 2500 km from Great Bear Lake to southeastern Baffin Island; sills intrude all of Amundsen Basin and Archean basement (Fig. 2) (Heaman et al., 1992).

	
	Both of similar regional extent to other major rift-related Proterozoic mafic events such as the 1.10 Ga Keweenawan magmatism (Halls, 1978; ), and the Coppermine basalts and diabase dykes of the 1.27 Ma Mackenzie igneous event (LeCheminant and Heaman, 1989).

	DURATION:  Ages differ but both represent rapid, short-lived magmatism.
	The Siberian Traps were erupted quickly during the Late Permian and Early Triassic and are temporally associated with the Permo-Triassic extinction (Renne and Basu, 1991).
	Neoproterozoic:  seven widely separated sills and a northwesterly dyke in Amundsen Basin, and one dyke on Baffin Island yielded 723 +4/-2 Ma.  One other sill on Victoria Island was dated at 718 +/- 2 Ma (U-Pb on Badelleyite; Heaman et al., 1992). 

	HOST STRATIGRAPHY: 
The stratigraphy hosting sills in each region comprises undeformed, unmetamorphosed continental and epicontinental strata immediately below the basalts.
	Up to 450 m of continental coal- and gas-bearing strata of the upper Carboniferous-Permian Tunguska Series (Duzhikov et al., 1992); underlying lacustrine carbonates and sulfate evaporites (Cambrian to Ordovician), marine graptolitic shales and fossiliferous limestones (Silurian to Lower Devonian), argillaceous to conglomeratic strata with sulfate evaporites (Middle Devonian), evaporites (Upper Devonian) and shallow marine limestones (Carboniferous) (ibid.).
	Basalts conformably to unconformably overlie the uppermost formations of the Neoproterozoic Shaler Supergroup (Table 3), a 4-5 km-thick weakly metamorphosed and gently folded, locally sulfidic and carbonaceous succession of platformal carbonate, sulfate evaporite, shale and quartzarenite which filled the shallow, intracratonic, Amundsen Basin (Christie et al., 1972; Young, 1981).  Local steep dips and thrust faults in Brock Inlier are related to a number of deformational events culminating in the Cretaceous Laramide orogeny (Jones et al., 1992).  The basalts and a complete section of the Shaler Supergroup are preserved only in Minto Inlier.

	VOLCANIC STRATIGRAPHY AND PETROLOGY:  Basalts are petrologically comparable, with kilometers of stratigraphy recording multiple phases of volcanism.
	Lightfoot et al. (1990) and Naldrett et al. (1992) have reported four phases of volcanism representing an aggregate thickness of 2,200 m.: 1) alkalic to subalkalic, tholeiitic, and tholeiitic to picritic; 2) thick tuff; 3) tholeiites to picrites; 4) tholeiites.  Olivine basalts are abundant in the Noril'sk region, and individual sheets of the lower three phases are thinner toward the flanks of the region (Naldrett, 1989).  Isopach maps indicate close control on basalt thicknesses by regional faults, particularly the Noril'sk-Kharaelakh Fault (Naldrett et al. 1992).  The fourth phase of volcanism is distributed widely across the Siberian Platform.
	The Natkusiak Formation in Minto Inlier is the only extrusive representative of the Franklin event; it is 1100 m thick and has been subdivided by Jefferson et al. (1985) into seven regionally mapped volcanic members including a near-basal pyroclastic unit with significant lateral variations.  Forty to fifty individual flows range in thickness from 0 to about 70 m and some have been traced laterally for up to 30 km.  Minor mudstones and carbonates separate some flows.  Pumpellyite grade burial metamorphism records pressures and temperatures suggesting that these flows were originally more than 2,000 m thick (ibid.).  The compositions of the Natkusiak basalts are typical of continental tholeiites; however, their trace element characteristics imply some interaction with a crustal component (Dostal et al., 1986).  Systematic petrology and detailed mapping have not yet been undertaken on these plagioclase-pyroxene-dominated basalts, although chemical variants include olivine rich phases (Dostal et al., 1976; Heaman et al., 1992).  




Table 4.  Similarities between Noril'sk-Talnakh Ni-Cu-PGE region and northwestern Canada.

	Feature
	Noril'sk - Talnakh Region (Permian Siberian Traps); NW Siberia
	Amundsen Basin (723 Ma Franklin Event);
 NW Canada

	DEFORMED DEEPER STRATIGRAPHY:  below sill-bearing se-quence, is also epicon-tinental; extent beneath basalts uncertain
	Deformed Paleozoic epicontinental sequence: fluvial conglomerates and quartzarenites.
	Open-folded and thrust-faulted 1270 Ma Coppermine basalts and conglomeratic sandstones (Baragar and Donaldson, 1973; Hildebrand and Baragar, 1991).  Focus of 1270 Ma Mackenzie dyke swarm was north-central Victoria Island, same as the Franklin event.

	TECTONIC SETTING Both cratonic margins.
	Northwest part of the Siberian Platform (Fig. 1 of Naldrett, 1992)
	NW corner Canadian Shield; bounded by marked break in aeromagnetic pattern (Fig. 13).

	ASSOCIATED MAJOR FAULTS; 

PROXIMITY TO FOCUS OF MAGMATISM:  

Both areas are bounded by major associated faults which appear to have been near the focus of magmatism and also influenced the style and location of basalt eruption and sill emplacement.  These faults appear to be the surface expressions of major crustal breaks.
	Many of the mineralized intrusive centres of the Noril'sk-Talnakh mining camp are associated with the Noril'sk-Kharaelakh Fault (Naldrett, 1989).  This fault is considered to be deep-seated, to have acted as a conduit for upwelling magma during the Early Triassic and to have been reactivated during subsequent rifting.  The associated economic intrusions appear to be restricted to localities where the Noril'sk-Kharaelakh Fault impinges on the borders of depositional troughs in the pre-Permian country rock.  These troughs are also coincident with thickening of the flood basalts (Genkin et al., 1981).  At Noril'sk, the economic sulfide-bearing intrusions are inferred to represent volcanic conduits which radiated upward and outward from master magma chambers at depth. 
	Significant northeasterly trending piano-key-type faults from Glenelg Bay (Fig. 6) to Minto Inlet have offsets in the order of tens to hundreds of metres; NE faults with lesser offset cut the basalts in the axis of Minto Inlier (Jefferson et al., 1985) and some are differentially intruded by sills and dykes (Figs. 6, 9).  The only ultramafic differentiates and some of the thickest sills found to date are also in Glenelg Bay area.  A major northeast-trending crustal break from Mackenzie Delta to Lancaster Sound (an extension of the Kaltag-Porcupine Fault? cf. Jones, 1980) is inferred to transect the NW side of Minto Inlier, from Minto Inlet to Glenelg Bay, based on a significant break in regional aeromagnetic anomalies (Fig. 13) which is not manifested in Paleozoic cover.  Also, Rainbird (1993) has described stratigraphic evidence for mantle plume uplift under NE Minto Inlier.  Minor NW faults occupied by dykes may be more significant on flank of the uplift.

	SYN- AND POST-VOLCANIC TECTONISM:  
Both areas record immediate pre- and syn- basalt tectonism.  Post-basalt tectonism is documented in Siberia and possible in NW Canada.  
	Stable continental platform; deeper tectonic record not investigated for this comparison.  Post-volcanic rifting and considerable subsidence are recorded by trough-filling alluvial conglomerates and sandstones of Late Triassic to mid-Tertiary age (Tamrazyan, 1971).  The major Noril'sk-Kharaelakh Fault described above is related to pre-, syn- and post-basalt tectonism.
	Stable continental platform.  Local small faults, subtle pre- and syn-basalt uplift in NE Minto Inlier, interpreted as plume-related crustal doming (Rainbird, 1993); corroborated by a swarm of intrusive breccia pipes concentrated along NE Holman Island Syncline (see Figs. 7, 9, 10; further details in text).  Post-basalt tectonism has no sedimentary record in Amundsen Basin, but syn-sedimentary rifting has been documented in correlative Mackenzie Mountains strata (see text).

	ASSOCIATED LARGE INTRUSIONS:  Both have associated gravity and magnetic anomalies which are inferred to represent large mafic-ultramafic intrusions
	A pronounced 25 mGal regional gravity anomaly is located beside the Noril'sk-Talnakh Fault and is ascribed to a downward projecting conical distribution of denser igneous rocks.  Naldrett (1992) inferred the presence of a buried large intrusion near Noril'sk for petrogenetic reasons (see text for further discussion). 
	The 130 mGal Darnley Bay gravity anomaly on the NW corner of Brock Inlier is coincident with an aeromagnetic anomaly.   It is SW of a U-shaped array of five other 80-100 mGal gravity anomalies, some coincident with moderate aeromagnetic anomalies.  All are inferred to be mafic intrusions based on interpreted densities in the order of 3.0 g/cc (McGrath et al., 1993).  Relationships to Franklin Events are tenuous (see text).


	Feature
	Noril'sk - Talnakh Region (Permian Siberian Traps); NW Siberia
	Amundsen Basin (723 Ma Franklin Event);
 NW Canada

	MORPHOLOGIES OF GABBRO-DOLERITES:
Both regions have chonoliths, climbing sills, dykes feeding sills, and a range of thin to thick tabular sills and dykes.
	i) sheet-like bodies ranging from thin sills to huge masses of several hundred cubic kilometers, 
ii) thin dykes less than a few tens of meters in width and 
iii) chonoliths (Genkin et al., 1981) are defined as gabbro-dolerite intrusions of highly variable shape;  in this region chonoliths assimilated wall rocks.
	i) most are sills, ranging from a few metres to more than 120 metres in thickness, being most abundant and thickest in the Glenelg Bay area;
ii) huge masses in Glenelg Bay (Fig. 6)  with sharp margins bounded by syn-magmatic faults; thick masses also in Duke of York Inlier (Fig. 12A);
iii) one chonolith mapped at Kilian Lake (Fig. 9) feeds several sills and has assimilated wall rocks. 

	CONTACT META-ORPHISM:   Sills in both regions have contact magnetite-chalcopyrite-pyrite skarns with locally elevated PGEs.
	i) and iii) above have wide (up to 100 m) contact metamorphic aureoles.  Numerous small skarns with elevated PGE are characteristic of the mining camp.
	i) & ii) above: in Minto Inlier, Duke of York Bay and Cape Lambton, large gossans record pervasive contact metamorphism and magnetite skarns.
(iii) above and a skarn in an intrusive breccia complex yielded anomalous PGE (Figs. 4, 8, 9) .

	SOURCES OF S, Se, As.
	Abundant coal measures, petroleum-bearing strata and sulfate evaporites beneath Traps and intruded by sills.
	Abundant carbonaceous shales with disseminated pyrite; pyrobituminous sands in Nelson Head Formation (Rainbird et al., 1992; 1994). 

	VARIED SULFUR ABUNDANCES AND HEAVY SULFUR ISOTOPES:
Sulfur abundances range widely, and 
34S ranges from negative values to 
+28 ‰.
	Most uneconomic intrusions contain 
< 0.10 wt.% S,  average 34S ranges from +0.1 to +4.6 ‰.  Mineralized non-economic intrusions range from 0.17 to 0.34 wt.% S with average 34S of +5.5 to +8.4 ‰.  Economic sulfide-bearing intrusions contain on average 0.95 to 2.2 wt.% S, with average 34S values from +8.9 to +11.4 (Grinenko, 1985).
	S abundances range from <100 ppm to 10% (Fig. 16C);  34S ranges from -15 ‰ to + 18 ‰ (Fig. 18).  Most high values and ranges of 34S (Fig. 22) are in sills of the upper Shaler Supergroup in Minto Inlier, particularly sills #4, 5 in the upper Wynniatt and Kilian formations.  One exception, sill # 26 at Coppermine Townsite, ranges up to +28 ‰.  Brock Inlier is nondescript (Fig. 18B); sills range from 0 to +8 ‰.

	CUMULATES
	Both magmatic suites contain plagioclase-olivine cumulates; 

Olivine is both early and late (Fig. 14).

	DIFFERENTIATION
	Parts of both suites are strongly differentiated from picrites to granites.  A synopsis of range of mineralogy and textures observed in Franklin sills is given in Fig. 14.

	SELENIUM & ARSENIC
	Se and As are locally highly enriched in the sills and contact skarns in both Noril'sk camp and Franklin gabbro-dolerites, Amundsen Basin.  Chondritic S/Se ratios are typically 4,000; highly contaminated gabbro-dolerites are typically 40,000; but contamination of Noril'sk and Franklin gabbro-dolerites with Se as well as S has led to high abundances of both, and depressed S/Se ratios in the order of 3,000.  Se in both regions is thought to be from carbonaceous strata.
Fig. 17D shows S/Se vs Mg # for Amundsen Basin; 
Fig. 20D shows S/Se vs Mg # by formation for northeastern Minto Inlier.   
Se exceeds 2% in massive pyrite skarn adjacent to breccia dyke at station 93JP13, northeastern Minto Inlier (Fig. 5)                                                                             cwj940418


