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Geofile 2015-2 synopsis 

Geofile 2015-2 contains the results, methodology and quality control data from geochronological analyses of samples collected during fieldwork conducted as part of the Southern Nicola Arc Project (SNAP, Mihalynuk and Logan 2013a, b; Mihalynuk et al., 2014a, b, c; Mihalynuk et al., 2015), which is a component of the BC Porphyry Deposit Initiative (Hickin et al., 2014). In 2013, SNAP focused on systematic quadrangle mapping of ~1000km2 centered on Summers Creek, in the Princeton area (Mihalynuk et al., 2014c). The area is north of the Copper Mountain mine site and includes developed porphyry Cu±Au-Ag prospects with published resources: Miner Mountain (see Mihalynuk and Logan, 2013a), Axe (see Preto, 1979), and Primer (Dillard Lake, see Mihalynuk and Logan, 2013b). For a province-wide overview of the prolific Late Triassic – Early Jurassic porphyry copper-gold deposit epoch, see Logan and Mihalynuk (2014).

In 2014, mapping focused on the ~1000km2 Shrimpton Creek area (Mihalynuk et al., 2015). Most of the samples from which isotopic ages reported here were acquired are from the Summers Creek area. The geological context of the samples dated is provided in Mihalynuk et al. (2015) and sample descriptions and implications of the age dating are paraphrased from that report below.
 
Geochronological samples:

U-Pb Laser Ablation-Inductively-Coupled Plasma Mass Spectroscopy
Sample # JLO12-51-47, near base of Voght unit sandstone
UTM coordinates: 670185mE 5543529m N (NAD 83, UTM zone 10).
Sample # MMI13-16-3, Voght unit sandstone 
UTM coordinates: 673548mE 5535462m N (NAD 83, UTM zone 10).
	Two samples of maroon sandstone were collected from just below the approximate base of the Voght unit (Mihalynuk et al., 2015) and an unspecified stratigraphic interval above the base. They are from sites along the Coquihalla Highway separated by ~9km. The samples were submitted for detrital zircon analysis by LA-ICPMS to determine maximum depositional ages as given by the youngest zircon. In active volcanic terranes, the age of the youngest detrital zircons closely corresponds to the actual depositional age, given the error of the analytical technique and time scale uncertainties (e.g. Evenchick et al., 2010). 
Twenty zircons were analyzed from each sample and the age of youngest zircons date the Voght unit between 208 ±4 Ma and 202 ±4 Ma. Including 1σ errors, this age spans most of the late Norian (Late Triassic) through to the Hettangian (earliest Jurassic, IUGS timescale, Cohen et al., 2013). However, the younger age is further constrained as being older than 201 +0.3/-0.4Ma, based on the TIMS age determination of the cross-cutting dike (sample MMI13-16-5; see below), making both Voght sections Late Triassic. Pillow breccia intercalated with the inferred older part of the succession, is probably of Middle Norian age (~208 Ma).

U-Pb Chemical Abrasion - Thermal Ionization Mass Spectroscopy

Sample # MMI13-4-8, Osprey Lake batholith
UTM coordinates: 683740m E 5505424m N (NAD 83, UTM zone 10).
This sample is from grey-weathering, porphyritic granodiorite that cuts and thermally metamorphosed flow-banded rhyolite and andesite breccia in the headwaters of Swanson Creek. Mihalynuk et al. (2014c) mapped the volcanic package as Early Cretaceous because of strong similarity and continuity with the suite of rocks farther west (e.g. Monger, 1989) and interpreted the porphyritic intrusion as belonging to the younger Summers Creek suite of intrusions, which has returned K-Ar cooling ages of ~98 Ma (Preto, 1979; recalculated in Breitsprecher and Mortensen, 2005). However, zircons extracted from the intrusion overlap concordia between 160 Ma and 164 Ma requiring that the volcanic package to be Late Jurassic or older. To ensure that the TIMS ages were not erroneously old as a consequence of older xenocrystic cores, 11 grains were examined by cathodoluminescence and the rims and cores of 10 grains were analyzed by laser ablation (LA-ICPMS). Neither cathodoluminescence, nor laser dating revealed any evidence of cores or strong overgrowths. Rather, these analyses confirm the TIMS ages with a weighted age for 9 of the 10 zircons at 162 ±2 Ma (range from 156 – 167 Ma ±~5 Ma for individual analyses). One grain yielded a slightly younger age (~145 +/- 5 Ma); however there is no evidence of younger, ~100 Ma rims on any of the zircons. 
	We have collected the rhyolite with the aim of confirming a previously unrecognized older felsic volcanic package in the Swanson Creek area as required by the age data. A corollary is that the porphyritic intrusion is part of the huge Osprey Lake batholith with a U-Pb crystallization age of 166 ±1Ma (Parrish and Monger, 1992). Analyses are pending. 

Sample # MMI13-16-5, Dike in Voght unit redbeds
UTM coordinates: 673547m E 5535471m N (NAD 83, UTM zone 10).
	This sample was collected from a fine-grained dike that cuts red volcanic sandstone (sample MMI13-16-3). Four grains were run and these overlap concordia at 201 and 199 Ma. The more precise age is obtained from the older 2-grain cluster at 201 +0.3/-0.4 Ma; however, a circa 199 Ma age is also consistent with the age of the enclosing strata with a detrital zircon maximum depositional age (DZMD) of 202 ±4 Ma (see MMI13-16-3, above).

Sample # MMI13-29-7, Southwest Zone, Miner Mountain
UTM coordinates: 682886m E 5483194m N (NAD 83, UTM zone 10).
	Following previous unsuccessful attempts at U-Pb dating of intrusions at Miner Mountain due to zircon poor-lithologies, we processed two boxes of core that had been sawn in half (drillhole DDH13, 3.45m to 11.11m) in the Southwest zone. Only 7 zircon grains were recovered (five were faceted and 2 subrounded -see image worksheet), five of these survived chemical abrasion pre-treatment and were analysed. They yielded a broadly bimodal spread of results: three overlap concordia at ca. 200-203 Ma (Th/U = 0.74-0.83), and two at ca. 98-103 Ma (Th/U = 0.42-0.44). The older population is interpreted as having inherited xenocrystic material and the younger as largely primary magmatic zircon that records the crystallization of this intrusion. The more subtle spread of ages within each of the two groupings may be due to minor Pb loss not mitigated through chemical abrasion pre-treatment, a physical mixture of populations (minor older cores in younger grains or younger rims on older grains), or a combination of the two. It is not possible with the current data to confidently choose between these possibilities, so we conservatively assign a crystallization age of ~100 ± 3 Ma for this rock, with ~200 Ma inheritance.

Sample # MMI13-30-1, Bromley pegmatite
UTM coordinates: 686311m E 5481895m N (NAD 83, UTM zone 10).
Bromley pluton crops out in the southeast Summers Creek map area from pegmatitic dikes that are presumably related to the main medium-grained, hornblende-biotite granodiorite pluton. These dikes cut the biotite hornfels halo that extends ~500 metres away from the pluton (garnet occurs within a few tens of metres of the contact). Pegmatite dike intrusion appears to have been synchronous with extensional faulting within the thermometamorphic halo, and, on the basis of widespread Tertiary extension across the Summers Creek map area, the pegmatite was assumed by Mihalynuk et al. (2014a) to be Eocene. However four zircons extracted from the pegmatite, all clustering on concordia, yield an integrated age of 193.6 ±0.3 Ma. This is the same age (within error) as a previous U-Pb age determination of the Early Jurassic Bromley pluton (193 ±1 Ma, Parrish and Monger, 1992). 

Sample # MMI13-30-2, Mine dike swarm at Similkameen River
	UTM coordinates: 686738m E 5481806m N (NAD 83, UTM zone 10).
Sample MMI13-30-2 is from a swarm of north-trending quartz-feldspar porphyry dikes. This swarm was previously mapped as part of the Bromley pluton, but the lithologic character and dike orientation more closely resemble those of the 'Mine dikes', well exposed to the south, and dated at 102.9 ±0.3 Ma at the Copper Mountain mine (Mihalynuk et al., 2010). To confirm this reassignment, we collected a sample for age determination. Analysis of 5 grains extracted show that they mutually overlap concordia at 103.9 ±0.2 Ma with no hints of inheritance, and are most likely genetically related to the Mine dike swarm.

Sample # MMI13-30-4, Missezula Mountain rhyolite
	UTM coordinates: 678209m E 5506419m N (NAD 83, UTM zone 10).
This sample was collected from pyritic felsic lapilli tuff on the east flank of Missezula Mountain. It was a second attempt to date the unit; only a few zircon fragments were obtained from a more massive ignimbritic section to the south (“rusty rhyolite lapilli tuff” in Mihalynuk et al., 2014a), and they provided inconclusive results. 
	An age of 238.1 ± 0.3 Ma is calculated based upon two overlapping fractions on concordia. Slightly discordant older grains may include an inherited older zircon component. To our knowledge, this is the oldest isotopic age obtained from the Nicola Group volcanic rocks. Felsic strata in the western belt tend to cluster around 224 Ma (Diakow and Barrios, 2009; Diakow, unpub data). 



References 
Breitsprecher, K., and Mortensen, J.K., 2004. BCAge 2004A-1-a database of isotopic age determinations for rock units from British Columbia. British Columbia Ministry of Energy and Mines, British Columbia Geological Survey, Open File, v. 3.
Diakow, L.J. and Barrios, A. 2009. Geology and Mineral Occurrences of the Mid-Cretaceous Spences Bridge Group near Merritt, Southern British Columbia (Parts of NTS 092H/14, 15; 092I/2, 3). In: Geological Fieldwork 2008, BC Ministry of Energy Mines and Petroleum Resources, British Columbia Geological Survey, Paper 2009-1, 63-79.
Evenchick, C.A., Poulton, T.P. and McNicoll, V.J., 2010. Nature and significance of the diachronous contact between the Hazelton and Bowser Lake groups (Jurassic), north-central British Columbia. Bulletin of Canadian Petroleum Geology, 58, 235-267.
Hickin, A.S., Rowins, S.M, Jones, L.D., and Madu, B., 2014. British Columbia Geological Survey annual program review 2013. In: Geological Fieldwork 2013, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2014-1, 1-14.
Logan, J.M., and Mihalynuk, M.G., 2014. Tectonic controls on Early Mesozoic paired alkaline porphyry deposit belts (Cu-Au ± Ag-Pt-Pd-Mo) within the Canadian Cordillera. Economic Geology, Special Issue on Alkalic Porphyry Deposits, v. 109, p. 827-858.
Mihalynuk, M.G., Logan, J., Friedman, R.M., and Preto, V.A., 2010. Age of mineralization and ‘mine dykes’ at Copper Mountain alkaline copper-gold-silver porphyry deposit (NTS 092H/07), south-central British Columbia. In: Geological Fieldwork 2009, British Columbia Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey Paper 2010-1, 163-172.
Mihalynuk, M.G., and Logan, J.M., 2013a. Geological setting of Late Triassic porphyry Cu-Au mineralization at Miner Mountain, Princeton, southern British Columbia. In: Geological Fieldwork 2012, British Columbia Ministry of Energy, Mines, and Natural Gas, British Columbia Geological Survey Paper 2013-1, 81-96. 
Mihalynuk, M.G., and Logan, J.M., 2013b. Geological setting of Late Triassic porphyry Cu-Au mineralization at the Dillard Creek property near Merritt, southern British Columbia. In: Geological Fieldwork 2012, BC Ministry of Energy, Mines and Natural Gas, British Columbia Geological Survey, Paper 2013-1, 97-114. 
Mihalynuk, M.G., Logan, J.M., Diakow, L.J., Friedman, R.M., and Gabites, J., 2014a. Southern Nicola Arc Project (SNAP): preliminary results. In: Geological Fieldwork 2013, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey, Paper 2014-1, 29-57.
Mihalynuk, M.G., Friedman, R.M., Gabites, J.E., Logan, J.M., 2014b. Southern Nicola Arc Project 2013: Geochronological data. British Columbia Ministry of Energy and Mines, British Columbia Geological Survey, GeoFile 2014-3.
Mihalynuk, M.G., Logan, J.M., Diakow, L.J., Henderson, M.A., Jacob, J., and Watson, A.K.G., 2014c. Summers Creek area preliminary geology, NTS 92H/9W & 10E. British Columbia Ministry of Energy and Mines, British Columbia Geological Survey, Open File 2014-5, 1:50 000 scale. 
Monger, J.W.H., 1989. Geology, Hope, British Columbia. Geological Survey of Canada, Map 41-1989, sheet 1, scale 1:250 000.
Mihalynuk, M.G., Diakow, L.J., Logan, J.M, and Friedman, R.M., 2015. Preliminary geology of the Shrimpton Creek area (NTS 092H/15E, 16W) Southern Nicola Arc Project. In: Geological Fieldwork 2014, British Columbia Ministry of Energy and Mines, British Columbia Geological Survey Paper 2015-1, in press.
Parrish, R.R., and Monger, J.W.H., 1992. New U-Pb dates from southwestern British Columbia: Radiogenic age and isotopic studies. Report 5, 87–108.
Preto, V.A., 1979. Geology of the Nicola Group between Merritt and Princeton: BC Ministry of Energy, Mines and Petroleum Resources, British Columbia Geological Survey, Bulletin 69, 90 p.
[bookmark: _GoBack]
