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U-Pb geochronology of the Mitchell 
deposit, northwestern British Columbia

Gayle E. Febbo1a, Richard M. Friedman2, Lori A. Kennedy3, and JoAnne L. Nelson4

Abstract
Cross-cutting relationships separate three phases of plutonism at the Mitchell calc-alkalic porphyry Au-Cu-Ag-Mo deposit in Stikine terrane 

of northwestern British Columbia. A sample of porphyritic hornblende diorite from Phase 1 yielded a U-Pb zircon age of 196 ± 2.9 Ma. A second 
porphyritic hornblende diorite sample from Phase 1 yielded a U-Pb zircon age of 189.9 ± 2.8 Ma. A sample of hornblende diorite from Phase 2 
yielded a U-Pb zircon age of 192.2 ± 2.8 Ma, which is within error of the younger Phase 1 determination.
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1. Introduction
The Mitchell calc-alkalic porphyry Au-Cu-Ag-Mo deposit, in 

Stikine terrane of northwestern British Columbia, is the largest 
undeveloped gold resource in Canada, with 40.72 Moz of total 
contained gold (Seabridge Gold, 2018). It is part of the KSM 
porphyry trend, a 12 km long linear array that also includes the 
Kerr, Sulphurets and Iron Cap porphyry Au-Cu deposits. The 
Mitchell deposit is genetically related to diorite, monzodiorite 
and graniodiorite intrusions, part of the regionally-extensive 
Texas Creek suite (Lower Jurassic; Fig. 1; Kirkham, 1963). 
These intrusions cut sedimentary and volcanic rocks of the 
Stuhini Group (Upper Triassic) and Hazelton Group (Upper 
Triassic to Lower Jurassic; Alldrick and Britten, 1988, 1991; 
Nelson and Kyba, 2014; Nelson et al., 2018). The results 
and interpretations of U-Pb zircon geochronologic work on 
samples taken from these intrusions were reported by Febbo 
et. al, (2015) and Febbo (2016); herein we provide sample 
descriptions and analytical data.
   
2. Sample descriptions

The relative ages of intrusive phases mapped at the Mitchell 
deposit (Fig. 1) are defined by cross-cutting relationships. 
Sample M-11-123 is representative of Phase 1, and sample 
M-07-49 is representative of  Phase 2. Sample M-11-123 
demonstrates a clear overlap with potassic alteration, which is 
one of the criteria for classification as Phase 1. Other criteria 
for Phase 1 classification include the overprint of high-volume 
quartz veins, which range from 20 to 90% by volume (e.g., 
sheeted vein body; Febbo, 2016). Sample M-07-49 contains 
clasts of the sheeted vein body,  a criterion used in the field area 

to outline the extent of Phase 2 (Fig. 1), and has sparse quartz 
veins, which is typical of Phase 2.

The affinity of sample GF-13-02 is less clear. It has an 
ambiguous relationship to potassic alteration and the sheeted 
vein body, and contains only sparse quartz veins (~10%), more 
typical of Phase 2. However, domains of anomalously low 
quartz vein abundance have been mapped in Phase 1 outcrops 
(Fig. 2), and it is uncertain if sample GF-13-02 represents 
one of these anomalous Phase 1 domains or represents Phase 
2. Nonetheless, the sampled intrusion lacks xenoliths of the 
sheeted veins despite being adjacent to a raft of the sheeted 
vein body, and despite being surrounded by Phase 2 rocks with 
abundant such xenoliths (Figs. 1, 2). Hence we interpret that 
sample GF-13-02 represents Phase 1.

2.1. Sample M-11-123
Sample M-11-123 is a medium-grained, potassic-altered, 

Phase 1 porphyritic hornblende diorite (sample from drill 
hole M-11-123, 621 m depth; location 422606 mE, 6265280 
mN, 198 m asl elevation). The intrusion is synmineralization 
because it hosts irregularly shaped, disarticulated chalcopyrite-
quartz veins and vein fragments with diffuse boundaries and 
is overprinted by pervasive and vein-controlled secondary 
K-feldspar, quartz, biotite, chlorite, magnetite, pyrite and 
chalcopyrite. It contains 35% sericitized plagioclase phenocrysts 
(0.5-2 mm in diametre), 7% K-feldspar phenocrysts (1-5 mm 
in diametre) and 10% hornblende phenocrysts (0.5-1 mm 
diametre) in an altered, fine-grained groundmass. This sample 
yielded a U-Pb zircon age of 196 ± 2.9 Ma (see below).
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Fig. 1. Geological map of the Mitchell deposit showing locations of geochronologic samples.
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2.2. Sample GF-13-02
Sample GF-13-02 is a medium-grained, phyllic-altered 

Phase 1  porphyritic hornblende diorite that crops out adjacent 
to a sheeted vein body (location 423312 mE, 6265278 mN, 990 
m asl elevation). It is interpreted as host to the sheeted vein 
body because it contains no clasts of the nearby sheeted quartz 
veins. The sampled intrusion is diorite in composition from 
whole rock geochemistry (Febbo, 2016), consisting of 35% 
muscovite-altered laths interpreted to be replaced plagioclase 
(1-2 mm in diametre), 8% chlorite aggregates in rhombohedral 
domains interpreted to be replaced hornblende (0.5-1 mm in 
diametre) and 5% equant anhedral K-feldspar partially replaced 
to muscovite (2-3 mm diametre) in an altered, fine-grained 
groundmass. It is overprinted by muscovite-chlorite-pyrite-
magnetite alteration with trace chalcopyrite, 2% pyrite and 
~10% quartz-chalcopyrite-pyrite veins by volume. This sample 
yielded a U-Pb zircon age of 189.9 ± 2.8 Ma (see below).

2.3. Sample M-07-49
Sample M-07-49 is a Phase 2 intermineralization hornblende 

diorite from drill hole M-07-49 at a depth of 320m (423123 
mE, 6265474 mN, 619 m asl elevation). The sample is a fine-
grained, Phase 2 hornblende diorite plug that cuts the sheeted 
quartz vein body and is overprinted by quartz-muscovite-
illite-pyrite pervasive alteration and planar veins. The sheeted 
veins that are cut by the plug contain ~90% quartz-pyrite-

chalcopyrite veins in the contact area. The intensely altered 
sampled intrusion is diorite in composition from whole rock 
geochemistry (Febbo, 2016) and overlaps temporally with 
granodiorite dikes in drill core. Due to the alteration intensity, 
it was not possible to identify primary quartz that was used 
to characterize a granodioritic composition in other Phase 2 
intrusions. The intrusion contains 1-10% quartz vein xenoliths 
that are most abundant in the contact areas and is overprinted 
by ~5% quartz-pyrite-chalcopyrite veins. The porphyry 
contains 30% muscovite-altered laths (~1 mm long) interpreted 
to be replaced plagioclase, 5% chlorite aggregates interpreted 
to be replaced hornblende, and 5% anhedral inclusion-rich 
K-feldspar in a fine-grained groundmass. The intrusion is 
overprinted by muscovite-illite-chlorite-pyrite alteration with 
1% secondary magnetite and stringers of anhydrite and calcite. 
This sample yielded a U-Pb zircon age of 192.2 ± 2.8 Ma (see 
below).

3. Zircon analysis
Zircon analysis was done by laser ablation-inductively 

coupled plasma-mass spectrometry (LA-ICP-MS) at the 
University of British Columbia’s Pacific Centre for Isotopic 
and Geochemical Research; detailed methods are described by 
Tafti et al. (2009). All three samples contain similar zircons: 
well-zoned, clear to pale pink, euhedral to subhedral prisms 
with length-width ratios of 1 to 3 (Fig. 3). 

A)

B)

C)

Figure x. CL images of representative analysed grains for samples dated in this study.  
Location of laser shot shown by trace of white line.  A. GF-12-02 analysis 9; B. M-07-49
analysis 12; C. M-11-123 analysis 14.

A)

B)

C)

Figure x. CL images of representative analysed grains for samples dated in this study.  
Location of laser shot shown by trace of white line.  A. GF-12-02 analysis 9; B. M-07-49
analysis 12; C. M-11-123 analysis 14.

A)

B)

C)

Figure x. CL images of representative analysed grains for samples dated in this study.  
Location of laser shot shown by trace of white line.  A. GF-12-02 analysis 9; B. M-07-49
analysis 12; C. M-11-123 analysis 14.

Fig. 2. Quartz vein abundance map and molybdenum grade contours for the Mitchell deposit.

Fig. 3. CL images of representative grains dated using LA-ICP-MS. White lines show outlines oflaser tracks. a). Sample M-11-123, 
analysis 14. b). Sample GF-13-02, analysis 9. c). Sample M-07-49, analysis 12. 

a) b) c)
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4. Results
Cross-cutting relationships separate three phases of plutonism 

at Mitchell. Phase 1, defined by multiple pulses of diorite, hosts 
all of the copper-gold bearing potassic alteration. A medium 
grained, potassic- and phyllic-altered, synmineralization Phase 
1 hornblende diorite (sample M-11-123) returned a U-Pb 
zircon age of 196 ± 2.9 Ma (Figs. 4a, b; Table 1). A second 
Phase 1 hornblende diorite (sample GF-13-02), which hosts a 
copper-gold mineralized sheeted vein body, returned a U-Pb 
zircon age of 189.9 ± 2.8 Ma (Figs. 4c, d, Table 1). A Phase 2 
phyllic-altered, hornblende diorite cuts Phase 1 rocks and the 
sheeted vein body. Sample M-07-49 from Phase 2 returned a 
U-Pb zircon age of 192.2 ± 2.8 Ma (Figs. 4e, f; Table 1), an 
age that overlaps, within error, with the younger of the Phase 
1 ages.
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