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Introduction

Porphyry copper indicator minerals (PCIM) are defined as minerals indicative of porphyry mineralization. S u I I l I I |al y
|[dentifying PCIM in surficial sediments (e.g. till and stream sediments) can serve to detect the presence of Some rutile grains in till at Gibraltar have a trace element
buried porphyry mineralization. This project was initiated to develop and test potential PCIM using zircon, - . composition (Mo and Sb) similar to rutile from the high- and low-
epidote and rutile recovered from till in the region of the Gibraltar porphyry Cu-Mo deposit of south central Rutl Ie ZI rco n grade ore zones at the El Teniente Cu-Mo porphyry deposit in
British Columbia. Chile (Rabbia et al., 2009). Comparison between rutile
N J composition in till and in ore at Gibraltar is in progress.
122°35' 30 15 122°05' 122°35' 30 15 122°05'
C N » x : 1 o - ' * 52°40 Zircon grains display sector and oscillatory zoning indicating they
Stu dy dared o ? A are of igneous origin.
The Gibraltar porphyry Cu-Mo deposit is the second largest open pit mine in Canada with reserves of 1.79 Mt o % iﬂﬁ: b Three zircon grains in one till sample located close (<1 km) from
Cu (Reported from www.tasekomines.com/properties/gibraltar). The Gibraltar deposit is hosted by the Late an. P\ /\/} f\ the main mineralization show high Ce/Nd ratios suggesting that
Triassic Granite Mountain batholith, comprised primarily of tonalite and diorite with minor variations in A ﬂéu:mm ! they are derived from relatively oxidized magmas.
abundance in minerals (Kobylinski et al., 2016). The mine has three pits central to our study area; Gibraltar, g fT‘.’::r'; P\ gg;f(*ng
Pollyanna and Granite Lake (Fig. 1-A). The batholith intruded into Nicola Group volcanic rocks in the western y [7};;’; . Comparison of zircon grains in till and zircon from the Granite
limit of the Quesnel Terrane near the boundary with the Cache Creek terrane (Schiarizza, 2014). Nicola Group :{ﬁ/{?/ YA AR Mountain batholith is on-going.
rocks are composed primarily of volcanic rocks that have been metamorphosed under greenschist facies i _ﬁfjf \“B‘J\
conditions. Cache Creek terrane rocks are composed of chemical and siliciclastic sedimentary rocks [ Jwr \\j"'\“ Epidote shows a compositional variation from Fe-rich epidote to Al-
(Schiarizza, 2014). The region is in large part covered by till deposited during three phases of ice flow which % ?ﬁ{%fﬁ/’/\ A= rich clinozoisite.
include in chronological order movements to the southeast, southwest and north to northwest (Fig. 1-A) UV | | {{Lﬁ,] - % = - 30 L
(Plouffe etal., 2014). Y, 1 @\ YU Tk Although Al-rich epidote is similar in composition to that from the
NPEEY.. \ \ mine site, epidote in tills is distinctly different from that in the
Legend ) ‘v\ ; Granite Mountain batholith because the former shows abundant
122°35' 122°05' ® Rutie sampies (K0 I\ \ x\ . mineral inclusions and no compositional zoning, whereas epidote
52°40 59240 0 75 ‘t @ Zrconiemmples. I @ Epidote samples |\ |\ /J in the batholith lacks mineral inclusions and shows distinct
\ Ice flow | 52725 e . i 52°26 0 . - 5 o . 4 compositional zoning with Fe-rich rims (see Kobylinski et al.,
(3) : e s e 15" 122°05' 52°25' _:_i : ‘ : : 52°25 e —:—Kilometgrs L goongy 201 6)_
ﬁ\ '(2) \(1), </ Fi - Ti i i i ] IEeson d 2 il 122°35' 30’ 15' 122°0%' . . . . oy T .
s ig. 2-1: Till sample location from which rutile grains were analyzed. Fia. 3-1: Till sample location from which zircon arains were analvzed e Grains of zircon gnd rutile with a compos_,ltlon_l_ndlc_atl\_/e of a
| e | £h =l k . yees Fig. 4-1: Till sample location from which epidote grains were analyzed. Iporpth)(/jryIm'”eragzg_dts?l(me 1h23\|ie t))?en |de_nt|f|e? '”t_t'" S?I'rr?ples
: : » - : T - - - ocated close and distal (ca. m) from mineralization. These
Rutile grains have a c(:)omposmon close to the end Zircon grains have subhedral to euhedral crystal habit with many inclusions (Fig. 3-2). Grains of epidote in till are Ca-rich (ca. 23 wt.%) with varying Fe,O,(t) (12-20 wt.%). The 93 grains analyzed show total REE minerals were dispersed by detrital glacial processes and have
5 member with >99 wt.% TiO2. Twenty-six rutile grains Images of cathodoluminescence — scanning electron microscope (CL-SEM) show oscillatory contents up to 0.1 wt.%. Approximately 40% of epidote grains contain mineral inclusions of titanite. Titanite contains a variance of survived post-glacial weathering. Our results demonstrate that
analyzed by LA-ICP-MS show large variations in Fe, Nb, zoning, indicating an igneous origin of the grains. Most grains (95%) display sector zoning AI2|O3 between 1 and 5 wt.%, suggesting that they e(ljre mos’fly h}&?rﬁthemﬂl inﬁrigir;(Kobylilr?ski et all., 2016). Other minert;al e 2] e mesvEred e T cEr B relesiie af
and W concentrations. Averaade and median values are : _ oy : - inclusions are zircon, quartz, apatite, magnetite and actinolite. Although Al-rich epidote in till is similar in composition to that : .
3970 + 2008 (1 sigma) and 3890 ppm for Fe, 2800 + (Flg.' 3 2B) Chondrite norma.hzed rare earth element (REE) patterns are _S|m|Iar among all associated with sulphide minerals at Gibraltar, epidote in till is distinctly different from that in the Granite Mountain batholith. Km'neral'zat'on but need to be further tested as PCIM. /
. 2680 (1 si 41770 tor Nb. and 658 + 2020 grains (Fig. 3-3). Together with the well-developed zoning patterns, the zircon grains are Epidote in till contains abundant mineral inclusions with no compositional zoning, whereas epidoth in the batholith lacks mineral
 IGIBRALTART (1 sigma) an ppm for ND, and 690 = interpreted to be derived from felsic igneous rocks. inclusions and shows compositional zoning with Fe-rich rims (Kobylinski et al., 2016).
ST 5 WESTIC S Fprln (_1 S|grr}a_|) and_t1 86 ppm fo1r6W, rtesfp6edcr;t|vel_y. g - A k I d t ~
A nclusions of ilmenite occur in 16 out o grains (Fig. 2- .
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Fig. 2-2: SEM-back scattered electron (BSE) separation was completed at Overburden Drilling Management Ltd., Ottawa,
image of rutile grain #6 from sample site ON. This Scientific Presentation was improved following the internal GSC
12PMA-056-A01. This rutile grain displays _ review completed by W.J. Davis. )
0 ilmenite inclusions and homogeneous rutile / \
52°25' , : 1 52705 composition. These characteristics are typical \
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- ] o1 g A O ] S 4 R 3 0030 | - o - S textural data near four Cu porphyry deposits in British Columbia;
Heavy minerals were separated from ca. 10 kg till samples. Details on the field and laboratory B i SRR BRI AR = A = 10| N cooty 1 A 12PMAS22801 §'l ' 0.08 |- - 11k i Geological Survey of Canada, Open File 8038 and British Columbia
methodologies are provided in Plouffe and Ferbey (2016). A total of 440 mineral grains were analyzed i 1 10 100 1000 = | | - ¢ a D’A‘*&D’“ ¢ o O 12TFE075A01 2 | il ) B % Geological Survey Geofile 2016-10, 1 .zip file. doi:10.4095/298805
including 64 rutile, 185 epidote, and 191 zircon grains. Till sample locations are provided in Figures 2- S0 (pem) 00 500 600 700 ‘e * & ¢ 11PMA024A02 0.026 | S oo L A 1 2 10| U 2,
1, 3-1 and 4-1. Sample sites were selected with the objective of obtaining samples from near (<1 km) Fig. 2-5 . e o * L N o, | O rewaneen g S O ( 8 ¢ Plouffe, A., Ferbey, T., and Anderson, R.G., 2014. Till composition
and at varying distances down-ice (>1 km) from mineralization. For comparison, samples were also Fig. 2-6 00 750 800 so X TR g | O ¢ - > 09t and ice-flow history in the region of the Gibraltar Mine: developin
. : - - - : - : c . . T ture (°C * 004 ’& — c . . y g - c c c - p g
collected from sites up-ice (east) from the main deposits because they unlikely contain mineral grains Fig. 2-5: The diagram shows the Mo and Sb content _ _ emperature (°C) 0.022 e £ AtIA = indicators for the search of buried mineralization; Geological Survey
derived from mineralization. of rutile from the study area compared to the values  Fig. 2-6: Rabbia et al. (2009) showed a trend Fig. 3-4 : - 010020 2072'5723%0'28 092 038 Lo ‘ N . £ 08 of Canada, Open File 7592, poster. doi:10.4095/293839
from high- and low-grade ore at the El Teniente Cu between Mo/Sb ratio and crystallization temperature ZHe,, @4 T genieE fn ieen EreEs e 5 6 18 s Fig. 3-5 0.02 | 5 a"e. - - i
Analytical methods deposit in Chile reported by Rabbia et al. (2009; in rutile from low- to high- grade ore at El Teniente Crystallization temperatures range from 713 to 847 °C using Ti- Fig. 3-5: To evaluate the provenance of zircon grains in - . : “r Rabbia, O.M., Hernandez, L.B., French, D.H., King, R.W., and Ayers,
o _ _ o their Fig. 5a) (grey box). Only sample 12-PMA-056- (brown and grey shaded areas). Rutile grains in till in-zircon geothermometry by Ferry and Watson (2007) with an till, ages of individual grains were calculated from their U and 0.00 . % o | | J.C., 2009. The El Teniente porphyry Cu-Mo deposit from a
- Examination with a binocular and a petrographic microscopes AO1, located up-ice from mineralization, does not yielded crystalization temperatures ranging from 460 :gt'(‘:’gi/‘l’r‘: g-)g;;;g%aag”rg;” (2&2’:?;8""‘;1]‘;‘:5'?%-p%f;'#;“ry"cc“rs Pb _isotO_pledcznépositiog_S determined (\jNithOLﬁ\/l-lCP-hMi- Most 0.8 % ooty 11 o 19 20 21 22 23 24 h&/d.r,othern.\al rutile perspective; Mineralium Deposita, v. 44, p. 849-
* Scanning eIeCtr(.)n microscope equipped with an energy dispersive X-ray spectroscopy (SEM-EDS) contain a Single_ grain_ Wit_hin_ the El 'I_'enien_te field. to 700 °C, using the Zr-in-rutile geothermometry of mineralization) and can subsitute for Zr* in zircon to produce girr?]'ﬁ]:ﬂfthi agggg?rthls ?;?aeﬁigmumam b;}]gitﬁ za1roe.215 Fig. 4-4 Fig. 4-5 Al (eation tnis) 866. doi:10.1007/s00126-009-0252-4
and cathodoluminescence detector (CL-SEM) £ Ferry and Watson (2007). Only samples 11PMA- itive C lies in chondrite- lized REE - n : . ; _ _ :
) None of the rutile grains in till contain a high Mo ry y Y positive Ce anomalies in chondrite-normalize patterns Ma (Schiarrizza, 2014). Five out of seven zircon grains at Fig. 4-4: Abundance (cation units) of elements Fiq. 4-5: Epidot ins in till sh ina Al and E
- Electron probe microanalyzer (EPMA) content as observed in the mineralized felsic 024-A2, 11PMA-038-A1 and 12PMA-536-A01 (P ShEJ). i e e 2210 Gl D Sra e CEgiee e irs L6 12TFE-075-A01 yielded young Concordia ages; 177+11, located to the A site mineral f la of epidot 9. 9. EPICOS giains i i SHOW varylng At and Te Schiarizza, P., 2014. Geological setting of the Granite Mountain
 Laser ablation — inductively coupled plasma mass spectrometry (LA-ICP-MS) intrusi ks at El Teniente (186 + 20 Mo) b located close and down-ice from mineralization anomaly in zircon and hence, the relative oxidation state of the 186+11, 192412, 185 +12, and 189 +12 Ma (shown above). The allocated 10 Ihe A Site mineral tormula or epidote contents. Fractionation of Fe into the sulphide phases eads e _
INtrusive rocks a eniente ( + 20 ppm Mo) by . : ) : ; magma. Some zircon grains from till plot in the oxidized magma ins | i based on 93 grains analyzed by EPMA. . iqh- i batholith, host to the Gibraltar porphyry Cu-Mo deposit, south-central
L % : t litol that plot in the high-arad nagma. >om 9 om W p 1e oxIdize gr source of these grains is uncertain. g y y can form low-Fe, high-Al epidote. o o : , P .
Rabbia et al. (2009). contain mulitple grains that piot in theé high-grade ore field which is interpreted as an indicator of mineralization fertility British Columbia in Geological Fieldwork 2013, British Columbia
field of Rabbia et al. (2009). g?:i':]asrf’,vﬁ;aa'-nzoox?gi)z-e%a:n“;’éem1a1 ;’g"g &fg'i':‘?gc‘g{tehdtg{gseez('go” Ministry of Energy and Mines, British Columbia Geological Survey,
&m) to the main mineralization. / k / \\Paper 2014-1, p. 95-110. /
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