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The Bralorne Bridge-River mining district is the Iargest historical lode gold producer N |—| Sulfur isotopes can be a powerful tool when identifying the processes and source(s) of sulfur in hydrothermal mineral
British Columbia, collectibvely producing over 4 million ounces of gold between 1897 100 kms systems. o
and 1971. Although dominated by orogenic gold occurrences, the district is A sulfur isotopic study was conducted to determine the isotopic signatureof sulfur in sufhide minerals, from a wide range of - Each metallogenic zone within the district displays a characteristic range of 0~S;
Characterised by th ree main metal associations- Au_dominant Sb_dominant and Hg_ 25 different depOSitS and mineral occurrences throughout the district. sulfur iSOtOpiC data from sulfide minerals are difficult S C H E MATI C S E CTI O N
) _ N ’ : BRALORNE to interpret. As a result, affitional efforts were made to obtain country rock samples of the main representative units, and * Gold-dominant: +4.3 to -2.7%o
dominant. These numerous deposits and mineral occurrences that make up this BRIDGE RIVER = these too were analyzed for their sulfur isotopic composition in order to provide a comparison point for the sulfide mineral * Antimony-dominant: +0.2 to -9%s
district form a spatial zonation, with Au in the southwest, Sbin the centre and Hg in the DISTRICT isotope data. Nine samples of country rock were taken during the June 2008 field work. Samples include CPC, Bendor W = Mercury-dominant; -6.2%o
rth ¢ Batholith, biotite schist, basalt, gabbro and greywacke from the Bridge River Complex, basalt and albitite porphyry from the +49%0 +2
. . _ . . . . . . _ 0 :
NOrneast. 51°— g:glelﬁgf; rgﬁ“&;fﬁgi@};ﬂtgehtgg rga;?ne Bralorne-East Liza ophiolite complex and Silverquick Formation shaly 9 6 2%o0 « The ranges decrease in 534S f rom west to efst which means an increase of sulfur sourced from
' > § ¢ sedimentary rocks, or rocks with a more negative 59
Whilst orogenic gold deposits typically form district scale camps with numerous Gold Brina & N J , 34q 34g
: 010 DLCER 3 S « Acorrelation between the deposit sulfide mineral o values and their respective host rock o values
prOducerS’ Only a small ?mount of gOId Was produced from three other mines ' .y ReSUItS § which demonstrates an increasing reaction of country rock sulfur with the sulfur in the fluids and reflects the
(Cong res_s, Way5|d_e and M_' nto). _ : . | Lillooet | When separated according to deposit types (see below), the data show a clear pattern of a decrease in the heavier isotope, Bridge River Complex Gabbro & Tyaughton Basin sediments different types of host rocks.
Explana’uons for this zonation are dominated by the consensus that the Au-dominant “ which is toward lighter ratios from Au, through Sb to Hg deposits. The distribution of the isotope patterns correlates with the +1 50
. . . . deposit type distribution, thus showing a spatial zonation from west to east of a decrease in the heavier isotope (see . 00 _21.7%0 o Temperature data from the district also d|3p|ay a pattern from west to east; one of C00|ing’ which provides
d_epOS|tS and the rest Of th_e occurr_enpes and depOS|tS ar_e In N6 way re_late_d WhIC!’] has “ right). This can be interpreted to mean that there is an increase in the amount of sedimentary sulfur as sedimentary sources evidence for one fluid source for the three dominant types of mineralisation in the district.
discouraged exploration in the district, with the exception of the veins immediately W S are generally highly negative.
adjacentto the Bralorne-Pioneer mines. Pemberton & grigge Ill?i\éer (éomplex j_ﬂd . Sb and Hg deposits and occurrences represent the high level, lower temperature epizonal portions of an
adwallader Group sediments orogenic gold system.
4 T -19- +1%
- 00 : : : : :
= « One deep crustal fluid source travelled up the re-activated dextral strike-slip faults, scavenging sulfur from
C. § 3 o the country rock as it went
Q " :
’4 . p- +++ ++++ F
d%p 2 . -+ +++++++++++F++F « Therefore different sources of sulfur for each deposit type.
+ +++++++++++++++++
@ 17 w++ +++++++++++++++++F
Squamish g 0 o &g, 4+ F T Bendor batholith| T T T TN . Impact for regional exploration strategies; the most prospective gold deposits will have a
"'IIII_I_ "tIIIIIIIIIIIIII | Basement more positive 8°7S, which can easily be determined through analysis.
. :
~ L+ +++ + + +
, AL ; i o « Thereis adistinct possibility for higher grade hypozonal gold deposits underneath the current deposits.
—— : _ . 6348 B .
e e == —_ —— e = — o S }_ -
P = L\ i\ - AN MAP VANCOUVER 3 Plutpnlc Cgmple ‘- N @® Sta 0 -
From left to right; path that continues down to the right towards the Chalco deposit; view looking back towards southwest, with Gold Bridge "Y' 4 ;—)/ ++++++++++ \ ’f + + 3 w / Fault KEY Metamorphic fluids
behind the first two ridges; view looking down gully at ruins of Pioneer mine dump. ' N e e e e e e e e e e e o e e e e sl e "' : s
-5 1 [ Tyaughton Basin /- Au-dominant deposits Granltlc / Magmatic fluids
K ‘:::::" 9 Y Gra_ph dISpIaylng values for the D Cadwallader Group *Sb-dominant deposits Thrust / Road IntrUSIOn
\\ -6 1 SU|fIde. mm.erals of depOSItS I:I Bridge River Complex *Hg—dominant deposits ))) - _10_ 110 i Au-rich fluids
) ' organised into metal- ] - Inferred fault Lake 19- +1%0 Sulphur isotope value
= . . Ultramafics . Country Rock sample location :
association type. It shows the , o : _ _
The district straddles the boundary between the Middle Jurassic-Early Tertiary Coast Belt and the Late Paleozoic-Mesozoic =i i 4 ng [ Bralome East-Liza ophiolite complex Isotope Signatures 5*S Normal fault IvEF Au-dominant deposits Sb-rich fluids
relative decrease in 8°7'S from
Intermontane Belt that, together comprise this part of the southwestern Canadian Cordillera. ? west to east from Au-dominant, Bendor batholith ® = * Spb-domi g it /
In the mid-lateJurassic, two main tectonic assemblages collided; Map of southwestern British Columbia showing district location and the main -8 through Sb-dominant to Hg- Qtz-fsp porphyry stocks ® <2 Fault direction -dominant deposits
the oceanic back-arc basin Bridge River Complex (shown right) comprising basalt, gabbro, chert, shale, argillite and ultramafics i dominant deposits and Coast Plutonic Complex 5 :8 * Hg-dominant deposits J/V Hg-rich fluids
was Juxtaposed with the |sla_n_d arc Cadwalla_der Group, which consists of _volcar_ucs, marine and arc-margl_nal C'?‘S“C strata. = occurrences. Regional geology mao showing spatial zonation of deposit-associations which correlate with a zonation of
During and after terrane collision, late Jurassic-Cretaceous Tyaughton Basin, which consists mostly of clastic sediments and \ | : :
Sl e e (G \ ] I I sulfur isotope values for the deposits.
Contractional deformation during the mid-Cretaceous resulted in a series of major structural systems. In the Bridge River district N\ Silverquic* Au Sb Hg _ - _ _
these are the Bralorne Fault Zone (Cadwallader Break), Eldorado Fault, Yalakom and Marshal Creek Faults and the Shulaps \ Deposit type This model shows the direction and flow of fluids up the re-activated fault
thrust. Dextral strike-slip movement re-activated these fault zones from 67Ma onwards. : Robson y 20 zones, with fluids that originated from deep magmatic and metamorphic
The Coast Plutonic Complex (CPC) is the main component if the southwestern Coast Belt and the main granitic intrusion of this / sources, evolved into the mineralising fluids which formed the deposits and
region. The Bendor Batholith is a younger consituent outlier pluton, east of the CPC, and is between the Bralorne Fault Zone and e - 5 | - 15 OCCUWGBPGS- ThetSUWUf&NaS extracted along the fluid path from the
the Marshall Creek Fault. y ® 1 surrounding country rocks.
What are considered to be the hypabyssal equivalents of the CPC intrude all of the units and comprise mafic to felsic dikes, .y 10 _ - _
hornblende porphyry (85.7Ma), albitite dikes (86-91Ma) and lamprophyre. lf This mode_l is similar to Groves et aI.(199€_5) crusta! continuum model (see
below) which states that the three orogenic dpeosit types share the same
R 5
5 0 & ¥ | B O O Og g fluids and sulfur, which have all come from depper in the crust.
®
M ETA L LO G E N I U 0. “““““““““““““““““““““““““““““ n 0 By this theory, the antimony and mercury dominant deposits are the
5348 8 g 5 shallower counterparts of deeper, high grade hypozonal gold deposits.
. . . : . c . c c -5
Past producers of the district include the Bralorne and Pioneer gold mines, Wayside, Minto, Congress polymetalic gold-silver S -10 From left to right; view looking southeast from Peerless; view looking northeast along Carpenter Lake from Howard; view looking southwest
mines and the Silverquick mercury mine, with an additional 60 mineral occurrences throughout the district. 4 T,
CONEx i d from Chalco deposit vicinity.
The Au-dominant deposits and occurrences are found along the Bralorne Fault Zone (see right), between the Bendor Batholoth \, ..”( £ P -15 Compressional/transpressional environments
and Coast Plutonic Complex. The zone is underlain by both the Bridge River Complex and Cadwallader Terrane sedimentary and " * —15 4 -20 s,
volcanic units, as well as wedges of ultramafics and ophiolite. Gold-quartz veins are hosted in the diorite and gabbro of the " _ L /74'/ Depth
Bralorne East-Liza ophiolite complex, bordered on one side by serpentinite and Bendor Batholith on the other. Old Bridgs . 0 ° 75 (kmn)
)
The Sb-dominant veins are generally smaller than the gold deposits, and are discontinuous in the shear zones, have low gold- ! L . ! ! ! ! | | Graph shO\INlngfran%es of sulfur 100 80 60 40 50 0.0 50 40 6.0 Orogenic Deposits 0 gﬁlf?fhsj’ 5,51159367 BGr%%J'ggng3::1'\/'@;]?%%:;%0250?; gtceaﬁmiig;eée'\gggg ’ngmﬁg;;;hoggmgfMff,fgéog,;galg 552755,,‘? Riif;ic;gé'\g’e%gg_gjzf1pé(1)40-
silver ratios and a large amount of mixed sulfides. Cairnes (1937) and Maheux (1989) identified two main styles of mineralisation; <! 8 0z S@D by, 9@0279@ 9@, e fﬁo’g@ J/a‘/g/, a%a @f,/%@ @’70'0,, Lz%tfsplscu\:'%ﬂﬁzinog ;:[h: gg;gts?(l and Giesemanré, A., Jager, Hés Norr;grég.ls_i,gKrouse, H.R. & Brand, W.A. 1994, On-line sulfur-isotope determination using an elemental analyzer coupled to a mass spectrometer,
. . . L . { / g, 0, 78 . Y9570 h,  Og ) / Y 0y, , b = Analytical Chemistry, vol 66, pp - :
Sb-Au-Ag:Hg with a dominant stibnite phase and Ag-Au+Sb which is base metal enriched. %’7/' C@/yi‘//;,(-.g’oﬁ/bj%og[’@roo Oro ey 0864,« ,?”@roo Oo@as, K 'b:{@ SC/;/” o af/)%% occurrences. They are typical d34s Deposits Groves, D.I., Goldfarb, R.J., Gebre-Mariam, M., Hagemann, S.G. & Robert, F. 1998, Orogenic gold deposits: A proposed classification in the context of their crustal distribution and
_ : : : : : : : ) " Sy, 8¢ 0 . . relationship to other gold deposit types, Ore Geology Reviews, vol 13, pp 7-27.
Hg domiant depOSItS ar.e characterlsed by Cmna.bar ml_nerallsatlon, and occurs IOca”y al.ong the Yalakom and Relay C.reek F.aUIt s ,o/@* OO’%/ e Y D/@* 8/7‘9/ % O)'O/@* sulfur |sotope ranges for their rock Groves, D.l., Goldfarb, R.J., Robert, F. & Hart, C.J.R. 2003, Gold Deposits in Metamoprhic Belts: Overview of Current Understanding, Outstanding Problems, Future Research and
systems. These deposits are typically hosted in sediments from the Tyaughton Basin and greenstone of the Bridge River M g S types (Ohmoto & Rye 1979). Exploration Significance, Economic Geology, vol 98, pp1-29.
Complex_ e B e +4++++++++F Country Rock 1 Hagemann, S.G. & Cassidy, KF 2000, Archgan orogenic lode gold depogits, Reviews in Economic_G(_eo/ogy, vol 1;’;, pp 9-68. . _ .
3 3 e s P I I TR T O aprmr g S R R Y - Variety o Country e surrounding by o e gglrjtt’h(v:v.;.s?é’rrﬁg:ﬂ{;ﬁbésajr.r’\é:gTIg]e’(Iégiéi‘cirgg?qgghsﬁazr?/oc?fA(i?il\(/ji’tig;a;gg;?/g?ggggﬁliogglzg}léfmmg of formation of the Bralorne-Pioneer gold orebodies and the Bendor Batholith,
P R EVI O U S M O D E L S A N D S O U R‘ E S I I I I I I I I I I I I I I I I I I I I I I I I h types, there are also a variety of sulfur sources, and as a result there would Il:eitcE, 8:5 1 E5)990, Bral}czrlr\w/le: 2 énedsothegr:ali gsgsi)elcEi-tylpeLvein Cgoltd deposiItE ofICrlgtﬁceoug elugi/lin soulthwester“n British ICoLumbtia, EconéJmicf: ﬁecgo%y:cg/l bulletin, vol 83, pp 53-80.
W a i : i eitch, C.H.B., Dawson, K.M. odwin, C.I. , Early Late Cretaceous-Early Tertiary Go ineralization: A galena lead isotope study of the Bridge River mining camp,
++++++ \¢ &t +++++Hgandor bathoith | +++++++F Fluid inclusion temperatur fd it t be mixing of the sulfur scavenged from the different sources, combining to southwestem British Golumbia, Ganada, Economic Geology; vol 84, pp 2226-2236.
Possible explanations for district scale zonation and sources for the sulfur and mineralising fluids include: ++++++ Qi'gl- +4+++H + 4+ 4 Ul INCIUSIO e pe atures o epOSI ypeS produce a mixed sulfurisotope value. To explain the variable sulfur isotope Leitch, C.H.B. & Godwin, C.l. 1987, The Bralorne Gold Vein Deposit: An Update, BC Ministry of Energy, Mines and Petroleum Resources,Geological Fieldwork, no.1987-1.
L : : . ' _ ++++++ +++++++++++++++++++++ -+ values from the deposit sulfide minerals, the chart above was produced. Leitch, C.H.B., Dawson, K.M., Godwin, C.I., Brown, T.H. & Taylor, B.E.1991b, Geochemistry of mineralizing fluids in the Bralorne-Pioneer mesothermal gold vein deposit, British
 Derivation from the magmas of the CPC or crustal fluids driven by heat from the CPC, sending out pulses of fluid in an easterly + 4+ + + + mt < ! b b b b o o o b o o o o Columbia, Canada, Economic Geology, vol 86, pp 318-353.
(jllgCﬁ:OT,t refsultlr’:rg]] thh? th reeEzo?tla_g of meht_aﬁSSOC|at;on (,I&egczho?)t»]all 1991a) T B G o Y + 4 \ 4 < + +i+ A A ik 4 4 o Depositisotope values were assigned to their respective country rock host bggfl?aI%PEEﬂl;/gglgirceHse}(/(iﬁnst,)p;??g\g-lgogl Armstrong, R.L. & Harakal, J.E. 1991a, Geochronometry of the Bridge River Camp, southwestern British Columbia, Canadian
phiolite irom Ine bralorne East-LiZza ophiolite comp ex (As ) il iuliicibind \ - e alco value. In the case where there was more than one country rock, a combine Lindgren, W. 1907, The relation of ore deposition to physical conditions, Economic Geology, vol 2. pp 105-127.
« Bendor Batholith (Church 1996) HRBPPE R : : B - Maheux, P.J. 1989, A fluid inclusion and light stable isotope study of antimony-associated gold mineralization in the Bridge River District, British Columbia, Canada. Universoty of
: , : 1 \ value was calculated based on the assumption that the accessible/soluble i.t
 Fluids pumped along re-activated faults in the structural belts (Bralorne Fault Zone, Marshall Creek and Castle Pass Faults and Coast B e e L L Alberta PhD.
Yalakom Fault) (Schiarizza et al. 1997) B oiutaste Bantlas + \ Temperature data is from previously sulfur for each rock would be even. '1||. McCann, W.S. 1922, Geology and Mineral Deposits of the Bridge River Map-area, British Columbia, Canada, Department of Mines Geological Survey, memoir 130, No 111 Geological
' + N s O calculated fluid inclusion studies It demonstrates there is a correlation between the sulfur of the country Mesozonal series.
+ ¥+t E+ \ 2°30 = ducted by Leitch (1991) d rocks and the sulfur of the surrounding deposits \- Au-As-Te Ohmoto, H. & Rye, R.0. 1979, Isotopes of Sulfur and Carbon in Geochemistry of Hydrothermal Ore Deposits, vol 2, ed. H.L.Barnes, John Wiley & Sons, pp 509-567.
i isati -Pi i indi i > conducte y LellC an : — Potter, C.J. 1986, Origin, Accretion and Post-accretionary evolution of the Bridge River Terrane, southwest British Columbia, Tectonics, vol 5, no.7, pp. 1027-1041.
The age of mineralisation of the Bralorne-Pioneer gold veins as indicated by geochronology, is 67+2 Ma (Hart et al. 2008). s ks ks ols oils ols e i ot ot e it b s G :‘\ : o B s ——— - Seedeea @ Maheux (1989). \ Sasaki, A., Arikawa, Y. & Folinsbee, R.E. 1979, Kiba reagent method of sulfur extraction applied to isotope work, Geological Survey of Japan Bulletin, vol 30, pp.241-245.
= 00 000800 (1989)
Therefore: :I R ¢ Au-dominant deposits g The gold deposits came from hot \ H""""-. Schiarizza, P., Gaba, R.G., Glover, J.K., Garver, J.I. & Umhoefer, P.J. 1997, Geology and mineral occurrences of the Taseko-Bridge River area, BC ministry of Energy, Mines and
o Qi P sy : : : _dominan i ) ) - o r Petroleum Resources, no.100, p.291.
Since the majority of CPC pluton emplacem.ent occurred aro.und 90M_a, itis evidently too old tq prowdg heat _and fluid sources [] cadwallader Group Y& Sb-dominant deposits ))), Thrust / Road 5. fluids, ranging from 280 to 365°C. | .r__'] "\.\.,k' Seal, R.R. 2006, Sulfur Isotope Geochemistry of Sulfide Minerals, in Reviews in Mineralogy & Geochemistry: Sulfide Mineralogy and Geochemistry, vol 61, ed. D.J.Vaughan,
« The Bralorne East-Liza complex was thrustinto the zone during the mid-Cretaceous deformation and is again too old. [ sridge River Complex Y& Hg-dominant deposits T — S | oke D o S The antimony deposits are cooler J - — 10 Minealogical Society of America.
« Recent geochronology of the Bendor Batholith placed it at 65+0.6 Ma, and is apparantly younger than mineralisation, but the B uitramafics B Country Rock sample location | Y D9 P with a range of 220 to 300°C. f \H Tuttle, M.L., Goldhaber, M.B. & Williamson, D.L. 1986, An analytical scheme for determining forms of sulfur in oil shales and associated rocks, Talanta, vol 33, no 12, pp. 953-961
- o _ _ _ _ _ _ o o River ; E+ 4 ﬁ"""*..""'ﬂ H!.FEEIEIEIFIE| Umhoefer, P.J. & Schiarizza, P. 1996. Latest Cretaceous to Early Tertiary dextral strike-slip faulting on the southeastern Yalakom fault system, southeastern Coast Belt, British
dating is too close to be definite. This wouldn’t explain the metal zonation as they are not aligned with respect to batholiths. [ ratome East-Liza oprioite complex yy\y" Normal fault / The mercury deposits are the \ Columbia, GSA Bulletin, vol 108, no. 7, pp. 768-785.
- However, the re-activation of the northwest trending faults occurred 67Ma and is therefore the same age as the mineralisation. Bandor batielih coolest with mineralising fluid L ﬁ"’"&"‘ﬂ “ ‘E‘L{'AE‘
Qtz-fsp porphyry stocks Fault direction : : . . temperatures around 190°C. " ey +\"‘u'~ﬂ'\ \H:-:\ C n OW e g m e n s
Coast Plutonic Complex 0 100 200 300 100| Note the cooling trend from Au [P NN,
_ _ _ - - _ _ (yellow) through Sb (green) to Hg — 20
Regional geology of Bralorne Bridge-River mining district, showing deposits and occurrence types and Temperature (OC) (pink), thus cooling from west to : Funding for this project comes from Geoscience BC with support form the University of Western Australia and the USGS. Support from C.A.Gulbransen,
locations. P east. Crustal continuum model (Groves et al. 1998). C.Johnson, R.S.Thurston and R.Rye from the USGS Denver is also appreciated. Members of staff at the Gold Bridge hotel are thanked for their hospitality.
R.Goldfarb is also thanked for his support of this project and generous hospitality.
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