Paleozoic carbonate-hosted Paradis, S.", Simand|, G.J.°, Drage, N.’, D'Souza, R.J.’, A, Natural Rosources

4 4 Paradis, S., Simandl, G.J., Drage, N., D'Souza,
Kontak, D.J.", Waller, Z. R.J., Kontak, D.J., and Waller, Z., 2020. Resources Natureles

deposits of the southern (Geological Survey of Canada, Siney, BC Plaos crbrcle ol doste o

Canada

2 ” . . . .
3Brltlsh C.olumpla Qeologlcal Survey, Victoria, BC Columbia Ministry of Energy, Mines and - ;
Dalhousie University, NS Petroleum Resources, British Columbia MlnlStrY O

Ro c ky M o u n ta i n s - a reVi ew ‘Laurentian University, ON Geological Survey GeoFile 2020-07. BRITISH Energy, Mines and

corresponding author: suzanne.paradis@canada.ca COLUMBIA | Petroleum Resources

Geology Geochemistry and Fluid Inclusion Results ges

i 132'°W i bﬁjw 10i°W — 70°N _ . 07300- ] Monarch-Kicking Horse; altered (replacive) dolomite B RCC dolomitic limestone (host rock, not mineralized)
| - A 2 - T B S;?ngiﬂonary combiaces Rocky Mountains Carbonate-hosted Deposits Table 1. Principal characteristics of carbonate-hosted deposits of southeastern British Columbia invesitaged during this study "o EZZ::ngén%enj%ff{gi {?3294 ) 4 B e ;f < (;()) | Dispersion
Yy | e ’ L | [l e - Intrusives Supracrustal The Paleozoic carbonate rocks of the southeastern Canadian Cordillera contain Deposit Ade of Host | o et _\a“mfothermafé\U‘ds , | Dolomite stsociated MVT deposits: Host dolostone 0.7250 ¥ Hawe Crok spryan sadl o asosit 0 suids . S ——— - ofPanges
j IarCrescent a Varlety Of depOSIt typeS, InCIUdlng MVT, RE E'F'Ba, and Sparl'y mag neSIte The DepOSit _p_ . Commodity Formation I Unit g Lithology Mineralogy . \“Eg?&edb“ﬂa g;qo’ w|th(trrr11i|gesrtil(|jzye)1t|on /—_ft—h!_s sfu_d_yz—‘\\\ i <A> Z;:;:—ij:':(;;iig\:nd saddle dolomite associated to sulphides JE— Z;’:’::;’:::';;”ZOT;‘:::?:::ye’ ;\;zf;(:*e[i"g;e etal,, 2007) [9] Breakup Of R0d|n|a > ASSGmb|y Of Pangea Pangea Pangea Breakup Laramlde
N [ - u Neogene to Quaternary volcanics deposits are at different stratigraphic levels, however, most of them are hosted in Classification Rocks o I S e 8" Ouros (%o) —~ ST L 8"°Oypog (%o) b ot > caeural Fm imestone ear. 2002)[16] stable |unstable |of Pangea] ~ Orogeny
T S > W e Terranes dolostones of the middle Cambrian Cathedral, upper Cambrian Jubilee, and Magnesite. Main gangue minerals: dolomite, calcite 8| kBT D T ST R mm ki e E 2 R B
, , ok B rcicrosa || -Quesnellia -Slide Mountain Upper Devonian Palliser formations (Fig. 3). Most of them occur along major it itz and cl ’ ’ o, ﬁmggffgj}:ﬁ,_ﬂwjo S = g / N I % i Pcl€l O ISIDI C |PI!Trl J K T
e Arcestral North America olatformal structurally controlled facies transitions between the shallow-water carbonate Mount Midd] Minor fo pyrl e,lqua. ,al\r;l C_a?]" Horite. 1l o TN F S a0 O, \ \\ o] MG = 071 50: . | | | | | (?\},]’ae)
[o0] sicgeriver ncestral North America platforma - ' a oun : : Iddle . Inor to trace minerals: mica, Mg-rich chlorite, talc, O s 2 ~ L= 7150}
(] cohecree - | Slattormal sirat platformg and deep-water basin rocks near the shelf-slope break of the _ Magnesite Magnesite Cathedral Fm _ Magnesite _ _ 9 _ | PN IR = oo st e 0 | Seatmont contamnaion . wr 2 I &  - \/ 600 500 400 300 200 100
(7] et Basinal strata atrormal strata Paleozoic continental margin. The location and geometry of these deposits Brussilof Cambrian palygorskite/attapulgite, boulangerite, chalcocite, + ° D erar it o syt ~orhigh T fractionatign — ¥ - \ © - p— MASIRBAS
pe L reflect the association of structures (e.g. deep-seated faults at platform to deep- hunti i i _beari ' i * s D g sene e 4 S G - o € o T
) L1 | rion ke = Cathedral E t untite, brucite, fersmite, Nb-bearing rutile, goyazite, 5 O sneg st popcve) domte ) S, : :
i P - _ chke :0 nst:i:ir:]:nnch water basin transition) and rock types (i.e. permeable and reactive stratigraphic and euclase J 9 e e s s g ’\\ \ \\‘ 0.7100 &, ,6‘: ° N Q&Lﬁl Arc magmatism (NA margin)’ - —
L H‘Qan ”f y u | . . . . ] A V Hawk Creek, sparry and saddle dolomite associated tosuphides | f )T - Host carbonates is stu | A
e Sediment-hosted deposits units) favorable to mineralization. s ——— L Sauremec Lo N RO st crorts (s sty : Middle Cambrian Antler Orogeny (~370-340 Ma) —
= E Yukon-Tanana ) . . . . - : 4 Munroe-Boivin, sparry and saddle dolomite associated to sulphides iman CaLnorLlja iise Se ata l (0] mililer:rizgnizrfstaisssg (l:Jia 3 : A marine Carbonates .
3 MgstsiiadleMountain * MVT Zn-Pb Mlss'ssipp| Va"ey-type (MVT) deposits consist of stratabound |enSGS, |ayerS’ . . . Galena, Spha|erlte and py”te In gangue of dolomite and gg:z:z:::::tzoiztj;:tedmSulphides _ \_ (Simandl, unpublished data) \\ [ : - fzation (ins st dy') 0.7050 | Upper Devonian Laramide Orogeny (""90'50 Ma) .
Ancestral * . ) . . . . Zn, Pb (iAg, Middle Massive to thin-bedded . . . . . @ Mount Brussiof, magnesite Primary igneous \ I Q RCC: Altered dolostone (this study) i marine carbonates
Magnesite pods, breccias, and veins of sulphides preferentially hosted in dolostone of the Monarch MVT Cathedral Fm . . calcite. Minor chalcopyrite, barite, quartz and native CMC = Gambrian Marine Carbonate [12] | < Meur rssof sary ddic -8~ carbonatites[14] ) O ReC: Sacdle doomte s stug I Carbonatlt d lated
_____________________ _1__L\IWT-— - ';Zofsrrrieﬁca_ i REE-Fluorite-Barite mlddle Cambrlan Cathedral and Upper Devon|an Pa”lserformatlons iC;d) Cambrlan breCCIated dOIOStone Sllver DMC = Devonian Marine Carbonate [12] + Late calite (veins and vge) Mo + Saddle dolomite (this study) 0 7000— o -2.0 o _1|5 o _1p o _{? I?(r I_ona Ies aln as(sNoACIa e . )2 [
o EE ?g{ihfr\;‘ngg;a Stratabound Ba-Pb-Zn vein _ o .. ) ] ' 18 dlKkaline compiexes margin
'. N ). ¢ SEDEX Exaa)r.nples. Monarch and Kicking Horse, Munroe, Shag, and Bolvin (Figs. 4, 5, 6, Figure 11. 3"°C,.., versus 8°0,,,, of host dolostone and Figurt_-:- 12. F_’Iot of 8"Cypps versus 5"°Oypps. Values fqr dolomites 0 OVPDB ]
| * éeggczr;gef;?gg[g-nc?ggg,'gﬂu) Orebodies have single or multiple lenses in dolomitized and/or siliceous Kicking Zn, Pb (+Ag Middle Massive to thin-bedded Galena, sphalerite and pyrite (traces of chalcopyrite) in hydrothermal dolomites associated with MVT and magnesite associated with MVT, magnesite, and REE-F-Ba deposits are lower Figure 13. 5"°0,,., versus “Sr/*Sr values for various carbonates Carbonate-hosted depOSItS
i : T ) MVT ’ ’ Cathedral Fm _ _ ’ _ _ deposits. Hydrothermal dolomites associated with than respective host carbonate rocks. Dolomite associated with Rock associated with deposits of the southern Canadian Rock . . 3
> carbonate rocks. They are at facies transitions between shallow-water : A ) : S 13 P y Pine Point Zn-Pb B | ]
||§ NAc carbonate platform and deeper basin rocks and major basement-controlled Horse iCd) Cambrian brecciated dolostone gangue of dolomite and calcite. mineralization have lower 6180VPDB values than their Canyon Creek (RCC) REE-F-Ba mineralization has © CVPDB versus Mountains. Middle Cambrian and Devonian marine carbonate q
Pacific Em Rock Canyon Ck structures. respective dolostone host rocks. Our data compare well with 61SOVPDB_vaIueS §imi|ar to dolomite ass_ociated_with MVT and values are from [12]. Maximum Sr isotope ratio of basin shale Robb Lake Zn-Pb 5 B ]
Ocean '. S Y 0ldman Sulphides: Pyrite, sphalerite, galena, and minor chalcopyrite. Stephen, Eldon Middle to _ _ o _ the hydrothermal dolomit_es of [9], [10] and [11]. Th.e ma_g_neS|te depos_lts; these val_ues plot outside the fl_elds of g,outhern (MASIRBAS) is from [17]. ¥Sr/*Sr values of MVT and magnesite Prairie Creek Zn-Ph-Ag 1 1l
T | M\“ﬁrf’e% Gangue: Dolomite, fluorite, calcite, quartz, and minor barite. Shag MVT Zn,Pb (+Ag)  and Waterfowl Upper Dolostone Sphalerite, galena, minor pyrite in a gangue of dolomite, generalized trends for burial, hydrothermal and meteoric British Columbia carbonatite (yellow) and primary igneous hydrothermal dolomites are similar or higher than their host Salmo Zb-Pb’ ] —
| Alé)é?fin _ _ _ o _ ’ ¢ Cambri quartz, and minor calcite. fluids of [13] are illustrated by arrows. carbonatites (defined by [14]). dolostone. However, Rock Canyon Creek dolomites have lower Pend Oreille Zn-Pb’
Magnesite deposits are preferentially hosted inmiddle Cqmbrlan shallow ms amborian “Sr/*Srvalues than those from MVT and magnesite deposits. end urellle £n- 1 [
marine carbonate rocks of the Cathedral Formation. Magnesite textures vary Monarch-Kicking Horse Zn-Pb’ [ ]
widely. : —
Example: Mount Brussilof; producing mine (Fig. 9). Dolostone with fenestral — Compoaiions procueed A) B)
Deposit types Orebodies are stratbound layers, lenses, pods and irregular masses of white to Palliser Fm; lower Upper porosity (filled by white Sphalerite, minor pyrite and galena in a gangue of 200 4y USRI Marine sulphate 104 L I ————— pcelel o lsipl c |PITrl U K | T
s0-N—— . | | . in fine- ined dolostone Munroe MVT /N . ] ) o ) ] _ composition [18] _ ) . Cluster 3 ) ‘ Devontan o Munros age
@ Clastic-hosted sulphides (~SEDEX) grey magnesite hosted in fine-grained do : (Morro) mb Devonian  sparry dolomite), zebra-like dolomite; calcite and dolomite fill vugs. _ 7 16.3 Cordilleran carbonate trend A i | | | | | (Ma)
© garbonatehostod sulphice Mineralization: Magnesite. texture. lesser breccia — . incudes 2020 occurrces of o norher 190 pperCamb 0 [ o . e x 600 500 400 300 200 100
A Corpomatotontes m:gnesne TN T\ R ; Main gangue minerals: Dolomite, calcite, pyrite, quartz, and clay. ’ — - Munroe 4 @ am 16.21 (myc/udfn'gRobbLakeMvr’de{A o ymotues sz Mid-camp | © Shag X )
— 58 | Minor to trace minerals: mica, Mg-rich chlorite, talc, palygorskite/attapulgite, —~ Rock Canyon Ck o1 1,95 e [ § Mererens e . . .
, = , boulangerite, chalcocite, huntite, brucite, fersmite, Nb-bearing rutile, goyazite, = b 100 _Q A e < Bl Orogeny/magmatic events [ | Hostrocks [ ] Paleomagnetic [l Radiometric
132°W 124°W 16°W Transportation . . . . . . — __ 0. /// y= 370 X + 0.
Figure 1. Terranes of the Canadian Cordillera [] and location e Transporta and euclase. Alpine VT 7n Palliser Fm; lower Uppér Dolostone Sphalerite, minor py.rlte and galeqa in a gangue of o [ | | /‘ gn_ 16.0 o g 80- 2 00- w Re = 08961 _ . . .
of sediment-hosted deposits in rocks of the Ancestral North |~ 0 kilometres 100 +~++ Rail line Rock Canyon Creek REE-F-Ba deposit is hosted by dolostone, dolomitic (Morro) mb Devonian dolomite; calcite and dolomite fill vugs. T o e sri8] NB 15.9- e e S Figure 20. Summary of known radiometric and paleomagnetic ages of Zn-Pb carbonate-hosted
America margin. limestone, and carbonate breccia of the Middle Devonian Cedared and Burnais . o o0 o 0 / . mineralization and their host rocks. Figure modified from [24]. "Data from [25]; "Radiometric data
Figure 2. Regional geological map of southeastern Canadian Cordillera showing locations of formations (known to contain silty calcareous gypsum). u s 158 Cluster 235/ - S from various sources and complleq by [26]. AbbreV|at|on4: NA.— North America; "Radiometric data
Abstract the sediment-hosted deposits. The projection of the Cathedral escarpment (red dashed-line) Orebody is steeply dipping and coincides with a crackle breccia in carbonate . Palliser Fm; lower Upper Sphalerite, minor pyrite and galena in a gangue of 500 15.7- oy jhale curve Oepnsts of e sp e Rocty Mouriane ‘Cordilleran carbonate trend (Rb-Sr) from [27], paleomagnetic data from [28]; Radiometric data (Rb-Sr) from [21],
corresponds approximately to the western margin location of the Kicking Horse Rim, a rocks. Boivin MVT Zn (Morro) mb Devonian Dolostone dolomite: calcite and dolomite fill vugs — ® Galena. patiser Fm | o oigman uster 6palec_)magn_etlc data from [29]; "Radiometric data (R§-Os) from [30] and [31] (work in progress);
The Paleozoic carbonate rocks of the southeastern Canadian  paleogeographic high that was initiated in the early middle Cambrian and persisted into the Mineralization (Fig. 10): REE-F-Ba in REE-bearing fluorocarbonates ’ ' — i 15.6- e ey Group | © i ek Radiometric data (Re-Os) from [30], [31] and [32]; "Paleomagnetic data from [33], radiometric
Cordillera contain a variety of deposit types, including Ordovician [2,3]. Both features mark the change from shallow-water carbonate rocks to the [bastnaesite-(Ce), parisite-(Ce), synchysite-(Ce)] and a mixture of REE — W Barite 15,517 Pozndepost. S P —— | ¢ P2 deposisof e morthem Rosty data from [34]; "Paleomagnetic data from [35].
Mississippi Valley-type, magnesite, and REE-F-Ba. These eastand continental slope lithofacies to the west during the early Paleozoic. Modified from [4]. phosphates including monazite-(Ce). ! Argill imest — o Mantle % T ] % wtBrussiof magnesite ,ﬁgi?;’n“{;;‘ggg;f & Wackenzi Mountains and WCS
i ' : ' ' i i - er Illaceous limestone, : . : . —
deposits are hosted in weakly deformed, and Terranes from[5]. Gangue: Dolomite, pyrite, barite, calcite, quartz, and k-feldspar. Hawk Zn, Pb (+Ag, pp. 9 o€ 5 Sphalerite, pyrite, galena (silver reported) in a gangue of 60? | | | | ' | | | | | | 18— P 2.20 — — — — =
metamorphosed Paleozoic platform carbonate rocks of the MVT McKay Group Cambrian- argillite, dolomitic . . | | | | ' | ' | ' | | | ' | | -
Rocky Mountains. They are found at different stratigraphic Southeast T e N G YL Creek Au) Ordovician limestone. calcite and dolomite. -20 10 0 5% 10 (%o) 20 30 40 “*Pb/*Pb “"Pb/**Pb Conclusions
; . . 00
le'l © . am tr_lan ;Ue raD orma '(I)Dn’”_“pplfr a{_n rian Tertiary AR TR Figure 14. Sulphur isotope values of carbonate-hosted southern Rocky Mountains compared to the “Cordilleran carbonate trend”, which includes Zn-Pb occurrences and deposits of the northern Rocky Ancestral North America (Fig. 1). They are located east of the Rocky Mountain trench along the
ubliee rormation and Lpperevonian Fafliser -ormation. cretacenne | et PRPSIISEREmIN o2 0020 L i Dolostone. dolomitic deposits in relation to age of host rocks. Sulphur in most Mountains, Mackenzie Mountains, and Western Canada Sedimentary Basin (WCSB). The data form 3 clusters, each defined by specific deposits. Cluster 1, orojection of the Cathedral escarpment (Fig. 2). This escarpment coincides with structurally
: : : 145.5 [ S VURARARARNR ' ' Rock : . ’ : : : : MVT deposits is consistent with an origin from seawater the least radiogenic group, is from the Monarch, Kicking Horse and Munroe deposits. Cluster 2 consists exclusively of samples from Shag deposits. Cluster - 1T : -
5 & VistMountanrm Fairholme G g _ , = ’ controlled facies transitions between platform carbonate rocks and deep-water basin rocks.
;I'he QEPOS'LS ?CCU" a:ﬁng rl‘?aljlor strui:turallybconttrolleld tl;ames Jurassic ¢ e | SavLvivive Zte Canyon REE-F-Ba REE-F-Ba Cedare_d and Mldd!e Ilmestone, Cgrbonat(? Dqlomlte, fluorite, barite, pyrite, quartz, K-feldspar, sulphate, reduced by thermogenic sulphate reduction 3, the most radiogenic group, consists of Hawk Creek, Mount Brussilof, Oldman, and Munroe deposits, which plot within the “Cordilleran-carbonate trend” P P
ragsclj 'ons be V\;eert\) © S akow-fv\{[?] erpc?r onate p? OrTSi po1 e Forste % Rock Canyon Ck Creek Burnais fms Devonian  breccia and laminated silty,  calcite, REE-fluorocarbonates and REE-phosphates. (TSR) and locally bacterogenic sulphate reduction (BSR) defined by carbonate-hosted Zn-Pb deposits and occurrences of the northern Rocky Mountains, Mackenzie platform, and WCSB (cf. [21]). The dashed lines = Deposits are associated with syn- to post-depositional dolomitization represented by
an . ee_?ﬁr \vaa etr aSInd FOCKS Ot ef tha eOZdOIC COP Inef? at Triassic Spray River Whitehorse Unconformityn A AAAAAAS CalcareOUS gypsum Occurred MOdlﬂed frOm [20] |n A) and B) represent the trend“ne fOr a” the data W|th|n the “COFdI”el’an Carbonate trend” They InterSGCt C|USterS 1 and 2, and d Cluster Of UnradlogenIC Iead “replaC|Ve”, Sparry and Saddle dolomltes (Fig_ 4 to 10) These dolomltes resulted from
tmhargln.t © 't(') ca |ofn e;n ?eome YO d . ef[)ojl fS rﬁ ect : 251 MPN% Beaverfoot Fm data from the Lead Mountain deposit, a vein- and fracture-controlled carbonate-hosted sulphide-barite deposits in the western Foreland Belt of the Rocky hydrothermal fluid migration along fault systems and strata with enhanced porosity and
e juxtaposition of structures (e.g:, eep-seated faults a Permian A |_-Mount Wilson Fm ke Mountains. This suggests that Pb signature of clusters 1, 2, and 3 represents mixtures of variably radiogenic end members. ermeabilit
platform to deep-water basin transition) and rock types (i.e., carp | PENSY] 299 [spry akes G DA :| P Y-
permeable and reactive stratigraphic units) favorable to T Miss o ' e T Rt A Al -, WK . Upper Dolostone, dolomitic Galena, pyrite, and sphalerite in a gangue of calcite. 8 3 ; o
mineralization. This confluence of favorable conditions | 359 = McKay Group I B:S&S:::}Ti:ﬁﬁ;ﬁ:g E:k g H::Wk Ck Figure 4. Klelng Horse MVT deOSit. A) AggregateS of Sphalerlte(Sph)+pyrlte Oldman MVT Pb, Zn, Ag Upper Palliser Fm Devonian Iimestone, limestone. Minor: dolomite, ankerite. . : u Thc?dla aVFiDB (-1:200 to '98:/00d) antdh ?VI\(/:-\I/-PDB ('86 tOt +1 .1(yd00)RVEaéU§SBford replalf[:lve , Slparry,tﬁnd
resulted from episodic rifting and mineralization along the Devonian TR AR Shag (Py) in white sparry dolomite (Do) cement. B) Colloform sphalerite exhibiting Fluid Inclusions 200 -4 0] [4] [8] 12 16 20 | oo\ cc MacDonald Saddle dolomites assoclated wi nagnesite, and REE-F-a deposits are ‘ower than
Paleozoic margin during the middle to Late Cambrian and - 416 ooy Baker Ck. Eldon & Steahen b % [Monarch colour zonation adjacent to white sparry dolomite; PPL = Plane-Polarized Light. 30 - Kicking Horse their respective host carbonate rocks (8 "Oyppe= -15.2 10 -7.1%0; 5 "Cyppe= -2.9 t0 +1.2%0), and
L ate Devonian to Middle Carboniferous. llurian | 4,4 o aker Ck, Eldon Nt Whyte {K/'ﬁké?ﬁsz'i%?e B — ~ N | | I B CaCO, 509 ] Robb Lake they compare well with other hydrothermal dolomites in the RMFB (Fig. 11, 12).
Ordovician o [ Wiette/GogGp | ) e # ’ Carbonate types o 25 D Oil Fiel
) . e heT 41 @ Robb Lake (RL-2-2) ~~ 100 - awson Oil Field 18 13 . =
This poster reviews geology, petrography, stable (C, O, S) and 468 & Combonate-hosted magnesite deposi v FCD = Rob Lake (RL1B-1) . u o Great Slave Reef " The 5Oy and 5" °C,en; values of hydrothermal dolomites at Rock Canyon Creek REE-F-Ba
radiogenic (Pb, Sr) isotopes, and geochronology of selected Cambrian =LA Y% Mississippi VaIIey-typeg (MVT) b deposit M '(‘;"SS o = Shag ' - | dep‘?SLE ar§6|ntermed|ate between values of carb_onatltes and ho§t carbonate rocks (F'.g' 12).
carbonate-hosted deposits. Petrography shows dissolution " T . Je Carbonate-hosted REE-F-Ba deposit v sp O 20 - : m:gforggn A Qo 120 - Their “Sr/”Sr  values (0.70588 to 0.70873; Fig. 13) are similar or lower than their host
and replacement of the original carbonate by fine-grained o oo * ll\J/IVTd;epos?t not studied ¥ Calcite tzu B O'Donnel = carbonate rocks (0.70866 to 0.70903). This suggests that REE-F-Ba mineralization at Rock
“dolomite” followed by different stages of coarser dolomite 1000 Fine-grained matine rocks — Orn.:;lteydium-to coarse-grained clastic rocks v vV 32 15 A P g | Cart;yon tCrr]eeF msy hgve_ forme_tdh frort?_ dﬁ;[a.l g carbonatite-related fluids interacting with
replacement and cavity fracture fillings (e.g., saccharoidal, (limestone, dolostone, mudstone, phyllite, schist) (sandstone, conglomerate, siltstone, quartzite) - ¥ v A - o 80 - carbonate nostrocks and mixing with amboient fiuids.
sparry and saddle dolomites) accompanied by sulphide [ Reefaland crystaline carbonates, marbles Fine-grained clastic rocks (sitstone, shale, argillte v v:%'v\ o £ ¢ B = ) " Sulphur isotope values of Sulphide minerals show large variations within a deposit (e.g. +20.5
E;Iepo§ |t|on,| mainly S]P halerrl]te, gallena and pﬁ/ rite. oot and epicasticrocks, [l Evaporites and shallow marine carbonates ) e 2 10- “ = - to +%2 9% atFI)\/Iount BrussilofF)) and among different dgposits (e.g. across all dpepositngSS“S
eochemical signatures for each mineralization type show a oW, T, FrameTiEnsionaT voTeanies g y 2 N e Wy L = : : ! ¢ _ -g. 1S, Vet
attern of dolomitizing and mineralizing fluids interacting with _ _ . _ = oy 7 B By b % T L - N i g _ u A values range from -2.8% to +36.6%, n=53, with most values from +9.9 t0 +36.6%., n=51).
Earren host rocks. Agmore detailed aéqcount of the matgerials Figure 3. Generalized stratigraphy of the Purcell anticlinorium and the Rocky Mountain o F S - | e it . _ _ ¢‘,,° 5 - AR ] FCD MCD/CCD/SD Calcite Reduced sulphur formation predominantly occurred through TSR of coeval seawater sulphate
presented here can be found in [6] Foreland Belt with locations of studied deposits indicated by stars. Modified from [4]. Figure 5. Sh_ag MVT d_epOSIt.A) Sample of Red Bed showmg_dlsplays alternatl_ng Figure I Hawk Creek M\_/T dep9$lt- A) Massn_/e layered/banded sphalerlte_ and  Figure 9. Mount Brussilof magnesite deposit (Baymag mine). A) Coarse- M . . . . . . . . . for most deposits (e.g. Kicking Horse, Monarch, and Hawk Creek). However, BSR also
' bands of white dolomlte_ and _qugrtz and darker dolostone rich in red sphalgrlte less py_rlte, galena replacing argllllte§ and argillaceous dolostone _of the mld_dle grained grey magnesite ore. B) Fersmite (Frs) crystal in sparry dolomite . i‘ 0 4 8 12 16 20 24 28 32 36 40 occurred locally (e.g. at Boivin; Fig.14).
Geolo (Sph). B) The C-4 showing with intense replacement by granular sphalerite ina Cambrian McKay Group. B) Sphalerite 1 (Sph 1) surrounded by fine crystalline (Sparry Dol); PPL. 40% 0 . . : : . 18 0
gy matrix of quartz and dolomite, with minor pyrite and galena (black); PPL dolomite (Dol 1) and coarse-grained saddle dolomite (Dol 2); PPL ’ 1020 s 4080 60T s % ° 0 50 100 150 200 250 0 0.....c. (%) . : . , . : : , : :
o | _ ) ) : : : FeCO, MgCO, H ization T t °C Lead isotopes suggest a mixing trend involving highly radiogenic and non-radiogenic end
The carbonate-hosted deposits discussed in this poster are in the s_og’ghern Rocky Mounta.in Foreland Belt (RMFB; Figs. 1_, 2), which is a thin-skinned thrust- omogenization Temperature(°C) Figure 18. Plot of 8°Og,,q,, (%0) values_for differentgarbonate types members (Fig. 15).
and-fold belt that developed along a basal-detachment fgult system initiated by Late Jurassic to Paleogene eastward accretion ofallochthqnousterrangs [7,8]. TR - Host Do LSS o TR e Figure 16. Ternary plots of CaCO,-FeCO,-MgCO, (in atomic %) for different dolomite Figure 17. Homogenization temperature (Th) versus salinity ~ versus Temperature. The curved lines are 6°0,,, values of | - | o | o _
The strata within the RMFB consist ofla’ge Neoproterozoic to Mld-.Jurassmlmbrlcated and folded predominantly sedimentary rocks deposited on or adjacent to _' i 3 e = types and calcite from different study areas. Dolomite is generally stoichiometric (wt. % equiv. NaCl). The data indicate broad ranges of Precipitating fluids calculated using the dolomite-H,O fractionation " Dolomite composition is typically stoichiometric; however, ore-stage varieties (“replacive”,
the stable c_:raton of the Cordilleran margin of ancestral North America. 8 3 P chemically, but ore-stage types (CCD and SD) are the most Fe-rich (up to 6 mol % temperature (<80—200°C) and salinity (0.9-28 wt.%), even in equati_on of [22]. The dash_ed_ black line trac_;es the idealized coarse-grained sparry and saddle dolomites) are enriched in Fe (up to 6 mol % FeCQO,; Fig.
The stratainclude: S | | o _ - FeCO,). Data were collected using SEM-EDS analysis. Abbreviations: FCD = fine-  some cases for single settings (e.g., Monarch 0.9-20.2 wt. %;  evolutionary trend of a fluid in a MVT setting [23]. Reeves 16).
. Neoprqterozon:to onverCambrlan siliclastic rockg ofthe \{\{mdermere Supergroup deposited during mtramntment_al rifting. | | ) o - . 4 grained crystalline dolostone (~host dolostone), MCD = medium-grained crystalline Mastodon 3.1-23.1 wt. %). Mastodon and O'Donnell deposits MacDonald deposit is in the Kootenay Arc of southern BC, and
. Camprla_n to Jurassic platfc_)rm to deep-water basin transition sequences deposited on and near the ancient continental margin of_ance_stral North America. plverite - . e ¥ e VS % a5 dolomite, CCD = coarse-grained crystalline dolomite, SD = saddle dolomite [22]. are located in the Kootenay Arc of southern BC [22]. Dawson Oil Field and Great Slave Reef are in the Western Canada " The homogenization temperatures, measured from fluid inclusions trapped in sphalerite from
The Kicking Horse Rim, which corresponds approximately to the projection of the Cathedral escarpment and other escarpments, is an important Paleozoic " * ; i SR (- Sedimentary Basin. the Rocky Mountains MVT deposits (~ 160-240°C, pressure corrected to 1 kbar; Figs. 17, 18,
fault-controlled, paleogeographic high at the platform to basin facies transition. A i S O W : woa b , 08 VR T 19), support a hydrothermal origin.
- Late Jurassic to early Cenozoic marine to non-marine siliclastic rocks eroded from the uplifting Omineca and Foreland belts. b, m . A A R WSPhTE. i “d - P 7 A ORI et Figure 19. Fluid inclusions (Fl) hosted in sphalerite. The inclusions are primary (P),
Several carbonate-hosted deposits occur along the platform to deep-water basin transition. For example, east of the projected western margin of the Kicking _ | o T A ' : ' . i 1 | p:ﬁgd‘;f’)e(jggfzﬁa SIDeSriZceancijthsle:fg?gatw (ess) S;]ﬁ/l (I)nndaeriehr'mzlgr?;% (I()elfz)/\?ve; cﬁ;aﬁlgklﬁaglel_rli?ersiih ﬁggfedd " Fluids pespon&blg for “replacive”, sparry an.d.saddle.(.jolomlt.es assqmateq WIT(I?\ MVT and
Horse Rim and the Cathedral Escarpment, middle to upper Cambrian, Ordovician, and Upper Devonian shallow-water platform carbonate rocks host _ B _ o o S f e Y ol \)//vitho aque F oFf)Pt es. C) Monarchyglea.rto red zoneél s hale)rliteinundated wirt)h irreqular-shaped magnesite deposits were of hydrothermal origin, mOd'.f'ed by_ Interaction W't.h siliclastic and
Mississippi Valley-type (MVT; e.g. Monarch and Kicking Horse, Boivin—-Munroe—Alpine, Shag, Hawk Creek, and Oldman), magnesite (e.g. Mount Brussilof), Figure 6. Munroe MVT deposit. A) Zebra texture created by the alternating bands of S “pag e ) OGRS T Gt e _ F| of |:§) S?and | t espr) & E) Shag: zoned red to clear s hpalerite with Fl of P and S't ges Ima % E carbonate tocks, and were expelled from d;eep burial, settings by tectonic stresoses, a2
and rare-earth element (REE)-F-Ba (e.g. Rock Canyon Creek) deposits (Figs. 2, 3; Table 1). West of the Kicking Horse Rim and Cathedral Escarpment, deep- dark grey dolostone (Host Do) replaced by saccharoidal dolomite (Sacch Dol)richin  Figure 8. Oldman MVT deposit. A) Sphalerite (Sph) interstitial to dolomite (Dol); Figure 10. Rock Canyon Creek REE-F-Ba deposit. A) Large euhedral ows I yp Fl (Elack 9.2 " " P ot iauid (V-L rat ypd b gl exemplified by high temperatures (~ 160-240°C), low 6O,y values (-20.0 to -11.5%.), and
water basin rocks of the Chancellor Group include the Burgess Shale Formation, and lesser accumulations of limestone and lenses of MgO- and Ba-rich sphalerite (Sph), and white sparry dolomite lenses. B) Nonplanar or planar-e to  PPL. B) Colloform sphalerite (Sph) fills open spaces. Smaller grains are Ccrystals of barite in purple fluorite vein cutting altered dolostone (DDH-09-01 shows an enlarged Fl (blac a_rrow) with low vapour phase relative to liquid (V:L ratio) and thus a low high *'Sr/*Sr ratios (0.70879 to 0.71484).
chloritic rocks. planar-s dolomite (Dol), coarser-grained saccharoidal dolomite (Sacch Dol) and interstitial to or replace the dolomite (Host Do); PPL. at 38.7 m). B) Backscatter electron image of mineral assemblage from the on - A VAR . . , 2. Th valug (_<80 ). F) & G) Shag: clear to yellow, zoned sphalerlt_e host!ng small to Iarge, equant Fl of |
intergranular sphalerite (Sph); PPL. REE-F-Ba mineralization. type defining a 3D array. Most of the Fl are opaque, but inset with outlined black box is a small vapour " Mineralization occurred intermittently (in more than one stage) during the Paleozoic, i.e.
phase [22]. middle to late Cambrian and Late Devonian to middle Carboniferous (Fig. 20).
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