Ly -BRimisH GEOLOGY OF LORRAINE Cu-Au PORPHYRY: NEW CONCEPTS

=» CUOLUMBIA EASTFIELD
s e ey e Graham T. Nixon - B.C. Geological Survey

INTRODUCTION GEOLOGY MINERALO GEOCHEMISTRY ALTERATION CONCLUSIONS

The Lorraine Project was initiated through the B. C.
Geoscience Partnership Program under an L gy
agreement between the Ministry of Energy &
Mines and Eastfield Resources

MINERALOGY: PHASE 1 S S RN i RS BTG Chemical compositions of whole-rocks from DEC and | : The main styles of alferation at the Lorraine deposit EMPLACEMENT HISTORY
%1% Diamond dril collar . = ek . . o s Hogem Batholith are plotted in the QAP classification i 1 include a stronaly develobed potassic-cale-silicate _ _ _
43 Mineralshowing - - e ). Lo e A X below. DCC plutonic rocks show general agreement aly ejexstel|e _ Textures, internal structure and contact relationships
! Page 2 Bishop 3 B fenc) FELDSPATHIC BIOTITE CLINOPYROXENITE: (0-50% Fs + ' St 0 ' W - ' i ) el ' assemblage (Kspar + Bi + Mt + Ap + Di/Aeg-aug +Ab + distinguish the older Phase 1 intrusive suite from Phase 2.
Gt = Sp = Ep) dominated by K-feldspathization and

Arrerriribr e Cpx (Di/Aug) + Bi + M + Ap) o S iihie b G ) D 5 - AL N P with their mineralogical characteristics:
Nt T Tt T TImgt e Y ~ 'S e 5 L ¥ et B 0 q 0 . . .
] resulting from pervasive alkali-calcic-iron metasomatism;
, most feldspathic pyroxenites are syenites and I ] 9 i -p-,r _cl litic (E Chl + C
Three subtypes exist and all have cumulate textures: ST 7@ el ST UATE : B Siica-sat, | and weak sericite-clay and propylific (Ep + Chl + Cc) PHASE 1:

o North N et
+ o+ +CIrQUes + + + 4 4 4+ F bbb R R+ o+
Alkaline Porphyries e R~ U R N ‘ R 7 5 pyroxenite with or without interstitial feldspar BT A= e, 9 ot R T L P balkaline ] f\’ﬂssemlb'fgfs' sl Z°”i|”g hO'Ks el beQe” reg"g”izzd' e cumulate textures are found in all pyroxenite and
i e Toper | 9 ) N e e e , S % S B _ _ i ] inor late-stage veins include Kspar = Qz and rare Qz ) : : : :
Cu-Au-Ag-PGE el | e ; ANy ' , (Kspar/Na-Plag) | vafy B o B 09 Kspar megacrystic porphyries range from o o 9 P mela-syenite unifs, and more rarely in mesocratic
4 ; : -y pyroxenite with Kspar oikocrysts (< 3 cm) : : . . o : Tl e elell EleRasr syerlie gers. monzonites and syenites; these features combined
oy (ol roxenite with Kspar phenocrysts (< 3 cm) and ed light Crossed nicols S ' with the widespread occurrence of primary laminar
29 g//g(s Lo,,;zj: ‘ v X\ py p p y . Feldspathic pyroxenite exhibiting euhedral cumulus aegirine-augite (Cpx) CHEN”CAL MOD|F|CA‘|’|ON OF PROTOL"’HS . . p u p y
mre g M ] rare pseudo-leucite (Kspar+Ne+anaicite) magnetite (M) and apatie (Ap), and infercumuius potassiumich alkall A;m » the most differentiated porphyries have dffinities Figure 7. flow fabrics indicate that crystal accumulation took
. ‘ ocner (o) et ceyserere areraon anc pore pone | - with leuco-syenite dikes/sills Alkali vs silica (wt. %) plot for S _ o place in freely-convecting magma chambers
Ty A, e : AT d\_\ D: rocks from map area showing The .prlnC|poI I|’rholog|es.c|ffec’red by. me’rosomohsm in
[_] Cache Creek o e WSO W T ' MELA-SYENITE: (M=25-40%; Kspar + Cpx (Aeg-aug) + ALKALIS-SILICA PLOT discriminant of Irvine and A L(EUR eI C1R MOMBRITIE Cle SIEmE), Eh eEEinlee the lensoid bodies of feldspathic pyroxenite, mela-
[_1Quesnellia : R —— /ooksouth — . \ X Bi + Mt + Ap + minor Amp + rare Gt) e DCC forms a marked alkaline trend transitional Baragar (1971) for subalkaline by relict mineralogy in thin section and tracing map units syenite and intercalated monzonite-syenite
~ e cumulates with generally well-developed between Si-saturated and Si-undersaturated fields and alkaline fields. Also shown in the field. represent a "pseudostratigraphic’ cyclic sequence

trachytic textures Ty PRENR e TR, - K RN for plutons associated with Cu-Au porphyry are fields for Si-saturated and Si- _ of cumulates younging to the southwest
. 3 : : . P~ CaO vs K O Plot: The general effects of potassic

] rare interstitial Ne and melanite garnet (titinian . WiV et = o ¥ e deposits. undersaturated infrusions )
LORRAINE: PREVIOUS CONCEPTS . andradite) Dk e . : ST e : Phase 2 suite of intrusions, which are closely associated with alkaline Cu-Au metasomatism include: contacts with monzonitic rocks of the Hogem Basic

The d " ¢ d of | deoth where CU-A strong spatial association with pyroxenitic units g T o ST B ' 4 associated with mineralization, fall outside these porphyries (Lang et al. 1994). . _ _ Suite appear gradational
€ deposit was 1ormea ar unusual depin where Cu-Au _ \ o - el F . f . W . fields and are therefore undefined in this e Dbulk compositions of metasomatized rocks lie

mineralization |S hosted by foliated syenitic "migmatites” | kiometres idlg L8 4 _ > ’ P , : _ > ,.—', ‘ classification. between monzonite-syenite protoliths and the Bi-
(Gamett 1978; Bishop et al., 19995). MONZONITE-SYENITE: (M=15-20%; Bi + Cpx (Aug) + T i sl TN > T Ksparjoin _ PHASE 2:
Kspar + Na-Plag + Mt + Ap + minor Amp) A R g W AFM PLOT bulk compositions of strongly K-feldspathized e sharp intrusive contacts with Phase 1 units and rocks

Figure 1. Tectonostratigraphic setting of the Lorraine The "migmatite" forms the principal map unit of the Early to Middle Jurassic Jurassic or Cretaceous e localized primary laminar foliation in syenitic DCC shows strong alkali enrichment whereas iron monzonite approaches leuco-syenite (~11-12 wt. of the Hogem Basic Suite

and other selected alkaline Cu-Au porphyry deposits Duckling Creek Syenite Complex which hosts the deposit oo e Creck Syenie - Hhase: Plagioclase porphyry dike w e R ~ 1mm . S r
9 Y P P leuco Syenite dike rocks el T : enrichment is similar fo subalkaline rocks of the Hogem 70 K O)
and prospects in British Columbia (Garnett 1978) Cranitc dike . . . " Plane-polarized light Crossed nicols 9 . . " . _ _ N
' ' Megacrystic Kspar porphyry e rare primary laminar fabric in monzonitic rocks Pronounced trachytic texture defined by prismatic K-feldspar and Batholith. the highly calcic bulk compositions of feldspathic textural, mineralogical and compositional

Ducling Creek Syenite - Phase 1 Late Triassic - Early Jurassic e dominant host to Cu-Au mineralization at aegirine-augite in Bi-Cpx mela-syenite (02GNX4-8-1). clinopyroxenites reflect the accumulation of Cpx gradations with leuco-syenites

'.[he. occ.:urrence of "net-textured" sulphides in pyroxenites is Jom | Monzonite (md, cut by 17| Hogem Basic Suite _ Lorraine Main zone RB vs (Y+NB) PLOT Tholeiitic (Di/Aug) NOT metasomatism; phenocryst-rich
indicative of an early orthomagmatic component to the srestomezing DL == (monzodiorite - gz monzonite)

INTRODUCTION JDum ?§r§1§fif?;?t:fazfglef:g_]%fs?ﬁe S2\\‘\ Igﬂeous mineral foliation Except for metcsomoﬂzed rOCkS’ lecline Gnd m Vorieﬁes Show The GddiﬂonOI effeCTs Of Sorﬂng Of
Cadds

2

N+ + + + + + o+ H

2

Na O+K O
o

sy subalkaline rocks fall in the field for volcanic-arc Kspar + pseudoleucite

Igneous contact

All known Cu-Au-Ag (=PGE) porphyry deposits in British : B oo Sty vl lin MINERALOGY: PHASE 2 SJelliieliel Wil S eie SPes LCl (Helrerelie &  Colc-Alaiine ENVIRONMENT OF CRYSTALLIZATION

: . : : : : A , sult-induced cleavage R — - . R ———— : tectonomagmatic setting. : : :
Columbia are associated with Early Mesozoic alkaline ® * > IS Clinopyroxenite-syenodiorite fouliinduced cleava ERTIN . S Yoy PP Y AT T 9 9 The following factors provide strong evidence that

plutons emplaced prior to or during accretion of the P ko ||\ T DN e / B 1ot ot cloppenent syt S MEGACRYSTIC PORPHYRY: (M<25%; Kspar>Na-Plag + 7 Fin A " SRk R SR e crystallization throughout the multi-stage history of DCC and
1 - H il ini ! »L I:,{ I L : +" N AT £ e cut by anastomozing JDIs Geological contact . * ’ : ‘_' i ; i i : i 4 . -‘ i Na O+K O MgO ] _ 1 H H H H
island-arc terranes of Quesnellia and Stikinia. The plutons o . . NDy - el ' N High-angle fault Cpx (Aeg-aug) + Bi + Amp + Gt + Mt + Ap + Sph) ; ol : LT _ ) . ! Cu-Au mineralization took place in a subvolcanic

. . . . /‘\o "R \ JDu Duckling Creek Syenite . Area of intense alkali é A 3 N 2 } . .
are considered to be coeval with Late Triassic to Eqr|y Lrr - A - Complex (undifferentiated) 2% Areaofintense all " : ! i P s RN 213 Aaeta A 2 Hogem Batholith Figure 8. i environment:
TJ ‘ re - -+ + . { - 5 0 e = Q :

. ey . . g N Ime Y o : M M mineralization . ¥ ] 7 ) : | i 5 S Q logem felsic rocks / ! !
Jurassic shoshonitic volcanic and sedimentary AN e Kspar megacrysts (< 7 cm) generally showing | | By ’ DI ip o /g/!/ / \\ x\;\ S Alkali-total iron-magnesia (AFM)

sequences of the Takla-Nicola-Stuhini volcanic arc. strong primary flow fabric e e e e PCox L G 4. o plot (wt. %) showing discriminant I ] - local preservation of delicate oscillatory and strong

| | | A ¥ L diffuse megacryst-tich (50%) to megacryst-poor < ST SN ca\ S @ ks _. f of Irvine and Baragar (1971) for : | normal zoning in clinopyroxenes and feldspar (especially
The Loraine alkaline Cu-Au porphyry deposit has ol fafréis;’ s to megacryst-free zones TN L g 3 N % P AU 7/7/ il | \\% S calc-alkaline and tholeiitic fields : , Na-Plag)
withessed a long and intermittant history of exploration. N o, o o : RSP W e i of subalkaline rocks. : *

} * N a Hb189(6) : : B i B 1 m '- _l k'" Sy 4 : ’ _— :‘. - A r ]

ReCenT d”" progrcms by ECISTfle|d RGSOUI’CGS hGVG \ \ 0 k”;ne"es - N\ LR O\ ) NEW GEOLOGY LEUCO-SYENITE' (M<2%; B| + Cpx (Aeg-aug] + Sph + P|ane—p0|aI’IZed I|ght Crossed n|cols Fe/dspathlchroxen/lte (c/mopyroxel(lte-syenodlonte) iogom Basie St ! ] ® OCCUlTenCe Of pseLIdOIGUCITe N hYdrOUS meIC I

outlined a mineral resource of 32 000 000 tonnes grading Fat it Crcans Lo - B e Mt + rare Gt +rare Qz) Sty narmal zoring in aegiie-augito (Gp) withan aeginne-onriched —— \ . / . \K : | lithologies

0. 6 6 % CU and 02 g /1, Auata Cut Off gr ad e Of 0 4 % CU. - Mesilinka Ei:f‘;‘;;‘g;‘ diorite, e e e . . ;Ie% gza/rn(t;ggl(sv,:]ne;gl_tgyr;‘):i;aen(lgg Ggl?lg?%-ﬁg) biotite (Bi) and potassium Monzonitic Rocks : . - L ‘ “ TR

| Ko | Osfinka lnrusions Hogem granodiorite Key differences exist between old and new geology: ' o oo megacrystic nature of Phase 2 porphyries
J

Early Jurassic Late Triassic
- . ] 4 : : s free zones in porphyries Ymvee_ P = Syn-collisional
Duckling Creek Syenite Complex akla Group volcanic rocks 1} DCC ”mlgmct”‘e" unl.l- IS reploced by 0 number of p p y . . ' | i gz’:ﬂ;{;slsmna
Kf-megacrystic Porphyry Duckling Creek @ Duckiing Creek L
Lorraine
& -“

¢ FOX gopi , , ,
+ ik VO Figure 4. Generalized geology of the Lorraine area

\V
+ +

e medium-grained textures similar fo megacryst- veo-Syente ] I N

aplitic/medium-grained textures of genetically
related leuco-syenite dikes/sills

X\ Kemess

i i H . . i < g T * ’ . oliated syenite leuco-syenite ithin- : 1 S i
+ Coupomiy e o I 151y h g e ) ) mappable igneous lithologies ” SR L T o T f THGELG Figure 10. K.O vs CaO (w. %] piot for the Duckiing Creek
(MINFILE o 2 204(0.) U iostopie date (rmon) (0 rare melanitic garnet ol N o) AR § Ada—ta PO : e Syenite Complex showing the effects of accumulation

| pyroxenite

(Zr, zircon) b L & : P ol S AN, Metasomatized Rocks

2) DCC is composed of two distinct alkaline intrusive W) o A Yl ¥ monzodorte-menzonte. W dorte of calcic clinopyroxene in feldspathic pyroxenites and the

X monzodiorite - gz monzodiorite * granite

Figure 3. Regional setffing of the Lorraine deposit showing suites: restricted to dikes and sills . * 3 Dies and Hogem ‘Basic Sule" . _ Volcanic-are | modification of monzonite-syenite bulk

other alkaline porphyry Cu-Au occurrences in the area _ _ _ : $ & <l - Granites Orogenic 2 " : : ,
(MINFILE) and the location of K-Ar and U-Pb isotopic dates e Older Phase 1: feldspathic pyroxenite, mela- form a plexus of dikes in Lorraine Main zone . ' < 4 - i Granites compoasifions by potassic (alkall) metasomarism. ALTERATION AND MINERALIZATION

syenite, monzonite-syenite o= — + 78 o @ . ] Abbreviations: Cpx, high-Ca clinopyroxene; Bi The development of metasomatic potassium-calc-

e Younger Phase 2: Kspar megacrystic porphyry, E— £ =N A7 A § v AL - " yonp'ppm oiole: O OriOOIAsS: £l SeUaoieUalfe: SYmoak as siicate assemblages, infrusion of leuco-syenite dikes and
REGIONAL SETTING leuco-syenite W © R AL YT B g T | oo SHEIE 658 e e | Orrig. o Cu-Au mineralization are intimately related in time and
b TR B £ RE NREAT e | =0 - Cox - e Omeerr Duckling Creek Syenite Figure 9. space (Table).
3] FOliCﬂ'ed "migmoﬂtes" represen1 metosomcﬂc | A :'.'_I‘ . . e .“!L"_.'“"- . ' .‘ —‘ > . _. ':i‘ d ' 'I ; . v Leuco-Syenite dike AKf—megacwsticporphyry Complex Ond Hogem Rb VS Y+Nb ,O/OT ShOW/hg

tex‘l'ures + duch'e S"G'h ' , ST ‘ g : 5"_. W 3 i . ¥ - ' > kg i ' ® Qz af syenite dike @ Mela-syenite dike BOThO//Th D/O#ed in @AP gronn‘-o/d f/e/ds for VO”OUS
- Al ¢ . X Metasomatized rocks CIOSSIf/COTIOn of

Williston

Lorraine is hosted by the Duckling Creek Syenite Complex
(DCC), aplutonin the composite Hogem Batholith, and is the

largest (30 x 5 km) alkaline infrusion in BC. | SNT Ll g Pl o A = T e Lo Malre ot al. (1989) tectonomagmatic environments RELATIVE TIMING OF MINERALIZATION AND INTRUSIVE EVENTS
S 4) All pyroxenites are part of DCC Phase 1 NOT the Newr &0 s Kf R A B s o @ o Bt Gemenzone @ Gt e

. . . oS A . & (Pearce et al. 1984). Event Lithology Map Unit
Figure 2. The batholith contains a large number of porphyry-style Hogem Basic Suite (Gamett 1978) A o L Ty ' P = i . ReSEUASICl e granific dikes . K9
Location of the Lorraine alkaline Cu-Au mineral occurrences and many are SpG'I'ICI”y Lo ) ) L RPN ol Hox Ve : . L WS .k g . The most important features of the Cu-Au plagioclase porphyry dikes JKp
: : : 5) Foliations in the DCC have different origins: S [y Y . : ' o D T e ‘it . WEILAAD 71 . 7 re e T, 7= T piReant ™ Tl e mineralization in the Main zone include: DCC Phase 2
Cu-Au porphyry deposit associated with the alkaline rocks. : : n ” ) ST VR At - R : £ 50 N oo o SN L AN : - o : : Lt To Postmineralization: rare(?) quartz alkali feldspar syenite dikes JDIs
igneous, tectonic and “streaky RS e O L S VAZELEO ~ ¢ S T R P e copper sulphides are disseminated with late minor e e e e s
The dominant trend of the DCC and Hogem Batholith is ¥y I » - 4 R o Ry g : g S ¥ ‘ Bodt 23 I x5 ‘,"- & e 55, 2, 3l s ; , 0 . gy . yren SUIphlde-beG”ng veinlets and fracture fllllngs Syn-mineralization: leuco-syenite dikes/sills (aplitic/pegmatitic) JDIs
THIS STU DY NW-SE. ey A N ] ¥ L {4 . . i i ‘ | 4 ¢ Y lsh ﬁ / : i S ‘__' g : N e alkali-calcic-iron metasomatism
5 I. - : Anh d .‘ it (. dradite) ) ). ' ‘ Fine ascillatory zoning in'aegirine DA ;:: D " : \ i --" 0 3 the pfimGry minerals are ChG|CODYriTe and bornite’ Pre- to ?Syn-mineralization:  potassium feldspar megacrystic porphyry JDpo
= . FROLE nnearal melanite ( IlI-anaraaite) garne 1 1/ ZOoni I irine- . WA . P ¢ s - ., 1 v % . . .
The age of the DCC is not accurately known (>184 Maq) : iam (Gt) enclosing zonedplagioclase%Pl) augite (Cpx) in melanocratic alkali A L g . along with minor pyrite DCC Phase ]

and intergrown with subhedral alkali feldspar syenite (02GNX15-4-2). Pre-mineralization: mela-syenite dikes JDds

This study presents the results of geological mapping, and ' :
BIEEET (A1) I SPE e EEBIERE mesocratic monzonite-syenite JDm

the petrography and geochemisiry of rocks that host the ; porphyry (02GNX3-6-1). secondary minerals include malachite, azurite mela-syenite JDms
Lorraine depOS”. These data elucidate the mqngIﬂC and : chalcocite digeni’re covellite Cupr”e ’ mqgne’ﬂte feldspathic pyroxenite (clinopyroxenite-syenodiorite) JDps
emplacement history of the hostrocks and support a new hematite o,nd Iimoni’r,e ’ ’ ’

interpretation for the environment of porphyry Cu-Au G RS g N A : _
mineralization Vein of pegmatitic aegirine-augite in Main zone cut by . ) . CRYPTIC" METASOMATISM:
) veins of Kspar with sharp to diffuse margins (02GNX5-14-1). minor "ne-l-_-l-ex-l-ured" CU SUlphldeS in

¥ N £ : etispathis pyroxents with Kepar alooryte . e g, W PR | ; ot IaE e | clinopyroxenite probably reflect infiltration The nature of metasomatism at Lorraine Main zone is
ACKNOWLEDGMENTS . 8 b A : and Soqregeton veins (02GNXT 8.1). S O L s o S : _ > i LB . N - _; N ,-I,,, BM Breccia metasomatism as opposed to an early "CRYPTIC" in the sense that oxidized, magmatic-
: S 1 : B sy 1 A T : B S Ro Rl | & Tl &, ros_s_gd nicols orthomagmatic sulfide-forming event (Bishop hydrothermal fluids deposited a potassium-calc-silicate

S

Eastfield Resources Glen Garratt/Bill Morton e ey 2 N = . : . e A _ . L R - T ' T o0 Sl N W et al., 1999) assemblage of similar identity and composition to that in
Geological Consultant Giles Peatfield & A 5 A g £ DL iy = - e ; % : A e { . Wy, AR U Wl v , . . ,
Crew of the Lorraine Camp: Jay Page a s I : g G 3 g il : - ST D XA S DEEERERE - FUESE s hOSHS & o 1 . . \ : - igneous protoliths prior to metasomatism.

George Charbonneau ! 3 o5 S e : ' : - AeliSee s Telme e Rt TS Sl e : : ' ¥ : e & i 9 v B A —— T — - S

"JP" Charbonneau ; o o it i o : SRR It ' e , - s " Pt i’ . By o o (¢ A - T % Vst . P : :
Francois Larocque GRS = 3 Al P " AR e o) et S A SO <5 | ‘ ) ; . 2% 8% : B - The process is one of infiltration metasomatism where

nterior Helicont e @ Luck Sz Sl P et ,, 3 LR s e i SR e 0, [y e e | ¥4 ' Ao BN ea e OO o ' fluids initially permeate grain boundaries. Because such
nterior Helicopters es & Grant Luc : : R > ; i FiESee st > : ' : LT ' S A o u T e R oEL i A iR | S 6~ : B fluids are apparently close to equilibrium with their alkaline
wallrocks the effects may be farreaching.

i ; ™ [ .
GEOFILE CITATION Kspar porphyritic feldspathic ol o g e = = ' et ey ; S i 2 S (Il g _ : o o : } o ) ) ) : | b : 2 . : . . .
pyroxenite. Note trapezohedral : R T s s o \ B i Sl e g = - : Thin dike of leuco-syenite cutting Main : W s -0 mr Sl Cryptic metasomatism may explain the prevalent

Mela-syenite composite dike showing crystal of pseudoleucite(?) at i 3 RN : W e : P A £ , 1 = S S L ; Sy > zone. Note sharp contacts that locally Potassium-calc-silicate assemblages intergrown L ——
: : well-developed compositional layerin y e T - LA : iy PP i e b T e | e e Ny SR il X : )i Sy e L with copper sulphides in BM zone. Euhedral garnet (Gt), . ' i i i i i i i i
Nixon, G. . (2003): Geology of Lorraine Cu-Au porphyry: new conceps; i internafchillzo;fes (02GNX%5/-4-137. bottom centre (02GNX6-8-1). - NS i - B o ., i TR g el L N - » 5 " > B , pass into diffuse areas as dike “bleeds” into pper Sulp g (GY Plane-polarized light Reflected light disseminated style of copper sulphide mineralization at

e ] : Kspar megacrystic porphyry with well-developed : = Lo : : = : - ' = sl X . s f K-feldspathization (02GNX5-12-1). biotite (Bi) and clinopyroxene Cpx) with interstitial bornite . o L . . )
B.C. Ministry of Energy and Mines, Geofile 2003-5. ﬂofv foliati%n, rj/eno Ilji’idgeyi%rusion (OZGNX4P6-1). zones of K-feldspathization ( ) showing fifte exsolution fameliae of chalcopyiits (Cpy). Thin layer of biotite clinopyroxenite with interstitial Lorraine and other alkaline Cu-Au porphyry systems.

Drillpad construction, Lower Main Zone Drillpads on Upper Main Zone sulphides (S) - bornite (Bn) and chalcopyrite (Cpy) , magnetite (Mt)
and apatite (Ap) in syenite. The textures in this rock resemble the

“net textures” of orthomagmatic sulphides (01GNX30-3-56).




