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ABSTRACT

The J.A. deposit is situated 370 km northeast of Vancouver It

vunderltes nghland Valley in a graben b]ock bounded by h1gh anq]e faults.

M1nera]1zat1on forms an e]]]pt1cal body which is elongated northwestward

para]]e] to the va]]ey Reserves are est1mated from d1amond dr1]11nq to be

260 m11]1on tonnes conta1n1ng 0 43 percent copper and 0.017 percent mo1ybdenum
~The depos1t straddles the north str1k1ng contact between granod1or1tes

of the Gu1chon variety and the younger Bethlehem phase of the Guichon

- Creek batho]1th A small e111pt1ca1 stock with ]ong ax1s subparal]e] to

-ithat of the ore lies along 1ts southern contact. The stock cuts the

Gu1chon/Beth1ehem contact. It has a carapace of quartz plagioclase aplite

,rwh1ch grades inward to porphyr1t1c biotite quartz monzon1te Th1s.carapace_

is m1nera11zed and weakly d1ssem1nated su]ph1des occur throuqhout the stock.

Reg1ona1 geology and bedrock geometry squest that a series of steep]y
1

d1pp1ng ‘northward and northwestward str1k1nq fau]ts comprise the framework

- of the dep051t. Information from other HJghland Va]]ey depos1ts indicates

~that the fau]ts were initiated pr1or to ore format1on There is however

good’ ev1dence to 1nd1cate that post ore movement also took place. Along the

: H1gh1and Va]]ey,,apparent offset of contactsssuggests some Teft lateral

movement along the Highland Va]Tey fault. Block fauTting in Highland Valley
accompanied by sed1mentat1on and volcanism dur1ng the Tertiary is we]]
documented

M1nera11zat1on occurs pr1mar11y in fractures, veins and thejr

'alterat1on enve]opes The-predom1nant economic m1nera1 is chalcopyrite

w1th 1esser bornite. Sulohide zoning is apparent aS.fOT]OWS‘ a. core

- zone in wh1ch born1te equa]s or exceeds cha]copyr1te grades outward
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through a zone w1th cha]copyr1te in excess of born1te to a zone w1th
cha]copyr1te in excess of pyrtte and finally to a zone w1th pyr1te in
- excess of cha]copyr1te Pyr1te in the “halo" averages less than 2 percent
by vo1une The orebody is predom1nant1y w1th1n the cha]copyr1te and cha]-
copyr1te + pyr1te zones ;- the pyrlte and much of the bornite zone have
subeconom1c grades A]though su]ph1de bear1ng quartz and quartz--
ep1dote ve1ns and quartz sericite zones marked]y 1nf1uence qrades 1oca]]y,

the dens1ty of su]ph1de-bear1ng m1nera11zed fractures is the most
importantkovera1ivgrade contro],‘;Most veins and fractures in the
deposit haye’moderately steep to steep dips.

Mo]ybdenite 1'js common in.smai] amounts'thro.u‘ghout the borvm'te‘,
.cha]copyrite, and_cha1copyrite¥pyrite zones. In»GeneraTg the best
moiybdenum.ualues appear to coincide withbthe best copper gdrades.

The main stage of m1nera11zat1on apparent]y occurred in two maJor
ep1sodes In'the earlier one, suhph1destare-assoc1ated with quartz or
quartz and-f]aky‘sericite; in the&Jater‘one_they are associated with
epidote and quartz. Hydrothermaltghlorite was formed.throughout the main
:ore sta@es Minoraamounts of'magnetite, specu]arite: calcite, zeolite |
(1aum0ntite);oand anhydrite (now gypsum)'are also associated with the
sulph1des | |

K fe]dspar and secondary b1ot1te are w1de1y d1str1buted in and adJacent
' to the orebody B1ot1te is not concentrated to form a coherent zone in
the'depos1t K feldspar a]terat1on is howevervconcentrated both in‘and"
adJacent to the carapace of . the porphyry stock. A]thouah this a]terat1onvzone'
s 1arge]y contro]]ed by geo]ogy, 1t could be aroued that the altered: northern

border of the stock forms a2 subeconomic ootass1c core zone 1n the depos1t
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The orebody is centred in a zone of weak to moderate Dervas1ve alteratlon
of'fe]dspar Ser1c1te predom1nates but in the typical a]terat1on
assemb]age is accompan1ed by ka011n1te and montmor1]10n1te with or without
carbonatg. Var1at10ns in proport1ons of each m1nera1 and the1r 1ntens1ty
of deve]opment change marked]y on,a_sma1]'sca1e. Typ1ca11y, these var1at1ons
are associated:with~fractures,’fau1ts;vand'veins Mafic m1nerals in the ’
depos1t may be fresh, ch]or1t1zed, ser1c1t1zed or ep1dot1zed Locally,
.vear1y formed hydrotherma] b1ot1te replaces hornb]ende to be part1a11y
replaced-in turn by chlor1te. |

The ep‘ido'tev_ zone largely ové\;ﬂ éps 't‘he ore zoné 'b_‘ut séems to be mére
c]ose]yballied.to.Qeologic sétting'thgn,dfe grade.v It is most cbmmon]y
deveTopéd‘in the‘mOre calcic énd mafic-rich'GuichonvGranodiorife

Depos1t10n of zeo]1te and 1ater gypsum and ca1c1te are ]arqely
‘,post ore features These m1nera1$,are widely d1str1buted both in and

outside the ore zone. They mark ‘the waning of hydkotherma] aétivity.
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~ LOCATION AND SETTING

A‘Tbe J.A. deposit isdsituatedvinkthe Hiqh1and‘Va]ley'area,abodt'
370 km northeast of Véncouver, British Co1umbia (Lat. 50°28.5°', Long.
120%58.5°", N.T.So'921/7w;_e]ev,b1;220 m). The deposit underlies the
road along Highiand Va11ey, about\3‘km eést-southeasb of Qui]tahtoh
Lake (see McMillan, this volume). | |

The H1gh1and Val]ey is a re]atlvely deep but broad, almost f]at-
bottomed, northwest- trend1ng depress1on with average elevation 1,200 m
1nc1sed 1nto an upland p]ateau of moderate re]1ef The plateau has |
average elevat1on 1,500 m but r1ses 1oca11y to 1,800 m or more.

‘ East of Qu11tanton Lake gran1t1c bedrock in H1gh]and Va]]ey is .
covered‘by a wedge of Tert1ary:vo]can1c and sedimentary rocks (McM111an,

this volume)btbat’thins eastward and feathers out 2.5 km west of the

~J.A. deposit. . In Highland Valley in the vicinity of the J.A. deposit

bedrock;has little or no preglacial cover but g]aeia1 sediments infi]]J
the va11ey to depths of 170 m on aVerage and more than 300 m Tocally.

| Pfeistocene»Stratigrephy in Highland Valley iéﬁcomplex‘beCause
theiarea was significanf1y inf]debteddby three or possibly fourﬁmajor.
glaciations. Ih a‘genera] way,‘howeyer, the valley is infi]ied=by
a;thin_discohtinUOUS basal sand, gravel, and till succession which is
over]ain'by avthick‘eequence of thin;bedded lacustrine si]ts,dsilty
sends,fehd elayey'silts This in. furn is overlain.by'a moderately thick

we]1 to poor]y bedded s11t, sand, and grave] succession in wh1ch depressions

and eros1onal channe]s are filled by de]ta1c outwash sediments. The valley

‘ wa]Js are veneered by ablation morra1nes, bedded silt, sand, and gravel.



Kettle lakes octdr-along'the vaTTey whiTe‘e§kers and hUmerous kame terraces

line its walls. The kame- terraces apparentTy formed aTong the margins
of a stagnant body of ice wh1ch f1TTed the vaTTey Successive TeveTs

of terraces were formed as the ice wasted downward

HISTORY

The J.A. deposit, named in honour of Mr J.A. McCTeT]and Chairman

of Bethlehem Copper Corporgt1on, wasrd1scovered in the summer of 1971.3,

Early drilling was hampered by deep oveirburden but the problem was
overcome by using rotary drills to reach bedrock, then diamond drills to

penetrate it. More than 100 drill hoﬂes‘have de]ineated the deposit and

»outT1ned reserves of 260 million tonnes containing 0.43 percent copper

‘and 0. 017 percent mo]ybdenum

A dgal1m1nary p1t descr1bed in the conmipany' s 1972 Annual Report was
designed to recover 115 to 135 m1111on tonnes of material from the depos1t '

with grade 0,60 to 0‘65 percent copper equ1va1ent Stripping rat1o for B

this pit woqu be 2.5:1. At th1s time, the property is not in production

and. all grade and tonnage f1gures are based on drill information.

‘ GEOLOGIC SETTING

~ The J.A. depos1t is eTongated 1n a northwest d1rect1on and- has
a&erage d1mens1ons 1,300 m by 300 m (Figure 1). It straddTes‘the

north-striking contact between rocks of the Guichon variety ofdthe

Highland Valley phase and those of the Bethlehem phase (for details
" about the geology of the'bathoTith,*§gg,McMTTTan, this volume). Roughly

60 percent of the'mineraTization is in BethTehemAGranodiorite; ATongr
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the south margin of the'deposit"tﬁere is a zone of ooartz plaqioclase
porphyry The porphyry cuts the Gu1chon Beth1ehem contact and is
’ e]bngated subpara]]e] to the ore Zone. M1nera11zat1on extends only a
:sﬁort distance intovthe porphyry betore grades become very'Tow. The
porphyry is vafiouSTy ihterpreted‘%o be a stock which is an offshoot
of the Bethsaida phase’(McMiTTan, 1973), or a metasohatic alteration
~ zone (Guilbert and Lowe]],-1974). Eﬁbayed quartz crystals andvcomp1ex

oscillatory zohing which are strong evidence for a magmatic origin “ *
e are foond in-relatively'fresh zones in the porphyfy. Furthermore,

dykes exist which have ch111ed marg1ns and 1nter1or zones s1m11ar to

the porphyry stock. ' H
| Rocks of the Bethlehem phase were apparent]y modified adJacent to
"the stock and,m1nera11zat10n,1n these rocks lies within the mod1f1edlhalo.
The modified Beth]éhem Granodiorite contains medium to coarse qrained'
subhedral quartz phenocrysts in otherw1se norma] Bethlehem Granod1or1te
Away from the stock quartz phenocrysts are absent

Near the stock, rocks of the Guichon var1ety are granodiorites

to quartz diorites with'typica1 textufes In the southeast part of
the property there are 1nterca1ated f1ne1y crysta111ne zones and 1oca1
areas of Chataway Granodiorite. Both the fine grained and Chataway rocks-
- have gradational contacts with normal Guich6n Granodiorite. Similar
_.textural variations are seen elsewhere in the Guichon variety and they"
are not thought to oe related either to the stock or the ore-fokming ,

process.
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TECTONIC SETTING

The J.A. deposwt is located in a down-droppéd fault b]ock the H1gh1and
Vaj]ey‘graben. As indicated elsewhere (McM111an th1s vo]ume), 1n1t1at1on
of the.high anQ]e west-northwest strik]ng faults a]ong Highland Valley
took pTace after emplacement of the batholith but prior Eb minera1izafion ,‘
at‘Va]]ey Copper (ATlen and"Richa;dson, 1970; McMi]]an; 1971).‘ Simf]ar]y,
north striking faults at'Va1]ey‘Copper and at Bethlehem Copper (Covenay,
1962) predate m1nera]1zat1on On the basis of bedrock contours and
drill hole 1nformat1on, west northwest and north str1k1ng faults are - h
interpreted to ex1st in the J.A. zone (McM111an, 1973). By 1nference, ’

| they are assumed to have ex1sted pr1or to m1nera11zat1on and to. have p]ayed

a ro]e in 1n1t1at1ng the many fractures which were subsequent]y mineralized

B to form the depos1t Fau1t1ng probab]y occurred tw1ce subsequent]y Some

movement probab]y occurred dur1ng Mesozo1c block fau1t1ng wh1ch contro]]ed
deposition of Jurassic sediments a few m11es to the west (Carr, 1962) and
in the Tertiary, block faulting created embryonic Highland Valley. 'iThese

movements. formed en echelon grabens which were partly infi]1ed‘by:1aVa '

ﬂows and. 1mma"cere sediments. P'°~le°“°“5 °Pﬂ‘e G”'Ch""‘/‘aeﬂ"ehem contact,

from north and south of the Va—(}@-ea\'hgkl.mxd \/al(e,y PFObG"Q'-J indicate
an aaareaat‘e LQQC Aat‘arai. mov-crmer\.t. | v |

PETROLOGY OF ROCKS ASSOCIATED WITH THE DEPOSIT

Guichon Var1ety

Rocks of the Guichon Vafiety_are grahodiorites<to quartz dioritee
‘with minor variations'in grain.size, mafic abundance; and relative proportions
of biotite_to hornblende. However, the~uhit as a whole has simi]ar’textura1_

chakacteriéties that make it distjnctive andemappable.



" Where crystals are sufficie@tIy fresh,’bjégiOCIase cdmpoSitions have
been determined to ranqé between'Ah43eand-Ahéo in_cofe:zones to Anzo'in
rims. Zoning is genera]]y s1mp1e and normal. Crystal habit varies from
subhedra] and 1nter1ock1ng to eroded, where p1aq1oc1ase is in contact

with primary K-feldspar. Plagioclase, magnetite, apatite, and Tocally
.‘sphene crySta]]ized early. In fhéfarea of fhe:deposif;lp1agioc1ase‘is
' Variably altered to sericfte, clay minerd]e,;carbonate;‘chlofite, and.
epidote. ‘ |

Characteristic mafic minerals are biotite which is red brown in
thin sections and hornblende which is green  These minerals crysta]Tized
Va]most s1mu1taneous1y and there is 11tt1e reaction between them albe1t -
b1ot1te may be slightly younger Mafic m1nera1s tend to occur .in
,uneven]y distributed clumps . of subhedra1 crxsta]s. In the area of the
“deposit alteration to chlorite with or withoet:epidote:is eemmoh; |
biotite ié generally more pekvasivelyfalteeed»than horhb]ende.‘ Loeally;
mafic minerals are altered to green hydrothermal biotite, less commpply
tdkactino11te and uncommonly to prehnite; In mineralized samp1es;nhefit
minerals are often_speckled with su1phide'mineka112etion,

Quartz end microperthitie K-fe]dsparvcryéta11iie‘1ate as anhedral
fnterstftiel grains. They‘have-mutual conticts which suggesf simultaneous
 crystallization. ‘Where.Kafe1dsper is.in contact with p]agiqc1ese,
the latter is partially replaced. Quartz genekany Qccupie§ sma11.ahgu1ar
areaé between b]égioc]ase'cfystaﬂs t5 férmba:tlosed jntefstitia1 texture.
Quartz commonly diSp]ays rupfures and'undu1atory streSs extinction
under croésed'po]arizers. K-feldspar may be intergrown with quarti,
occupyusimilarvc1osed‘1ntefstitia1 erea§; or fofm‘larger poikilitic

grains. The abundance of K-fe]dspé?‘varies'wide]y’from specimen to sbecimen
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hence the composition rahges from quartz diorite to granodiorite.
Alteration in K-feldspar is similar to that in co-existing plagioclase

but is usually less intense.

Bethlehem Phase

Almost all rocks of the Bethlehem phase in the area of the deposit
are slightly porphyriticvgranodiorftes{ ‘Théy.are unusual in that they
carry not only mafic phenocrysts but also several percent rounded to
subhedral early crystallized quartz crystals; typical Bethlehem grano-
diorites have omeboid, interstitial quartz.

- As in the Guichon variety, plagioclase in these racks crysia]]ized
early and is subhedral. Unlike Guichon rocks, it typically has:complex
0§Ci11atory zoning. Again core zones are more calcic (An37 tO>An3O) tﬁan
rims (An23‘to An14). FerSpaf\a]teratfonlis like that in the Guichon’
variety. |

Mafic minerals are less abundant in these rocks tHah in the'GuizhOn
variety, but alteration is similar. Only biotite ;nd hornblende have
been seen. Mafic minerals combrise a few percent euhedral coarse grained
poikilitic hornbjende and seVera] percent disseminated fine to medium
grained subhedra]-crysta]s. The poiki]itic crystals carry inc1u$ions
of plagioclase, magnetite, apatite and sometimes sphene. |

Quartz occurs both” as rounded partia]]y resorbeq éfysta]s and as ..
interstitia1,gréins that_ahe 1argér and slightly more abundaht than in

Guich0n~varﬁety_rocks._:IntErstitiaT quartz commonly enc]oSes,p]aqioc1ase
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érysta]s and the fesu]ting texture is described as open interstitial. Almost
invariably quartz is créck]ed or shows stress extihction:

K-feldspar is microperthitic;vand roughly equal in average abundance
to that in most Guichon,variety rocks. In generé]; K-fe]&spar is less

altered than co-existing p]agioc]éSe and has open interstitial texture.

Dykes in the J.A. Deposit

Several varieties of Aykes occur in and adjacent to the J.A. orebbdy.
The'twd~most common types, aplite and,mafic quaftz plagioclase porphyry,
predate at least some of the mineralization. Less common, thin,fdark
coloured dykes are post-ore. |
| Ap]ites‘typica11y form thin and discontinous dykes and str%ngers;

They may be porphyritic; rarely with biotite and commonly with plagioclase. -
The matrix consists normally of p]agf0c1ase, K-feldspar, and quartz.

~ Aplites cut all the major rock types in the‘depOSit but are not common
1nrthe porphyry stock.‘ | V

Pre-ore borphyries are generally thicker and more‘cohtinUOus than
the aplites and maximum true width of pre-ore porphyry dykes may be as muéh
as ten Métres. Some can apparently be projected between drill holes
(Figure 2) and similar dykeé which crop out to the northeast,and south
have beenvtraced as much as tWo kilometres along strike. Like the aplites,
pre-ore porphyry dykes cut all major rock types but are uncommon in thé.
porphyry stock. At ohe 1oca1ity‘pre-ore porphyry cuts biotite quartz
p]agiociase,aplite. However, crosscuttihg relationships show at least two
generations of pre?ore porphyry so fhe true aplite-porphyry relationship

is not certain.
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Pervasive a]teratidh'ih'thé"pre-dre‘porphyries is‘similaf to that
in the country rock. Plagioclase is typica]]y altered in varyinq degrées"
to sericite and clay minerals and 1oca11y to carbonate and ep1dote ‘Mafic
minerals are chloritized and ep1dot1zed |

| Phenocrysts of mafic m1nerals, quartz and p]ag1oc1ase (andes1ne)

comprise on average 40 percent of the pre- ore porphyries. Comp}ex
oscillatory zoning characterizes plagioclase phenocrysts, but crysta1
borders are always more’sodic than cores. Porphyry matrices are quartzo-
cfeldspath1c and vary in texture from aphanitic to f1ne1y ap11t1c Most
matrices are speckled with f1ne1y crysta111ne maf1c minerals, normally
b1ot1te. Accessory minerals are magnetite, apatite, ahd 1oca11yfcha1copy—
'.hitc. K—fe]dspar is generally abSent‘in théSe‘chks. |
Post-ore dykes are dark colpuréd, fihéigraihéd, and tn'genécal _
- amygdaloidal. Most are sTightly porphyritic with-fine to medium grainéd
plagioclase (An55) and pyroxéne phéﬁocrystsf The matrix has pjagioc1a$e -
~and some hornb]ende-micro]ités in a’groundmass of devitrified g1assiw
Amygdules consist primarily of“céTcﬁte; These dykes c]oseiy'resemﬁle _
7nearby 1avas’of the Tertiary KamlOops group and therefore‘are.probabiy
- of Eocene age. However, it is pcssible but uh1ike1y that‘they were
tntrudedédﬁring’Lower Cretaceon time when‘1amprophyre dykes were intruded

into the Valley Copper deposit (Jones et al, 1972, p. 557).

Egrphﬁry Stock

Rocks of the‘porphyry_stock vary in texture and grain size. ToWard
‘the outer edges of the’stoCk7porphyhitic aplites predominate; within it,
porphyritic quartz monzonites predominate.. Phenocrysts are quartz and

_ plagioclase with smaTJvamounts-of'mafic mineral locally and occasional



eights of the crystals have weak norma1 zoning (An

Is-12.

K-feldspar. Biotite is the typical mafic mineral. The matrix is largely

quartz andAK—fe1dspar'but'some'specimens alsb have %inely crysta11ine »

subhedra1'p1ag10c1ase. The phenocrysts and matrix of the aplites are

finer grained than those_of.the quartz monzonites.

Quartz phenocrysts have been part1a11y resorbed so they are generally

»somewhat rounded w1th contacts wh1ch in deta11 are f1ne1y scalloped.

,In some coarser gra1ned areas they have a squar1sh aspect Most have

stress ext1nct1on or are crack]ed and some have deformat1on 1ame]1ae

P]ag1oc1ase phenocrysts are predominantly subhedral but have also

- been partially resorbed‘so:outer‘contacts are~Uneven in.detail and

corn'ers are often ro'unded off. In re1at1ve1y fresh samples,- complex

osc111atory zoning is preserved 1oca11y In general, the centra1 seven¥

30 t0 Angg) that

~ passes outward across narrow fringe zones of gradually more sodic

p1agioc1ase to an outer rind of sodic‘01190c1ase (An]4) In general,
ca1c1c core zones are more a]tered than the rims. Sericite, clay minerals
(?), and lesser ca1c1te are the dominant a1terat1on assemblage but

epidote occurs Tocally. | | |

K- fe]dspar is microperthitic in both phenocrysts and the matr1x

'Phenocrysts are not common and where present are subhedra] to anhedral

~with the1r borders 1ntergrown w1th matrix K- fe]dspar The latter varies

from anhedra] to rounded where it is 1ntergrown with amebo1d clumps of

'quartz crysta]s in ap11t1c-rocks.' A]terat1on‘of Kafeldspar consists ‘?

generally of a 11ght or dense c]oud1ng of the crystals by clay(?) a]teration,

i Tocally they are a]tered to carbonate
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Biotife is the predominant mafit;mIneréI in these'rocks and‘generaIIy
occunaias phenocrysts. Commonly it is_pervasively,chIoritized, Tocally
it has associated epidote, sericite, or carbonate alteration.

Racks of.fhe stock bear‘aTStrOng textuFaI and composftionaT
resémbIance-to‘various mambers of ‘the combosite Gnawéd.Mountain dyke
“and Tocally to porphyritic akeas within the BethsaIdalnhase. }FIeId
mapping strongly suggests that the Gnawed MBuntain-dyke is_an offshoot
of the Bethsaida phase (McMillan, this volume). By analogy the J.A. ;
porphyr¥'stock is aIso'inferrédItd be an.ofISNOot of the Bethsaida

phase.

DISTRIBUTION OF ALTERATION AND ORE MINERALS IN THE. DEPOSIT
Much of the foITow1ng data is based on two sections (89E and IOSE)
- across. the deposit which were‘Iogged in greater detail than the core
of-other.driII.hoIes. Grades*wéréiestimated‘visuaIIy in the detaiIéSl
ISsections, then compared to aésay values in BethIehem Copper Corporation's
driII Iogs Grade information and data on ve1n m1neranqy and alteration
in sect1ons wh1ch were not Iogged in deta1I by the author are from _
Bethlehem's logs.
Because the work was done to fac111tate compar1sons w1th other
”depos1ts in H1ghIand Valley, data were coIIected on rock types, on

pervasive feldspar and mafic aIterat1on, and on aIterat1on and m1nera11zat1on

‘related to fractures and veins.
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At bedropk surface the J.A. minera]ized zbne is roughly e11ipticé1
in’plan'view It encroaches on and appears to part1a11y wrap around the
central porphyry stock (F1gure 1). The ore contact is re]at1ve1y uneven.

Part of this unevenness probab1y ref]ectsbfauit control of”minera1izétion_
and parfngst—ore fault offéets. |

On the 762 m level (Figure 2a), ore is narrow end‘occurs in pwo bodies.
The western body is e1on§ated'ea5tward but has a southerly projecting
apophysis. Upward, these two bodies coalesce and»the ore zone widens ?
and expands soptheastward By the 914 m 1eveT';the ore zone is a single
body with a pronounced southeastward elongatwon _1 5 | _J

In section, the border of the m1nera11zat1on is not sharply def1ned'
and'better and lesser grade zones 1nterf1nger._ The ore contact shown on'
the sections (Figure 3)'fepresents a statistical 0.3 percent copper isopleth.
In contrast, the base of the deposit is somewhat MOre sharply defineq. | |
It normaT1y occurs between 750 aﬁd 900 m in elevation; In section i; is
evident that the base of the~eore dips gentiy southward. Several drill holes
south of the porphyry fé?]ed.to intepsect minera]ization of potenfial economic'
inferest. | | |

The area of highest grade minerelization encountered duripg test drillgng
occurs immediete1y north of the porphyry sfock'and siraddles tpe BethTehemf}f
Guichon contact This zone contains the highest average deheity of mineralized
fractures ‘noted in the deposit. and more than average numbers of quartz veins
kand zones of quartz plus flaky sericite. The close1y broken nature of the
rock is attributed to the cOmbined effects of tectonism, intrusion of the

'Beth]ehevaranodiOriie,-and later intrusion of the porphyry stock.
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Geo]dgy

In section 105E the country and host vock is qranod1or1te to quartz
d1or1te of the Gu1chon var1ety Local thick to thin porphyry dykes cut

the granitic rocks (Figure 3a) In the section, apparent dips of‘the'dykes
are 1ow However, most dykes studied in nearby outcrops are steep]y 1nc11ned
and are or1ented northward It is 11ke]y therefore that the dykes inter-
sected in drill core are s1m11ar]y steep]y 1nc11ned but have 1ow apparent
dips because they strike subpara]]e] to the sect1on

In section 89E, the country and host rocks 1nc1ude rocks of the‘ ?
‘Guichon,vartety, Bethlehem phase, and‘the’porphyry‘stock. Theborebody

is primari1y in. Guichon and‘BethTehem rOCks and extends on]y.a‘short'distance
southward into the stock. At bedroch‘surface, the stock is 1n contact with
Bethlehem Granodiorite. However “because the Beth]ehem Gu1chon contact is
moderate]y inclinedbsouthward,v1t is prOJected‘to Jntersect the»border of

the stock at depth. | | |

1

Pervas1ve Fe]dspar A]terat1on

» Pervas1ve fe]dspar a]terat1on occurs throughout and for more than
200 m outside the J.A. depos1t. 0vera11, it forms an e111pt1ca1 zone in

which alteration intensity gradUal]y‘decreases outwards (Figure 4). In

 detail, alteration 1ntens1ty_is highly variable.

Alteration was logged acCording to intensity of develooment and color.

- Overall, Weak_to‘loca11y moderate white a]teration predominates. HowéVer; _

zones within var1ous dr111 holes. have pervasive weak to strong p1nk green,’

or cream a]terat1on In most zones, areas of pervas1ve a1terat1on have

'1oca1 deve1opment of other alterat1on types For examp]e,-]oca1 pink alter-

ation occurs in zones of pervas1ve wh1te alterat1on In some areas, various

alteration types are m1xed.
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| - Alteration in the porphyry stock ditfers., It has a caraoace of moderate
to intenSe atteration which'gradua11y weakenS-northWard outward into the
country rock. The southernmost drill hole in the stock endedrtn weak1y altered
porphyry. This suggests:that deeper levels in the'porphyry'are‘dess |
“altered than its outer 1ayer. Alteration types vary in the stock-but.cream,‘

~green, and p1nk var1et1es predom1nate

Judg1ng from. the d1str1but1on of perva51ve fe]dspar a]terat1on in the

seC 1ons‘and on the 762 m and 914 m 1eve1§[€hanges in intensity with depth

in the deposmt are slight,) The extent of the zone of weak and stronger

a]teratlon 1s very s1m11ar on the two 1eve15 although that on 9]4 m 1eve1 :
1s:sl1ght1y larger. In both,.the a]terat1on zone. is genera]]y d1ffuse but
can be relative]y sharp. W1th1n the gross zones, local areas of less or
.more 1ntense a]teratlon are. common. Most 1oca] intensely a]tered zones can
“be related to fau]ts, fractures, or veins. Both sections have atmore or
Tess centra]]y located zone in wh1ch alteration intensities range from.-
weak to strong but are moderate on average. In’ genera1, a1terat1onp1s
somewhat more pronounced in the northwest ‘part of the depos1t

«vOn 762 1eve1, feldspar alterat1on>ls most intense in the stock and
’vcongruent to it on. the north. Virtua11y‘a11 of the more intensely altered
zone isbetther within the stock.orbin Bethlehem Granodioritevcountryvroéks) '
On 914‘m‘1eve1' the»relationship to rock type;is less obvioUS but Simiiar.
‘The zone of -intense a]terat1on is along the northern border of the stock
and north of 1t A]though it extends int6 Guichon Quartz D1or1te country

rock, agaln it is more prom1nent in Beth]ehem Granodiorite west of the '

Gu1chon contact
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The overall zone of eeraSive feldspar é]teratfen‘enve1ops the Q?e
deposit. Ore is rOUQth‘cehtraliy Tocated with»réépect £b thefalteratiohe
but the zene is narrower on the eést and'brOader on the west side of the
ore. The zone of best mineralfzatioﬁ rou&%]y coincides W}th'the generalized
: zone-of'most intense'a1teratfon' “However the average‘intehsity |
change assoc1ated with better grades is on]y from weak to moderate.

Us1ng X-ray d1ffract1on techn1ques, an attempt was made to def1ne\the :
mineral assemb]ages in the a]tered feldspars. Despite var1at1ons in celor
seen in;dri11'core, the typical aSsemb]ageriseeericite p]ds kaolinite plus -

ontmoriﬂom‘te Ch]orité occurs 1>ocaH‘yv ’ H'oWeVer', 1n rocks cc‘:‘htai'nivn'g
vfe]dspar logged as hav1ng weak to moderate]y 1ntense wh1te a]terat1on,.
kaolinite and montmorillonite are re]at1ve1y 1mportant In those with
1ntense cha]ky wh1te_a]terat1on'ka011n1tefpredom1nates.’ P1nk'a1terat1on
may be caused by pervasive:zeo1ife>a1£eration, K-feldspar altefation,‘
hematitic Staining;of p1agioc1ase, of a1terati0n_tb sodic plagibc1a§e. The
a1teration asseﬁb]age in hematitic etained fe]dspaws'varieé but nofma]]y |
’sericife is more»prominant than‘kao]inite orrmohtmori1]onite.

C]ay size minerals may or may not be present where the a1terat1on is
zeo11t1c or fe]dspath1c Green a]terat1on is genera]]y dom1nated by ser1c1te
which 1s eas11y 1dent1f1ab1e m1croscop1ca11y Clay s1ze ser1c1te may also
be present and most samp1es carry weakly deve1oped kaolinite and montmor1110n1te
In samp]es w1th feldspars that are various shades of ‘olive qreen, th1n sect1ons
~show that ser1c1te,15-301ned by.carbqnate alterat1on and fracture f1111ngs, h

kaolinite and m0ntmori]1ohite are weakly develepedf
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Mafic Minera]'Alteration i

Primary maf1c m1nera1s in the host rocks of the depos1t are b1ot1te‘
and hornblende. Typical a]terat1on products are chlorite and ser1c1te with
less commonvepidote, 'secondary biotite, and copper or iron su1ph1des.

Just,as feldspar a1teratibn gbnes‘vary in 1nténsity, corresponding_
| changes occur in type and'intensity of.méfic alteration. However, mafic
alteration is also partly re]ated to rock type In sect1on 105E where ;
Gu1chon Quartz Diorite predom1nates maf1c minerals are norma]]y | .
partly ch]or1t1zed‘and locally are pervas1ve1y chloritized. Othef
‘ a]terat1on types are present but uncommon and no s1gn1f1cant difiference
in maf1c a]terat1on occurs in the ore zone. In contrast, zones of
sericite or epidote a1teratiqn accompany chloritization in sect1on 89E.
In the zonerf best copper arades, which occurs in Bethlehem host rocks,
mafic minerals are pervasively aﬁtéred to Chlorité and:seficite. In the
remainder of the orebody in either quartz eye Beth1ehémnorrGUfchon host
r0cks the?e is complete or partial chloritization.. Outside the ore zone o
~in Gu1chon Granodiorite, part1a1 ch10r1t1zat1on is typical a]though a]terat1on
to sericite or epidote occurs Tocally. In the porphyry stock partial
'to éompT;te ch10ritization'of biotite and hornblende also predpmjnatés
but epidotization is commdn and sericitizafion occurs. It is anértéin whether ”

the presence of epidote is contro]]ed by 1ithology or by alteration zoning.
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" Veins and Fractures

Most of the mineralization at J.A. is_eithek’iﬁ_véins‘dr in.frattufes,»
To assess their relative ihpdrtance'écross tﬁé dépbsit déia 6n.minefa1ogies,
densities and orientation of‘fractures and véins'were aséemb1éd;

- Quartz Veins -

| Quartz vefns; whichvméy‘be either minééa1ized\or barren,'are hbfl.
vpromihént in the QﬁA. deposit. In sect10n1105E, they are 3 m.abartvon
average in and south‘of thé,ore buf arevuncOmmon_north'of,it. In‘sect{hn
89E they'are>génea11y 3 to7 m»apart bqt.are_only 1 td 2m apart in the

~ore zone adjacent to the porphyry. stock contact. P

ericite Veins and Zones

Quartz plus flaky sericite as zones and as vein envelopes is important

because it typically carries significant copper mineralization. In section _ hole:
(- urs,e;L;’L Ailsiriboled . and adjgcent tv the ore Fone but 15 abseal n ?rms ng
Tt 9ectio 89% varty pLas f(uhe-§ sertciTe . A
105E, quartz plus 1a Y ser1c1tehzone or vein envelopes are on average

- less than 0.3 m apart in the northern part of the ore zone. They are

uncommoen e]sewhere.

Fracture and Vein Orientation

- A S~ o

‘A1 drill holes in the J.A. deposit are vertical. Therefore it is
possible to-estimate dips of minera1ized‘fractures and veins'by measuring

their angles of intercept with the drill core. Dips of almost all the'
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.mineraTizéd fractures and veins at J.A. excééd 40'degrees ”In“section

.105E fracture or1entat1on dens1t1es are b1moda1 and vein or1entat1on

dens1t1es unimodal (F1gure 5). The most prom1nent set of fractures has
dips exceed1ng 80 degrees. 'Ve1nsu1n th1s séction most common]y‘have dips

near 60 degrees. Because the only data available is from.drill holes

: Whjch are genera11y greater than 100 m apart it has not been possibleu_

to estimate strike directions. However, the relative paucity-Of.crosscuttings_

features suggests that the strikes of many of the veins and fractures are

subpara11e1

When dr111 holes are compared on sect1on 105E, it is ev1dent that

.fracture and vein orientations change s11ght1y from north to south Those

in dr111 holes north of the ore zone are unimodal with average d1p 60

wOh Mmanima with oreroge dips of o deqrees and g0 oW degrees. within -H\e depos'f»
degrees Those in or closely flanking the depos1t are b1moda1 ‘and

‘max1ma of fractures and those of veins d1ffer ]oca]]y »South of the

- ore zone fracture or1entat10ns_are again un1moda1 and have average dips

of 50 to 60 degrees.

o Dens1ty of M1nera11zed Fractures

,v o=

The density of m1nera11zed fractures (F1gure 6) varies from north

to south.in section 105E. :Holesinorth of the_orebody have mineralized

~ fractures more than 1 h_apart on average. Those to the south average 0.3 m.

In and'close to the ore they are 0.1 to 0.15 m'apart. In section 89E,

however, density patterns are more variable. Withingthe'porphyry stoek g

mineraTiZed fractures are generally‘more than 1 m apart although Tocal areas'
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“have spacing of 0.1 to 0.2 m. | wfthin the oré zone areas with‘averaqe'
- spacing 0.05 to 0.1 m co1nc1de with areas of h1ghest copper grade,

elsewhere 1n the ore zone, m1nera11zed fractures cont1nue to be common

They have average spacing O.2vm although spac1ngs;range to 0.7-m locally.

From these data, it is evident that mineralized fractures are the most -

_important ore-controlling structures in the deposit. Mineralized quartz.

~ veins are sparse:and’mineraliZed'qUartz piUshf]aky.sericite zoneS'onlyv]oca11y

influence grades.

a—

 The most prom1nant su1ph1de minerals 1n the J.A. depos1t are cha]cooyr1te,

‘born1te mo]ybden1te, and pyr1te The re]at1ve abundances of»the copper

su]ph1des and the d1str1but1on of mo]ybdenum and iron su]ph1des in sections

105E and 89E were est1mated dur1nq study of the dr111 core.

MoTybdenite Distribution

Mo]ybden1te is common 1n small ‘amounts throughout the orebody (F1qure 7).

However copper and molybdenum d1str1but1ons are. not 1dent1ca1 Mo1ybden1te

. 1in sect1on 105E is very uncommon in the northernmost two drill: ho1es but

is fairly common:in sma]] amounts:as far south as dr1111ng extended; The
zone of most continuous mo]ybdenite:occurrences coincides:withtthe 0.3
percent copper contour in the north but extends about;ZOO m beyond it ;n
the‘south.v In Sectjon 89E, visualyestimates indicate that the.beSt molybdenum

values occur insthe zone‘with highest copper:Values; :Mo1ybdenite is present

‘but sparse in all theﬁdri1] hO]es»and‘in a11 the rock‘types.; It is
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most common 1n the ore zone ‘and in the most 1ntense1y a]tered zone w1th1n

'the porphyry stock

Cha1copyrite-éornitevDiStribution‘

, ‘Bethlehem geo]og1sts est1mate that the cha]copyr1te to bornite rat1o |
in the J.A. orebody is about 5: 1 | In the sections Togged in deta11 it was
found'that cha]copyr1te exceeds born1te throughout the upper'partvof the-
ore zone. Only in the kee] of the depos1t where the ore zone 1s narrow |
does born1te abundance equa] or exceed that of cha]copyr1te (F1gure 8)

The bornite zone 1s fairly extens1ve 1n both sections but the grade within
‘1t is predom1nant1y less than 0 3 percent copper In dection 105E the _
.born1te zone forms a broad dome with a near]y hor1zonta1 upper surface
Restr1cted areas within the dome have cha1copyr1te in_excess of born1te
In section 89E ‘the born1te zone is agann dome—shaped but 1s narrower -
Aand straddles the contact between the porphyry stock and the country rock
In 89E the porphyry contact ev1dent1y contro11ed the d1str1but1on ofithe
bornite zone; in 105E the contro1 is obscure |

In a]most aTl the sectwons, areas enr1ched in bornite re]at1ve to
cha]copyr1te form dome-shaped areas Tike those described for the deta11ed
‘sect1ons - The domes apparently havevd1ffuse and digitating contacts,but
their smoothed' denera1ized contacté are relatively symmetrical inrcrdsé
section In plan the maJor area of born1te enrichment is amebo1d in

out11ne and is poorly corre]ated w1th ore grades (ngure 9).
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Born1te r1ch zones occur 1n a]] the major rock types of the depos1t
but .a c]ose spat1a1 relationship exists with® the porphyry stock or in
‘vone case (section 97E).a dome—like»si]l (?) of quartz.p]a910c1a$e pbrphyry.”
It is obvious on the 762 m level p1an that arades in much-~of the bornite
zone are 1ess than 0.3 percent copper equ1va1ent Born1te zones.are |
vdistributed in several sma]Tjareas on 914. m level. The 1argest’0ccucs
~in the stock and northwardpfn’adjoining’GuiChon\Granodiorite east of the
Bethlehem contact. |

 Pyrite Djstrtbutich | ] .
”3:Un1ike some Highland Valley porphyry cdpper_depoéits, pyrite is
relattve]y cemmon within the Qhe zone and fdrms e diepersed, idcpmp]ete_
- halo eround the deposit; The common antipathetic relationship betWeen‘the.
bornite and the pyrite zones is evident (Figures 8 and 9). In both |
sections studied'invdetai1Athe base of the pyrite zone is subpara11e1 to
’the upper'contéct of the bokhite zone. In section SQE the relat1onsh1p is
less obvious because the conf1gurat1on of the bornite zone north of the
orebody is unknowne 'Ihveach section the pyrtte zcne»extends t0'bedr0ck‘
surface‘ahd‘continUes well beyond-the_notth'end of'theLorebody. In the
pyrite zone Bethlehem geologists esttmate that p&rite averageé‘]ess than
2 percent by volume. | | -

In most of the sect1ons it appears that pyrite is d1str1buted in basin- 11ke
areas.. “The borders of the "basins" are diffuse and apparently d1g1tated.- |
Inkgeneral the pyritic areas.seen ih‘vaFiOUS'sections seem to dip northWard7

at a Tow ang1e so that they have gently 1nc11ned south and steep1y 1nc11ned |

north edges. Typ1ca11y the pyr1t1c zone cons1derab1y overlaps the ore

zqne.(Figphe 9). Loca]]y the'pyritevzone f?tnges the'ore to‘the north,
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”less common]y there is a pyrit1c area south of the ore and in one sect1on
weakly developed pyr1te enve]ops the orebody |
: On the 762 m level, yr1te is spott11y d1str1buted both north and
south of the ore zone. On the 914 m level it 1s much more abundant,
It adJo1ns much of the ore zone to.the north and an apophysis even
extends through the ore zone and to the south - Pyrite is uncommon in the
7porphyry stock but occurs 1n 1t in two p]aces on the 762 m level and
'iocale.near its west end on the 962 m Tlevel. Pyrite occurs only in -
Bethlehem Granodiorfte'on 762 m level but is in all rock types on 914 *
m level. It is, however, most abundant in the Bethlehem foriafdistance-
of about 45 m west from the Guichon Quartz Diorite contact. |
, s T

Su]phide Zonation

In the sectlons it is evident that born1te'and pyr1te are genera]]y
ant1pathet1c That is, there is an asymmetrlc su1ph1de zonat1on ‘upward
and outward from the areas which are re]at1ve1y borni te- r1ch to those
dom1nated by cha]copyr1te To the north and probab]y to. the west the
chalcopyrite zone grades outward to a cha]copyr1te—pyr1te and then Iocaliy
to a pyrite-chalcopyrite zone. Most of the ore is in the cha]copyr1te ‘and -
cha]copyrite—oyrite zone.  Except at the western edge of the depos1t,

no pyrite occurs south of the orebody. A1l the zones are var1ab1y deve]oped.

Epidote Distribution

In genera], ep1dote d1str1but1on seems to ‘be more c]osely a111ed to
rock type and geological settlng than to the grade of mineralization. .
Epidote alteration is weakly developed on a.large scale, moderately to intense}y'

déve]oped locally and is most abundant in the more mafic and calcic Guichon



country rock. It occurs in veins, as fracture coatings, as disseminations .

in'alteration'haloes around veins or fractures, replaces mafic .minerals

or p]ag1oc1ase and occurs as mass1ve areas. Hicrdécopic'ebidOte alteration

not visible to the eye 1s not cons1dered 1n the d1scuss1on to follow.

It is common for adJacent dr111 ho]es to have highly d1scordant ep1dote
contents which suggests that 1atera1 changes in ep1dote content occur o
rapidly. In sect1on contacts are inferred to be d1g1tated The‘ep1dote
zone is»a1so d1g1tated,1n p]an view (Figure ]0), Overall, the'zone is;
elongated northwestward ano widens with oepth. )

The epidote zone overlaps the northwest edge of the stock and eitends

- around its northeast edge on 762 m 1qu1. Epdete is most prOminent in

Guichon rocks and'is unCOmmon in the Bethlehem except near the‘Guichon

contact north of the stock Areas of moderate abundance occur'near the

Junct1on of stock, Guichon. and Beth]ehem phases and more or ]ess around the

edge of the east ore zone. On 914 m 1eve1 the d1str1but1on of ep1dote is

’simi]ar but the zone is 1ess-extens1ve toward the southeast.v Agatnaep1dote'

is more abundant in Guichon country rock.

On 762 m level, epidote is weak1yvdevé1oped throughout the east oré

~ zone bUt isvvirtua11y absent in'the west zone. By the 914 m level, ep1dote

is weak]y deve]oped throughout the eastern two-thirds .of the orebody and

is sparse or absent in the.western third. Lobes of weak]y developed

~epidote extend north of thehore and epidote_istmoderately developed in

~ Tocal areas of Guichon country rock adjacent to the Bethlehem contact.



Zeolite Distribution
Zeolite occurs in veins'and 1essacommon1y infglteration’zones adjacent

to,fractures. It is wideSpread‘throughout tnevdeoosit. JInsufficient data
is avai]ab]e,to document'thevovera11 ddStributfon 0f<zeo1tte'so_on1y that
in sections 105E and 89E will be djscussed. Laumontite is the_predominant
zeo]ite'present and the only other zeolite identified in the deposit is
stilbite. Stilbite wasbfound in on]y*twojspecimens;tinvone tt is intergrown
with calcite, in the other, thh 1aumonttte. Zeolite is qenerally alone; but
1oca11y is 1ntergrown with calcite, epidote, or su1ph1des |

| In 105E the d1str1but1on of zeolites 1s not obv1ous1y re]ated to ore
distr1but1on and zeolite zones apparent]y transect the ore V1rtua11y
‘every drill hole carries some zeolite but 1ts abundance is h1gh1y var1ab1e
(F]gure ). Apparent]y the zeo]1te Zones d1p gentTy northward but the1r
~true shape is not known . A]though zeo]1te ]s~1oca11y 1ntergrown_w1th
"~ epidote or SUlphides, it 1arge1y'post—datés'ore formation. d

| In 89E, zeolite is spottily distribUted across theasection botnkin |
and outside the ore zone. In this section zones aobearftorbe subhorizonta1.
Differences between the two sectiOns'imply raoﬁdblatera1 changes in zeolite-
abundance and possibly overall control by a‘steep1y’inclined northeriy fracture

system.

Gypsum D1str1but1on g

Much of the gypsum occurs in late stage fractures and ve1n1ets
Many of these fractures are reactivated pre- ex1st1ng structures because
rgypsum 1s-often found 1n_subpara]1e1 arrangement with o]der-fracture‘f1111ngs
and veins. Its distributton is well knonn for sections logged in detai1

but information about its distribution in other drill holes is sketChy.
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Consequent]y, the fo110w1ng 1nterpretat1ons must be reqarded as tentat1ves’ :
At the 762. m 1eve1 gypsum is d1str1buted in-a narrow anastomos1ng zone
‘which rough1y coincides with the ‘west orebody and the western ha]f of
the east orebody (F1gure.12) Gypsum is present but weak1y deve1oped in
"the porphyry stock and better deve]oped outs1de it in Beth]ehem
Granod1or1te Upward gypsum is much more restr1cted than the ore. zone.
‘By the 914 m Tevel, it forms an elliptical zone. overlapp1nq the central:
part of the orebody and extend1ng north of it in Beth1ehem Granod1or1te
~ but extends only a short distance eastward 1nto Guichon Quartz D1or1te

The gypsum zone has a genera] steep southwestward p]unge

Calcite D1str1but1on

Calcite occurs in veins and fractures and as an a1terat1on m1nera1
'in‘fe]dspars Only structura]]y contro]]ed occurrences are cons1dered
- here Calcite 1n most fractures and veins is post- ore. It typ1ca]1y |
occurs a]one or 1ntergrown w1th quartz or. zeo]1te Less commenTy it fj]]s“
vugs in su]ph1de bearing veinlets. | |

In TOSE ca1c1te 1s weakly but widely distrﬁbuted It is uneommon
in the ore zone and is most common in areas where zeolites are ‘uncommon.
'That is;, a]though calcite and ze011te are 1ntergrown in ve1ns, they occur
’ largely 1n'1ndependent zones. Normally, ca]ctte appears to be_youngerwthan
zeolite. ; - S

" In 89F calcite is sbarse inkthe ore zone but fairly cbmmen though 4

not abundant in the'stoch and the Guichbnftduntry.rbch. It’is'mostsabundant‘

 beyond 100 m north of the ore zdne.
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Otheh.A1teration and Vein Minerals

=Other-a1teration and vein minerals theh arevsporadically developed |

in the deposit are, in estimated order of abuhdance; K-feldspar, biotite2h
ocherou5'hematite magnetite, spétuiaritehvacfinolite"and tourmaline -
Biotite and K- -feldspar wh1ch are 1nd1cat1ve of potassic a]terat1on '
se]dom form d1screte zones. Biotite is widely but sparse]y dwstrjbuted
and thin section studies suggest that biotite ajteration of mafic miherale
occurred early in the alteration sequence Secdhdary biotite WaS'ofteh
subsequent]y a]tered to chlorite,. ep1dote or sericite. ‘Primehyvbiotite
is red brown 1n thin sect1on whereas Secondary b1ot1te 1s greehish brown.
ik K-feldspar was not recogn1zed 1h the ore zone and is sparse and
sporad1ca11y developed outside 1t:1n'sect1on_}05E. In section 89E o
YKQfeldepar'is re}atively commdn both in‘the»outer shell of the stock and
in adjacent'tbuntry'hocksv(Figure 13) Away from the stock it is sparse

bdt widely diétributed. B1ot1te a]terat1on could have been more 1mportant

B ~ than it now appears to‘be K- fe]dspar a1terat1on 1s apparent]y 1nf1uenced

"~ more strong]y by geologic sett1nq than prox1m1ty to the orebody

PARAGENESIS OF THE DEPOSIT.

* M1nera1ogy and Age Re]at1onsh1ns
of Vein and Fracture-FilTing Minerals

As can be seen from F1gure 14, su]ph1de and s111cate components of
J.A. system over]ap extens1ve1y in t1me of emp]acement Crosscuttmng
'relat1onsh1ps seen in both hand spec1mens and thin sect1ons of dr111 core
were used to construct the f1gure The main stage of m1nera11zat1on occurred

in two parts; firstvan episode'of m1nera11zat1on charqcter1zed by fohmat1on’
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of sUTphides with quartz_and-F1aky Serio?tekeither as yeihs'of as véﬁut
selvages; than.an episode‘dominated by suTBhides assocﬁated witﬁﬂquartie*
epidote veinihgvand aiteratiou. Success1ve stages have on]y minor amounts

of associated su1phide mihera1izat1on, It shou]d be stressed that each

-stage and episode represeht more than one period and probably many per1odsv‘

of injection of.hydrothermal fTuids._.It*shoqu alsoage streSSed that successive
waves of miuera1izationbgenera]]y'used the same systems of ‘fractures.

. For.want-oflbettef iotormation,.the time sequence interpretation'ﬂ
fests 1arge1yeon the-assumption thatvformation ot f]aky sericite occurred
‘dur1ng only one ep1sode of m1nera11zat1on the early ma1n stage This
assumpt1on seems reasonable on the bas1s of data now available for th1s‘
and other Highland Valley depos1ts | g 1

As can be inferred from over]app1ng t1mes of- format1on in F1gure 14
Ve1n and fracture mineralogy is h]gh1y variable. _Durtng the.ma1n stage of
mineralization auy_of.the'common minera}s iu.them oanébe found~w1thkany
of the other oommOn minerais or Viktua11y aﬁy combination of them.
However, Judg1ng from sect1on 105E certain m1nera1 comb1nat1ons were‘more
common than others at d1fferent t1mes Pr1or to main stage m1nera11zat1onv'
information is ambiguous but quartz and ch]or1te apparent]y were depos1ted.
"Dur1ng the main stage m1nera11zat1on the fo]]ow1ng fracture and vein types

are most common:
| chlorite'+ chalcopyrite't pyrite
chlorite + bornite f'cha1copyrite

chlorite +-cha1copyriteuf born%te “




- quartz ! cha]copyrife M bohnite M mo]ybdenite
~quartz + chlorite + cha]»(:okpy\r‘i'ce_"—L bokﬁite Q%
ch1brite * epidote ! ché]copyrite , |
quértz + epidote ! chaicopyrite I bOrnite;_'
» quarti + epidote B RK
‘g_epidofe‘+ ch10rite
Ze011te, gypsum, and ca]c1te veins and fracture fillings wh1ch may

\
carry m1nor cha]copyrwte or pyr1te as we11 as zeo11te veins w1th m1nor

amounts - of en1dote were depos1ted dur1ng the wan1ng stages of m1nera11zat1on.

A]though ca1c1te and gypsum coex1st wnthvzeo11te in veins, both;genera11y

appear to post date zeo11te
Calcite wh1(h formed dur1ng main staae m1nera11zat1on is qenera11y
disseminated in sericitized p1ag1oc1ase where it is a by-product of fe]dspar'

alteration. Locally, however, it occurs in'the‘COreSFOf veins where it

'evidently filled Vugs. 'In'veins it dftenvaccompanfes sulphides which also

tend to be in vein cores. Simi1ar]y, zeoYite intengrOWn.with‘abundanf

sulphide is generally well trystaT]ized and formed in:ngs. “The ieo]ite“

in’these veins, as in the majority of zeo]ite veins analysed, is laumontite.
Crosscutt1nq re]at1onsh1ps for zeolite- -bearing sulphide ve1ns are ambiguous
but they were tentat1vely placed in_ the main stage of m1nera11zat1on Gypsum

occurs as f1brous mats: f1111nq vugs in main stace ve1ns whereas it forms

small pr1smat1c.crysta1s.1n late stage ve1ns. That 1n main staqe ve1ns is -

inferked to have_been~anhydrite‘in1tia11y; Ocherou$'hematite,replaces
primary magnetite in quartz plus flaky sericite zones and is a comnohentifn

some calcite veins. Placement of uncommon vein components such as magnetite

- specularite, tourmaline, and actinolite in Fiqure 14 is based on mineral
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associations rather‘than-crosscu%ting relationships.
Vein Alteration Selvages

Alteration se1vages:6n veins are pfédbhinant]y of féﬁr'kindS'
?Quartz - f]aky ser1c1te T cha]copyr1te - born1te - pyrite |
.VEp1dote + quartz t ser1c1te - Su1ph1des
Pervasive pink, cream, or dark green alteration
| Bleaching )
‘Quertz p]us_fTaky sericite,se]vages occdr maihly around_QUartz +
~chalcopyrite t‘ch1orite ! pyrite; quértz + eh1orite + Lorniteﬁ guartz +
epidote + cha]copyr1te quartz + cha1copyr1te + bornite; and quartz +
cha]copyr1te + mo1ybden1te veins. Zones - of quartz plus flaky ser1c1te
a]teratfdn a]soroccur which apparent1y have no central veins ‘ These
suggest that at least 10ca11y there cou]d be a s1gn1f1cant time 1apse
between these a]terat1on zones and veins which occur w1th1n them. Perhaps
they areuanalogous to composwte ve1nsvbu11t up from several generatioﬁs'
of smaller veins formed durinnguecessive episodes of re-openfng.of one
fractere: . | | | »l |
. Quaftz;epidote selvages occur primarily around epidote, 'quartz-epidote,evq :
aﬁd quaftz veins and fractures As with quartz- ser1c1te quartz- ep1dote .
may also form a1terat1on zones with no associated veins. Ve1nsjand sejvages

of this type may contain chalcopyrite, bornite, or mo]ybdenite{
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Pervasive fine grained pink, cream, or green‘alteration selvages have

the same mineralogy as similar zones discussed previously under pervasive

feldspar alteration. Pink alteration selvades mantle: quartz + su1phides;

chlorite ! copper sulphide; quartz .+ epidote t,ch]orite +‘su1phides;'and

~zeolite veins and fractures. Cream alteration with associated ch]orite and

epidote mantles: quartz _ chlorite ! chalcopyrite; quartz; chlorite; and

quartz + epidote + chlorite © cha]copyrite veins and fractures. Naxy qreen
‘sericitic alteration is most common around quartz + sulphide veins and dark

. green ser1c1te + carbonate a]terat1on typ1ca11y has assoc1ated carbonate and |

ch1or1te veins and fractures . R |

> +
' Bleached zones were noted around quartz + epidote - ch10r1te ! chalcopy-

rite - born1te quartz + ch1or1te and quartz + chalcopyrite ve1ns and

vfractures

In some specimens ve1n se1va0es are m1xed For‘example,'a'finejgrained

green selvage will grade outward'to perva51ve‘p1nk,alteration.orﬂa quartz

| plus flaky sericite se1vage qrade outward to pervasﬁvezcream aTteration

Throughout the depos1t a]terat1on in areas 1ogged as hav1ng oervas1ve

alteration are probab]y related to fractures. and veins in deta11



SUMMARY AND CONCLUSIONS

 The J.A. deposit is situated in a grabeh block‘whieh underlies Highland
Vé]1ey. The deposit is structuralTy‘contro1Ted’and~most of the fractures

and veins in it are moderately steép to steeplybinclined. It:is'inferredf

~from the structural setting and bedrock topography that the deposit occurs

within a framewofkrof horther]y"and northwester1y faults. It seems likely
from regidna] information thét the fauits are largely pre-ore but seveg@l
episodes of post—ore movement probabiy occurred on them.

At bedrock surface_the'depdsituis“e11iptical with Tong axis oriented
northwestward. At depth it'sp]its into two rdot 20nesi'each df?@hich is
similarly elongated. -Much’of the ore is in gfanodiorites of the»Bethleheme
phase and Guichon varities of the Guichon Ckeek bathoTith. The ore zone
extends a short d1stance southward 1nto but is essentially bounded by a -

quartz p]ag1oc1ase porphyry etock which appears to be an offshoot of'the

‘ Bethsaida'phase of'the‘batholfth; -The deposit is extended along and“beyond

“the north edge of the elliptical stock and seems-td’wrap arouhdditﬁs1ight1yg_:

The best copper grades occur adjacent to the'Guichon'Beth1ehem contact

‘which was probably already fa1r1y closely fractured by tectonic and 1ntrus1ve

forces then enhanced as a porous trap by further fracturina dur1ng emp]acement
or the porphyry stock.

Mineralized quartz veins and mineralized quartz-sericite zones are

‘importent local ore grade contro]é but'the_density of mineralized fractures

is the most important ore control. Copper mineralization occurs in fracture
fillings and veins and in their a1terati6n'$e1Vages. Sulphides often partially

replace mafic'minera15‘in these selvages.
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The stock -and 1ts'underTying narentﬂmagma are presumed to be the .
: source of hydrotherma] f1u1ds and assoc1ated m1nera11zat1on Minor quartz
and ch]or1te ve1n1ng marked the 1n1t1at1on of the hydrotherma] system.
The main ore stage occurred in two major ep1sodes ‘The earlier episode was ;hu
character1zed by - the assoc1at1on of su]ph1des with quartz and f1aky ser1c1te‘
or with quartz alone. Dur1ng the secondvep1sode sulphides were,genera11y P
~associated with quartz and epidote. . Hydrothermal chlorite was deposited |
’throughout the mafn ore phase. As the'hydrothermai system waned, sulpﬂide;
- quartz, and epidote deposition diminished and that of zeolite, thica]]y
) 1aumontfte predominated. Zeoliteé was Jo1ned to a m1nor degree by calcite
and: was succeeded by late staqe ca1c1te and gypsum depos1t1on Apparent1y
minor amounts of ca1c1te, -zeolite, and anhydr1te, now hydrated to gypsum,
were depos1ted with su]ph1des dur1nq the main stage of m1nera11zat1on

Main stage m1nera11zat1on was accompan1ed by overa11 weak to moderate
pervas1ve fe]dspar and mafic alteration. Sericite is the predom1nant
a]terat1on m1nera1 but it is joined by varying amounts of ka011n1te,
“montmor111on1te, and calcite. Much of this a1terat1on is aSSOCiated with
~fractures, faults, and veins and 1t 15 genera]]y weak]y deve1oped away from
such structures Maf1c minerals are variable from fresh to chloritized to
sericitized. Locally hornb]ende is altered to secondary ojotite and partial -
epidotization of it and bfotite is common. | -

Cons1der1ng the number of fractures and veins exam1ned few c]ear

crosscutt1ng re]at1onsh1ps were observed. Locally 1t is ev1dent that veins

. were broken by fau1t1ng before the next wave’ of hydrotherma1 fluids recemented

’ them but features of th1s nature are a1so re1at1ve1y uncommon. It is also
ev1dent that var1ous ages of’ ve1n1ng fo1lowed rouqh1y the same fracture

~ patterns. These data suggest that fau]t movement was’ not s1qn1f1cant dur1nq
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“the tenure of the hydrothermal*system. Re-openfng of healed*fraCtures and
propagation of new fractures is ascribed to preSSUres generated during |
fnflux of hydrothermal fluids. Whether bo111nq of the fluids occurred
isyOpen to speculation However, the deposit 1s thought to have been
relatively shallow and is in an aréa where there are numerous dykes
Consequently, bo111ng and venting of hydrotherma] fluids to the surface
are certa1n1y poss1b111t1es

The. hydrothermal system co]lapsed follow1nq zeolite and Doss1b1y
~during gypsum and.ca1c1te depos1t10n. Subsequently the deposit was down;
dropped during block faulting that produced H1gh1and Valley and 1ater
1ntruded by dykes wh1ch apparently fed Tert1ary flows. M1nor development_n
of ox1de m1nerals suggests that erosion exposed bedrock e1ther during’or '
before Tertiary'ttme. bUring Pleistocene time‘the,deposit'Was.covered :

~to an average depth of 170 m byaglacial'deposits,
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FIGURES‘

Bedrock geology and drill p1an of the J. A depos1t

Geo]ogy and ore d1str1but1on on the 762 m (2, 500 feet) and 914 m :'

(3,000 feet) levels of the J. A deposit.

Geology and ore distribution in sectlons 105E énd 89E, J.A. deposit,
PervasiVe‘feldspar;a]tératinn_on 762 %_and 914 m 1ene1s,

Fracture and vein nnientations'in section 105E.

Density of mineralized fractures in sections 105E and 89E |

Molybdenite distribution in sections 105€ and'89E

g

' Cha]copyr1te bornite, and pyr1te d1str1but10n in sect1ons 105E and

89E J.A. deposit.

B Chalcopyrite, bornite, and pyr1te d1str1but1on on, the 762 m and 914 m
- levels, J.A. depos1t ‘

‘Ep1dote d1str1but1on on the 762 m and 914 m 1eve1s J.A. dep051t
‘Zeol1te dwstr1but1on in sect1ons ]05E and 89E, J.A. depos1t.

Gypsum distribUtion on the 762 m and 914 m levels, J.A. debosit

Distribution of hydrothermal “biotite and secondary. K- feldsnar 1n
section 89E, J.A. depos1t

Synop<1s of aqe re]at1onsh1ps of vein and fracture- f1]11ng m1nera1s
in the J.A. dep051t v .
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