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"The Nelson HéthoIith and 1ts associated Sate11ites 1ntrude the arg11-f€j
1aceous S]ocan Group sed1ments in the southern Omineca Crysta111ne Belt of
'southeast Br1t1sh Columbia. Both the batholith and the country rock” are
-, cut by Pb-Zn-Ag bearing ve1ns wh}ch have been economically 1mportant sincet
the turn of the century Twenty four samples from the batho]ith and 100
_samp]es from the sed1ments were ana1ysed for major and trace e]ements and
the 1sotop1c abundances of n1ne ore- lead samp]es were determined

Near to, 1ts northwest m=5g1n ‘the Ne1son batholith is- composed ma1n1y
of granod1orite w1th a more;maf1c border phase, whi]e xenoliths of bas1c
_vmater1a1 are contained W1th1n the granod1or1te P]agioc]ase porphyry satel-
lite bodies 1ntrude the sediments to the north of the contact and the'.' N
majority of the igneous rocks exhibit the effects of Iate stage hydrother-
. mal a1terat1on .The 1ntrus1ve d1fferent1ated from a. ca]c-a]ka11ne magma -
and the common presence -of. hornblende, the wide range in 5102 content’ and
the re]at1ve1y Tow 1n1t1a] 87Sr/865r ratios of the rocks c]ass1fy the
v. batho]1th as an I -type gran1to1d whifh probab1y orig1nated in the mant]e:
wedge above a subduct1on zone in the Midd]e Jurassic
* ‘The Slocan Group sediments are predom1nant]y distal turbidites of
~varied chemical composit1on ‘with rarer ca]careous quartz1t1c and tuffa-

ceous hor1ionstja¥n“the highest part of. the sequence they were derived

from a bas1c squrce, wh1lst Tower down the Group they had a more highly ‘
B s111ceous source reg1on There is.no geochenica] evidence that the ore
metals were derwved from the Slocan Group sediments | v
The ore- 1ead is shoum to be of dual orig1n wnth that from the A1ns.

worth and B]uebeﬁ] camps being der1ved at least 1n part from the Pre-

;cambrlan basement whilst the lead from deposzts further west and from




K -feldspar 1n the batho]ith 1snbf \young oteanit?afftnity fThis.is; B _ﬂ\

nt un-

;,ittaken as ev1dence that the'wes7ern edge of the Precambrian bas

'h‘ffder11es the vicinity of Koote"f Lake

The geo1ogy of the area 5# f1tted 1nto the general 1s1and arc tecF’
_(ftonic mode] for the reg1on dﬁring Upber Triassic to Midd1e Jurassic t1mes.:" 
iri 'An easter1y dipping subduct1on zone generated both the Roﬁsland vo]canics. "
-f;}ie1and arc, a p0551b1e source for the bas1c S]ocan sed1ments, and the .
ihNe]son batho11th whose assoc1ated hydrothenna] System was the source of

- the ore depos1ts 1n the reg1on

v
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. INTRODUCTIOGN - L
1.1 RsemchAnmi

The northwest margin of the Ne]son bath011th, southern Br1t1sh

o Columb1a. has been of ged]og1ca1 1nterest s1nce the turn of the century '

adJacent sed1ments The ore deg$s1ts have been the subJect ofi1ntensive

J

o study but the host rocks have received. comparat;ve]y T1tt1e attent1on

N~

- More recentTy, the tecton1c sett1ng of th1s regIon of the 0m1neca Crys-

ta111ne Be]t dur1ng the Mesozo1c has come under scrut1ny, espec1a11y

‘ with regard to the posﬁt1on of the western edge of. the cont1nenta1 crust

dur1ng th1s perlod of geo1og1ca1 &Lme A geochem1ca] study was therefore

'undertaken with. the obJect of ga1nnng 1ns1ght 1nto the saurce of the T "

- ore. metaTs in the reg1on
‘bT 2 Locataon of Fﬁe]d Area B f' -

i "to the 1ntersect10n of the 50th para]le] and the. 117th mer1d1an approx1—v

:‘sed1ments, the or1gln of the batho]1th‘and poss1b1y, the sourde of the

q

N - B . . \ oA [
- . . . B : 5 .
- . . .9 . Lo g . Sy B R JW{ ot

-~

L The area- of study is s1tuated in southeastern Br1tvsh CoTunbia near

" mately 50 km north of Ne]son (Figure 1) STocan Lake prOV1des a natura]

fwestern boundary and the Kas]o New.. DenVer road a conven1ent northern 11m1t

e No f1xed boundardes were: chosen to the., south and east’ but the batho]1th

- was samp]ed no further than four miTes south df”ts northern marg1n and

'-the sed1ments no further east than Zlncton. The greater part of the area

falls w1th1n the Nelson map area (west ha]f) whOSe genera]‘%eology has

: \\\ L CWTERD T

. because- of the Tead z1nCss11ver ve1ns found in. both the batho]ith and- the =

Jox
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been descr1bed by Little (1960)
Phys1ograph1ca11y, the area fa]]s in the Slocan range of the Selkirk
Mountams " Idaho Peak (223q m is the highest point of Silver Ridge,

fﬂ,gwh1ch dom1nates the region, and is cut by the main val]eys of the Car-

—~

' ._;penter and S11Verton Creeks. The mounta1n slopes are densely vegetated *

‘

“up to around 2000 m and outcrop is 11m1ted tO\Foag\ngf1ngs and river
banks. - _‘ _ S~ '

~_
Access to the area is provided by the Ne]son New Denver andx&as]o-

~o

N
New Denver roads and within the area by numerous o]d miné“tracks, rem->_

.\\'

nants of the days when the ghost town oﬂLSandQn'housed several thoqsand ' )

pecple.

1.3 History of ‘Research
The first geo]og1ca] mapping of the reg1on between Kootenay and
Slocan Lakes was begUn in 1894 by R G. McConnet and comp]eted in 1900 by
- R.W. Brock. Mining flour1shed around the turn of the centqry and O.E.
wLeroy and C.W. Drysda]e‘made‘a-study of the Slocan mining camb bet&een
1908 and 1917. Further work by M.F. Bancroft aad‘C,E. Cairnes resu]fed
in the pub]ieation of two meﬁeirs ahd their associated maps (Caieaes
1934, 10°5). | | o |
Since this time, studies have beeh cakried out on the structure and
minerz deposits of the.region by members'of:the‘Geological'SUFVey of
Canada and the British Coiumbia Department of Mihés-gad Petroleun Re; :
sources More 1mportant publications 1n ‘this group include the works by |

M. S Hed1ey (1952) on the Sandon area, H W. Little (1960) on the geﬂera]
" geology of the Nelson map-area (west ha]f) and J.T. Fyles - (1967)/bn the

Alnsworth -Kas1o region.
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.K K. Nguyen, A J. Sinc]atr'and N~G Libby. (]968) have pbtained -
K- Ar dates for the northern part of the Ne?son batholith and A.J. S1n-
clafh. (]966) perfonned a lead 1sdtope study on’ ga1enas.frun the area
Further references on most recent works are g1ven 1n the relevant chap-
ters of the thesis. - va o - v d'

3
Q-

1 4 Reg?bna] Sett1ng

The area stud1ed 11es w1th1n the southern part of the Omtneca Crys-'

talline Be]t, one of the five d1st1nct geo]og1ca1 belts para]]e11ng the

/
present cont1nenta1 marg‘rnj h1ch make, up the Canad1an Cord11]era

Ri t1ng in the mid- Proterozo1c estab11shed ‘the - western margin

'~ . of thé North American craton wh1ch was situated we]] east of the present
day continental margin. The Proterozo1c Purce]T and W1ndennere Super
. groups were probab1y depos1ted as she]f s10pe. rise assemb]ages and
\\~\ t]ant1c -type margin deposition cont1nued unt1] terminated by the late
o~ 'Devon1 -ear]y M1ss1ss1pp1an Caribooan orogeny (chklnson 1976). The
western marg1h\of North America then ceased to be an intraplate boundary,
"becom1ng a plate ;arg1n\as’1t interacted with a p]ate to the west (Monger
et'a] 1972). Late Pa]aeo;atc\lglcan1c arcs deve]oped in the 0m1neca
Crysta])ine Belt. Oceanic rpcks occur in the Intermontane Belt to the
-heast and a subductibn.zone_dippedVeastwards under the cpntinental
marginhﬂ . ' B | |
Dur1ng -the Upper Triassic- Lower Jurass1c per1od the subduct1on zone
apparent]y moved westwards due to the accunu]ation of mater1a1 dur1ng
the previous subdyct1onrep1sode - Extensive vo1can1cs of a predom1nant1y

basic nature (Monger' 1975) were depos1ted in an is]and arc env1ronment

a]ong mpost of the Cordi]]era. The,Nico]a, Haze]ton and Tak]a'volcan1cs >



~1fa11 into: th1s c]ass Sed1ment depos1t10n took p1ace in 1ncreas1ng1y,t‘
‘restrxcted bas1ns and thef]ysch11ke sed1nents of the Slocan and Ym1r
Groups accumu1ated at this txne, apparently from a wester]y urce.
tween the Lower Jurass1c and the Upper CretaceOUS the emergence
. of. the Cord111era caused a change in reg1me from the 1s1 d arc settlng,
}through an 1ntermed1ary 'successor' basin stage (Douglas et al 1970)
to a tota11y cont1nental Cord1]1era _ The widespread p1uton1cs of the f
1_,Coast Be]t show that subduct1on cont1nued throughout th1s time whilst
‘_:1n the 0m1neca Crysta]]mne Be]t the Co1umb1an orogeny produced the intru-
~ sion,’ around 160 Ma 290, of numerous p1utons of wh1ch the Nelson batho}mthaj7
s one example. v .v} | R
= Crustal extens1on rather than compress1on has taken p1ace over most

i of thé Cord111era s1nce M1ocene time. This sequence of events is com-

| parab]e to those of the. present day Andes of South Aher1ca

1. 5 Genera] Geo'logy

Rocks rang1ng in age from Precambr1an to Tert1ary outcrop in the southx
ern part. of the 0m1neca Crysta111ne Be]t The outcrop of . the Tr1assic and
~Jurassic rocks 1s shown in F1gure 2 and the strat1graph1c column for. the
Ne1son Rossland reg1on is shown in F1gure 3. o L | v
‘ The oldest rocks in the region outcrop to the east -of . Kootenay ////
aLake .These are the f1ne c]ast1cs and carbonates, up to 14000 'm in 4/_'
_thlckness, of the Purce11 Supergroup. They are unconformab1y over1atn
by the late Proterozoic w1ndermere Supergroup which is represented by a -
series of predominantly coarse c1ast1c beds with intercalated vo]can1c
| and ca]careous hbr1zons The - Precambrian Cambr1an boundary has been -
| -taken by Little (1960) as the base of the lowest formation conta1n1ng

Lower Cambrian fossils: thus the conformab1e boundary between the Three

i

;o
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‘Figure 3.--Stfatigr§phic column for the'Nefsoanoss1dnd region~after

Douglas et al (1970).
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: .
Sisters Formétion (Windermere) and the Quartzite Renge Formation is‘re-_
‘garded as the hese of the Palaeozoics Cambrian sedimentation occurredlin'

- a sha]low sea basin distantvfroh the:Shoreline as limestones and ergil-
'1aceous sandstones of the Laib and Nelway Formations were deposxted The
'Ordov1c1an Active Formation is of s1m11ar or1gin C]aStICS being derived :
from a d1stant easter]y 1andmass Deposits of S11ur1§n or Devonian age
‘are not found in the region, probably due to the’ effedts of the Car1booan
‘,orogeny.r Follow1ng this per1od of,non depos1t1on came the shallow sea
Upper Carboniferous deposits of the Mount Roberts and Mi1ford Formations.,
: ;The Tower members are predom1nant1y 11nestones with interbedded 1avas
dand tuffs wh1lst the upper members are mainly arg111aceous beds becom1ng
coarser. towards the-top,.probably indicating a marmne regress1on around
the onset of the Permian. v

Unconformab]y over]y1ng the Milford Group are the altered vo]can1cs
of the Kas]o Group, 1nc]uded by Monger (1975) in a Palaeozoic to M1d-
;Tr1ass1c volcanic arc be]t. Fossil evidence in sediments above and.below
91Ve~the Kas]o”Group a likely Triassic age. The eugeosynclinal sediments
of the Slocan Group unconformably over]ie‘the'Kas1o Group (Cairnes 1934)$
T_thevail] oe'considered‘in hore detail in Chapter 3. Further south are |
the aroiilaceous sedimerfs of the Ymif Group. They bear a.strong ]%tho-
1og1ca1 similarity to the Slocan Group and were probab!y depos1ted in .
the same geosync11na1 trough. The dom1nant1y vo]can1c Ross]and Group
confonnably over]ie the'Ymir sedwments - They are Lower to Mlddlq*durassic
in age and are of similar age to the vo]can1cs of the Intermontane Belt
to the west where the Lower Jurassft Hazelton Group and - Upper Tr1ass1c
fTak]a and Nicola Groups are found. »According to Beddoe-Stephens (1977)

the Rossland volcanics are of is}andAArc offinity with the.magmas ori-



ginating in the upper mantle. o ‘/ .
The Hall Formation is both undek]ainvand nverlain by fhe‘ROSSIand
Group. ’Thgse upward coarseningksediments,'together with the presence
of shallow water structures, may reflect the onset of the Columbian
,ldfogeny. Apart frém very minochong]omeratic Horizons, all younger rocks
in the region belong to the intrusive igneous group. The Nelson bathoe
'Tith was emplaced during the first half of the Columbian orogeny (Nguyen
et al 1968, Gabriesle and Reesor 1978). To the southwest of the
Ne]sonAbatholitH are the Traf]. Rossland and Coryell batholiths. F}]es
et aT (1973) give K-Ar dates on the Trail and Coryell intrusives of .
48-50 Ma. Compared to the Nelson batholith they are a more alkaline
suite of rocks (Gabrielse aﬁd Reeor 1974). |
Approximate]y.ZO km west of the area studied ligs the wesfern bounj
dary of thevKootenay Arc, a.major strustural trend of the southern Omineca
, nysta]lﬁhe Belt, whose position is shown in Figure 2, The-Kootenay _
Arc is a north-tfehding metamdrphic fold belt wﬁich has beén mapped from
Revelstoke 1n the north -to theSPOK&ﬂe River of northeastern Washington
- in the south. It is bounded to the east by the Purce]] anticlinorium and .

“to theAWE§ﬁva‘;he Shuswap Metamorph1c Comp]ex and the Nelson and Kus-

kanax batholiths. w1th1n the arc are comp]ex]y folded and faulted strata

. of Upper Proterozoic, Pa]aeozoic and Mesozoic age The central Kootenay

_Arc is characterised by tight to 1soc11na1. north south trend1ng folds
_ superposed on the Riondel Nappe, a westward,closing recumbant anticline
in the Lower Pa]aeozoic focks‘(Hoy 1976). w1nzer (1973) and Hoy (]976) a
have mapped metamorph1c 1sograds in a zone of med1um to high grade re- |
gional metamorph1sm in the Riondel area. Wheeler (1966) be]1eves that

the arc may have orig1nated by the squeez1ng and resultant upwe]]ing of

\

\ ) . . : ‘ \
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< material between the Nelson and Kuskanax oatholiths and the Purcell anti-

clinorium during the_Coiunbian orogeny .

1.6 Sampling and Analytica1 Techniques
Samples were taken from the Nelson batholith andhits satellite bodies.

and all were ;ectidned Twenty-four of these samples, chosen to include
‘the d1fferent rock types found were then des1gnated for who]e rock
" chem1ca1 ana]yslsl Their ]ocat1on,1s shown in Figure 4. Sediment samples

were collected and a representative number‘were sectioned. In addition
batches of fwency samples weré taken at approximately 3-5 m intervals
from cont1nuous sections 1n the sed1nents F1ve such batches were col-
lected with 1ocat1ons as. shown on Figure 4, for who]e rock chem1ca1

‘analysis. 7 ‘ |

< The samp]es to be analysed were 1n1t1a11y trinmediwiin-a diamond
saw to remove the weathered surface \ They were then crushed in a Jaw
crusher before be1ng powdered in a tungsten carbide sw1ng m11]

Lead ‘and vanadium were analysed by atom1c absorption spectrophotoe'?
metry (A.A S. ) at the Un1vers1ty of Alberta and the rema1n1ng elements
 were ana]ysed by X-ray f]ourescence at the Un1vers1ty of Durham. To
prepare the samp]es for AALS. ana]ys1s 1 gram of the powdered rock was
dissolved in 10 m1s of HF and 10 mls of HNO3 and the so]ut1on was eva-
porated down to.dryness; Two further 10 ml vo]umes of HNO3 were added
and each one evaporated to dryness The soluble residue was then dis-
'so1ved 1n a 5% HNO3 solution, diluted to volume and where: necessary. in-

)

soluble graph1te was filtered off

A.ALS. is the study of the absorpt1on of radlant energy by atoms.

The techn1que is useful as it is a highly sensitive method of rapid ana]ys1s.



zwm.

Aouwae j ooy

:asom. wawipas P ..233
!an.m adopsy PO JO co:ouo._
€3)0W0G S0 |0 OIIDIOT

A -E.ue_v.m un3oIS

QHIOWIog LOSEN

<




v

\

diluted before the

e B

which is capable of neasuring the trace quantities of .elements 1n rocks.

The unexc1ted or ground state atoms of an element ‘will absorb certa1n ‘

wavelength rad1at1on from excited atoms of - the'same e]ement Th.e#{ €
mengn appears to be a pred1ctab1e and measurable property of the atom
In practice a hollow cathode lamp contains a cathode made out of the de-‘
sired e1ement. The atoms of the cathode are excited by the heat1ng of
argon gas within the cathode lamp. Exc1ted e]ectrons are now in a
h1gher energy state and when they collide with other e1ectrons they " 1oose
this energy which is emitted as rad1at1on. The samp]e in so]ut1on is
then sprayed into an acety]ene/a1r or acety1ene/n1trous oxide flame where
1t is 1rrad1ated by a part1cu]ar isolated wave]ength of rad1at1on ~The
~ flame reduces a portion of the so]ut1on to free atoms of its constituent
e]ements whi ch absorb the em1tted rad1at1on Absorptlon of radiation is -
proport1ona1 to the amount of sample e]ement present and the non- absorbed
rad1at1on is neaﬂ%red by a photomu1t1p]1er amp11f1er system. The resu1ts
may be in the form of a digital read-out or a chart recording.

Sample so]ut1ons are measured relative to standard solutions of
known concentrat1on and of similar ac1d1ty to the samp]e solutions.

Seven ga]ena samp]es and two pyrite samp]es were chosen for Pb

isotope ana1ys1s The location of the samp]g% is shown 1n F1gtre 4.

The.sulph

> _was disso]ved in vapour distilled HNO3 and the so]ut1on was
1t1on of concentrated HNO3 to d1rectly prec1p1tate
Pb(NO3)2 For the low Pb pyrite samp]es a Ba(NO3)2 carrier was added.
Centrifuging separated the precipitate from the solute and the so]ute
_was d1scarded The residue was d1sso1ved in 1.5N HC1 and this solut1on
Was' pur1f1ed by passage through an anion exchange co]umn Pure PbC]

2 -
crysta]]1sed-from the solution. - This was. then picked up in H P04 and
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lToaded onto silica gel onya'rhenium filament. The isotopic' composition
- of -the Pb was'then'meaSuréd on a micromass MM30nmas§'spectiometer and';
the isotopic values were corrected for.mass discrimination by normalising

to thermeasured ratios :of the NBS 981 Pb standard.
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CHAPTER 2 . A

THE NELSON BATHOLITH  * &

C 2.1 Introduction .A S "_. ) y‘. '& :
The Nelson batho]1th is. a heterogeneous granito1d body occupy1ng
approx1mate1y 2000 km2 between Kootenay and S]ocan Lakes 1y1ng predan1n— h
"antly north of the West arm of Kootenay Lake. 'Ca rjes (1934) descr1bed “

the main mass of the batho]1th as 'a massive porphy itic gran1te' ‘but
it has s1nce been found that granod1or1te is the mostxcannon rpck type..
Towards 1ts contact with’ the country rock the ma551u\ porphyr1t1c fac1es ‘
X becomes1e55 coarsely gra1ned and there is a decrease in the size and T
number of K fe]dspar megacrysts The spec1mens co]]ected for th1s work
were taken from such an area, close to the northWest margin of the batho-
4 1ith (Figure 4). | - - A | |

The age of emp]acenent ot’the batholith may be bracketed by stratie

_'g?gbh1c ev1dence The youngest rocks cut. by the batho11th are the ear]y
M1dd1e Jurass1c Ha]] Fonnat1on and eroded Ne]son pebbles are fdund in the
m1dd1e to late Lower Cretaceous B1a1rmore Fbrmat1on. \Th1so1s in agree-
ment w1th/ages from rad1oact1ve 1sotope stud1es ; /
" K-Ar 1sotop1c age determﬂnat1ons, accord1ng to Gabr1e1se and keesor
"(1964 fall 1nto three groups which: together w1th structura] ev1dence _
supports the fo1low1ng sequence of’ events. .', ' e

S, "Enp]acenent and conso]1dat1on of a large massif of hornb]ende-
'J'b1ot1te grandior1te before . 171 Ma at a greater s#ructura] depth than

v now,exists.

4.
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2. "Mob111satlon and re1ntrus1on resu1tant)upon“an ?ntense . 1’
lstructura] episode that affected the regton generally i;:'at,-or41ater>'

hiuthan 131 Ma ... and may » 1n fact, be the fundamenta] cause of the de- d
t'i/hve1opnent of the Kootenay Arc A
‘ 3. ”“Further emplacement of 1eucocrat1c quartz monzonite 1n~and
o around the fr1nge of the. bathoIith" g1v1ng ages. around 55 Ma
' Recent Rb/Sr who]e rock 1sochron dates (Duncan, Parrlsh and Annstrong

G

1979) are in approx1mate agreement thh the K/Ar age determ1nations EA’&. -
medium grawned granod1orrte ‘from the southern ta11 of the batho11th g1Ves'
a nine po1nt 1sochron w1th an age of- 150 +. 9 Ma and an 1n1t1a1 87Sr/BGSr

e rat1o of 0 7067 - 0.0002, a]though as presented at the GAC spr1nq meeting,4
1979 this isochron appeared to: be more of a scatterchron than is apparent
from the stated errors . Samples from the Mount Car1y1e Stock, 1n the o
‘east of the region studwed gave an ,age- consistent w1th the prev1ous K/Ar ,.

p date of 164 Ma. It is postu]ated'that these Jurass1c p]utonic rocks ex-

per1enced reheat1ng ‘and’ deformat1on at’ 1ater t1mes up to ‘the Eocene pro—

ducxng much of the amb1gu1ty in prev1ous]y pub11shed K/Ar data.' h'///;;//(/

~ ""‘t ) . s

2. 2 Petro]ogy v )
mf*~f‘*“\""The“rocks~o£~the_northweﬂ ' gwon of the Ne]son batho]1th may be
divided into-three main groups: the ma1n body of the batho11th, composed

‘.predom1nant1y of a mass1ve med1um to coarse gra1ned graaniorite (Plate

), a more mafic, quant1tat1ve1y minor, border phase (P]ate II [1])

_'and numerous porphyr1t1c satellite bod1es (P]ate I [3]) wh1ch 1ntrude |
| the: sed1nents to the north of the batho]ith In add1t1on sma11 d1or1tic- .
a xeno]1ths (P]ate I1 [3])were found w1thin the maln body of the granod1or1te

Approximate moda] ana]yses and nonns for the twenty fbur samp]es wh1ch
. . . ‘ g

a



JP]ate I
2
3

A Maih'body granodiorite, hand specimen

Main body, granadiorite, thin section

[

~ Porphyry, hand specimen . ;

Porphyry, thin section






Plate 11
1 Border rock, hand specimen
2 Border rock, thin section
¥ .

3  Xenolith, hand specimen

4 Xeno1ith, thin section
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were analysed}for major and-traee elements are given in Appendix 1.

In thin section the main body rocks (Plate I [2]) d1sp1ay coarse -
1ntergrowth of euhedral plagioclase feldspar, rang1ng {n composition |
from An26 to An32 and common]y showing zohyngt:anhedral K-fe]dspar-ané
quartz. SUbhedra]\hOrnb]endé predomihates'bver biotite as the major mafic
~mineral and these account for around 10% of the rock. Acoessory'minera]s
" are euhedral sphene and opaque oxidesr In composition the rocks group
' clOse-to~the granodiorite/quartz monzodiorite/quartzlmohzonite boundary
on the Sfreckeisenvciassification wifh the majority‘failing in the.ghano-
diorite fie]d.vvsample 7:16 eontains only very minor mafic minerals and
1 c]asses as a ho]o]eocothatic granite. ‘ . _ -

The horder rocks.become increasingly mafic.tOWardshfhe margfnvof
the'batholith.' Large ephedra] plagioclase fe]dspar'of"composition ﬁn35
is the major felsic m1nera1 w1th interstitial K- fe]dspar and less than |
- 5% f1ne grained quartz (Plate g3 [21). Hornblende: composes up to 35% “of
the rock and sphene and opaque ogldes are aga1n the accessory m1nerals
The border rocks classify in the monzon1te—monzod1or1te range.

ATl the satel]ife porphyry bodies‘confain large euhedrai p]agiociase
phenochystsof?compositioh Ahzs to Ah30; many showing strong zoning -

(Plate I [4]).’quartz appears in two distinct phases; as occasioha11
Targe euhedra]hcrystals and as a component of a fine.graihed'qoartz/ »
feldspar late4stagevmatrix: Euhedralj hornblende and biotite account
‘for 10- ZO%EOf the rock. - The model compos1t1ons of the porphyr1es range
: fromgranad1or1te to quartz monzodior1te ' '
Ev1dence of 1atevstage hydrothennal alteration is fouhd ih‘a1most-

all the rock-sampTes from the Nelson batho]ith' Ser1c1t1zat1on of the

p]ag1oc1ase fe'ldspar ﬂwidespread, and dark 'qrey patches of ep1d1ote are also

e
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hfound on the pxag1oc1ase crysta]s It is believed that the Ca needed
to produce epidote is re]eased by the feldspar as it absorbs Na from
the hydrothermal so1ut1ons The mafic m1nerals are also often altered.
Blot1te may be a]most comp]ete]y rep]aced by ch10r1te and epwdote is
‘ found in many samp]es in assoc1at1on with chlorite and appears to be
forming at the expense of hornb]ende o

The samp]es from the xenol1th are distinct from the rest of the
igneous rotks. 'These porphyritic medium grained rocks do not shOW'norma]
igneous textures (Plate IT [4]);the p]ag1oc]ase feldspar is high]y zoned
~and the crysta]s have corroded marg1ns, indicating a non- equ111br1um
assemb]age The amph1bo1e is tremo]1te/actino]ite and it appears to
pseudomorph re11c pyroxene crysta]s Biotite is less prevalent than
'amph1bo1e and there are very few opaque m1nerals in this rock type wh1ch
classifies in the monzon1te/monzod1or1te range.

In conc1uslon, the f1e1d re1at1onsh1ps and petro]og1ca1 eVidence
suggest that:the border rocks were the 1n1t1a1 d1fferent1ates of the crys-
| ta111sing magma wh1ch were pushed to the margins as the.ma1n granod1or1t1- .
mass was enp]aced The porphyries have a range 1n compos1t1on and do
.not all appear to ‘have been intruded at the same t1me but may be char-
acter1sed by. re1at1ve1y rapid movements of magua from depth to the final
position of enplacenent  The xenolith samp]es have a different origin
from the rest of the 1ntrus1ves further d1scuss1on on th1s top1c w111
be de]ayed until the geochemistry of the rocks has ‘been cons1dered
T Hydrotherma] alteration of the northwestern sect1on of the: Nelson batho—

1ith‘appears widespread.



2.3 Geochan1stry of the Ne]son Batho]ith
The maaor and trace element analyses of the 1gneous rock samp]es
are shown in Append1x 1. |
(1) Major elements e | .
| Compared to the average granodiorite (Nockolds 1954) the rocks from
the main body of the.batholitﬁiafe high in Al, Fe, Ca, Na and K. On an
AFM plot (Figure 5) they. fa]] on a typical ca]c a1ka11ne differentiation
‘trend with the border rocks showing h1gher Mg and Fe typ1ca] of early
d1fferent1ates from a crystallising magma. Sample 7.16 is a very late
differentiate and stands out on all the chemical variation diagrams. on -
both the AFM and the MgO VS. SiO ‘(Figure 6) diagrams'the porphyries
"~ plot along the main trend 1nd1cat1ng that differentiation was contro]]ed
by the crysta]]15at1on of the same m1nerals as 1n the main body of’the
batho11th The xenol1th samp]es fall well away from é;e ca]c alkaline
trend ‘and are d1st1ngu1shed by exceptionally high magnes1um'va1ues,‘
'Average values for the Roes]and Group vo]canics'(Beqdoe-Stephens
1977) are also shown on Figures 5 and 6. They plot at the 'early differ-
entiate”aend Qf the calc-alkaline trend: IR : |
(§i) Trace elements -

The trace element concentrat1ons give c]ues to the source and cool- 5

’ .>1ng h1story of the batho]1th. Very low Ni values in a]] but the xeno-

~ lith saup]es are evidence'against'a siﬁp]e.mixing model involving a

large proportion of basa];ic magma for the origin of_these.ea1c;a]ka1ine
rbrocks. | , | o | | : .
| V/Ni ratios (Figﬂ§e 7) are high:k‘> 10) which {s typical for. ca]c-
‘alka11ne rocks . (Taylor et a1'1969) The V content is similar to that

}of tho]ewitic and a]ka11 basa]ts wh1lst the N1 content 1s an order of

Y
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magnitude lower. This preCludes derivation of the batholith from an

a]kali basalt or. tholeiitic basalt by crystal fractionation because v

as we]] as Ni would be depleted in the residual magma. | . ' f
Rb has the same jonic charge as K but has a 1arger fonic radius,

1. 47A compared to 1. 33A During magmatlc crystallisation Rb will be ad-

m1tted by K and therefore. K/Rb ratios wou]d be expected to be hwghest

in the early fractionating rocks. Figure 8 shows that all the border

~ rocks have K/Rb ratios greater than 330 wh11st all the main body batho]1th

'rocks, excedt for sample 7.16, have. K/Rb ratios below 330 cons1stent with the
. theory that fract1ona] cnysta]11sat1on of the magma took p]ace The ‘

high K/Rb va1ues of the porphyr1es are s1m11ar to .those of circum-

Pacific igneous rocks (Tay]or et al 1969)

A]though the porphyry bod1es fo]low the ma1n batholith trend with
regard to major e]ement variation they may be d1st1ngu1shed by the1r trace
element concentrations. They have high V/Ni and K/Rb ratios and have
low Nb, Y and Zr contents. Oh'ue Tdbz vs Fe0 (Total) diagram (Figure 9)
the ma1n body and border rocks show a remarkab]y linear trend but the |
porphyr1es fall on a separate line showing lower Ti concentrat1ons This
suggests that the porphyr1es d1d not s1mp1y form from rap1d1y rising
offshoots of the main ‘Nelson magma chamber ' The 1ack of f1e1d re]at1on- .
sh1ps nake it d1ff1cu1t to tel] whether the porphyr1es pre -date or post- |
date the ma1n Ne]son bath011th but it seems that they werg derived from
a’ s1m1lar magma, but one having h1gher K/Rb and V/N1 rat1os and 1ower
concentrat1ons of Nb, Y, Zr, and T1 than the main Nelson magma The
porphyr1es 1nd1cate that at least two phases of ‘magma genesis occurred
in the reg1on.‘ It is 1nterest1ng to note that the Ross land Group vo]-

canics p1ot on the extension of the o?fphyry trend, . ssibly ref]ect1ng

8
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Fi.gure,& K,0 versus Rb. diagram (symbols as in Figure 5).
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T a comagmat1c reTat1onsh1p between the two Ty

T L

Flgures TO and 11 show that the positive correTat1on between V and
' FeO (Tota]) and V and MgO The early d1fferent1ates are h1gh in V com-
| pared to the main body granod1or1tes as VfoTTows Fe and Mg in the earTy
crystallising mafic. m1nerals The porphyry bodies and: the RossTand vo]-
canics fall aTong the main d1fferent1ation trend |
The distinctive feature of the trace eTement geochem1stry of the. f

xenoT1th sampTes is the except1ona11y high Ni’ and Or concentrat1ons

2.4 Origin.of the Nelson batholith N N v .\'fiw.ﬂm =

The nature of. gran1to1d magq‘.is such . that it ISNthoubht that it
may be’ produced by either di fferentfation or partia] me]l1ng processes
The long-lasting debate on this subJect has been recentTy ‘harpened by
the group1ng of granitoids 1nto I types of 1gneous or1g1n, "and S -types |
of sed1nentary origin, by Chappell’ and wh1te (1974). ' This d1v1s1on is
based partTy dh the reTat1ve1y Tow Na and high Al of S-types refTected
- by more than 1% nonnat1ve corundum M1neraTog1caTTy this means S-types
never contaln horanende ‘In add1t1on S-type gran1to1ds are restricted
to reTat1veTy h1gh S10 contents, greater than 69.5% S-rO2 (ChappeTT
1978), whereas nmny I- types are less s1Ticeous. In1t1a] 87Sr/865r rat1os
also show systematic d1fferences with S- types commonly having 1n1t1aT
rat1os greater than 0.710 (Chappell ‘and white 1974) R "

” The rocks of the northwest marg1n of the NeTson bathothh show a -
Vw1de range in s1T1ca content w1th onTy one sampTe conta1n1ng more ‘than .
“69 5% 5102 ' Corunddm~1s onTy present in the norm of one out of twenty-
four sampTes and horanende is the most abundant mat1c m1nera1 These |

| ~factors all po1nt to an igneous orig1n for the NeTson bathoT1th whoTe -

- S
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rock injtial 87Sr/865r rattos of approximateiy 0.707 fall wefﬁ below the
h1gher va]ues associated with continental crusta] rocks (Fa1rba1rn et a]
]964 Duncan et a] 1979) which rules out the poss1b1]1ty of large sca]e
,-se]ect1ve,fus1on of ancient or Rb-rich geosynclinal sediments as the o
batholith source. The Tow va]ueﬁ 1nd1cate that the magma or1g1nated 1n
- the base of the crust or upper mantle and became slightly enr1ched in
87Sr as it migrated upwards. ' | )

There is ev1dence in the paragne1sses in the core of the batho11th
to the south of the. -mapped area, that parts of the batho]1th were formed
by the metasomatism of pre-ex1st1ng sed1ments However, it seems probable

that these paragneisses are merely remnants of re]at1ve1y m1nor volumes
o of sediments 'digested’ by ‘the magma ‘
In conc]us1on, the geochem1stry and petro1ogy of the rocks from the
: northwest reg1on of the Nelson batholith indicate that they formed by
d1fferent1at1on, contro]]ed by crysta] fract1onat1on, from a ca]c-
a]ka11ne magma The origin of such ca]c alka]1ne magmds has been widely

dwscussed in geoTog1ca] ]1terature Their c]ose spat1a] assoc1at1on

w1th 1s]and arcs the 1ow 1n1t1a] 87Sr/865r rat1os and resu1ts of ‘high

~”_pressure experimental stud1es (Green and Ringwood 1968) have led to the

,be]1ef that the magmas have formed by a two stage process. from the mantle
v (R1ngwood 1974). Oceanic crust is generated from the primitive mant]e at
an ocean r1dge As’ part of the 11thosphere it mOVes down into the mantie
| a]ong a subduct1on zone: -where, at depths of 70- 100 km, amph1bo]1te in
,the crust becomes dehydrated and the water generated causes part1a]
‘-me1t1ng .of the pyro]1te upper mantle adJacent to-the subductlon zone.
These: magnas d1fferent1ate to give the ear]y tho]eiitic stage of istand
arc deve]opment At depths of 100~ 150 km a h1gh partial pressure of

1
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water is maintained in the oceanic crust by ‘the dehydration of serpen-
tinite, Part1a1 me]t1ng produces magmas “which react w1th the overlying
”mantle resu]t1ng in the fonnat1on of low v1scos1ty d1ap1rs wh1¢h rlse
upwards from the subduct1on»zone The diapirs. partially melt to g1ve
the magmas which fract1onate by amph1bo1e crysta111sat1on to produce

the ca]c a1ka11ne phase of 1s]and arc deve]opment '

The xeno11th with high Mg0, Ni and Cr concentrat1ons, is perhaps

a remnant of the refractory material which was not melted when the grani-
toid magma formed. Such refractory components carried upwards by the |

magma, have been termed rest1tes_ by Wh1te and Chappell- (1977)



CHAPTER 3

~ THE SLOCAN GROUP

3.1 Introduction
The S]ocah Group sediments are exposed to the north of thevNe1son

batholith.  They are, for the most part, a sequence of-ghey to black,

-
o
f

massive;argillaceous sediments appareht]y deposited by distal turbidity
currents;with minor slaty, caleareous\and quartzitic.horizohs; The thick-
ness of the Group‘has been the subject of debate. Cairnes (1934) gaVe_ah i
estimatehof 2100' m but Hedley (1952) and Irwin (1951) proposed much greatef{
) thickﬁesses, the latter suggesting around 11000 m. >Cairnes (Ikwin'1952)'
obJected to th1s f1gure on the grounds that maJor repet1t1ons of strata
had been,m1ssed. The author, dur1ng his field studies, noted numerous
~ reversals of dip from the genera] southwester]y direction but these ap-
_peared due to mihpr scaTehfoning. It seems that the tota1 thickness of
n the.Slocan Greup is very great but an»acCUrate figure may not be placed
| on 1t at the present tine o . ‘ o

Fossil ev1dence for the age of the Slocan Group is not conc]us1ve
It appears that the . lower part of the Group is almost certa1n1y of - Tr1ass1c.ﬁ
age wh1]st the upper part. of the Group is g1ven as. provisional S1nemur1an
(ear]y Lower.durass1c) age. This does not conf11ct w1th the K-Ar 1sotop1c.'
age date’bf']71 Ma (Gabrielse and REesoh’1964) for the initial phase of
- the Nelson batho]1th wh1ch 1ntrudes the sed1ments '

Cross bedding, graded bedd1hg_and soft sed1ment deformation struc-

tures”were seen in the turbidites.throughout the sequence. The basal beds
a ’ . o s .

32
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in the northeast'of the mapped area were more’fissi1e and oa1careous
than beds higher in the sequence where, to the southwest of Sandon,
,numerous quartz1t1c hor1zons were noted. The highest beds of the Slocan
Group outcrop towards S]ocan Lake and ‘the Nelson ‘batholith contact
They are again predominantly argil]aceous but contain minor beds of tuf-
faceous origin | ’ | v
The structure of the Slocan Group has been discussed in deta11 by

Hed]ey (1952). The dom1nant feature is a 1arge recumbant syncline termed p
the 'Slocan fo]d' by Hedley. . This is exposed along a 20 km section trending”
northeast and southeast from Sandon Strata in the valleysldips southwest;
“at moderate e]evat1on the dip is Vert1ca1 wh1lst on the peaks the d1p is
northeast and the strata are overturned. The beds thus form a recumbent
bsync]ine with'assooiated local crumpling folds and fau1ts‘of small dis-
placement. |

| The grade of regional metamorphism in the area_is.not as high as
that in the Kootenay‘Arc to the east. Chlorite and biotite are found in
arg1111tés well away from the contact. aureo1e of the Ne]son batholith
1nd1cat1ng 1ow grade regional metamorphism “Within around 800 m of the
ma1n batho]1th contact the metased1ments have been part]y recrysta]]ised
and the development of a w1de var1ety of metamorph1c m1nerals ref]ects ”
the var1ed compos1t1on of the Slocan sed1ments Tremolite was tound in’
more catcareous rich horizons at djstances rang1nglfrom.100 m to 700 m
from the batho]ith contact ACtinolite was identified‘in a sample approrie
mpte]y 300 m from the contact whilst garnet stauro]ite and biotite were
found 1n an. arg1111te from 2 km east of Fish Lake “well north of. the
ma1n bath011th ind1cat1ng the prox1m1ty of a sateI]ite.porphyry body

Contact aureoles'around the porphyry bodles are dependent on the size of.
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the intrusion. Anthophy]iite and cordierite were found in a metasediment
approximately 30 m from the edge of the porphyry found east of New Denver,

from which sample 7.18 was taken.

3.2 Sampling _
;Groups of twenty samples were taken from well exposed sections in
the Slocan Group sediments. Five groups wére collected and their Joca-
)tions are shown as Bl, B2, B3, B4 and 85 on Figure 4. Samples of B]
were co]]ected'at-G m intervals frun-a;continuousﬂsection of arg1111tes
striking at 320° and dipping steep]y*tn the southWeet.' w1thin'the_groupg
significant cdmpositionallyariation is found, which is typical of all |
f1ve groups . Tnin section studies?Showed angular to sub—anguiar detrital
quartz and p]ag1oc1ase fe]dspar gra1ns, Tess than 0.2 mm in d1ameter,
~ with minor ch]or1te and 1ron oxides in a very f1ne gra1ned matrix. Cal-
;c1te appeared to be recrysta111s1ngv1n-the sed1ment
~B2 samples were taken at 4 m 1ntervals from a sect1on very close ;
“to the top of the Slocan. Group and had the same dip and strike as - the B1
group. In th1n sect1on an arg1111te samp]e showed an 1nterlock1ng aggre-
gate of detr1ta1 angu]ar p]ag1oc1ase fe]dspar and quartz gra1ns Max1-
: } mum grain size is 1ess than 0.25 mm and this makes pos1t1ve d1st1nct1ons
between quartz and untwinned p]ag1oc1ase feldspar difficult. In view
of the chem1ca1 ana]yses of the group it ‘appears Tikely that most of the
grains arevp1ag1oc1ase fe]dspar  Small green crysta]s of act1n011te
make up around 10% of the rock ref]ect1ng proxim1ty to the batho]1th and
minor b10t1te, ca1c1te and Opaque ox1des were 1dent1f1ed Group B2
| had the lowest carbonaceous.material content of the sed1mentstsamp1ed'
follewed by groun B1. GroupS‘BB, B4, and BS had'reTatiVely higher car- i
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bonacebus.contents Af ' ' ‘ .,‘y%

Group B3 samples were taken from a cont1nuous ]00 m sect1on south
of New Denver, 1ower down the Slocan Group than groups Bl and B2 but
showing the same genera1 dip and‘strike directions. 'In thin section a B3
argillite was made up of angular'to sub-angu]ar detrita] quartz and fe1d-
spar gralns. dlameter less than 0.20 mm, opaque ox1des, b1ot1te and minor
detr1ta1 calcite in a very f1ne quartz-mica- carbonaceous material matrix.
Chennca] ana1ys1s,suggests that most of the detr1ta1 grains are quartz

Group B4 samples were taken at 3 m intervals from a section of ar-
g11]1tes northwest of Sandon str1k1ng at 310°'w1th an approximate d1p of
50° to the northeast Th1n section stud1es show detr1ta1 ~subangular quartz
grains, less than 0.25 mm in d13meter, in a very f1ne gra1ned micaceous
matrix. B1ot1te rich and carbonaceous r1ch bands were eV1dent along
with minor 1ron/t1tan1um oxides. R » /1- _

Group BS samp]es were taken from a 60 m sectfon east of‘New Denver‘;
where the Slocan sed1ments str1ke at 340° and dip 38° to the ‘southeast.
The pos1t1on of this sect1on near to a sate111te porphyr1t1c igneous
1ntrus1on was ref]ected in th1n sect1on by the presence of porphyroblast1c
5need1es of anthophy111te and xenob]ast]c cord1er1te 1n a very fine
grained quartz/ fe]dspar/graph1t1c matr1x

The typ1ca1 m1nera1 assemblages for the f1ve groups are g1ven in

Append1x 2.

3.3 Chemistry and Provenance
Magor and trace e]ement analyses were determined for each sed1mentary
sample and the results are shown in Append]x 2. Average concentrations

for each element in each group ‘were calculated after d1scard1ng four B1,
)
L
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three BZ two B3 and four B5 samp]es due to except1ona11y h1gh Ca0 and
Mg0 percentages. These averages are shown in Table 1. Factor analysis
techniques were used to give a general picture of the chemical character
of the sed1ments. ) - N
The principal aim in factor ana]ys1s is to reduce an observed set
of re]at1onsh1ps between many’ var1ab1es, in this case. the chem1c91 data
on the sediments, to a s1mp1er set of re]at1onsh1ps amongst fewer vari-
ables which may bevtermed factors. In simple terms, without becom1ng in- |
volved in the mathematics of the method,the factor scores, represented
by one point per sample on the diagram (Figure 12), are similar”tor‘rocks
of similar chemical character. Thus the relative degree of scatter nithin,,
‘the sedimentary groops and the re&ative differences between the groups
are disp]ayed | .
| The principal component matrix factor scores F] and Fé, as displayed
‘in.FTgurellz, express approx1mate1y 70% of thevtota1>var1ance of the data,d
| 1n.this'examp1e Groups B2 and B4 are the most difterent chemically
whilst B] B3. and BS are 1ntermed1ate in character with B3 being most
similar to B4 and T Leing the most similar to B2. F] may be broadly
related to Si0,% with positive Fy’ samp]es conta1n1ng more SjO2 relative
“to negat1ve F2 samp]v Simi]ar1y.?2 may be broad]y related to Rb con-
.centrat1on and K20% , o .'. ‘ _ -
The 1argeLcompositiona] Variation between thef31ocan sediment samples
»‘is typiéa] for beds deposited by turbidity currents (Condie 1967). This.
feature can be most readily exp1a1ned if the- turbidity currents were gen-
erated. from d1fferent regions within a part]y enc]osed bas1n The compo-

s1t1on'of'the_1nmed1ate-source area would then determine theﬂsgmog;ftqon\‘v

~of the sediment arriving at the edge of the basin. With this factor in
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Average .chemical analyses for the S'Iocan Group sediments

37,

(major elements as weight % oxides, trace elements in ppm)

B
-S]'OZ-A ‘ g 60'7
CA1,04 | 15.1

Tota]_ ‘fe as Fe203‘._ 7.6
Mg0 - 4.2
cao ' 5.0
Na,0 3.3
K0 2.3
Ti0, 0.8
MnO 0.1
P,0¢ 0.3
S 0.6
Pb | o3

. Ba R 13 VA

b | | 8 .
Ir 90
Y o 24
sy 462
Rb 58
n 1259
"Cu o 74
N7 33
cr ' 108
v B Y ¥/

K/Rb " 33

A1293/Na20, o 4.57

B2
54.

—
N
P R I A

W
w

1222
70°

506

B3
74.2°
10.

3
1

c o0 OO0 D =P

- os0
884
RV

188

31 -
308

]
9
5

.6
]
2
1

4
.6
7

\

B4
74.0
14.0

4.2

1

A

.58

1.2
1.0
1.7

2.9
0.7
0.1
0.1
0.2

33
| 565
18,
240
28

22

96

23
20
58
7.
256
8.16

BS

66.
]

266
86 -

. 255

65 .
52
116 -
276
270
6.16.



- Figure 12. Principal Component Matrix’factor'scores f0f-groups Bi,‘BZ,

'B3, B4, B5 from the S]ocSh Group sediments,
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m1nd and assuming that the low-grade reg1ona1 metamorph1sm in the region

has been approxwmate]y isochemical, a presumpt1on supported by geochem1-
cal stud1es on Ca11forn1an metagreywackes (Coleman 1965), conc]us1ons
may b drawn on the source region of the S]ocan Group sed1ments
d&}The ef fect of grain: s1ze on the chem1stry of the sediments is not
cons1dered 1mportant as all the groups cons1st of f1ne sand s1zed gra1ns'd
_(1ess than 0. 25 mm d1ameter) in an arg111aceous matrix.
The composwt1ons of the five sed1mentary groups are compared to
the average va]ués\\or bas1c and felsic (gran1tes and granod1or1tes)
rocks, the Rossland Grewp Vv ]can1cs (Beddoe Stephens 1977); the ocean1c
basalts from DSDP 37, hi;e§\332A 333 and 334 (Lambert and Ho]]and 1977)
and to Upper Pa]aeozo1c ocean1c tho]eiites from Clearwater, Br1t1sh
: ‘C01uub1a (Hal Beyer 1976). - The ove;ailxcharacter ot the sed1ments is
| 11]ustrated in terms of K,05 Na20 and CaO a

race;elements are-used as

~indicators of provenance Rb shows behaviour~qf the alkali metals,

‘Ti and Zr represent the heav: mineral component and;Nf\an\?r.fo1low the

™~

termd of KZO Na20 and Ca0. B2 p]ots very near to the f1e]d for basic
~rocks whilst B4 fa]J in the range of’fe1sic rock types. B1, B3 and B5
ahe'intermediate in compoSition with Bl hanngéthe;highest baeic:component
- of these three groups. | o |
K/Rb rat1os of sed1nents are contro]]ed by three main factors
""the K/Rb . ratio of the source reg1on metasomat1c metamorg.. ism of the
sediments and the effectsAof transport -and deposition. ,Dur1ng transport
dand deposition Rb may be concentrated relative to K away from the source

and so when compar1ng sed1ments show1ng d1fferent K/Rb rat1os the 1ower
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ratio may ref]ect a d1fferent source region or mere]y greater d1stance

from the’ same source of the sed1ment with the h1gher K/Rb ratio. qu —
morph1sm may concentrate Rb towards the contact. BZ 1s “the group from
nearest to the Nelson- batho]1th and has the h1ghest K/Rb rat1o (F1nge 14)
o) theﬂeffect here 1svapparent]y not 1mportant; BZ.aga1n shows the most
basic character followed by B1. B4 p]ots'nearest to the fieid of granites
and grand1or1tes There 1s;cons1derab1e var1at10n within the gro‘Ps of
- h S1O % and K/Rb values Desp1te th1s there 1s only minor overlap of
//the groups and no over]ap between B2 and the other groups _
. The var1at1on of T102 and Zr for the sed1ment§,?s shown 1in Flgure 15.
/ i These elements are representat1ve of the detr1ta] component of the sedi-
“‘ments and ref]ect the chemistry of the source reg1on. T102/Zr ratios of‘

the ‘groups display a similar ge0chemica1 pattern to the»previous'p1ots

B2 again has the most bas1c character fo]]owed by B] wh1lst B3 B4 and

RS

BS have a much greater felsic component Once aga1n_there is cons1der-v
.jﬂhable deviation from the average within the groups but norover1ap occurs o

-~

:f#'ibetween the”basfc and the more felsic sediments .” 7

Average Ni and Cr concentrat1ons show a posit1ve and almost 1den-
'%t1ca] corre]atapn with MgO (F1gures 16 and 17) indicating that these

two ' trace e]ements are enter1ng ‘the. ferromagnes1um s1ﬂ1cate phase. (ch]or-'
ite) in the sediments. B2 shows a very 1arge variat1on within the group,
Niland Cr cone tratfons ;ncrease with 1ncreas1ng Mg0% and . decreas1ng
Sibz% and the - :rage for the who]e group “is typical- for that of a basic .
rock.. The other groucs show 1ess internal variat1on - B3 and B4 have con-
centrations typical of granodiorites wh1lst B] and B5 have an 1ntermed—'
1atevcompos1t1on. ,It has been shown by_Go]dberg and.Arrhenins (]958) that

-
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Averages for the Slucan Group sedunents are coxrpared to the Rossland

| vo1can1<;s (Beddoe-Ste

"HB1 and HB2,.aver: "~

s 1977); DSDP 37 (Lalrbert and HoHand 1977);

-

7 high Zr and average Zr. oceanic tholeiite suites

(Hali-Beyer 1976) and the general field for granites and granodiori"ices

(Condie 1967).
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the concentrations of Ni and Cr in sediments derived from a bas1c ‘source

‘ decrease with d1stance away from the source -region and S0 the previous

,resJ]ts may be exp]alned either by postu]at1ng different source regions
for the sed1mentary groups and/or varying distances from the basic
source,

The geochenistry of the Slocan Group gives consisfent but not con-
:chsiye evidence on the}source of the Sedjments. .Any_conc1usipns drawn
.must_be‘compatible with other gep]obica1 aspects of the region. Except
for in the highesf part. of the,s1ocan GrQUp:the most COmmon'non-argil-

‘ i]aceous hOrdzons are calcareous and quartzit1c indicating a depositional

| env1ronment d1stant from a s111ca rich source region. In the highestvpart
) of the sequence tuffaceous hor1zons have been found 1nd1cat1ve of the
re]at1ve prox1m1ty of vo]can1c activity. Fossil ev1dence shows that

these beds have a probable Lower Jurassic age wh1ch is the. per1od when
’the Rossland vo]can1cs island arc was emerg1ng _These.bas1c volcanics,

. or rocks of similar comp051t1on, appear to have been the sourCe Of the B2

group sediments; the youngest sediments samp]ed' S]1ght1y lower 1n the
section, the BI1 group have a ]arge basic component but a1so some fe fic . »y
character poss1b1y becalse the 1s1and arc ‘source reg1on was not fu11y\\ '
. emerged and was therefore more distant from the depositional basin.

| ~The sed1mentskfrom Tower in the Slocan Group; B3, B4 and BS, are.
different geochemically from the younger beds. Al 0 /Na 0 rat1os, sug-
gested by Pettijohn (1957) as a sandstone maturity index, show B4 to be

' the most - mature of the sed1mentary groups, a character wh1ch is conf1rmed

| by the presence of corundum in the average norm for the group (Append1x 2).

“184 was probably derived from a predom1nant1y felsic source of grantoid

. compos1t10n wh1]st B3 and BS are less mature sed1ments from a source similar
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to that of B4 with‘varying amounts of basic source rock contribution,

?

" -;M’3.4 Ore Metals N . gﬁ?'

- .The concentrations of Zn, Pb and Cu in the Slocan Group sedinénts»

are of interest as they are a possible source of the metals in the local
2+

ore deposits. Cu“" donic radius 0.72A) and Zn (ionic radius 0.74A)

average concentrations fo e five groups show a strong positive corre-

lation with a corre]ation coefficient of 0?88 (Figure 18)"and very simi-

lar geochemical patterns when p]otted‘againﬁthe203 (Figures 19 and 20).

L This indicates that Cu and Znh are prebably present in the

same iron si]icate.and'oxide minerals in the Sediment_rather‘than occurring

as djsseminated sulphides. If Cu and Zn were in the su]phide§, they would

be un]tkety to show such.a strong conrelatton as. they do not enten\the

same sn1phide phase. ‘Cu concentrations 1ie»w1thin'the average range for

argi11aceoustsediments whilst Zn concentrations are within and slith]y

| .'above'average'va]ues : Gronpe B2, B3 and B4 show little internal varia-
t%ga of Zn and Cu concentrations BZ has values typ1ca1 of basic rocks,

xtaewhigh S1O2 members of B4 have low Fe203% and Tow Cu and Zn concentra-
tions but the overal] average for the group is typ1ca1 of granod1or1te

and granitic rocks. Groups 'B5.and B1 have the hlghest average Cu.and ZIn.
cencentkationSa With1n-85 there is a strong positive corre]atwon between
f@zo and Cu and In and the high ore metal concentrat1ons probab]y ref]ect
h1gh detrital Cu and Zn values in the iron silicates and ox1des of the

| sed1ment. Bl has the largest internal variation and the h1ghest concen-

tnations of Cu and Zn in the five sedimentary groups. Cu éhd ﬂn concen-

“trations show no correlation with Fe2'03 but are generally higher in the |
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samp]es ~ having high S values and the vahiation may be due to mi nor
amounts of the sulphides in the sediment. |

Pb (Pb2+ ionic radius 1. 20A) concentrat1ons in the sed1ments are at
average crustal levels and show very 11tt]e variation-between d1fﬁeréﬁ§
samples. Pb does wmot cornelate with any other e1ement,ft0r exempie k‘\‘\f
(onic radius 1.33A) (Figure 21) which it often follows geoéhe:hica]]y, |
suggest1ng that the Pb has been remobilised and red1str1buted in the
STlocan Group sed1ments and is probably present in a dissem1nated su]ph1de
kphase, a behaviour- which is comp]etely different from that of Cu and Zn

In conc]us1on the geochem1stry of Cu, Zn and Pb in the S]ocan
Group sediments does not g1ve any indicatidn that the sed1ments ‘are the
source of th;iore meta]s:1n the region. Pb and Zn concentrat1on in ore _:
depositing solutions.is thotht to originate either from part1t1on1ng
between censo]jdating granitoid melts and.their aqueous vapdur phase or
'from 1eachin§ of country rock by hydrothenna] solutions While the geo-'
chemical evidence points to the un11ke11hood of the latter process the '
argument is not foolproof. However, the isotopic compos1t1on of Pb is
more deftnitive than‘simp]e Pb concentration'for detecting genetit rela-

t1onsh1ps between potentwa] source rock and ga]ena depos1ts and a 1ead

'_1sotope study of the reg1on is the topic of the fo]]ow1ng section.



© 52,

/o
60 — +
507 T
E -
% N
- 0 40T +83 T
. ac , - | \1\85;\\\ ,
+82 Bl +B4 T |
30+ | g - T
20— — \
10 20 30 ] 4.0
| KO % ' -



CHAPTER 4

LEAD ISOTOPES
o AN

.

~

The Pb4in-Ag mineral deposits of the region”are found in both the

S]ocan Group sediments and the Nelson bath011th They are mo ’abundaﬁt
in the former.where they are predom1nant1y f1ssure depos1ts showxng\\\r1—
able amounts of wall rock alteration. Their geology has been descr1bed "~
in detail by var1ous authors }nc]ud1ng galrnes (1934) Hedley (1952), .
‘and Litt1e4(19od) and a denetic re]ation;hip between the ore deposits and
- the Nelson batho1ith has been iﬁbﬂjed' However EyTea (1967) -has questioned
thi's genetic link. Therefore lead 1;oto e stud1es have been carr1ed out
to try and help c]ar1fy the problem of ore \enes1s
The 1ead 1sotop1c compos1t1on of seven ga{ena and two pyrite samp]es
% "were.measured and the results are shown in Tab]e 2. The maximum-£ tandard
"errof,'a'combination of 204Pb measuriho error and‘fractionation error,
is Oa]% per mass unit and is corrected for by norma\351ng the ratios to .-
Lthe5NBS 981 -Pb 1sotope standard Prec1s1on (20) of .the results is shown
1n the tab]e and ?&mple tocations are displayed in Fgure 4  The data
is p]otted-pn 2 convent1ona1 207P /20 Pb vs. 20.6Pb/204Pb dlagram (Figure
22}; A]so shown on the d1agram are the pr1mary ore-lead growth curve
from Stacey and Kramers (1975), previous data pub11shed by - Reyno]ds and .
Slnc]a1r (197]) on ga]enas from the area and K- fe1dspars from the Nelson
batholith, lead 1sotope f1e1ds def1ned by Zartman (1974) and lead 1sotope: |
-‘ composition ranges from Iceland and the Canar1es (Sun and Jahn/]975)

The lead isotope abuhdances genera]]y coincide w1th those determined by
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 TABLE 2

’ISotopic compositioh§of lead from galena and py

or w1th1n the Nelson batholith

!

54,

( rrors shown are —20‘measurement prec1s1on)

(A]] rat1os norma11§ed to the NBS 981 Pb 1sotope standard)

*

18.963

. 17.643

N L R L L+

1+

(pyrite samp]es have -py suffix)

207

-15.685
 15}614
15.672
15.658
15.642
' 15.631

15.608.

15.669
15.579

Pb/ZOQPb

t0.016
Y o.008

T 0.024

£0.032
to.012

T o.014

¥ 0.008

t 0.008

* 0.008

~38.899 1

- 208

*39 020

739 505

39.103
38.985

39.127

39.030
38.824
38.500

Pb/

rite samples from near :

204

t4+ t
o

1+ 14+ 1 F 14+ 14

t+

Pb

.044
.018
058"
100
028
.028
008
.036
.020
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_ ,& ‘
Reyno]ds and Sinclair except that one sample from the Ainsworth camp (OL)

has a distinctly higher 297 204

Pb/""Pb ratio. Almost all the Sandon and
Nelson batholith samples plot to the right of the pr1mary ore-]ead growth
cdrve whilst the Ainsmorth ahd Bluebell leads have considerably less
radiogenic isotope ratios. U N

When only a small number of hesu]ts are available tTe usua]tapbroach
" in lead isotope studies is to"uti1tse a~pmév19us1y,descnibed model which
is capable . ef exp1a1n1ng the observed jsotope abundances. Where the data
def1nes a ]1near re1at1onsh1p, the gradient of the line represents the
20'7Pb/206Pb ratio generated by rad1oact1veﬂdecay in the source rock from
which the leads derived their 1ast‘radlogen1c ‘component. This two stage

model for the or1g1n of the]ead was described by Russell and Farquhar (1960),

and is the one applied by Reyno]ds and S1nc]a1r. The grad1ent R is given

.
- ) l -

by the formula: - . -

R’= ] (e>\'| t] _- e)\] t2 ) “
©137.8 : (ext,—- ,extal
235

Where %4' is the U decay constant,

A is the.238 U decay constant

~

4y is the t1me when the source rocks became a closed system with
respect- to U, Th and Pb,
"1y is the time of'mineralisatjon.

a

The t1me of . m1nera11sat10n was shown by Hed]ey (1952) to be. short]y
after the emplacement of the batho]1th and was assumed to. be 150 Ma,
from. wh1ch Reynolds and Sinclair obtained a va]ue for t of. 1530 - 100 Ma,
‘but more recent]y determ1ned uranium decay constants change thls age to |
. 1450 - ]QO Ma. Hence it was reasoned that the rad1ogen1c component of

Pl . f
’ i
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the ore and rock leads was generated in sp#rce rocks between ]450 Ma

and 150 Ma ago. The Nelson rock leads and the ore 1eads In spac1a11g§v"3iy _
i, ’ i

‘Wyrrelated A deep .

re]ated ore depos1ts were inferred to be genet1¥p

i

crusta1 lead source, 4w1th variable contam1nat1on of magma and ore so}ut1ons
by rad1ogen1c 1ead dur1ng upward mpvement through upper- eru;tal rocks,
according to- Reyno]ds and S1nc]a1r, explained the ‘observed lead 1sotope
abundances. | 4

Atthough the nem data.presented‘approximate1y eoincide. mith Rey-
nolds and Sinclair's the appjicabi]ity of their model is quéestioned and '
an a]ternative mode suggestad Bluebell and Ainsworth 1ead 1sotopic
rat1os are cons1derab1y less rad1ogen1c %han those from the Sandon camp
and Nelson batholith, wh1ch 1s not to be- expected if in fact the leads
are re]ated genet1ca]1y Also the grad1ent of the rad1ogen1c lead line

and 1ts va]1d1ty must be quest1oned because of the high 207py, /204

Pb/ Pb-ratﬂo,
for the one Ainsworth camp;samp]e measured.

Over the 1ast'fifteen years the‘isotope division o? the U.é. Geo=j‘
logical Survey has been determ1n1ng the lead 1sotop1c compos1t1on of &
large number ofp]uton1cand volcanic rocks and ore deposits from the Cor—
- d111era of the western Un1ted States Three discrete prov1nces have been
def1ned by Zartman (1974), by characteristic patterns in the lead 1sotop1c
.comp051t1ons of these Mesozoic and Cenozoic rocks and hydrotherma] ores.
The 1sot0p1c compos1t1on w1th1n each province reflects the geo?ogy of the
-.source reg1on from which the 1ead was derlved

As well as ‘the var1ous lead 1sotope patterns dependent on the source
of the ]ead there are variations.in 150t0D1C compos it on dependent on

the age of the 1gneous rock or ore depos1t However these effects are

nonna]]y only apparent when age d1fferences of at ]east several hundred



/ .. B/f’"“f‘
| |

r e

regional isotopic character1st1cs seem to dom1nate there re Mesozoic

million years are compared w1th age differences of less than 200 Ma
0
and Cenozoic resu]ts are used W1thout t1me resolution.

o ~ The aforementioned prov1nces are shown‘on Figure 22 \as Area I,
Area 11 and Area ITI. In Area 1 there is a tendency for the lead to be
depleted in its radlogen1c component {elat1ve to the hypoth t1caI primary
ore- -Tead growth curve. This requires a source region in which the U/Pb

ratio was IOWered dur1ng part .of the lead isotope development. The Tow
U)Pb ratios’ of certain deep]y eroded craton1c areas and the common close
'assoc1at1on of Area I type lead with outcropp1ng basement rock 1mp11es
that Area I contains lead der1ved pr1nc1pa]1y from.the Precambr1an\base-
ment. W1de ranges 1p 1sotop1c coggos1t1on of ore Ieads resuIt from the
addition of upper crusta] rad1ogen1c Iead as hydrotherma] squt1onS migrate
upwards through the: crust. | ’

Area 111 is typ]f]ed by Iarge pIuton1c masses, vo]can1cs and th1ck
eugeosync11na1 sequences of Mesozoic and Cenozoic rocks, many resembling
typical island arc asSembIages rich in volcanic detritus. Igneous rock

and ore leads. have only a small range in 1sotop1c composition in a fie]d

that essentially coincides with that of oceanic basalts. Whilst oeeanic

207 204 206, ,204

basalts reveal sIIghtIy Tower Pb/ Pb/; Pb

Pb ratios for given
than Area III leads, pelagic sed1ments and ‘basalts pre;umab]y aItered by
" sea.water 1nteract1on appear to be similar in, lead isotope compos1t1on
to the Area III Teads (Annstrong and Cooper 1971). The preponderance of
p]uton1c and voIcan1c rocks and assoc1ated sediments of eugeosync]1na]
origin 1mpI1es‘a lead source mater1a1 reIated to new continental growth

4
Subducted peIag1c sediment and/or basa1t1c oceanic crust couId suppIy the

< -
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lead by a process. where the subducted rocks me1t and return as igneous
rocks in the isTand arc environment. Area IIthntains lead-derived from
sediments erodeo from adjacent Precambrian roéks.but as none of the
samples measured fell in this-region it w111 not be further cons1dered
From the descr1pt1ons of Area I and Area III it seems that Tead
isotopes may provide a conven1ent method of indicating the pogsible ex-
tent of the Precambrtan basement, where it is'not exposed at the surface,
as well as.giving,important information on ore genesis. o
The rock leads and ore leads assoqiated with the Nejson batholith
~clearly fall into two groups. Sandon ore and Nelson batholith 1eads all
piot within Area‘III. In -agdition the Tead.is in association with plu-
ton1C'rocks (the:Ne1SOn.batho]ith), volcanic rocks (the Rossland Group vol-
canics, to the south) and eugeosyne1ina] sediments (the Slocan Group)
which are all character1st1c of Area III fhe Tead 1n these rocks and
ores is thus presumab]y der1ved from a source assoc1ated w1th new con-
tinental growth poss1b]y subducted sed1ment and/or basaltic oceanic

5

crust. Alternat1ve1y, the - 1ead may be of mant]e der1vat1on and be con-
~ .
tamlnated w1th vary1ng sma]] amounts of upper crustal radlogen1c lead.
¢

Bluebell and A1nsworth ore 1eads “which have a d1fferent origin, fall
in Area I; that 19; 1ead derived from the Precambrian basenent with a low
U/Pb rat1o | .

The genet1c 11nk between the Sandon ores and the Nelson batho11th
seems to be clear, the Tead in both be1ng of oceanic association. In
order to explain the oceurrence of Area I lead, the hydrotherma] system
‘assoc1ated with the Nelson batholith must have passed through the Precam-
br1an basement beﬁow the eastern part of the region and remob1]1sed the

Area 1 lead of the B]uebel]_and Ainsworth ores.
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The position 6fﬁtﬁe edge of the craton in the Western Cordillera

is a mugh debated topic. The occurrence of Area I leads in the east of
the region and Area III leads further west implies that the western edge
of the craton is in the vicinity of Kootenay Lake. This agrees with the

conclusion ofvPrice (1979) drawn from his deep structura] work on the

.soughéai§e@n'Canadian Cordillera




CHAPTER 5
CONCLUSIONS AND DISCUSSION
- The most significanf:%onCIUSions arrived at in the previous chapters

are summarised below:

1. Th: Nelson batholith differentiated from a calc-alkaline magma which

orfgfnatéd in the mantle wgdge above a subduction zone.

2. The‘Slocan Group sediments have a distinct two-fold division with re-
gand to~theirisource./ The highest beds in the'sequence wérg derivnd from
a basic sourcé rggion whilst the }ower'membersvhad a moré.highly siliceous
source. Ore metals in the sediments havé“unexceptional concentrations
a]tnough Pb-behéves diffe?en;]y from Cu and In, pfobab]y océurring aé-a
disseminated sulphide phase whilst Cu and Zn. enter f erromagnes i um si]icnte
minerals. - _

_.3. Thé ore-lead is shown to berf dual origin by isotope abundances. In
all buf the éas;grnhost'deposits in/the region the lead is of 'young'

207 b/204

oceanic affinity charé¢terised by the narrow range of Pb and

206Pb/204

Pb ratios just to the right'of the primary ore-lead growth curve.

The depos1ts of the B]uebel] and Ainsworth camps contain much less rad1o-
v

gen1c lead w1th lead der1ved at” least in part from the Precambrian basement.
The aboye features of the geo]ogy of the region w11] be fitted into
an 1s1and arc mode] for the evolut1on of the region dur]ng Late Triassic
to Middle Jurass1c t1nes | |
The tecton1c evolution of the Canad1an Cord111era of southern Br1tish

Columbia has been described in terms of- p1ate tectonic concepts by Monger )

et al (1972) and Griffiths (]977)}_ By the late Penn1an'an1arge Wedge of
. " ) . N N
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c1ast1c sediments flanked the western edge of the North American craton end
an ocean basin of unknown width lay to the west of the continent. Sub-
duction of oceanic crust had apparent1y not yet begun.‘ Extens1ve vu1can1sm
commencedwnn the Middle Tr1assic along two 11near belts. the N1co]a-Tak1a

“volcanics of the Intermontane Belt ‘and the Karmutsen vo]can1cs of the In-

Y

sular Belt. Monger et al (1972) suggested that the 1atter5were ocean1c ‘]

~ tholeiites and that the former were erupted above an easterTy dipp}ng sub- o '

duction zone whilst Gr1ff1ths (1977) proposed an a1ternat1ve 'doub]e sub- -
\ duction zone' model for the generat1on of the two vo]can1crgroups ~1In
Upper. Triassic t1mes the focus of magmatism sh1fted eastwards from the

“Nicola region, possibly due to the growth of the arc- trench gap with time

‘“(D1ck1nson 1974) and the calc- a]ka11ne Ross]and pyroclastnc r1ch vo]canics
were erupted in the Lower Jurassic. They typ1fy the 1ater stages of the
Nicola-Takla arc and, relative to the Nicola Group, occur in a 'back arc'
setting apparently related to the transition zone between a subsid1ng bas1n.
the Rossland Trough, based on oceanic crust and a‘positive’belt to the
west. - . |
From the Jurass1c onwards the subduct1on zone shifted westwards in

response, accord1&g to Monger et_a] (1972)_ to the ear]y opening of the
North Atlantic pushing the North American craton westwards and sealing
off the old subduction zone. Gr1ff1ths (1977)'proposes thet the double -
subduction zone was only: trans1tory and ceased when ' the 1nterVen1ng oceanic
crust was consumed. The M1dd1e Jurass1c calc- a]ka11ne magmas wh1ch formed \H
“the Ne]son batho11th were probab1y generated before. the oceanward off-
stepping of the subduct1on zone.

'5‘ The local geo]ogy of the northwest margin of the Ne1son batho11th is
fitted into the regional. pwcture with the aid of three sketch Cross sec-

e
)
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PERERS e ‘ : '
tions of Upper Triassic, Lower Jurassic an< Middle Jurassic times.

In the Upper Triassic ( Figure 23) the STocan Group sediments were
probably derived from the feisic Castlegarvgneisses to the west although
it is possible that the source may have been to the north or east. Futurev :
studies on current d1rect1ons could he]p so]ve this problem. Varying
m1nor contr1but1ons from a more basjc source rock, possibly the Kaslo
Group vo]can1cs, occurred as the sediments were dep051ted as distal tur-

. b1d1tes in the Ross]and Trough. By the Lower Jurassic (F1gure 23), the

evo1ut1on of the Ross]and volcanics {island arc prov1ded a basic source

| rock for the uppermost beds in the Slocan Group . Overal] compress1on between

_ the oceanic and cont1nenta1 p]ates initiated fo]d1pg 1n the Proterozoic
and Pa]aeozo1c sed1ments of the Kootenay Arc. Cont1nued compression.of
the region dur1ng the Middle Jurassic resu]ted in the folding of the Slocan
sedwments The Nelson batholjth, generated above the subduction zone, was
intruded at this time (Figure 23). The hydrothenna1 system assoc1ated
with the batho]1th contained lead of oceanic aff1n1ty and, in the east of
othe reg1on, remobilised lead from the Precambr1an basement It is probab]e that.
th1s lead was deposited in the ores of the Bluebell and Ainsworth camps.

The tecton1c settlng has been discussed in more deta1] by Beddoe-- ;
Stephens (]977) who defines the 'Ross]and Break' fault zone as the boun- | \\\
“dary between the dep051t1ona1 trough and the pos1t1¢e area to the west J
He proposes that.;he Rossland magmas were probably focussed alorg th1s
line o#/weakness ;h:ch was possibly a southern continuz “ior f the Pinchi —
fau]t Zone. | The 'Rossland Break' may therefore also represent the site of
subduction which caused the generat1on of the ear]y Mesozo1c Kaslo vol-
canics If this is so then’ Archaean cont1nenta1 crust cannot extend west

of the Rossland area: wh1ch 1s in agreement with the conclusions drawn from .

the 1ead 1sotope work of this study. ‘}

\
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.Figure: 23 Sketch cross sections for the region during Upper Tr1ass1c,

Lower Jurass1c and Midd]e Jurassic times.
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APPENDIX 1
Chemical ana]yses, approx1mate moda] analyses and norams of the Nelson

batho11th samples

. Samples 7.1, 7.2, 7.3, 7.6, 7.7; 7.10, 7.12, 7.13 are from the main body
| “.', \;- >‘ ' S ' : of the, bath011th

”Siggjes 7.8, 7. 9 7. ]4 7. 15 are from the border rocks ; _
| S

R

‘Samples 7.]7, 7.18, 7:19, 7.20, 7.21, 7.22, 7 23, 7.24 are from porphyry ,
Lot . S - ‘bodies.
. Sample 7.16 is the hololeucocratic granite. |

[

?35 Samples 7.4, 7.5 ére from the xenolith.



7 Mno

a) Chemical analyses (major elements as weight % of oxides,

7.

trace elements

326 -

in ppm).
. Sample ' ‘ '
Number 7.1 7.2 7.3 7.4 7.5 7.6 7.7
50, - 67.00 66.61 66.81  56.02 54.64 529 63.24
A0 15,52 16.55 15.58  13.47  13.27 16.23  16.62
- Total Feiaer¢203 4.12 3.57 4.00 7.68 . A99 " 4.50 5.09
“Mg0 1.21 1.19 % 0.99  10.25  10.22 1.78 . 1.89
ca0 327 444 47 479 6.3 473 54T
Na,0 3.63°  4.35 426 240 254 348 13.67
K,0 5.46  2.61° 3.3¢ 3.9 350 p95 - 2:95
' 'Tioz ©0.50 0.41 0.51 - 0.88 . 0.96 0.55 0.61‘
| 0.09 0.07 - 0.10 - 0.12-  0.13 5.12 ~0.13
P,0; 0.19 0.19 0,23 0 0.39  -0.40 0.36 0.3
S 0.01  0.01  0.01  0.02 . 0.02 . gz 00
ST | 0 33 37 33 33 37 37
' Ba . M9 1063 911 - 1540 1164 155 1220
Nb - 28 20 36 23 18’ 25 33 !
Zr TR R ) 195 148 - 147 130, 150
Yo | 20 13 21 19° 19 16 19
s» 658 73 1050 . 594 736  -766 788
R .. 4. -8 .93 128 79 75 76
e 8 58 % - 113 100 g3 88
Cu . 9 4 180 27 g 7
M g 58 . s w0 238 . 4 6
Cr o 12 .. 7. 12 458, 431 . .- g 7
v R 63 .~ 50 270 110+ 113 95,88
VINi . i2.6 1000 140 0.5 05 1g.g 2.6
K/R o 240 255 299 258 ° 368 322



S

K/Rb .0 .335 0 41T

/ 72,
|
Sample ' :
Number . 78 7.9 70 7.1 7.2 7.13  7.14
5105 . 53.81 52.00 62.80 65.76 65.24  65..9 62.91
A1,05 15.49 13.30 - 15:81 15.58 16.17 16.14 14.64
Total Fe as Fe,0; 10.22 * 11.67  6.08 4.42  4.65  4.25 5.83
‘Mg0 | 521 6.51  1.88 1.00 1.19 1.06  2.59
Ca0 6.46 ~ 9.62  4.04 4.06 3.57 3.38  5.43
Na,,0 3.82 2.3 4.0 3.88 4.26 3.94  3.69
K,0 . 2.99  2.06  3.95 4.4 3.9 527 3.6
Ti0, ' .13 1.3 0.87 0.54 ~ 0.57  0.53  0.69
Mn0 0.17  0.23 0.14 0.10 o0.10 ,0.2 0.7
PO - 0.68 0.8  0.26 0.18 -o.zs// 0.17  0.44
- 0.02 0.07 - 0.07 0203 0.06/. 0.04 0.03
Pb 30 36, 33 42 _ 37 43 37 "
Ba ‘ 1161 1152 1039 1273 1343 1799 1231
Nb R 18 4 M 40- - 47 . 16
- Ir i 132 78 251 23¢ 237 228 121
Yo \ 19 30 29 27 26 26 17
se 1382 * l065 1082 1077 1186 915 . 1062
RO - 74 412 1% 133 104 150 79
Zm . 126 136 127 92 107 15 89
tu . 54 . 6. 17 9 200 16 30
NG 18 . 18 2 6 72 3
cro 53 BB 18 00 .14 9 . 3
v 219 .29 63 63 63 50 S150
SN ¢+ 122 0163 315 105 L9 25 e 15
33 417 282 277 34. 2917 - 378
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" (\,_K/Rb

«

Sample ‘ : :
Number: 705 7.6 7.7 7.18 . 7.19  7.20 | 7.2
si0, 60.75 71.99 60.86 59.57 65.93 65.21 65.60
A1,0, 14.54  15.59 ]4.80 15.14 15.19 15.20 15.46
Total Fe as Fe,0,  7.03 1.12  6.09 7.80 4.37 4.84  4.58
Mg0 - 3.14  0.31 " 2.49  3.40 1.53  2.01  1.65
Ca0 6.24 0.97 6.52 6.65 4.81 5.02° 4.17
Na,0 3.63 5.43  4.53 3.2 4.19  4.03 3.9
K,0 317 4.38  3.61 3,08 3.09 2.8  3.29
Ti0, 0.82 0.12 0.54 0.59 0.42 0.42 0.42
MnO 013 0.03 0.15 0.17 0.12  0.11 0.3
P,0; 0.55  0.04 0.31 0.42 0.25 - 0.26  0.20
S 0.01 0.0 '0.10 0.05 0.0 0.05 0.3
s 33 40 . 33 33 37 37 18
L gu 1223 1493 . 1354 133 1557 1533 - 1704
Nb 16 13 11 10 15 13 1
Ir 136 120 102 69 107 8 119"
Y 176 14 1 131 12
Sr, 1167 137% °© 972- 672 88 888 1140
Rb 57 87 83 60 . 55 56 . 68
"In 95 1M1 79 98 156 8. - .
Cu 172 2 m 32 9. -
.M 14 2 5 4 ‘4 3 -
Cr 43 -4 26 18 16 19 --
SV e 183 19 25 163 88 113 -
VNG M6 95 25 408 22,00 37,7 -
461 417 316 . 426 " 466 - 422 402



455

Sample ' ..
Number . 7.22 7.23 7.24
S10, | 63.10 64.64 63.05
A1,0, 15.46 15.00 15.13
Total fe as Fe,03 . 5.95 5.66 6.28
MgO 258 2.54 2.9
Ca0 “5.19 4.65 5.1
Na,0 ~3.61 . 3.52  3.16
K0 , 2.8 2.9  3.15
Ti0, : 0.47 0.47  0.53
MnO 0.35 0,08 0.08
PO 0.31 031 0.34
S. . 0.11  0.16- 0.25
Pb 13. 1 39
Ba 1477 1639 159
Nb 108 8
r - | 89 “96 91
Y | 12 12 13
¢ 883 | 82 822
Rb 58 5 61
K/Rb - 409

429

74.
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b) Approximate modal ‘analyses.

| 71 72 7.3 7.4 75 1.6 1.7 1.8 7.9
Quartz 20 20 20 . <5 <5 15 10 <5 <5

4]

. Plagioclase 50 45 55 30 3% 60 60 35 40 .
Feldspar ' :

K Feldspar 20 20 10 20 15 20 20 . 2% 15

"Hornblende minor 5 15 30 [ 40 -.mindr 35 40
e . O

B ~iite & 5 20. 10 - 10 <5 <5
o |

Chlorite - 5 5

Epidotev ‘minor minor L > minor ﬁinor ,

& accessory:sphene and opaque oxides
i .
' bk o x

&:7,:.'45': )

740 7.1 7.2 7.3 7.4 7.5 7.6 7.7 7.18
Quartz ' j0 20 25 . 200 10 - <5 - 30 10 15
"‘P1agioc1ase 4 T '

‘Feldspar + 60 . .50 45 45 45 . 45 30 55 55

CFeldspar 20 15 20 25 25 25 . 40 15 . 10

_'Hornb1énde ‘ 10 ' 10 25” S minor*f~'
e -Biotite ¥ oo T 20 20

Ch10r1te 10 - 5 <00 10 5  minors ‘«;4137,

Ep1dote 4ﬁ§ minor ‘minor minor minor minor minor. minor.

& accessory sphene and opaque oxides »



7.24

K*accessory sphene and opaque oxides

7.9 7.20 7.21 7.22  7.23
N ¢ - | 'd :
Quartz 30 30 25, 15 20 20
Plagioclase : ‘ - :
Feldspar 50 50 - 85 50 50 50
K Feldspar 10- 0 10+ 15 15 15
Hornblende 15 10 15
/ .
Biotite | 10 5 5  minor
~ Chlorite 10 10 minor "
"Epidote  minor - minor . minor minor minor

- 76.
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APPENDIX 2 v

Chemical analyses, mineral assemblages and norms for the Slocan Group
sediments - @‘
a) Chemical ana]y_;e's ) 3 N .

(major elements as weight % oxides, trace elements in ppm. ND = not determined)

Y
1%,

Bl Sample No. 1.1 1.2 1.3 1.4 1.5 1.6 1.7

5102 . 74.50 73.88 60.42 54.78 62.52 68.63 60.25
A1,04 12,92 - 8.50 -16.91 16.46 14.68 13.00 15.94
Total Fe as Fe,05 3.76  5.34 ° 6.74 859  6.60 6.12 9.5 -
Mg0 v 1.76  1.36  4.07 6.33  3.41 . 2.54  4.40
ca0 114 7.8 399 6.64 570 . 3.43. 2.2
Na,0 | 1.5 0.76 3:.42- 3.03 ~3.61 3.08 2.7
K0 3.32  0.64 2,59 ~ 2.52- 1.66 1.68 2.7
Tio, 0.66 0.40 0.62 0.87 . 0.65 .0.55  0.66
MO  ° 0.04 0.0 0.07 0.18 0.08 0.07 -0.08
PO5 0.18  0.15 0.22 0.3 0.25 0.18 0.28
s . 0.54 1,03 093 027 0.8 072 1.72
o .
-Pb . 22 27 33 33 33
Ba 1865° 293 1820 2515 1352
Nb 15 1 - 6 5 .7
Zr o 130 137 106 jo- 89
Y . 3% 36- 2 21 .25
Cse” T T s 291 391 613 508
RO . CT92 23 o 64 . 76 37
I 523 791 - 127 232 188
Cu, - .73 106 .6 52, 89 ,
NG - 85 28 2 21 34
“Cr = 165 43 37 130 90 N
v 475 175 200-- 181 .75 . 288 475 . . %



- 1.8
SiO2 58.98
: A]ZO3 14.64
Total Fe as FeZO3 6.63
MgO0 3.47
Ca0 7.35
Na20 . 2.18
KZO 1 4.05
T102 0.76
MnO 0.10
P205 0.33‘
S 1.50
Pb T 36
Ba 1203
Nb -7
ir 9]
Y 29
Sr 267
Rb 95
In 133
Cu 9]
Ny :‘95
Cr. ’ _/74
. 315

1.9

50,19
13.21
10.88
9.98
11.40
2.49

0.34

0.85
' 0.18
0.24

- 0.23

ND
522

66
17
526

133
57
201
704
ND

639

112
1M
" 56
193
ND

1.1

54.08

" 16.38 -

10.09
6.21
5.06
4.26
2.10

0.15
0.33
0.23

33

- 1918

8
77
20

565

38
122
72
14
174
263

1.12

102

54,48
16.17
9.57
7.7
- 4.60
3.86
2.67
1.00
0,72
l0.29
0.07

30

1840

76
20
564
47
114
28
32
137

200

80.

W,

33
2560
7
62

16
509
45
469

96

46
133
350

O O O —= N A O 0w O

30

2399

4

88

19
694
48
111
46
26

.14

.05
.50
.36
.48
.55
.23
.12
.03
14
.33
.22

110

200



S'iO2

A1203

Total Fe a§ F-:.ZO3

Mg0

Cal
. Na,0
3
;k\KgO
/’ T102
¥ Mn0

P30
&

Pb
Ba:
Nb
Ir
Y
Sr
Rb_
In
Cu
Ni
Cr
V.

248
64
28
82
1300

52.45
7.92
6.49

3.08.

24,33

2.42

1.55

0.81

0.23

0.32 -

510,31

* ND.
513

120

"
415
35
348
45
20
47
ND

476
29
354
63"
25
63
ND

54,
16,
.06
.24
.77
.62
.80
.93
.15
.32
.15

el

O0.00-—'#O\U'I

33
933

82
20

58
104

35
17

76
f194

18

62
34

540 . .

1.19

- 61.
14.
7.

3.
5.
LA
.63
75
.09
.22
.48

o o O O

- 33

561

75

79 -

74
57
60
02
11

20

608 -

45
410
66

171
319

10%9
C s

8l.

O 0O 00O — s B NN

W b
w*

.20

.63
.03
.66
.32
70
46
.85
.84
.12
.30
.08

78

20
677

36

103

34
17
78

163

it




P 82,

B samkrw. 2.1, 2.2 23 24 2.5 2.6 2.7
NS 54.92  60.81  57.00 50.18  49.35  49.32  65.05
1,0 16.54° 1478 16.97 15.14 1446 16,50  12.29
Total Fe ‘as Fe,0,  9.43 6.86 7.86 9.78 10.20 10.69 8.08
Mg0 S 5.43 3.3 4.3¢ 1146 11,98 10.3§ 5.6
Ca0 ,5\\ . 5.87 6.04 5.10. 6.0 7.10 4.72 . 4.05
Na,0 ‘\' o 5.40 5.96 5.90 4.17 3.86 N 3.78 2.05[>
K0 N 0.81 075 135 1.8 176 31 168 C
Tio, N 095 0. 0.85 0.8 ~ 0.83 _ 0.99  0.70 °
Mn0 05 010 0.3 0.14 /f~—UTT6ff// 0.15 - 0.10
POs 031 030 028 027 0.2 .33 0.4
s - 0.18 0.28 0.22 #-0.08 0.2 .03 0.25
, - S e o | § .
Pb S 33 ¥ 3 - 27 28 23
Ba 672 866 . 1284  s5gs B2 1036
N 6 9 g 5 . 2 g
r . 72 103 8- 53 44 50
v 18 23 18 19 16 21
se 645 . 564 671 453 633 349. . 3
Rb | 18 N 25 8 g 63
;. 108 1% 100 83 8 g
w 35 53 14 93 72 90
Mo 26 2] 4 a7 75 19
cr S 116 57 . 51 3% 333 305 168

v a3 213 167 213, 181 181 150



83,

v 2.8 2.9 2,10 2.11 2.2 - 2.3 2.4
$10,  57.28  47.02  50.81. 50.35 48.87 54.03  48.66
AT0, C. P1574 0 1283 1403 1222 01469 14760 12.41

_ Total Fe as Fe,0; 8.02  11.26  11.00 10.83  11.25° 9.85  11.28
Mo 6.42 16.07 ' 9.68 14.49 11.51 . 7.26 16,02
ca0 5.27 - 9.7 8.85 8.63 ' 818.. 7.15 . 7.91
Na0 - o2 139 - o250 124 2.1 3.23 0 1.3]
K,0 369 - 1.14 0 1.33 0 0.94 - 1.70-. 2.03 1.3
Ti0, 0.83 . 0.84 1.1 0.75 . 1.00 1.07° - 0.75
-Mn0: 0.08 . 70.19. .0.177 -0.21 - 0.20 ~  0.15. "0.22"
POs 0.26°- 0.23 ~ 0.33 025 . 0.3.. -0.28  0.25].
s 0.3 008 000 . 0.09 0.7 0.9  0.08
P 3  ND. 3. 33, 33 2 - - N
Ba | 3165 1481 1363 . 981 1041 1595 - 1221 |
Nb 7 4 3 /;4 S AN ST S
Ir e a8 73 e s7 6. a4 ol
Y ’ 26 18. - 18 !]5’ 17, 16 T6 T =i
sr 450 324 509 . 286 421, 569 269
R 60, 28 0 24 .22 50 |3 25
Zn’ 140 102 86 98 16 | 1017 101
cu 68 66 3. 7 464// k2 a7
Moo, 28 27 a7 208 16 45 " o4
o 99 490 . 305 510 470 140 - 561"
Vo 200 ND;.200 275 . 220 ‘207 {"f N
o R |




