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INTRODUCTION

Pre cious-metal–rich polymetallic mas sive sul phide
de pos its are at trac tive ex plo ra tion tar gets be cause of the
high value of the ore and eco nomic re sil ience from in di vid -
ual com mod ity price vol a til ity. Pre cious-metal–rich poly -
metallic mas sive sul phide (PMPMS) min er al iza tion at the
Rock and Roll de posit (BC Geo log i cal Sur vey, 2009;
MINFILE 104B  377), lo cated within the Coast Belt of
north west ern Brit ish Co lum bia, is stratiform and is in ter -
preted as volcanogenic. How ever, the PMPMS min er al iza -
tion is spa tially as so ci ated with a diorite sill and dike com -
plex, which is lo cally char ac ter ized by wispy veinlets and
dis sem i na tions of the same sul phide min eral as sem blage.
Re solv ing the pri mary con trol on min er al iza tion is im per a -
tive for suc cess ful tar get ing of ex plo ra tion ef forts, both on
the prop erty and re gion ally. To this end, geo log i cal map -
ping and sam pling was con ducted around the Rock and
Roll de posit in mid-Oc to ber 2009. This one-week re con -
nais sance pro gram in the Iskut River area of north west ern
BC (Fig ure 1) is the ini tial phase of a part ner ship be tween
the Uni ver sity of Vic to ria; the BC Min is try of En ergy,
Mines and Pe tro leum Re sources; and Pa cific North West
Cap i tal Corp (and field rep re sen ta tives, Eq uity Ex plo ra tion 
Con sul tants Ltd). Our aim is to es tab lish the mode of oc cur -
rence and to de ter mine the strati graphic and struc tural set -
ting of the Rock and Roll de posit. Our longer term goal is to
evaluate the potential for similar PMPMS mineralization
within the Iskut and adjacent regions (Figure 1).

LOCATION AND ACCESS

Ac cess to the re gion around the Rock and Roll de posit
is via the Bronson air strip, lo cated 300 km north-north west
of Ter race, 330 km north west of Smithers and 75 km east-
north east of Wrangell, Alaska. Both Ter race and Smithers

are ser viced by sched uled com mer cial flights from Van cou -
ver and both are ap prox i mately 400 km by road (~5 hour
drive) from Bob Quinn air strip. A 60 km flight south west
from Bob Quinn brings you to the Bronson air strip, lo cated
on the south bank of the west-flow ing Iskut River, at its
con flu ence with Bronson Creek. The main show ing on the
Rock and Roll prop erty, the Black Dog oc cur rence, is
10 km west of Bronson camp. He li cop ter land ing spots are
lim ited to riv er banks, a few swampy open ings and newly
cut pads; old he li cop ter pads are overgrown and un ser vice -
able.

The Iskut River val ley is a U-shaped gla cial val ley; it
has a rel a tively flat bot tom and steep sides. Al pine gla ciers,
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Fig ure 1. Lo ca tion of the study area within the Iskut NTS area
(104B) near the bound ary of the Coast Belt and west ern Stikine
terrane.
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relicts of the once ex ten sive Cordilleran Ice Sheet, ex tend
down to treeline at ap prox i mately 1000 m el e va tion. Our
work fo cused near the Rock and Roll prop erty, be neath the
dense hem lock-fir-spruce can opy be tween 60 m and 300 m
el e va tion, east of the con flu ence of the Craig and Iskut
rivers. Out crop is plen ti ful, but is cov ered in moss and an
understorey of devil’s club. Work in this rainy coastal re -
gion ben e fit ted greatly from lo gis ti cal sup port pro vided by
a well-provisioned base camp at Bronson air strip and daily
he li cop ter set-outs for drill ing crews over seen by Equity
Exploration Consultants Ltd.

REGIONAL GEOLOGY AND PREVIOUS
WORK

Rocks be tween the west-flow ing Iskut and Craig rivers 
have not been mapped as part of a sys tem atic re gional pro -
gram since field work done in the late 1920s by Kerr (1935,
1948; Fig ure 2). Thus, the most re cent com pi la tion map
(e.g., Massey et al., 2005; Fig ure 2) re pro duces the geo log i -
cal con tacts pre sented by Kerr, with slight mod i fi ca tion of
unit as sign ments. Ac cord ingly, the area is un der lain by a
northwestward-ta per ing wedge of Stuhini Group arc vol ca -
nic and sed i men tary rocks. On the north east side of the

wedge, Stuhini Group rocks are shown in con tact with a
unit of Perm ian lime stone, mi nor chert, argillite and meta -
mor phosed equiv a lents. Min er al iza tion at the Rock and
Roll prop erty is ap par ently lo cated within Stuhini Group
rocks along this con tact. On the west side of the wedge,
Stuhini Group rocks are shown in con tact with a unit of
‘pre-Perm ian’ quartz ite, argillite, lime stone, tuff, in tru sive
and meta mor phosed equiv a lents. Both Perm ian and pre-
Perm ian units have been as signed to the De vo nian to Perm -
ian Stikine as sem blage by Massey et al. (2005). Along the
Craig River, the wedge is in truded by an ar cu ate diorite
body of the John Peaks stock or Unuk metadiorite (Massey
et al., 2005).

The area is pe riph eral to later re gional map ping by
Grove (1986), Lefebure and Gun ning (1989; NTS 104B/
10W, 11E; Fig ure 2), Alldrick et al. (1990; NTS 104B/06E,
07W, 10W, 11E), Kirkham et al. (1991; NTS 104B/08) and
Kirkham (1992; NTS 104B/08, 09). Fillipone and Ross
(1989) mapped im me di ately north of the Iskut River in the
Twin and Hoo doo gla ciers ar eas (NTS 104B/14S; Fig -
ure 2). Lo gan and Koyanagi (1994) mapped the Ga lore
Creek area ~30 km to the north (NTS 104G/03, 04) and Lo -
gan et al. (2000) mapped the For rest Kerr–Mess Creek area
~15 km to the east (NTS 104B/10, 15, 104G/02, 07W; Fig -
ure 2). Ed wards et al. (2000) pro duced a map of the Qua ter -
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Fig ure 2. Lo ca tion of the Rock and Roll prop erty, NTS ar eas and sources of geo log i cal map data. The re gional ge ol ogy shown is af ter Kerr
(1935) as com piled by Massey et al. (2005).



nary Hoo doo Moun tain vol cano, in clud ing the im me di -
ately sur round ing base ment rocks pre vi ously mapped by
Fillipone and Ross (1989). Many other parts of the Iskut
map area (NTS 104B) were mapped as part of Geo log i cal
Sur vey of Can ada pro jects (e.g., An der son, 1989; An der -
son and Thorkelson, 1990), cul mi nat ing in a pro gram un der 
the direction of Anderson in 1991 (Anderson, 1993).

Prop erty-scale map ping re ported by Mont gom ery et
al. (1991) cov ers about 3.25 km2 around and west of Lost
Lake (Fig ure 2), in clud ing much of a ~0.5 km2 area pre vi -
ously mapped by Pegg (1989). Mont gom ery (in Forbes,
1991) cov ered ~0.5 km2 around sur face min er al iza tion at
the main Black Dog trenches. Much of the Rock and Roll
prop erty (~6.5 km2) was mapped at 1:2500 scale as re -
ported by Cohoon and Trebilcock (2004b), as was the ad ja -
cent Phiz prop erty (Rob claims; Cohoon and Trebilcock,
2004a). Re con nais sance map ping re ported here aims to test 
and ex tend the avail able his tor i cal map ping in or der to pro -
vide a struc tural and strati graphic set ting for the Rock and
Roll de posit and eval u ate regional potential for this deposit
type.

Exploration Work at Rock and Roll

Ex plo ra tion at the Rock and Roll prop erty be gan with
stak ing the Rob and Rock and Roll claims in 1986 and
1988. From 1987 to 1989, pre lim i nary as sess ment work
was done on the claims, in clud ing re con nais sance geo log i -
cal map ping, soils and silt sam pling (Todoruk and Ikona,
1988a, b; Mont gom ery and Ikona, 1989; Pegg, 1989). In
1990, the pro gram was ex panded to in clude petrographic
work and ground geo phys i cal sur veys (Mont gom ery et al.,
1991), all of which con trib uted to the dis cov ery of
polymetallic Ag-Au-Zn-Cu-Pb mas sive sul phide min er al -
iza tion at the Black Dog zone. This dis cov ery was im me di -
ately fol lowed up with a trench ing pro gram (110 m) and in
late 1990, a nine hole, di a mond-drill pro gram to tal ling
675 m, which tested the min er al iza tion over a strike length
of 50 m (Montgomery et al., 1991).

Work in 1991 fo cused on a ma jor drill pro gram of at
least 86 drillholes (10 525 m) on the Rock and Roll prop erty 
and five drillholes (373 m) on the Rob claims. Ad di tional
line cut ting, plugger soil sam pling, map ping, pros pect ing
and petrographic work was done. Most of this early ex plo -
ra tion work was con ducted by the Prime Re sources Group
(‘Prime’) and was not filed for as sess ment. For tu nately,
drill logs have been re cov ered (Dun ning and Scott, 1997),
but re ports doc u ment ing other as pects of ex plo ra tion at the
Rock and Roll and the Rob claims in 1991 have apparently
been lost.

In 1997, a third drill cam paign was con ducted by
Redstar Re sources Corp. Pre pa ra tory work combined a
com pre hen sive re view of pre vi ous work in clud ing a re-ex -
am i na tion of old drillcore and lithogeochemical and petro -
graphic anal y ses, fol lowed by a ten drillhole pro gram
(2203 m) that tested along strike and downdip ex ten sions of 
the known min er al iza tion (Dun ning and Scott, 1997). By
the end of this cam paign, sul phide min er al iza tion had been
in ter sected for over 650 m along strike and be tween 40 and
200 m downdip. Based on 104 holes com pleted on the
Black Dog and ad ja cent zones, Redstar Re sources Corp
cal cu lated a pre-43-101 re source of 675 000 t grad ing
1.75 g/t Au, 233.8 g/t Ag, 0.40% Cu, 0.50% Pb and 2.20%
Zn (Becherer, 1997; in Dunning and Scott, 1997).

In 2004, a pro gram of geo log i cal map ping, mo bile
metal ion and con ven tional soil sam ple geo chem is try, and
mi nor rock sam pling was con ducted (Cohoon and
Trebilcock, 2004). Ex plo ra tion ef forts were re newed in
2009 with a 350 line km air borne elec tro mag netic and mag -
netic sur vey and drill ing cam paign (five holes to tal ling
540 m) by Pa cific North West Cap i tal Corp (Jones, 2009).

PROPERTY GEOLOGY

We re port here on the re sults of a six day re con nais -
sance field map ping pro gram. Units were de fined dur ing
the course of map ping (Fig ure 3) on the ba sis of dis tinc tive
lithological char ac ter is tics. They are de scribed here, or -
dered by their pre sumed age. They ap par ently young to -
wards the north east, from car bon ate units near Craig River,
through vol ca nic units near Lost Lake, to sed i ment-dom i -
nated units nearer to the Iskut River (Fig ure 3). How ever,
both depositional and struc tural in ter leav ing has oc curred
and nei ther fos sils nor di rect iso to pic age de ter mi na tions
are avail able to con clu sively constrain the ages of any of
the units.

Carbonate Units

Car bon ate out crops ex ten sively in the south west ern
part of the mapped area. There are at least three vari ants:
ho mo ge neous rel a tively pure lime stone/mar ble, well-bed -
ded lime stone with or with out tuffaceous interlayers and
sooty- and flaggy-weath er ing lime stone. Macrofossils are
con spic u ously ab sent, pos si bly hav ing been de stroyed dur -
ing de for ma tion and recrystallization.

MARBLE

White crys tal line mar ble is the most com mon car bon -
ate. It is typ i cally strongly fo li ated and buff-weath er ing.
How ever, col our changes with the de gree of recrystal -
lization—with less in tensely fo li ated lime stone, it is more
com monly me dium to dark grey. Compositional lay er ing
tends to be strongly trans posed. Where rel ict bed ding is
well dis played, mas sive car bon ate beds range from 5 to
~100 cm thick.

TUFFACEOUS CARBONATE

Tuffaceous car bon ate is green, rust or, less com monly,
brown-weath er ing. Tuffaceous lay ers tend to be more com -
pe tent and re sis tant to weath er ing than the en clos ing car -
bon ate, but py ritic tuff lay ers can weather re ces sively (Fig -
ure 4). Vol ca nic clasts vary in pro por tion from a few
per cent to packed with a car bon ate ma trix. In one
tuffaceous ho ri zon, quartz grains were iden ti fied in hand
spec i men. This vol ca nic ma te rial is sus pected to be of
dacitic com po si tion and was sampled for U-Pb age
determination.

Open to iso cli nal folds are out lined by compositional
lay er ing caused by vari a tions in tuff con tent. In re gions of
high strain, folds are pre served only as hinges of root less
isoclines.

Tuffaceous car bon ate is spo rad i cally ex posed and, as a
re sult, is not rep re sented as a sep a rate map unit in Figure 3.

TUFF-QUARTZITE UNIT

Be neath root masses of trees blown down near the
Craig River, out crops of decimetre-thick beds of al ter nat -
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Fig ure 3. Ge ol ogy be tween the Iskut and Craig rivers, based on re con nais sance map ping dur ing this study and a com pi la tion of map ping by Mont gom ery (in Forbes, 1991), 
Mont gom ery et al. (1991) and Cohoon and Trebilcock (2004a, b).



ing green tuff and ‘quartz ite’ are freshly ex posed over sev -
eral hect ares. This unit passes across strike into more typ i -
cal tuff-car bon ate interbeds and the ‘quartz ite’ is
in ter preted as a prod uct of car bon ate re place ment. Sili ci fi -
ca tion and the oc cur rence of grossular gar net and abun dant
epidote within the tuff-quartz ite are in ter preted as the prod -
uct of con tact meta mor phism. This meta mor phism is at trib -
uted to a sev eral square kilo metre in tru sive body, which is
in cor rectly shown on com pi la tion maps (e.g., Massey et al., 
2005) as un der ly ing the same area, but the main mass of in -
tru sion must lie far ther to the south. No significant base-
metal mineralization was observed.

SOOTY LIMESTONE

Black, sooty lime stone was mapped at two lo cal i ties
equi dis tant from the south ern and west ern shores of Lost
Lake. Rel ict beds or folia form con tin u ous lay ers of uni -
form thick ness. These lay ers are typ i cally 1–2 cm thick
(and up to 15 cm). Slaty part ing and sooty black weath er ing
are char ac ter is tic. This unit is com bined with the main car -
bon ate unit in Figure 3.

Volcanic and Volcaniclastic Units

MAFIC VOLCANIC ROCKS

Light green- to rusty-weath er ing mafic vol ca nic rocks
are ex posed in rounded, gla ci ated out crops. Fresh sur faces
are dark green, pre dom i nantly due to per va sive chlorite and 
mi nor epidote al ter ation. Iron ox ides are not as abun dant as
is to be ex pected in a mafic vol ca nic rock. This is re flected
in the mag netic sus cep ti bil i ties, which are ap prox i mately
0.5 × 10-3 SI. Vol ca nic clasts are rarely vis i ble on the out -
crop sur face, but ash-sized, microporphyritic grains are ev -
i dent in hand sam ple. Compositional lay er ing can be ob -
served lo cally. Out crops of this unit ap pear mas sive and
fea ture less, or rarely, dis play vague brec cia tex tures. These
rare out crops are in ter preted as autobrecciated flow units.
In ter ca lated sed i men tary lay ers point to sub ma rine de po si -
tion, al though pil lows were not con clu sively iden ti fied.
Frag ments and lay er ing are ob scured by the typ i cal mod er -
ate to strong fo li a tion de vel oped within this unit.
Gradational con tacts with sediment-dominated units may
be due to both sedimentary and structural interleaving.

TUFFACEOUS PHYLLITE

Light to dark green-grey-weath er ing, platy out crops of 
phyllitic tuffaceous siltstone crop out on the for ested ridge
along which most ex plo ra tion has been con ducted (herein
called ‘Sul phide ridge’). Tuffaceous phyllite interfingers
with phyllitic turbidite (see be low), but can be re solved into 
a mappable unit as shown on Fig ure 3. Al though this unit
tends to be re ces sive, it un der lies much of ‘Sul phide ridge’
where it is ex ten sively in truded by diorite dikes. Vol ca nic
siltstone with ar gil la ceous part ings and quartz-poor, thin
greywacke beds are locally well preserved.

Protolith tex tures in both units are com monly ob scured 
by mod er ate to in tense fo li a tion and cataclasis. Both units
prob a bly grade into cherty siltstone and gra phitic argillite.

MAGNETIC LAPILLI ASH TUFF

Light green and rust-weath er ing, strongly fo li ated,
fine feld spar crys tal (20%) lapilli ash tuff is ex posed in the
Iskut River bed about 450 m north east of the Black Dog
trench. Feld spar and light green-grey ash frag ments are
elon gated to wards 120°. Scat tered, flat tened and elon gated

light-col oured fel sic lapilli con tain 20% fine- to me dium-
grained feld spar pheno crysts and sparse quartz eyes. A
dust ing of 1–2% fine-grained mag ne tite (prob a bly meta -
mor phic) gen er ates a mod er ately high av er age mag netic
sus cep ti bil ity of 26 (× 10–3 SI). This unit is likely re spon si -
ble for the el e vated aero mag net ic re sponse over ar eas along 
strike from these out crops (Jones, 2009). Un for tu nately,
our map ping did not in clude trac ing out this unit to verify
correlation with the aeromagnetic high.

Fine-grained Sedimentary Rocks

PHYLLITIC TURBIDITE

Low, platy out crops of grey to brown and rust-col -
oured ar gil la ceous siltstone are wide spread on the flanks of
‘Sul phide ridge’. Thin, graded siltstone to lam i nated si li -
ceous argillite cou plets (0.5–3 cm thick) are in ter preted as
AE turbidite beds. Coarser lay ers of me dium sand to rare
vol ca nic peb ble con glom er ate have been in ter sected in
drillcore (e.g., DDH RR97-103, 0.5 m sam pled for de tri tal
zir cons), but were not ob served in out crop. Thin quartz-
feld spar tuff lay ers (1–3 cm thick; Fig ure 5) oc cur within
the turbiditic siltstone at one lo cal ity where they were sam -
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Fig ure 4. Thin sec tion of tuffaceous car bon ate schist, north west -
ern Brit ish Co lum bia in: A) plane-po lar ized light and B) cross-po lar -
ized light. Feld spar and quartz grains dom i nate the cen tral 40% as
a di ag o nal do main, ex tend ing from the top left to the bot tom right.
Sec ond ary quartz fibres have grown in the pres sure shadow of a
ro tated py rite grain (opaque, bot tom right).



pled for U-Pb age de ter mi na tion. Phyllitic turbidite is com -
monly interleaved with tuffaceous phyllite.

RIBBED CHERTY SILTSTONE/ARGILLITE

Re sis tant, lam i nated ar gil la ceous to cherty siltstone
beds 0.5–2 cm thick al ter nate with re ces sive, fea ture less
silt-poor ar gil la ceous beds 1–5 cm thick to pro duce the con -
spic u ous ribbed ap pear ance of this unit. It is si li ceous and
trans lu cent, with a conchoidal frac ture. It is best ex posed
near the north end of ‘Sul phide ridge’ where clean ex po -
sures are light green to green-grey weath er ing. Rhyth mic
lay er ing within this unit is in ter preted as stacked AE tur -
bidite beds.

Lo cally the unit is cha ot i cally folded and beds are seg -
mented. Such dis rup tion may be due to soft-sed i ment de -
for ma tion and the for ma tion of rip-up clasts. Else where,
fold ing caused by re gional strain is well de vel oped, ex cept
where the pri mary lay er ing is ob scured by strong fo li a tion.
This unit has been in cluded with the phyllitic turbidite unit
in Figure 3.

GRAPHITIC ARGILLITE (± SILTSTONE)

Dark grey to black, com monly rusty, mod er ately si li -
ceous to fri a ble gra phitic argillite and siltstone is cal car e -
ous in many lo cal i ties. It gen er ally con tains up to sev eral
per cent dis sem i nated py rite and pyrrhotite and may be
bleached as a re sult of sul phide weath er ing. This unit
grades into the ribbed cherty siltstone-argillite unit, with
feath ery in ter ca la tions observed in drillcore.

Near the Black Dog show ing, gra phitic argillite is the
lay ered rock most com monly as so ci ated with mas sive sul -
phide min er al iza tion. It is also the unit in which Zn-Cu min -
er al iza tion was ob served along the bank of the Iskut River
about 330 m north of the Black Dog trenches (Ta ble 1,
Figure 3).

LAMINATED VOLCANIC SILTSTONE

Dark to light green and lo cally or ange, indurated vol -
ca nic siltstone forms the up per north east flank of ‘Sul phide
ridge’. Very well dis played, dis rupted laminae are char ac -
ter is tic, al though some out crops are mas sive. Micropor -
phyritic ash frag ments can be ob served in hand sam ple. The 
unit grades into lam i nated chert, which lacks volcanic
clasts.

LAMINATED CHERT

Creamy white- to rusty-weath er ing, very well lam i -
nated chert oc curs in at least one layer >3 m thick on the
north side of the ‘Sul phide ridge’. How ever, mul ti ple ex po -
sures closer to the Iskut River sug gest struc tural rep e ti tion
or a to tal com pos ite thick ness on the or der of 100 m. Lo -
cally the unit ap pears flow banded, with sparse, very fine
grained feld spar pheno crysts. How ever, synsedimentary
faults with dis place ment of sev eral milli metres can be ob -
served and a vol ca nic flow or pyroclastic tex ture could not
be ver i fied petro graphi cally. In stead, it ap pears to be a si li -
ceous argillite with less than 1% silt grains that are
subround and not an gu lar as would be ex pected of ash con -
tent. Fine- to very fine grained white crys tals that were in -
ter preted as feld spar microlites in hand sample could be
metamorphic minerals.

This unit is in ter preted as sed i men tary in or i gin, but
may in clude a sig nif i cant dust tuff com po nent. It prob a bly
grades to the south east into a fel sic lapilli tuff unit (Fig -
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Fig ure 5. Lay ers of quartz-feld spar crys tal-ash tuff within phyllitic
turbidite, north west ern Brit ish Co lum bia: A) the out crop habit of
light to dark grey-weath er ing, well-bed ded and mod er ately to
weakly fo li ated silty argillite turbidite with a 2 cm thick tuff band (red
ar row); dot ted lines high light the con tacts of the tuff band; B) plane-
po lar ized light view of con tact be tween me dium-grained fel sic tuff
and silty argillite; the cir cle at the cross hairs has a ra dius of 100 mm; 
C) cross-po lar ized light view of con tact be tween me dium-grained
fel sic tuff and silty argillite; note an gu lar crys tal frag ments pro -
duced by cataclasis of orig i nal an gu lar feld spar and quartz crys tal
pyroclasts within the tuff band; the cir cle at the cross hairs has a ra -
dius of 100 mm.



ure 3) on the ad ja cent Phiz prop erty where it forms a dis -
tinc tive marker ho ri zon con tain ing up to 50% subrounded
fel sic lapilli-sized clasts (Cohoon and Trebilcock, 2004a).

Rhyodacitic flows were in ter sected by drill ing in hole
RR91-70. A 5 m sam ple of split core (sam ple TST09-7-01)
was col lected for U-Pb age de ter mi na tion. Pos si ble age
equiv a lence of tuffaceous lay ers sam pled from car bon ate
and turbiditic argillite will be tested.

Intrusive Rocks

DIORITE

Dark green, rounded to blocky and re sis tant diorite
sills and dikes up to 50 m in width are com mon. Most are
steeply dip ping and trend per pen dic u lar to or par al lel with
the dom i nant north west-trending struc tural grain within the 
coun try rocks (Fig ures 3, 6). Tex ture is vari able on a hand-
sam ple scale, rang ing from coarse grained holocrystalline
and equigranular, to fine grained and por phy ritic. A typ i cal
diorite out crop is me dium grained, with felted pyroxene,
hornblende and feld spar and <5% in ter sti tial quartz. The
dikes are al tered ev ery where: hornblende is strongly
chloritized and feld spar grains are tur bid with epidote-cal -
cite al ter ation (Fig ure 7). Leu co xene is a com mon al ter -
ation prod uct af ter ti ta nium ox ides (rutile, sphene).
Embayed mag ne tite (Fig ure 7) can range up to sev eral per -
cent by vol ume, al though mea sured mag netic sus cep ti bil i -
ties are com par a tively low, be tween 0.8 and 0.95 (× 10-3 SI).
There is no ap par ent re la tion ship be tween mag netic sus -
cep ti bil ity and de gree of fab ric de vel op ment.

The holocrystalline plagioclase-rich diorite ma trix can 
be used to dis tin guish this unit from an de site and ba salt, ex -
cept where this tex ture is oblit er ated by fo li a tion and lo cal
my lon ite de vel op ment. Dike mar gins can be dif fi cult to de -
fine where the fo li a tion is pro duced by slip and cataclasis,
which causes struc tural in ter leav ing over a metre or more.

POSTDEFORMATIONAL INTRUSIONS

Po tas sium-Feld spar Bi o tite Por phyry

Re sis tant, blocky, red dish-weath er ing, por phy ritic
quartz monzonite is me dium grey on fresh sur faces. Coarse
feld spar pheno crysts are char ac ter is tic and ap pear to be
orthoclase and mi nor plagioclase, rang ing in size up to
25 mm. Me dium-grained, euhedral, strongly chlorite-al -
tered bi o tite book lets com prise 5% of the in tru sion. Clots of 
chlorite may re place fine-grained pris matic to in ter sti tial
hornblende in the feld spar-quartz ma trix. Quartz con tent is
vari able, but is gen er ally less than 10% of the fine-grained
matrix.

Quartz Feld spar Bi o tite Por phyry

Or ange, blocky weath er ing, quartz-feld spar por phyry
crops out west and south of Lost Lake. It con tains 40% me -
dium-grained, subidiomorphic, white feld spar crys tals in a
fine-grained to apha ni tic or ange ma trix. Quartz eyes may
be pres ent up to 5% and are typ i cally embayed square b-
quartz <5 mm in di am e ter. Sparse, fine- to me dium-grained
bi o tite book lets are chloritized. At one lo cal ity, about
300 m south west of Lost Lake, the unit can be mapped as a
north-trending, near-ver ti cal dike cutting carbonate rocks.

MINERALIZATION

Dur ing the course of this study, we ob served min er al -
iza tion on the sur face at two lo cal i ties: the main Black Dog
oc cur rence and about 330 m far ther to the north, at out crops 
along the south bank of the Iskut River. Min er al iza tion at
the Black Dog is part of a multi-lay ered, stratiform zone
that has been traced more than 650 m, mainly to the south -
east. Rep re sen ta tive anal y ses of mas sive sul phide where
in ter sected by drill ing at the Black Dog are 1.1 and 3.8 g/t
Au, 27 and 308 g/t Ag, 0.85 and 2.44% Pb, 4.19 and 9.98%
Zn, and 0.01 and 0.24 % Cu from in ter vals 19.4–20.2 m and 
18.0–18.3 m in hole RR90-3. Min er al iza tion along the
Iskut River bank has not been drill tested; how ever, we col -
lected a ~4.0 m chip sam ple oblique to the strike (1.5 m true
thick ness) of the en clos ing gra phitic ar gil la ceous strata that 
yielded 14.7 ppm Ag, 0.24 ppm Au, 0.066% Cu and 0.17%
Zn (Table 1).

These two ar eas of sur face min er al iza tion are rep re -
sen ta tive of the two dis tinct styles of min er al iza tion com -
pris ing the Rock and Roll de posit: mas sive pyrrhotite(+py -
rite)–sphalerite–chal co py rite±ga lena and stringer and
wispy pyrrhotite–chal co py rite±sphalerite–galena.

Mas sive pyrrhotite–sphalerite–chal co py rite forms
banded lay ers (Fig ure 8) in both out crop and drillcore that
are up to ~10 m thick (e.g., drillhole RR91-037), where
they are as so ci ated with gra phitic ar gil la ceous siltstone.
Mas sive sul phide com monly forms a ma trix to clasts of
argillite or, as at the main Black Dog show ing, diorite (Fig -
ure 9). Clasts of ap par ent fel sic vol ca nic ma te rial have also
been ob served at the Black Dog, but these could be al tered
diorite frag ments (Fig ure 9), al though they lack both mafic
min er als and the high de gree of al ter ation typ i cal of diorite
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Table 1. Analysis performed on a ~4 m chip sample (#458827)
collected oblique to the strike of a foliated outcrop (~1.5 m true
width) along the southern bank of the Iskut River, northwestern
British Columbia. Analyses performed at ALS Chemex Laboratories 
(Vancouver) by aqua regia digestion and inductively coupled
plasma–mass spectroscopy, except for Au, which was analyzed by
fire assay atomic absorption spectroscopy.



(e.g., Fig ure 7). At the Black Dog oc cur rence, a diorite dike
is cut by mod er ately to steeply dip ping brit tle faults to pro -
duce blocks sev eral metres long. Gra phitic argillite is
folded around the blocks and sul phide has flowed be tween
them (Fig ure 10). Folds in sul phide and argillite are tight
and hinges plunge in op po site di rec tions, both north and
south, within the 15 m length of the main ex plo ra tion
trench. Veins of sphalerite–pyrrhotite±chal co py rite ex tend
into the diorite and surround breccia fragments near the
faults (Figures 9, 11).

Wispy trains and dis sem i na tions of sulphides out line
folded fo li a tion within the diorite and gra phitic argillite.
Min er al iza tion along the Iskut River (Ta ble 1) is of this
type. Py rite–chal co py rite–ga lena is most no ta ble within the 
argillite and pyrrhotite–chal co py rite–sphalerite is a com -
mon as sem blage within the diorite. Sphalerite also out lines
fo li a tion in a si li ceous tuff or sed i ment where in ter sected by 
drill ing be low the mas sive sul phide ho ri zon. Wispy and
dis sem i nated sul phide pre dates fold ing and could be
syngenetic; how ever, a predeformational in tru sive-re lated
source can not be ruled out on this ba sis, par tic u larly given
the oc cur rence of this min er al iza tion within fo li ated dio -
rite. Some late string ers of pyrrhotite-chal co py rite cut the
fabric and are likely remobilized.

STRUCTURE

The pre dom i nant fab ric through out the ‘Sul phide
ridge’ area is south- to south west-dip ping bed ding and fo li -
a tion that is mod er ately well de vel oped within volcano -
sedimentary strata (Fig ure 12) and vari ably de vel oped
within diorite dikes. In places, the fo li a tion is de mon stra bly 
ax ial pla nar to over turned folds, which range from open to
tight. Root less iso cli nal folds are com mon where fo li a tion
is most strongly de vel oped, par tic u larly within carbonate-
rich rock types.
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Fig ure 6. Rose di a gram of diorite dike ori en ta tions, north west -
ern Brit ish Co lum bia. The mean ori en ta tion is 012° (N = 9).

Fig ure 7. A) Al tered, nonfoliated hornblende diorite in cross-po lar -
ized light. B) The same field of view in plane-po lar ized light with
very weakly pleochroic hornblende (prob a bly low-Fe). Ab bre vi a -
tions: Mt, embayed opaque (resorbed mag ne tite?); Pl, strongly tur -
bid plagioclase; Hb, hornblende.. The cir cle at the cross hairs has a
ra dius of 100 mm.

Fig ure 8. Pol ished sec tion of a rep re sen ta tive sam ple of mas sive,
pink ish, pyrrhotite-rich (Po) sul phide from in ter val 19.4–20.2 m of
drillhole RR90-3, Rock and Roll de posit, north west ern Brit ish Co -
lum bia. Yel low chal co py rite (Cpy) com prises ~10% of the field of
view, and me dium-grey sphalerite (Sph) com prises ~20%. Blu ish-
white tab u lar ga lena (Gn) is sub or di nate to gran u lar yel low ish-
white py rite (Py), which to gether com prise ~5%. Dark grey to black
gangue (G) is mainly car bon ate. The ra dius of the cir cle at the
cross hairs is 100 mm.



Out crop to map-scale folds can be traced north west of
Lost Lake where fo li ated diorite cross cuts mafic vol ca nic
and car bon ate rocks. Within one of these fold clo sures,
intrafolial isoclines plunge shal lowly to wards 120° (Fig -
ures 3, 12, 13).

Strain as so ci ated with south west-dip ping fo li a tion
may have thick ened north east-trending diorite dikes, while
dis sect ing thin dikes not within, or or thogo nal to, the flat -
ten ing fabric.

Rep e ti tion of a min er al ized ho ri zon is seen in drill sec -
tions, with up to four lay ers ob served (M. Jones, pers
comm, 2009). This rep e ti tion may re sult from tight to iso -
cli nal fold ing about shal lowly south east plung ing fold
axes. Such fold ing would nec es sar ily pre date in tru sion of
the diorite dikes as they have not been ob served to out line
iso cli nal folds. Mod er ate to shal low dips in the re gion of
‘Sul phide ridge’ (Fig ure 13) are con sis tent with the pos si -

bil ity of stratiform sul phide lay ers re peated by early folds
with shal low ax ial sur faces. This pat tern is observed at
outcrop scale in other rock types.

DISCUSSION

Interlayered sed i men tary and vol ca nic se quences of
Tri as sic and late Pa leo zoic age, which are ideal can di dates
for stratiform min er al iza tion, are re gion ally ex ten sive in
the Iskut area. A vol cano-sed i men tary suc ces sion, in clud -
ing a fel sic vol ca nic marker ho ri zon, hosts the Rock and
Roll min er al iza tion. This host stra tig ra phy may be used to
(1) un ravel the com plex crustal struc ture in the area and (2)
con strain the age of the min er al iz ing en vi ron ment through
isotopic age determination.

Age of Host Strata

Geo chron ol ogi cal con straints on the age of the Rock
and Roll de posit host strata are lack ing. One un pub lished
iso to pic age de ter mi na tion from a sam ple of vol ca nic strata
north of the Iskut River is re ported by Ed wards et al. (2000)
as “>190 Ma based on 2 dis cor dant zir con frac tions (P. van
der Heyden, writ ten com mu ni ca tion, 1987)” (see Fig ure 2)
is not re li able. Strata from which the zir cons were ex tracted
were in ter preted as the old est Stuhini Group rocks in the
im me di ate area (Fillipone and Ross, 1989).
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Fig ure 9. Min er al iza tion from the Rock and Roll de posit, north -
west ern Brit ish Co lum bia: A) re flected light view of sphalerite-rich
min er al iza tion; B) trans mit ted light view of sphalerite-rich min er al -
iza tion. Clasts com prised mainly of plagioclase (Pl) and un iden ti -
fied feld spar (Fsp) float in a ma trix of sphalerite (Sph), which is me -
dium grey in re flected light, and mi nor flesh to light tan-col oured
pyrrhotite (Po) and ga lena (Gn). Some feld spar clasts are rel a tively
fresh plagioclase (Pl); oth ers are much more al tered. These clasts
might have orig i nated as diorite, and were sub se quently frag -
mented and milled dur ing brit tle de for ma tion. How ever, a lack of
mafic min er als and the rel a tively fresh plagioclase are both in con -
sis tent with this in ter pre ta tion. The cir cle at the cross hairs has a ra -
dius of 100 mm.

Fig ure 10. Mas sive sul phide at the main trench, Black Dog oc cur -
rence, north west ern Brit ish Co lum bia. The view is east-south east.
A very rusty mas sive sul phide layer ap pears to have been
‘squeezed up’ be tween diorite blocks.



About 7 km east of Lost Lake, Stuhini Group strata are
mapped as in truded by ca. 193 Ma plutons, in clud ing the
193.9 +6/–0.6 Ma (U-Pb zir con; Lewis et al., 2001) Iskut
River stock and the 195 ±1 Ma Red Bluff por phyry (U-Pb
zir con; Mac don ald et al., 1992). Near this lo cal ity, the
Stuhini Group is mapped as over lain by a co eval, dis con tin -
u ous blan ket of dacite-rhy o lite flow rocks be long ing to the
Betty Creek For ma tion of the Early Ju ras sic Hazelton
Group, dated at 193 ±1 Ma and 194 ±3 Ma (Lewis et al.,
2001). How ever, none of these mag matic units are known
to ex tend onto the Rock and Roll prop erty (the John
Peaks/Unuk metadiorite body along the Craig River is
undated).
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Fig ure 11. Sphalerite-rich mas sive sul phide in con tact with diorite,
north west ern Brit ish Co lum bia; the cir cle at the cross hairs in A and
B has a ra dius of 50 um, and in C has a ra dius of 100 mm: A) trans -
mit ted plane-po lar ized view of ir reg u lar brown-or ange sphalerite
vein within al tered diorite; B) same field of view as A un der re flected 
light; me dium-grey sphalerite (Sph) en closes xenomorphic
pyrrhotite (Po) and bladed ga lena (Gn); the highly re flec tive yel low
grain at the cross hairs is gold (Au); top right of photo shows flesh to
light tan-col oured pyrrhotite en clos ing xenomorphic sphalerite; C)
higher mag ni fi ca tion of gold grain (Au) and less re flec tive yel low
chal co py rite (Cpy); in ter nal re flec tions in sphalerite are well dis -
played.

Fig ure 12. A) Poles to fo li a tion, all rock types, Rock and Roll prop -
erty, north west ern Brit ish Co lum bia. The mean ori en ta tion is
130/39; N = 46; con tours at 2%, 4%, 8% and 16%. B) Poles to bed -
ding, all rock types. The mean ori en ta tion is 115/43; N = 19; con -
tours at 5%, 10% and 20%. C) Fold hinges, all rock types. Plane of
best fit is 107/46; N = 13; con tours at 7% and 14%.



Deposit Model and Age of Mineralization

Two mod els are pro posed to ex plain the or i gin of mas -
sive sul phide min er al iza tion ob served at the Rock and Roll
de posit: (1) skarn min er al iza tion at trib ut able to metasoma -
tism, co eval with, and gen er ated by, in tru sion of dikes and
sills of diorite; and (2) syngenetic min er al iza tion at trib ut -
able to hy dro ther mal cells, driven by sub ma rine vol ca nism. 
Skarn min er al iza tion is con sis tent with the close spa tial re -
la tion ship be tween diorite and mas sive sul phide at the main 
Black Dog oc cur rence, with sul phide veins cut ting the
dikes and with pos si ble diorite frag ments within the mas -
sive sul phide. In this model, metasomatism and min er al iza -
tion is at trib uted to the ex pul sion of re duced, sul phide and
metal-rich flu ids from the in trud ing diorite mag mas. Re -
place ment of re ac tive gra phitic argillite lay ers ex plains the
stratiform na ture of the min er al ized lay ers. This model re -
quires that the diorite in tru sions were reduced and metal
rich, characteristics that can be tested through geochemical
analysis.

Syngenetic min er al iza tion is con sis tent with the spa -
tial as so ci a tion of mas sive sulphides and gra phitic argillite,
the oc cur rence of mul ti ple ho ri zons that can be traced at ap -
prox i mately the same strati graphic ho ri zon from drillhole
to drillhole, the lack of diorite as so ci a tion with min er al iza -
tion in some drillholes, and the pres ence of a dis tal fel sic
vol ca nic ho ri zon within the pro duc tive part of the stra tig ra -
phy. In ad di tion, sparse geo chem i cal data from the sul -
phide-bear ing zones re veal el e vated Mn, Co and V typical
of other PMPMS deposits of syngenetic origin.

We pre fer a model of syngenetic min er al iza tion be cause 
of the strong ap par ent strati graphic con trol of the miner al -
ization and ev i dence for remobilization where the sul phide
min eral suite is hosted by diorite. The PMPMS as so ci a tion
with gra phitic argillite is con sis tent with a re duc ing and sul -
phide-pre serv ing en vi ron ment (ver sus ox i diz ing, sul phide-
de stroy ing). The as so ci a tion of fel sic vol ca nic rocks within
the sec tion is con sis tent with a cor re spond ing high Cu-Zn
tenor of the min er al iza tion (e.g., Kuroko style). How ever,
the ex pec ta tion of in creased sul phide nearer to an in tru sive
cen tre has not been borne out by pre lim i nary drill ing on the
Phiz prop erty where strata con tain ing the most prox i mal
fel sic vol ca nic rocks in the lo cal area have not yet re vealed
PMPMS min er al iza tion. Clear ev i dence for synchronicity
of min er al iza tion and host strata is re quired. Ura nium-lead
zir con dat ing of the host strata and the diorite, as well as di -
rect Re-Os dat ing of the sul phide min er al iza tion, is needed
to un equiv o cally dem on strate whether or not the Rock and
Roll de posit is syngenetic.
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Fig ure 13. Con toured dips (isogons) for bed ding and fo li a tion data col lected dur ing this study around the Rock and Roll prop erty. Dike ori -
en ta tions and fold hinges are shown for ref er ence. Dense dis tri bu tion of drillholes cor re sponds to min er al iza tion in the subsurface of ‘Sul -
phide ridge’. Grid is 500 m, UTM WGS84.
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