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Introduction

In 2002, Min is try of En ergy and Mines per son nel dis -
cov ered cop per min er al iza tion ap prox i mately 75 km south
south east of Atlin while con duct ing a re gional geo log i cal
map ping pro gram as part of the fed eral and pro vin cially
funded Tar geted Geoscience Ini tia tive. Fol low ing a press
re lease (Mihalynuk, 2002), sev eral par ties staked ground in 
the belt. Sub se quently, Im pe rial Met als Cor po ra tion con -
sol i dated in ter ests and is now the key op er a tor and ten -
ure-holder in the area. The claim group is re ferred to as the
NAK prop erty and the prin ci pal mineralized zone is the
Joss’alun mas sive sul phide oc cur rence. 

As part of a pub lic-pri vate part ner ship agree ment with
Im pe rial Met als Cor po ra tion (hence forth re ferred to as
“Im pe rial”), ap prox i mately three weeks of field map ping
was con ducted in 2003 in the belt of rocks con tain ing the
min er al iza tion to clar ify geo log i cal re la tion ships. An ad di -
tional 1.5 weeks on re con nais sance geo log i cal map ping
was aimed at out lin ing more re gional ex plo ra tion tar gets.
Operational funding was provided by Imperial. 

This re port is based upon the re sults of map ping con -
ducted on the claim blocks owned or optioned by Im pe rial
(NIC, KNACK, WACK, Dark and D1 to D12). In ad di tion,
we re port here on re sults of map ping and sam pling out side
of the claim blocks, and a brief syn op sis of drill re sults and
prop erty ex plo ra tion. Highlights include:

• dis cov ery of new mineralizaton within the belt of rocks
con tain ing the Joss’alun oc cur rence, ex tend ing the min -
er al ized belt about 2.5 km north west and 5 km south east
of the Joss’alun;
• in ter sec tions in two drill holes at the Joss’alun that as -
sayed 0.94% cop per over 17.75 metres and 0.34% cop per 
over 53.45 metres;

• lithogeochmical data that points to a forearc or back-arc
set ting for the unit host ing min er al iza tion;

• rec og ni tion of Pa leo zoic-Me so zoic stra tig ra phy that ap -
pears to have re gional ap pli ca tion, in clud ing an ex ten sive 
ferruginous chert ho ri zon, lo cally cop per stained, that is
prob a bly of Early Perm ian age; and

• syn the sis of a re gion ally ap pli ca ble struc tural his tory
that in cludes an ep i sode of ex ten sion, pos si bly back arc
ba sin ex ten sion, with im pli ca tions for volcanogenic and
sed i men tary-ex ha la tive (VMS/SEDEX) min er al iza tion.

Access and Previous Work

Ac cess to the NAK prop erty is most ef fec tively
achiev ed us ing a he li cop ter char ter based out of Atlin, 75
kilo metres to the north-north west. One large lake about 7.5
km north north west of the Joss’alun oc cur rence, in for mally 
known as Windy Lake, is large enough to ac com mo date a
floatplane - so long as loaded de par tures are not re quired.
There are no all-sea son roads within the area. One rough,
fire abate ment road ex tends to Kuthai Lake, about a
2.5-hour drive from Atlin, and about 30 km north west of
the NAK prop erty. It is suit able for four wheel drive or
all-ter rain ve hi cles and re quires ford ing the O’Donnel
River and Dixie Lake out flow. Around the NAK prop erty,
travel by foot is rel a tively easy, ex cept for some steep
moun tain sides around Hardluck Peaks. The pro posed ac -
cess road to the Tulsequah Chief mine is, at its clos est point, 
22 km from the NAK property. 

Pre vi ous re gional map cov er age of the NAK area is of
early to mid 1950s vin tage (Aitken, 1959), pre-dat ing the
ad vent of plate tec ton ics. The matic re vi sion map ping in the
mid to late 1960’s by Mon ger (1969, 1975) cov ered much
of the car bon ate-dom i nated rocks north and east of the
NAK prop erty. Mon ger (1975) pieced to gether a bio -
stratigraphy and used ig ne ous geo chem is try, map re la tion -
ships, and the rec og ni tion of a dis rupted ophiolitic suc ces -
sion to show that the Atlin area is com posed largely of rel ict 
ocean ba sin crust and oce anic is lands. Terry (1977) con -
firmed this as ser tion and sug gested an an a logue in the
Pindos ophiolites of Greece. Ash (1994) drew sim i lar con -
clu sions from the ophiolitic ultra mafic rocks near the town
site of Atlin. A more ex ten sive geo chem i cal and petro gen -
etic study by Eng lish et al. (2002) shows that the most com -
mon mafic vol ca nic rocks in the re gion formed within a
prim i tive is land arc set ting. 
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In 1996, a com pi la tion of Atlin ge ol ogy was com pleted 
as part of a pro vin cial min eral po ten tial eval u a tion
(Mihalynuk et al., 1996). This map has been cor rected and
recompiled by Massey et al. (2003); it is avail able for view -
ing or down load at http://www.em.gov.bc.ca/Min -
ing/Geolsurv/Pub li ca tions/. In 1978 a Re gional Geo chem i -
cal Sur vey (RGS) was con ducted over the en tire Atlin
1:250 000 sheet (BCMEM, 1978). Ar chi val stream sed i -
ment sam ples were reanalysed for a broader range of el e -
ments, in clud ing gold, and pub lished in 2000 (Jackaman,

2000; avail able for down load at www.em.gov.bc.ca/Min -
ing/Geol surv / rgs/ sheets/104n .htm). In the same year, a
re gional aero mag net ic sur vey of the en tire Atlin map sheet,
about 14 000 square ki lo me ters, was con ducted (e.g.
Dumont et al., 2001). Map ping at 1:50 000 scale across a
transect of the south ern Atlin mapsheet (104N/1, 2 & 3)
was be gun in 2001 as part of the two-year, Fed eral and Pro -
vin cially-funded Tar geted Geoscience Ini tia tive (TGI). Re -
sults of TGI map ping have been pub lished by Mihalynuk et
al. (2002, 2003a and ref er ences therein). Three 1:50 000
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Fig ure 1.  Lo ca tion of the NAK prop erty. Ge ol ogy af ter Mihalynuk et al. (1996, 2003a, b) shows the Nahlin ultra mafic body and other 
man tle rocks, and ma jor in tru sive bod ies. Lo ca tion of Fig ure 2 is shaded on the map. The re gion cov ered by the map is shown shaded

on the in set fig ure of Brit ish Co lum bia.
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Figure2.  Sim pli fied ge ol ogy of the Joss'alun belt in the Nakina River area (BC Geo graphic Sur vey sheets 104K.096N, 097N and 104N.006S,
007S. Ge ol ogy is based upon pub lished map ping by Mihalynuk et al. (2002, 2003a, b) and re gional ge ol ogy of Aitken (1959) and Souther (1971). 
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Un pub lished map ping by Canil and Johnston (2004) is pre sented in the south east ern cor ner (Peridotite Peak and ultra mafic rocks to the south east).
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scale geo log i cal maps that cover the transect area will be
pub lished in the near fu ture. 

Min eral ex plo ra tion work around the Joss’alun dis -
cov ery has been car ried out by Im pe rial Met als Cor po ra -
tion, in cluded geo phys i cal and geo chem i cal sur veys, cul -
mi nat ing in a di a mond drill pro gram which was con cluded
in the autumn of 2003. 

Regional Geological Setting

Rocks com pris ing the belt that hosts the Joss’alun oc -
cur rence can be broadly sep a rated into three dis tinct pack -
ages. From old est to youn gest they are: Mis sis sip pian to
Early Ju ras sic Cache Creek oce anic rocks; coarse, quartz-
 rich clastic strata of prob a ble Late Perm ian to Tri as sic age;
and Mid dle Ju ras sic, post-tec tonic in tru sions, like the
Nakina River stock.

South west of the NAK prop erty, the Cache Creek
rocks are bounded by the crustal-scale Nahlin fault that
marks the con tact with Lower to Mid dle Ju ras sic strata of
the Laberge Group. All rocks older than the ~172 Ma Ju ras -
sic plutons have been folded and faulted, most re cently by
south west-verg ing folds and thrusts, that formed be tween
174 and 172 Ma (Mihalynuk et al., 2004). Dis creet high an -
gle faults cut plutons south of the map area that are as young 
as Eocene (Mihalynuk et al., 1995). 

Nak Stratigraphy

In a gross sense, a man tle to supracrustal ar chi tec ture
can be rec og nized in the NAK area, and the man tle/crustal
com po nents (harzburgite/gab bro) can be treated as strati -
graphic el e ments, orig i nally lo cated be neath the supra -
crustal strata. A de scrip tion of the man tle to supracrustal
com po nents follows.

MAN TLE

Man tle rocks are best ex posed within the Atlin area
north of the Joss’alun oc cur rence, where they com prise part 
of the Nahlin ultra mafic body, a co her ent 1.5 x 15 km,
dun-weath er ing body, best ex posed south of the Nakina
River. At that lo cal ity, the man tle rocks are bound to the
west by gab bro, which passes up wards into sub ma rine ba -
salt, host to mas sive sul phide min er al iza tion at the
Joss’alun oc cur rence. Man tle rocks are com prised al most
en tirely of harzburgite (ol iv ine,  orthopyroxene  and
chrome spinel), with mi nor du nite (ol iv ine). To the south -
east, at Peridotite Peak, lherzolite con tain ing up to 25%
bright green chromian di op side, is ex posed to gether with
the harzburgite (see Canil et al., this vol ume). Harzburgite
com monly dis plays a high tem per a ture tectonite fab ric
(Photo 1), which re sults in quasiductile elon ga tion of the
pyroxene grains (e.g. both harzburgite and du nite have
been sub jected to vary ing de grees of serpentinization).
Typ i cally, only relicts of ol iv ine per sist within a ser pen tine
ma trix. Other al ter ation min er als in clude quartz- mag -
nesite- mariposite (listwanite al ter ation as sem blage), and
chryso tile (typ i cally as veinlets less than 5 mm thick).

GAB BRO

Gab bro forms a rel a tively con tin u ous out crop belt
along the east ern mar gin of the man tle sec tion. It is com -
posed mainly of clinopyroxene  orthopyroxene, with
pyroxene subequal in abun dance to plagioclase. It is typ i -
cally me dium-grained; al though lo cally peg ma titic, such as 
in the sad dle north east of the NAK camp. A con spic u ous
fea ture of the gab bro is the pres ence of a re tic u late vein net -
work. Petrographic work con ducted on gab bro through out
the Cache Creek terrane shows these veins to be com prised
mainly of prehnite quartz  and cal cite. In two out crops
north west of the NAK camp, gab bro shows an in tru sive
con tact re la tion ship with the man tle rocks. In at least three
other lo cal i ties, an in tru sive re la tion ship be tween gab bro
and the over ly ing mafic and hypabyssal volcanic rocks is
preserved. 

BA SALT

Ba salt ex posed within the NAK area is typ i cally
green-grey, blocky-weath er ing and dark green on fresh sur -
faces. It is a rel a tively re sis tant unit and caps sev eral ridges
south and east of the Joss’alun oc cur rence. Three lith olog -
ies are rec og nized: pil lowed flows, ag glom er ate (herein de -
fined as a monomict vol ca nic unit with large lapilli or brec -
cia-sized frag ments that are com monly rounded), and
varitextured tuffaceous strata that may in clude hyalo -
clastite, flow brec cia, tuffite and dense flows (a grab bag of
ba saltic lithologies not included in the first two units). 

Pil lowed flows are well dis played at the Joss’alun and
on the peak at the west ern head of “Jos val ley” ("Sleeper
Peak", Photo 2). Pil low bas alts are fine grained, rarely con -
tain ing me dium-grained feld spar laths com pris ing up to
10% of the rock. Pil lows are typ i cally ve sic u lar and may
dis play zones of vary ing ves i cle size. Rims are chilled and
chlorite al tered. Pil lows range from 15 to 150 cm across and 
ap pro pri ately ori ented sec tions may show flow tubes and
clear in di ca tions of flow tops. Interpillow lime mud or, less

Photo 1.  A high tem per a ture man tle tectonite fab ric is de vel oped
in the harzburgite west of “Jos Creek”.
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TA BLE 1. RE SULTS OF IN DUC TIVELY COU PLED PLASMA MASS SPEC TROS COPY (ICPMS) ANAL Y SIS

Element Mo Cu Pb Zn Ag Ni Co Mn Fe As U Au Th Sr Cd Sb Bi V

Units ppm ppm ppm ppm ppb ppm ppm ppm % ppm ppm ppb ppm ppm ppm ppm ppm ppm

Detection Limit 0.01 0.01 0.01 0.1 2 0.1 0.1 1 0.01 0.1 0.1 1 0.1 0.5 0.01 0.02 0.02 2

Station Number

LFE03-4-1 0.05 1562.18 0.19 7.6 171 102.1 11.3 167 0.99 0.6 b.d. 490.9 b.d. 46.8 0.06 0.02 b.d. 7

LFE03-17-4 0.85 2224.89 1.35 33.3 761 29.4 35.1 444 9.52 16.8 0.1 16.2 b.d. 45.7 0.14 0.14 0.17 68

LFE-03-17-7 8.02 121.14 5.29 568.9 124 3.1 17.4 1153 6.97 15.3 b.d. 6.6 b.d. 4.4 1.85 0.38 0.55 94

STD GSB Till 99 0.78 154.01 181.02 320.2 1233 192 40.9 1259 6.17 48.2 0.4 34 3 15.7 0.62 7.76 0.21 91

MMI03-12-2 8.09 8818.62 1.59 39.7 618 10.8 126.3 879 13.29 11.1 b.d. 13.8 b.d. 2.6 0.12 0.11 0.61 144

MMI03-12-2-3 1.74 323.14 0.37 59.1 40 9.4 27.3 608 6.05 3.9 b.d. 1.1 0.1 2.6 0.09 0.12 0.09 131

MMI03-12-2-4 2.09 33008.09 1.26 36.5 1901 11.3 99.8 267 10.73 2.4 b.d. 15.8 b.d. 1.4 0.58 0.09 0.12 77

MMI03-12-2-5 0.05 13.34 0.05 17.8 7 1481.1 72 873 4.13 29.7 b.d. 10 b.d. 238.8 0.01 0.23 b.d. 18

MMI03-12-5 0.3 11.14 0.19 15.8 6 1464.6 53.8 584 3.1 48.1 b.d. 0.6 b.d. 111.5 0.01 0.9 b.d. 3

MMI03-2-11 10.78 1157.96 0.93 2283.7 251 3.5 27.7 1813 8.68 8.4 0.1 18.5 b.d. 1.8 6.63 0.11 0.55 180

Acme QC 0.09 25.46 1.11 65.7 42 23.5 13.3 797 3.91 15.9 0.1 0.3 0.3 104.8 0.14 0.14 0.02 66

MMI03-25-14 2.14 526.91 36.3 1383.3 4189 10.9 26.4 833 6.37 25 0.4 114.8 b.d. 4.6 5.79 0.85 b.d. 238

Std. GSB Till 99 0.83 161.36 186.49 333.7 1209 204.2 43.8 1317 6.43 51.8 0.4 23.2 3.1 16.3 0.65 7.42 0.22 97

MMI03-25-15b 19 480.4 316.34 733.5 2054 20.1 11.4 653 2.7 9.7 b.d. 607.5 b.d. 2.4 4.55 0.4 0.03 70

MMI03-25-5 0.17 61.54 0.28 44.4 14 61.1 25.7 618 5.21 4.3 b.d. 0.2 b.d. 4.1 0.02 0.02 b.d. 336

MMI03-25-7 0.75 177.92 13.89 241.5 584 67.8 43.8 1014 8.2 8.2 0.1 30.5 b.d. 8.5 0.76 0.1 0.05 227

MMI03-2-7 25.79 30133.98 1.66 300.4 248 29.8 317.3 1029 11.48 31.3 0.4 57.2 b.d. 0.9 0.37 0.95 0.16 137

MMI03-31-10a 0.04 33900.84 0.42 124.4 3429 163.4 62.2 502 3.22 2.6 b.d. 33.8 b.d. 2.5 0.29 b.d. 0.11 15

MMI03-31-10b 0.02 10637.51 0.79 75.3 246 84.7 63.5 447 3.27 4.1 b.d. 1 0.1 16.1 0.44 0.02 0.06 36

MMI03-31-10c 0.04 38746.7 2.86 79.2 1775 229.2 66.9 672 5.17 2.1 b.d. 1.7 b.d. 6.9 2.36 0.08 0.18 16

MMI03-31-10d 0.03 45994.16 0.81 109.4 135 322.6 108.7 1069 8.3 0.6 b.d. 2.2 b.d. 11 3.13 0.03 0.25 27

MMI03-31-12a 0.07 73665.82 1.56 61.5 4204 89.9 40.3 223 8.04 10.5 b.d. 29.9 b.d. 27.4 3.39 0.18 0.13 3

Acme QC 13.19 138.19 25.51 130.1 281 24.5 11.7 762 2.91 19.3 6.1 44.9 2.9 48 5.64 3.67 6.67 58

MMI03-31-12b 0.05 34.88 0.14 12.9 8 834.3 43.8 667 2.26 1 b.d. b.d. b.d. 5 0.01 b.d. b.d. 4

MMI03-31-12c 0.05 60397.96 1.64 40.3 3192 54.3 16.9 169 6.68 1.8 b.d. 14.4 b.d. 23.3 2.44 0.11 0.05 8

MMI03-5-19-1 2.82 14981.71 3.67 87.7 6419 10.8 35.8 113 4.27 32.6 b.d. 76.4 b.d. 25.9 2.98 0.23 0.09 38

MMI03-5-19-2 0.9 9804.62 0.8 25.6 2204 5.2 8 113 1.77 4.2 b.d. 16.5 b.d. 21.2 9.25 0.04 0.03 25

MMI03-5-6 0.18 370.5 5.08 55.1 10 106.3 11 3653 1.7 0.7 0.4 0.6 1.1 20.6 0.08 0.29 0.28 15

MMI03-6-2-2 0.02 17.66 0.06 7 5 329 5.3 591 2.07 2.1 b.d. 0.2 b.d. 63 0.02 b.d. b.d. 14

MMI03-6-5 0.86 27.16 1.89 60.3 52 5.8 8.2 505 2.47 3.5 0.1 0.6 0.1 8.1 0.09 0.6 0.06 39

MMI03-7-2 0.06 32.34 0.33 24.7 52 18.8 11.4 273 1.55 2 b.d. b.d. b.d. 45.1 0.03 0.05 b.d. 80

MMI03-8-7 0.13 20.56 0.38 60.3 9 13.4 16.8 767 4.14 1.7 0.2 b.d. 0.1 12 0.14 0.03 b.d. 108

MMI03-8-8 14.69 13578.54 0.75 62.7 1554 25.2 59 1128 13.97 5.6 0.1 9.9 b.d. 5.4 0.32 0.03 0.12 145

Acme QC 4.1 63.44 7.57 161.4 219 20.4 16.1 420 3.86 13.6 0.4 2.7 0.4 13.4 0.9 0.21 0.09 63

Silica blank 0.15 5.27 0.53 1.6 6 4.5 0.6 17 0.24 2.8 0.1 0.4 0.4 0.8 0.01 0.03 b.d. 7

BGR-1-001 1.56 25.02 1.48 51.4 86 26.5 60.1 559 9.01 16.9 b.d. 20.4 b.d. 10.7 0.04 0.04 0.08 59

Acme QC 12.28 137.06 23.14 128.5 264 23.3 11.5 739 2.83 18.8 5.7 39.7 2.7 45.4 5.29 3.7 5.93 57

STD GSB Till 99 0.78 154.01 181.02 320.2 1233 192 40.9 1259 6.17 48.2 0.4 34 3 15.7 0.62 7.76 0.21 91

Std. GSB Till 99 0.83 161.36 186.49 333.7 1209 204.2 43.8 1317 6.43 51.8 0.4 23.2 3.1 16.3 0.65 7.42 0.22 97

0.805 157.685 183.755 326.95 1221 198.1 42.35 1288 6.3 50 0.4 28.6 3.05 16 0.635 7.59 0.215 94

0.04 5.2 3.9 9.5 17.0 8.6 2.1 41.0 0.2 2.5 0.0 7.6 0.1 0.4 0.0 0.2 0.0 4.2

4.4 3.3 2.1 2.9 1.4 4.4 4.8 3.2 2.9 5.1 0.0 26.7 2.3 2.7 3.3 3.2 3.3 4.5

Note: see Ta ble 2 for sam ple locations
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TA BLE 1. ICPMS  ANAL Y SES CON TIN UED.

Element Ca P La Cr Mg Ba Ti B Al Na K W Sc Tl S Hg Se Te Ga

Units % % ppm ppm % ppm % ppm % % % ppm ppm ppm % ppb ppm ppm ppm

Detection Limit 0.01 0.001 0.5 0.5 0.01 0.5 0.001 1 0.01 0.001 0.01 0.2 0.02 0.02 5 0.1 0.02 0.02

Station Number

LFE03-4-1 3.9 b.d. b.d. 113.9 1.6 93.5 0.003 2 2.89 0.016 0.01 b.d. 2.4 b.d. 0.08 b.d. 2.7 0.08 3.4

LFE03-17-4 0.83 0.019 0.5 107.2 1.16 11.8 0.175 1 1.5 0.001 0.02 b.d. 5.4 b.d. 9.46 168 13.4 0.56 5.8

LFE-03-17-7 0.57 0.031 1.1 30.6 2.02 4.5 0.128 3 2.17 0.043 0.03 b.d. 8.2 0.11 5.12 33 2.4 0.42 7.9

STD GSB Till 99 0.32 0.101 13.6 237.4 2.43 227.8 0.085 1 2.64 0.004 0.04 b.d. 14.4 0.09 b.d. 292 0.3 0.25 8.2

MMI03-12-2 0.87 0.022 1.4 59.4 2.34 1.5 0.005 2 2.24 0.004 b.d. b.d. 8 0.17 8.82 263 25.4 1.01 10.6

MMI03-12-2-3 0.43 0.059 1.5 28.7 2.17 1.4 0.007 4 2.04 0.027 0.01 b.d. 10.4 0.23 3.31 398 1.7 0.16 9.5

MMI03-12-2-4 0.05 0.014 0.6 98.8 1.11 1.6 0.012 2 1.23 0.009 0.01 b.d. 5.3 0.09 6.49 406 46.5 0.21 6.4

MMI03-12-2-5 12.95 0.002 b.d. 441.1 9.37 34.8 b.d. 9 0.11 0.007 0.01 0.4 6.3 0.08 b.d. 4032 b.d. 0.05 0.3

MMI03-12-5 3.85 0.001 b.d. 122.8 7.17 17.7 0.002 35 0.02 0.011 b.d. 0.4 2.2 0.24 b.d. 608 b.d. 0.02 0.2

MMI03-2-11 0.21 0.045 1.6 37 1.34 2.5 0.09 1 1.91 0.026 0.02 b.d. 9.6 0.03 6.53 118 8.3 0.31 8.8

Acme QC 3.75 0.052 2.8 67.9 1.81 76.8 0.012 2 2.56 0.036 0.11 b.d. 4.9 0.02 0.12 6 b.d. 0.04 7.4

MMI03-25-14 1.17 0.033 0.6 17.5 3.67 6.2 0.383 3 3.33 0.038 0.04 b.d. 14.4 1.08 2.67 411 0.9 3.01 11.3

Std. GSB Till 99 0.34 0.107 14.4 247.6 2.55 239.4 0.09 b.d. 2.77 0.005 0.04 b.d. 14.7 0.1 b.d. 305 0.4 0.25 8.6

MMI03-25-15b 0.28 0.013 0.5 108.6 1.41 6.3 0.122 b.d. 1.21 0.025 0.05 b.d. 5.2 0.04 1.07 211 0.5 0.03 4

MMI03-25-5 1.58 0.017 b.d. 132.7 2.14 5.1 0.288 3 2.9 0.029 0.01 b.d. 5.8 b.d. 0.2 10 0.2 b.d. 9.2

MMI03-25-7 1.28 0.039 1.3 143.3 4.24 16.9 0.34 3 3.59 0.017 0.02 b.d. 16.9 0.03 2.56 415 1.4 0.03 12.5

MMI03-2-7 0.09 0.028 b.d. 47.5 2.33 2.4 0.053 1 3.61 0.003 0.02 b.d. 9.7 0.04 2.78 159 43.7 2.42 11.6

MMI03-31-10a 2.69 0.001 b.d. 159 3.13 0.9 0.012 1 3.47 0.003 0.01 b.d. 2.7 b.d. 0.89 5 30.1 1.48 4.4

MMI03-31-10b 3.4 0.019 0.9 186.5 2.46 9.7 0.044 2 3.38 0.016 0.01 b.d. 3.2 b.d. 0.34 b.d. 4.9 0.17 6

MMI03-31-10c 4.32 0.001 b.d. 296.7 2.84 1.1 0.009 1 1.87 0.007 0.01 b.d. 3.2 b.d. 2.53 8 16.4 0.41 3.6

MMI03-31-10d 5.71 0.001 b.d. 569.4 4.11 0.7 0.015 2 2.59 0.005 b.d. b.d. 2.6 b.d. 3.6 b.d. 20.3 0.24 5.4

MMI03-31-12a 1.26 0.004 b.d. 43.5 1.11 1 0.006 1 1.31 0.002 b.d. b.d. 0.6 b.d. 4.49 22 98.4 0.47 2

Acme QC 0.73 0.097 12.3 185.6 0.66 135.7 0.094 18 2.02 0.034 0.13 5.2 3.5 1.09 b.d. 173 4.4 0.83 6.5

MMI03-31-12b 5.64 0.001 b.d. 312.2 7.09 2.6 0.004 3 0.13 0.001 b.d. b.d. 3.2 0.02 0.07 b.d. 0.1 b.d. 0.3

MMI03-31-12c 0.85 0.005 b.d. 63.1 1.06 0.6 0.016 b.d. 1.16 0.003 b.d. b.d. 1 b.d. 3.3 24 74.6 0.51 1.8

MMI03-5-19-1 0.72 0.007 b.d. 88.3 0.09 0.5 0.139 1 0.47 0.001 b.d. b.d. 2.5 0.03 3.05 467 8.4 0.23 2

MMI03-5-19-2 2.08 0.002 b.d. 79.9 0.08 b.d. 0.056 b.d. 0.4 0.001 b.d. b.d. 1.5 b.d. 1.27 224 6.3 0.05 1.8

MMI03-5-6 2.06 0.101 7.6 84.9 0.56 2195.2 0.066 1 0.6 0.007 0.36 0.9 3.1 0.13 0.03 6 b.d. 0.14 4.6

MMI03-6-2-2 6.82 0.001 b.d. 38.8 17.66 17 0.004 2 0.01 0.003 b.d. b.d. 3.1 b.d. 0.06 b.d. 0.2 b.d. 0.1

MMI03-6-5 0.53 0.021 1.2 86.8 0.94 13.3 0.16 4 1.15 0.065 0.07 b.d. 6.6 0.02 0.63 12 0.2 0.04 5

MMI03-7-2 1.25 0.015 0.5 53.8 0.84 3.9 0.219 4 1.26 0.015 0.01 b.d. 4.4 b.d. 0.02 b.d. b.d. b.d. 3.7

MMI03-8-7 3.65 0.037 1.2 10.9 1.44 5.2 0.2 3 1.68 0.094 0.05 b.d. 1.6 b.d. 0.01 b.d. b.d. b.d. 6.9

MMI03-8-8 0.27 0.016 0.6 33.3 2.63 1.5 0.077 1 2.75 0.006 b.d. b.d. 9 b.d. 0.11 22 20.9 0.09 10.1

Acme QC 0.64 0.088 2.4 42.2 0.97 25.4 0.172 1 1.3 0.05 0.11 0.2 5.9 0.04 1.47 b.d. 3.7 0.08 4.2

Silica blank 0.01 0.001 2.3 182.3 0.01 15.9 0.004 1 0.04 0.002 0.02 b.d. 0.1 b.d. 0.03 b.d. b.d. b.d. 0.1

BGR-1-001 0.82 0.012 b.d. 88.9 1.72 0.8 0.108 1 1.55 0.002 b.d. b.d. 6.4 b.d. 7.04 35 7.1 0.22 4.9

Acme QC 0.7 0.092 11.2 183.1 0.64 134.6 0.087 17 1.99 0.032 0.13 4.8 3.4 0.98 0.03 170 4.5 0.82 6.5

STD GSB Till 99 0.32 0.101 13.6 237.4 2.43 227.8 0.085 1 2.64 0.004 0.04 b.d. 14.4 0.09 b.d. 292 0.3 0.25 8.2

Std. GSB Till 99 0.34 0.107 14.4 247.6 2.55 239.4 0.09 b.d. 2.77 0.005 0.04 b.d. 14.7 0.1 b.d. 305 0.4 0.25 8.6

0.33 0.104 14 242.5 2.49 233.6 0.0875 1 2.705 0.0045 0.04 b.d. 14.55 0.095 b.d. 298.5 0.35 0.25 8.4

0.0 0.0 0.6 7.2 0.1 8.2 0.0 0.1 0.0 0.0 0.2 0.0 9.2 0.1 0.0 0.3

4.3 4.1 4.0 3.0 3.4 3.5 4.0  3.4 15.7 0.0 1.5 7.4 3.1 20.2 0.0 3.4

Note: see Ta ble 2 for sam ple locations
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Element Au As Ba Ca Co Cr Fe Hf Mo

Units ppb ppm ppm   %  ppm ppm   %  ppm ppm

Detection Limit 2 0.5 50 1 1 5 0.02 1 1

Station Number Easting Northing

LFE03-4-1 620020 6542337 1480 1.3 160 14 24 719 2.51 b.d. b.d.

LFE03-17-4 624689 6541846 20 18 b.d. 7 34 196 13.5 1 b.d.

LFE-03-17-7 622472 6543267 4 15.9 b.d. 2 18 70 7.51 2 8

STD GSB Till 99 26 61.4 960 2 45 368 7.71 3 b.d.

MMI03-12-2 620487 6537407 20 11.9 85 b.d. 114 126 13.6 1 b.d.

MMI03-12-2-3 620487 6537407 b.d. 3.6 b.d. b.d. 25 51 6.33 4 b.d.

MMI03-12-2-4 620487 6537407 26 2.5 b.d. b.d. 88 190 11.1 b.d. b.d.

MMI03-12-2-5 620487 6537407 5 28 b.d. 14 69 1800 4.18 b.d. b.d.

MMI03-12-5 620463 6537537 b.d. 55.1 b.d. 4 63 2540 3.45 b.d. b.d.

MMI03-2-11 620373 6544373 25 9.2 b.d. b.d. 25 73 8.42 2 11

MMI03-25-14 623445 6542687 137 27.7 b.d. 1 26 35 7.08 2 b.d.

Std. GSB Till 99 36 60.4 930 b.d. 45 368 7.78 3 b.d.

MMI03-25-15b 623544 6542801 584 9.6 b.d. b.d. 12 176 3 b.d. 21

MMI03-25-5 625137 6542383 b.d. b.d. b.d. 7 41 175 8.63 1 b.d.

MMI03-25-7 624802 6542092 43 6.7 b.d. 3 47 237 10.3 2 b.d.

MMI03-2-7 620314 6544344 76 31.5 b.d. b.d. 302 98 12.4 2 18

MMI03-31-10a 618326 6545686 543 1.7 b.d. 14 75 480 5.06 b.d. b.d.

MMI03-31-10b 618326 6545686 b.d. 2.8 430 12 78 525 6.61 b.d. b.d.

MMI03-31-10c 618326 6545686 31 3 b.d. 14 71 1300 7.11 b.d. b.d.

MMI03-31-10d 618326 6545686 b.d. 3.2 b.d. 11 125 1130 11.8 b.d. b.d.

MMI03-31-12a 618432 6545725 48 13 b.d. 10 45 156 12.7 b.d. b.d.

MMI03-31-12b 618432 6545725 b.d. 2.2 b.d. 7 44 1380 2.61 b.d. b.d.

MMI03-31-12c 618432 6545725 29 3.4 b.d. 10 33 300 10.3 b.d. b.d.

MMI03-5-19-1 621005 6541401 110 35.3 b.d. 5 33 196 6.73 b.d. b.d.

MMI03-5-19-2 621005 6541401 39 5 b.d. 6 7 180 4.2 b.d. b.d.

MMI03-5-6 620072 6542193 b.d. 3.7 24000 2 12 176 2.37 3 b.d.

MMI03-6-2-2 621633 6544264 b.d. 1.7 b.d. 7 6 49 2.06 b.d. b.d.

MMI03-6-5 621933 6544290 b.d. 4.6 120 b.d. 8 151 2.53 2 b.d.

MMI03-7-2 619753 6544718 4 b.d. b.d. 7 11 101 5.05 1 b.d.

MMI03-8-7 621232 6541095 5 b.d. b.d. 9 29 29 7.22 2 b.d.

MMI03-8-8 621102 6540832 17 5.7 b.d. 2 59 69 16.6 b.d. 8

Silica blank b.d. 1.8 b.d. b.d. 1 359 0.33 b.d. b.d.

BGR-1-001 621083 6541361 23 15.8 100 3 58 165 10.8 1 b.d.

QC

STD GSB Till 99 26 61.4 960 2 45 368 7.71 3 b.d.

Std. GSB Till 99 36 60.4 930 b.d. 45 368 7.78 3 b.d.

Mean 31 60.9 945 2 45 368 7.75 3 b.d.

SD 7.07 0.71 21.21 0 0 0.05 0

%RSD 22.8 1.16 2.245 0 0 0.64 0

Silica blank b.d. 1.8 b.d. b.d. 1 359 0.33 b.d. b.d.

TA BLE 2. RE SULTS OF IN DUCED NEU TRON AC TI VA TION ANAL Y SES (INAA) 
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Element Na Ni Sb Sc Se Th Zn La Ce Nd Sm Eu Yb Lu  Mass

Units   %  ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm     g

Detection Limit 0.01 20 0.1 0.1 3 0.5 50 0.1 3 5 0.1 0.2 0.2 0.05 0.1

Station Number

LFE03-4-1 0.26 b.d. b.d. 26.4 b.d. b.d. b.d. b.d. b.d. b.d. 0.2 b.d. 0.5 0.07 28.09

LFE03-17-4 0.03 b.d. 0.7 17.2 13 0.5 b.d. 3.4 8 b.d. 1.9 1.3 1.9 0.28 28.05

LFE-03-17-7 1.85 b.d. 0.7 18.1 b.d. b.d. 638 2.3 5 7 1.9 0.7 3.1 0.46 28.56

STD GSB Till 99 1.75 244 13.8 27.6 b.d. 5.6 399 29.4 54 24 5.7 2.1 2.8 0.42 20.51

MMI03-12-2 0.34 b.d. b.d. 11.4 21 b.d. 88 2.1 7 b.d. 1.2 0.6 1.3 0.22 31.46

MMI03-12-2-3 2.67 b.d. b.d. 19.1 b.d. b.d. 92 2.9 9 8 2.5 0.9 5.5 0.85 30.41

MMI03-12-2-4 0.26 b.d. b.d. 7.5 40 b.d. b.d. 1.4 b.d. b.d. 0.8 0.4 1 0.15 29.06

MMI03-12-2-5 0.03 1050 1.9 6.4 b.d. b.d. 55 b.d. b.d. b.d. b.d. b.d. b.d. b.d. 37.06

MMI03-12-5 0.04 1070 8.1 2.5 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 31.44

MMI03-2-11 2.26 b.d. 0.3 17.5 4 0.4 2250 2.7 10 7 2.1 0.8 3.4 0.51 33.39

MMI03-25-14 2.48 b.d. 1.8 32.8 b.d. b.d. 1550 2.2 11 7 2.1 0.8 3 0.48 30.38

Std. GSB Till 99 1.77 241 13.4 28.8 b.d. 5.8 431 30.1 54 23 5.8 2.2 3 0.46 23.58

MMI03-25-15b 1.08 b.d. 0.6 13 b.d. b.d. 832 0.9 3 b.d. 0.7 0.4 1.1 0.16 25.41

MMI03-25-5 2.13 170 0.2 45.2 b.d. 0.4 155 1.7 5 b.d. 1.8 0.6 2.7 0.41 31.78

MMI03-25-7 2.47 b.d. 0.3 41.6 b.d. b.d. 320 2.5 7 b.d. 2.5 1.2 3.2 0.47 31.6

MMI03-2-7 0.15 b.d. 2.1 16.7 53 b.d. 375 1.7 5 b.d. 1.4 0.2 2.2 0.35 29.25

MMI03-31-10a 0.08 130 b.d. 24.7 35 b.d. 178 0.6 3 b.d. 0.3 b.d. 0.4 0.06 31.71

MMI03-31-10b 0.46 74 b.d. 29.5 b.d. b.d. 184 2.7 7 b.d. 1.1 0.6 0.9 0.14 31.2

MMI03-31-10c 0.11 290 0.8 37 17 b.d. 164 0.6 b.d. b.d. 0.3 b.d. 0.6 0.09 36.49

MMI03-31-10d 0.08 327 0.2 27.2 26 b.d. 180 0.6 b.d. b.d. 0.2 b.d. b.d. b.d. 29.51

MMI03-31-12a 0.05 b.d. 0.2 7.1 119 b.d. 76 0.6 b.d. b.d. 0.2 0.7 b.d. b.d. 30.1

MMI03-31-12b 0.03 741 0.3 3.6 b.d. b.d. b.d. 0.7 b.d. b.d. b.d. b.d. b.d. b.d. 26.59

MMI03-31-12c 0.06 b.d. b.d. 21.2 74 b.d. 111 0.9 3 b.d. 0.4 0.5 0.6 0.09 34.1

MMI03-5-19-1 0.02 b.d. b.d. 11 7 b.d. 82 1.6 4 b.d. 1 0.5 1.5 0.23 29.45

MMI03-5-19-2 0.02 b.d. b.d. 6.4 7 0.2 b.d. 0.9 b.d. b.d. 0.5 0.5 0.7 0.11 33.32

MMI03-5-6 0.1 79 0.8 8.8 b.d. 1.6 78 18.9 16 13 3.4 0.8 2.3 0.36 30.43

MMI03-6-2-2 0.03 272 b.d. 3.5 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 30.92

MMI03-6-5 2.6 b.d. 0.8 11.9 b.d. 0.4 76 3.2 9 7 2.2 0.7 3.6 0.54 30.17

MMI03-7-2 0.73 109 b.d. 18.5 b.d. b.d. b.d. 2.1 5 b.d. 1.5 0.7 2.1 0.31 38.02

MMI03-8-7 2.54 b.d. b.d. 34.8 b.d. b.d. b.d. 2.7 8 b.d. 2.2 0.8 3.3 0.5 30.24

MMI03-8-8 0.28 b.d. b.d. 19.8 22 b.d. 113 4.6 11 b.d. 2.8 1.9 1.9 0.3 34.59

Silica blank 0.04 b.d. 0.1 0.5 b.d. 0.7 b.d. 4.5 7 b.d. 0.4 b.d. b.d. b.d. 28.88

BGR-1-001 0.16 196 b.d. 18.4 b.d. b.d. 78 1.3 b.d. b.d. 0.9 0.2 1.5 0.23 37.35

QC

STD GSB Till 99 1.75 244 13.8 27.6 b.d. 5.6 399 29.4 54 24 5.7 2.1 2.8 0.42 20.51

Std. GSB Till 99 1.77 241 13.4 28.8 b.d. 5.8 431 30.1 54 23 5.8 2.2 3 0.46 23.58

Mean 1.76 243 13.6 28.2 b.d. 5.7 415 29.8 54 23.5 5.75 2.15 2.9 0.44 22.05

SD 0.01 2.12 0.28 0.85 0.14 22.6 0.49 0 0.71 0.07 0.07 0.14 0.028 2.171

%RSD 0.8 0.87 2.08 3.01 2.48 5.45 1.66 0 3.01 1.23 3.29 4.88 6.428 9.847

Silica blank 0.04 b.d. 0.1 0.5 b.d. 0.7 b.d. 4.5 7 b.d. 0.4 b.d. b.d. b.d. 28.88

TA BLE 2. INAA RE SULTS CON TIN UED
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com monly, chert are lo cally pre served and pres ent op por tu -
ni ties for age dat ing via microfossils, ei ther cono donts or
radiolaria. Interpillow or interflow hyaloclastite is rec og -
niz able in well preserved sections.

Ag glom er ate is ex posed at the struc tural top of the pil -
lowed sec tion host ing the Joss’alun min er al iza tion.  The
def i ni tion of “ag glom er ate” used herein is: a monomict vol -
ca nic brec cia com posed pri mar ily of rounded clasts
(bombs, not ero sional).

On the east ern side of “Jos val ley” the ag glom er ate
grades into ba salt brec cia with a cherty ferrugenous ma roon 
ma trix (Photo 3), which in turn, grades into  ferruginous
chert from which “Perm ian” radiolaria were ex tracted
(Mihalynuk et al., 2003b). The same strati graphic re la tion -
ship is seen on the west side of “Jos Peak”, sug gest ing a re -
gion ally cor re lat able suc ces sion (see also “Ferruginous
chert” be low).

Sec tions of ba salt ex posed within the NAK area prob a -
bly span a range of ages, but no field cri te ria that per mit

bas alts of vary ing ages to be dis tin guished from one an -
other have yet been rec og nized. 

Geo chem is try

We col lected 5 sam ples of ba salt from the belt of mafic
vol ca nic rocks and prob a ble cor re la tives within the 
Joss'alun belt and an a lyzed major, trace and  rare earth el e -
ments in or der to test the tec tonic af fin ity of the par ent
magma(s). The data are given in Ta ble 3 and plotted in
Figure 6.

Fig ure 6A is a plot of  al ka lis ver sus sil ica with the al ka -
line-subalkaline fields of Irvine and Baragar (1971); all
sam ples are subalkaline. Fig ure 6Bshows rock clas si fi ca -
tion fields of Cox et al. (1979), all of the sam ples are ba salt
or basltic an de site. Al ka lis and sil ica can be mo bile in meta -
mor phosed rocks. How ever, the sam ples plot in cor re -
spond ing fields based on their im mo bile el e ments com po si -
tion (Fig. 6C, D; Winchester and Floyd, 1977), con firm ing
the rock type as sign ment made on the ba sis of ma jor ox ides. 

Descrimination of mod ern petro gen etic en vi ron ments
can be shown by plot ting el e men tal abun dances in bas alts.
Com po si tion of an cient bas alts can be com pared with mod -
ern en vi ron ments in or der to re solve the tec tonic en vi ron -
ment in which they formed. The Th-Hf/3-Ta des crim in at -
ion plot of Wood (1980) sep a rates the geo chem i cal fields of 
bas alts gen er ated at a de struc tive plate mar gin (arc) from

 Photo 3.   Vol ca nic brec cia near the top of the mafic vol ca nic sec -
tion com monly dis plays a ma roon, cherty ash ma trix. Lo cally this
unit grades into ferruginous chert. 

Photo 4.  A typ i cal ex po sure of ferruginous chert. Layer thick ness
of 1-5 centi metres and ruler straight beds are typ i cal, but not dis -
played in all oc cur rences. 

Photo 2. Pil lowed ba salt flows are very well de vel oped on
“Sleeper Peak” im me di ately west of “Black Goat Peak”. 
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A B

Fig ure 3. Chem i cal com po si tion of ferruginous chertas com pared on a plot of Fe/Ti ver sus Al/(Al+Fe+Mn) as a mea sure of the pro por tion
of hy dro ther mal or terrigenous imputs (A), andon  (B) the Ni+Co+Cu - Fe -Mn  ter nary di a gram, to dis crim i nate be tween hy dro ther mal and
hy drog e nous or biogenic sources (see Mihalynuk and Pe ter, 2001 for sources). Also com pared are the com po si tion of chert and vol ca nic
rocks from the Big Salmon com plex (Mihalynuk and Pe ter, 2001). Al though theferruginous chert unit is lo cally cop per stained, el e vated
cop per con tents are com mon in oce anic set tings and do not nec es sar ily in di cate a hy dro ther mal source. Ferruginous chert chem i cal com po -
si tion plots within be tween the fields of hy dro ther mal sed i ment and terrigenous sed i ment (A) and with deep sea sed i ments and Fe-Mn
crusts (B). 

Samples
Location 

UTM zn8 E/N
Lithology

Radiolarian

Occurrence

Preser-

vation

Content and radiolarian taxa
Age

MMI03-3-10 618779 

6544207

red chert
+ poor

sponge spicules, recrystallized 

spumellarians,silica fragments
indeterminate

MMI03-5-3 620190  

6542388

laminated 

grey/black 
siliceous argillite

? /
silica fragments, one conodont specimen sent 

to M.J. Orchard, Geological Survey of Canada, 
Vancouver

see M.J. 

Orchard

MMI03-5-5 620090  

6542240

grey siliceous 

argillite + poor
abundant recrystallized flattened radiolarians. 

Large triradiate Latentifistulidae
Carboniferous-

Permian

MMI03-5-6 620070  

6542195

red chert
+ very poor

recrystallized silica fragments, red clays
indeterminate

MMI03-5-12 620346  

6541664

red chert
+ poor

sponge spicules, silica fragments, large 

Latentifistulidae, ?Quinqueremis  sp.
Carboniferous-

Permian

MMI03-7-3 619800  

6544550

grey-brown 

siliceous argillite + poor
silica fragments and aggregates, rare 

spumellarians indeterminate

MMI03-10-5-2 632156  

6541448

grey chert

+ moderate

Haploaxon  sp., Latentifistula  sp., 

Pseudoalbaillella sakmarensis , Quinqueremis 

sp.

Early Permian, 

late Asselian-

Sakmarian

MMI03-10-8 632946  

6540788

black chert

+ moderate

Entactinia  sp., Latentibifistula  sp., 

Pseudoalbaillella sakmarensis , Quinqueremis 

sp., abundant quartz crystals

Early Permian; 

late Asselian-

Sakmarian

MMI03-11-2 629051  

6541445

grey chert
+ good

Canesium lentum, Capnodoce  sp., 

Capnuchosphaera schenki , Sarla  sp., Saitoum 

sp., Triassocampe  sp.

Late Triassic, 

latest Carnian-

early Norian
MMI03-12-11 620588  

6540268

grey chert
+ poor

quartz crystals, sphaeromorphs, probable 

spumellarians
indeterminate

MMI03-14-9c 619500  

6540030

grey chert

+ poor

silica fragments, sponge spicules, quartz and 

pyrite crystals, ?Oertlispongus , Triassocampe 

sp., recrystallized spumellarians and 
nasselarians

Middle or Late 

Triassic

TA BLE 5. RE SULTS OF RADIOLARIAN PRO CESS ING AND IDEN TI FI CA TION IN 2003

Chem i cal pro ce dure: HF 7%, 3 se ries of 24 hours for each sam ple
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those formed in other en vi ron ments. Bas alts from the
Joss'alun belt as well as the Yeth Creek for ma tion fall
within or strad dle the bound ary be tween  the vol ca nic arc
field (VAB) and nor mal Mid-Ocean Ridge Ba salt
(N-MORB).   Plot ting Th-Hf/3-Nb/16 (not shown) yields
nearly iden ti cal re sults and con firms the con sis tency of Nb
and Ta analyses. In a plot of Zr/4-Y-Nb/2 af ter the method
of Meschede (1986) the Joss'alun belt sam ples fall within
the vol ca nic arc ba salt and N-MORB fields (D); Yeth Creek 
for ma tion falls  in  field D. The Ocean Island Ba salt (OIB)
and N-MORB stan dards fall into the ex pected within-plate
(AI) and N- MORB (D) fields. Fig ure 6G shows the
TiO2-MnO-P2O5 plot af ter the method of Mullen (1983).
On this plot, Joss'alun belt sam ples fall within the Is land
Arc Tholeiite and MORB fields while the Yeth Creek for -
ma tion sam ple falls within the Calc-Al ka line Ba salt field.

On the vari a tion di a grams (Fig. 6H, I) the sam ple com -
po si tions are plot ted nor mal ized to MORB and Prim i tive
man tle re spec tively. Fig ure 6H shows that the file of
Joss'alun belt sam ples over laps MORB and E-MORB, but
are more de pleted (ex cept for heavy REEs) than OIB. They
also dis play Nb de ple tion, as does the Yeth Creek for ma tion 
sam ple, which is more de pleted over all  than MORB. Fig -
ure 6I shows  de ple tion of  Ta, P and Hf when com pared
with prim i tive man tle com po si tion. K is de pleted in two
Joss 'alun belt sam ples,  whereas the oth ers show
enhrichment of all Large Ion Lithophile (LIL) el e ments
(Ba, Rb, K). Depletion of Nb and Ti, is typ i cal of  arc
magmatism. El e vated LILs are con sis tent with magma gen -
er a tion above a subducted slab, and el e vated val ues of both 
Th and Hf may in di cate crustal con tam i na tion.  

This small geo chem i cal data set is most consistent with 
gen er a tion of Joss'alun belt mag mas within an en vi ron ment 
which has geo chem i cal char ac ter is tics of both arc and
within-plate sources. Mod ern en vi ron ments which dis play
sim i lar chem i cal het er o ge ne ity in clude back arc set tings.
Geo chem i cal char ac ter is tics dis played by the Yeth Creek
for ma tion sam ple are most con sis tent with a vol ca nic arc
set ting.

Photo 6.  Chert lay ers in recrystallized lime stone are typ i cal of the 
best de vel oped lime stone sec tions.

Photo 7.  A typ i cal ex po sure of well-bed ded, grey rib bon chert.

Photo 5.  Cop per stain ing on ar gil la ceous bed ding planes at the
interbedded con tact be tween marley ferruginous chert and lime -
stone.

Fig ure 4.  Geo chem i cal plots show that the vol ca nic rocks in the
study are are subalkaline ba salt based upon ma jor ox ide anal y ses
(A, method of Irvine and Baragar, 1971; B, method of Cox, 1979 )
and trace el e ments (C, D; based upon method of Winchester and
Floyd, 1977). Con sis tency be tween A, B and C, D pro vides a test
for the re li abil ity of the trace el e ment anal y ses.  Petro gen etic en vi -
ron ment is shown in descrimination plots E, F, G (method of
Wood, 1980; Meschede, 1986; and Mullen, 1983). Sam ples fall
within or strad dle the bound ary be tween de struc tive plate mar gin
(field D) and nor mal MORB (field B, field AI is within-plate ba -
salt/EMORB field) on the Th-Ta-Hf/3 plot (Fig ure E). Fig ure F
like wise shows that data strad dle the bound ary be tween vol ca nic
arc ba salt (fields C-D) and NMORB (field D); within plate al ka -
line bas alts  fall within field AI. Fig ure G sim i larly shows that sam -
ples strad dle the fields be tween  MORB and is land arc tholeiite
(IAT); CAB is the field of calc-al ka line ba salt.

Joss’alun volcanics
Yeth Creek formation
Mid Ocean Ridge Basalt
Enriched MORB
Ocean Island Basalt
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FERRUGINOUS CHERT

Bright ma roon ferruginous chert is a per sis tent unit
that oc curs struc tur ally above the ba salt unit at sev eral lo -
cal i ties in the NAK area. It has an es ti mated strati graphic
thick ness of 5 m, al though it can at tain struc tural thick -
nesses in ex cess of 20m. Ruler straight 2-4 cm thick beds
are char ac ter is tic (Photo 4), but lo cally beds can be bul bous 
and 10+ cm thick. Ar gil la ceous interlayers are less than 1
cm. Radiolaria are com mon (Photo 9). At one lo cal ity the
unit is mal a chite-stained (Photo 5). Trace el e ment geo -
chem i cal anal y sis of the chert unit shows that it is el e vated
in Cu and Ba (Ta bles 1 and 2), but such val ues fall within
the range of normal hemipelagite (Fig ure 3). 

Away from the ba salt, ferruginous chert passes into
lime stone via in creas ing num bers of me dium to thin lime -
stone beds across a sec tion typ i cally two metres or less in
thick ness. Ferruginous chert above the ba salt may cor re late 
with a sim i lar unit within the Hardluck clastic unit (see
below).

Age of ferruginous chert

At one lolcality, the ferruginous chert yields Perm ian
radiolaria (Mihalynuk et al., 2003b) and one cono dont el e -
ment recoved from a dif fer ent lo cal ity is of Car bon if er ous
to Early Perm ian age (M. Or chard, writ ten com mu ni ca tion,
2003). A com mon age range of Early Perm ian is the as -
sumed age of the ferruginous chert unit. This age as sign -
ment re lies upon the as sump tion that the ferruginous chert
at both lo cal i ties is cor re la tive and co eval.

LIME STONE

Recrystallized, fo li ated lime stone forms a layer with a
max i mum av er age struc tural thick nesses of 20 m, al though
the unit is com monly only a few metres thick or rep re sented 
by brown or grey marley lay ers at the “up per” con tact of the 
ferruginous chert unit (Photo 5). It is light grey to tan
(dolomitic?)- weath er ing, with beds 2-10cm+ thick. It is
com monly interbedded with dark grey, ir reg u lar chert beds
of equal thick ness (Photo 6). Some chert beds are lam i -
nated. Best ex po sures are on the west ern side of up per “Jos
val ley”. 

WELL-LAY ERED, GREY CHERT

Chert lay ers abruptly in crease in abun dance above the
lime stone form ing a sec tion of light to dark grey rib bon
chert. Some sec tions of this unit are much more than 10m
thick. Chert beds are nor mally 2-10 cm thick, continous,
and are interlayered with ar gil la ceous beds less than 1.5 cm
thick (Photo 7). Rib bons lo cally give way to mas sive lam i -
nated chert in beds a metre or more in thick ness. Lami na -
tions are 1-3 mm thick and are thought to sig nal chert
formed from a si li ceous argillite pro gen i tor. Grey chert
grades rap idly into rusty chert; al though the con tact is com -
monly modified by faulting.

RUSTY CHERT

Eye-catch ing, rusty-weath er ing rib bon chert has a
thick ness that var ies dra mat i cally from place to place, prob -
a bly be cause it is the lo cus of thrust faults and sub ject to
struc tural thick en ing and thin ning. Max i mum struc tural
thick ness is more than 100m. In some sec tions it has been
cut out en tirely or is pres ent as fault-bounded loz enges a
few metres thick. Rib boned chert beds are 2-10 cm thick
and tan col oured on fresh sur faces. Lo cally it is rubbly
weath er ing and a fresh sur face can be dif fi cult to ob tain.
Argillite interbeds are typ i cally 0.5 cm thick, up to 2 cm
thick, py ritic, bleached and stained by yel low jarositic
clays. At sev eral lo cal i ties west of up per “Jos Creek”, the
unit structurally overlies basalt.

MÉLANGE

Mélange is a struc tural unit that is in ter preted to be
youn ger than most other units within the NAK area. Much

Photo 8.  Granitoid clasts in ferruginous chert dem on strates con -
san guin ity be tween Hardluck for ma tion and an ep i sode of
ferruginous chert de po si tion. 

Photo 9.  Pho to mi cro graph shows recrystallized radiolaria. These
are not well enough pre served to per mit an age as sign ment. 
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of the low-ly ing ar eas south and east of the NAK prop erty
are un der lain by ser pen tin ite mélange. Ser pen tine may
com prise more than 50% of ar eas sev eral square kilo metres 
in size; knockers up to a square kilo metre or more are en vel -
oped by the serpentinite. Most com mon knocker types are
serpentinized harzburgite, chert and mafic vol ca nic knock -
ers, but al most any li thol ogy can be found within this tec -
tonic unit, in clud ing ferruginous chert and vol ca nic sand -
stone. Knock ers of coarse con glom er ate be long ing to the
Hardluck for ma tion (see be low) are not ob served, al though
vol ca nic sand stone knock ers which are litholog ically sim i -
lar to re stricted units within the Hardluck for ma tion do
occur.

A struc tural panel of blue-grey Mid dle to LateTriassic
rad iolarian -bear ing cherty vol ca nic siltstone oc curs be -
tween the mélange and the over ly ing suc ces sion that in -
cludes Perm ian chert (Lo ca tion A, Fig ure 2). Blocks of
sim i lar cherty vol ca nic siltstone oc cur within the mélange
unit. If  the blocks are cor rectly cor re lated, the age of the
mélange must ex tend at least into the Mid dle Tri as sic. 

HARDLUCK FORMATION

Polymictic, granitoid boul der con glom er ate, and
quartz-rich arkosic lithic sand stone char ac ter ize a suc ces -
sion of very im ma ture clastic rocks that we in for mally re fer
to as the Hardluck for ma tion. It is wide spread on the north -
ern flanks of Hardluck Peaks. One of the most con spic u ous
types of clast is por phy ritic granitoid boul ders. These lo -
cally dom i nate a mix of other clasts de rived from litholo -
gies within the Cache Creek com plex: chert, mafic
volcanics, lime stone, and ultramafite (in or der of de creas -
ing abun dance). Soft sed i ment de for ma tion, olistostromal
de pos its and ba sin can ni bal iza tion, re sult in dras tic fa cies
changes, vari abil ity of bed ding, flips in fac ing di rec tions
and in nu mer a ble intraformational un con formi ties. A num -
ber of the units formed as fault scarp ta lus and sub ma rine
land slide de bris, which con tain blocks up to the size of
small cab ins. 

Pre vi ous ob ser va tions led to the sug ges tion that in all
ar eas Hardluck clastic rocks rest on mafic volcaniclastic
strata (Mihalynuk et al., 2003a). How ever, ob ser va tions
made dur ing the 2003 field sea son show that vol ca nic flow
brec cia lo cally rests on an an gu lar un con formity above the
clastic unit and that granitoid con glom er ate lenses are in ter -
ca lated with ma roon chert (Photo 8) that may cor re late with
the ferruginous chert unit. At two lo cal i ties, Hardluck con -
glom er ate rests on (or struc tur ally over lies) marly ferrug -
inous chert and is in ter ca lated with mafic tuff. The unit
could be diachronous, as old as Early Perm ian (age of
ferruginous chert), and at least as young as Ear li est Tri as sic
de tri tal zir cons that it con tains (Mihalynuk et al., 2003b).
Mid dle Tri as sic radiolaria have been ex tracted from in a
cabin-sized block near the base of the unit (Lo ca tion B, Fig -
ure 2), but it seems un likely that a small, tec toni cally ac tive
ba sin could  have re mained ac tive and re ceived very coarse
de tri tus over such a long pe riod of time. A thrust fault
mapped be tween the Hardluck for ma tion and the well-ex -
posed stra tig ra phy on "Sleeper Peak" is in ter preted to also

jux ta pose the Mid dle Tri as sic chert unit with older rocks of
the struc tur ally over ly ing Hardluck for ma tion.

VOL CA NIC SILTSTONE/CHERT

Struc tural do mains of blue-grey vol ca nic siltstone and
chert are mapped across ar eas of less than ~1 km2. Very fine
lami na tions and del i cate, well-pre served volcaniclastic
tex tures char ac ter ize the unit. Bed thick ness ranges from
mil li me ters to deci me ters and com po si tions range from
light green tuff, to white, grey or black thick bed ded, to
thinly rib boned chert. Silty ar gil la ceous beds are a con spic -
u ous blue-grey col our. Where mea sured, folds within the
unit  have vari able ori en ta tions, not con cor dant with folds 
of sim i lar scale in ad ja cent pan els. Thus, the unit ap pears to
ex ist in iso lated struc tural pan els be tween the mélange and
other co her ent units. How ever, at one lo cal ity (Lo cal ity C
on Fig ure 2), the unit may grade into the Hardluck clastic
unit. Radiolaria  ex tracted from this unit in di cate a Mid dle
or Late Tri as sic age (MMI03-14-9c, Ta ble 5).

Nak Structure

Rocks within the NAK area have been sub jected to a
pro tracted se ries of deformational events that have af fected
dif fer ent parts of the area to vary ing de grees. A pre lim i nary
struc tural his tory is pre sented here: 

• an early fold and thrust event jux ta posed pan els of
lay ered units (Photo 10). A com mon décollement sur face
ap pears to be the rusty chert unit (Fig ure 2, Lo ca tion C). 

• an ep i sode of extensional fault ing led to for ma tion of
bas ins re ceiv ing Hardluck clastic de tri tus. Small-scale
extensional struc tures within the Hardluck unit are com -
mon (Photo 11) and likely mimic ba sin-scale struc tures (a
pos si ble ex am ple is at Lo ca tion D, Fig ure 2). Extensional
ba sin for ma tion was prob a bly co ex ten sive with the du ra -
tion of Hardluck clastic de po si tion. Mi nor vol ca nism ap -
pears co eval with ex ten sion as brec cia units overly lo cal an -
gu lar un con formi ties within the Hardluck clastic unit.
Ex ten sion may have af fected the en tire crust, lead ing to ex -
po sure of the man tle rocks and their serpentinization.
Within the main harzburgite body, there is no deform ation -
al fab ric that post-dates em place ment of pyroxenite
dikelets in a prob a ble man tle set ting, in di cat ing that strain
was highly par ti tioned, with the harzburgite act ing as a
rigid body dur ing em place ment and sub se quent deform -
ation al ep i sodes. Strain was most likely fo cused at serpent -
inized fault bound aries. 

• A sec ond ep i sode of contractional de for ma tion pro -
duced open to iso cli nal, mainly up right folds with vari able
ori en ta tions, and thrust faults that cut pre vi ously folded and 
thrust faulted units (e.g. Fig ure 2, Lo ca tions E, F; Fig ure
12). The old de tach ment faults were prob a bly re ac ti vated
as a ma jor décollement sur face. Mo tion along this fault pro -
duced ser pen tin ite mélange or in creased the vol ume of
mélange units ad ja cent serpentinized ultramafite. Above
these units, many of the struc tural pan els were trans lated.
The large size of some knock ers ar gues against en train ment 
of knock ers as “xe no liths” dur ing ser pen tine diapirism or
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subduction zone backflow, at least when com pared to mod -
ern an a logues. Vol ca nic sand stone within mélange con -
strains the age of mélange for ma tion to post date the coarse
clastic unit (if such a correlation is correct). 

•  A third, mainly south-verg ing fold and thrust event
de formed ear lier thrust faults; and pro duced a third gen er a -
tion of thrust faults. De for ma tion out last ing mo tion on the
ma jor décollement pro duced kilo metre-scale, flame-like
infolds of ser pen tin ite mélange as off shoots of the main
ultramafite belt (Fig. 2, lo ca tions G and H), or infolding
with other units on a finer scale (Fig. 2, lo ca tion I). Folds re -
lated to this event ex ert a fun da men tal con trol on  the pres -
ent day dis tri bu tion of rock types within the study area as
well as the Early to Mid dle Ju ras sic Laberge Group strata to 
the south west. This phase of de for ma tion is prob a bly re -
lated to a short-lived event be tween 174 and 172 Ma
(Mihalynuk et al., 2004) re lated to emplacement of the
Cache Creek terrane. 

• Mo tion along the Nahlin fault may be ki ne mat i cally
linked to late strike-slip and dip-slip faults that cut
third-phase folds within the NAK area (e.g. Fig ure 2, lo ca -
tion J, K) and lo cal in jec tion of ser pen tine be tween crustal
blocks. 

• The Nakina River stock cuts all ma jor struc tures and
ther mally meta mor pho ses all de formed units. It is dated as
174.5 ±1.7 Ma (Villeneuve and Mihalynuk, un pub lished).

• Rel a tively mi nor high an gle fault ing and re ac ti va tion
of ear lier-formed faults re sulted in con cen tra tion of brit tle
de for ma tion in a ~1m wide zone near the east ern mar gin of
the Nakina stock. De hy dra tion of ser pen tine dur ing and fol -
low ing em place ment of the stock may have re sulted in di la -
tion and minor block faulting. 

• Neo gene slump fail ure of ser pen tin ite mélange has
caused nu mer ous land slides within the belt. Neo gene
extensional cracks rid dle the harzburgite at Hardluck
Peaks. The set of open frac tures that are con spic u ous from
the air (Photo 12). Fu ture failure of this unit could be cat a -
strophic, and may re sult in block age of the Nakina River.

Mineralization

Min er al iza tion at the Joss’alun was eval u ated through
fur ther sur face map ping, trench ing and drill ing by Im pe rial
Met als Cor po ra tion. New min er al iza tion was dis cov ered as 
part of the re gional map ping in the Joss’alun belt both
north west and south east of the Joss’alun pros pect. In clud -
ing these new show ings, the pres ent along-strike ex tent of
min eral show ings is now ap prox i mately 7.5 km. Min er al -
iza tion was also found south of the Joss’alun, at the head of
“Jos Creek”, and far ther south still, along the Nahlin Fault,
on the south flank of Hardluck Peaks. New show ings are
called the “Joeboy”, “NIC”, “Leefer”, and “Yeth” re spec -
tively (Fig ure 2). 

JOSS’ALUN

Fur ther work on the Joss’alun min er al iza tion has ex -
tended the known lim its of the min er al ized zone at sur face
to at least 40 metres be yond its pre vi ously re ported north -
west ern ex tent. In places the min er al iza tion ap pears to be
brecciated and is per haps con trolled by fault ing (Photo 13).
In other places, ev i dence points to a syngenetic or i gin for
the most sub stan tial sul phide lenses. Ev i dence for
syngenesis includes:

Photo 11.  Ev i dence for ex ten sion within the Hardluck for ma tion is 
wide spread. An ex am ple of small-scale extensional faults is well
dis played here where out lined by quartz vein ing.

Photo 10. Lay er ing in mafic tuffaceous rocks is cut by a thrust fault 
that jux ta poses them with recrystallized lime stone  be low. Sub se -
quent de for ma tion has folded the thrust.
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• near the main sul phide lenses: band ing in some of the
fine-grained sulphides and interlamination with sil ica-rich
lay ers of pos si ble ex ha la tive or i gin (Photo 14).

• light grey, quartz-phyric fel sic clasts are found in the
hyaloclastite ho ri zon above the main sul phide lens. They
are an in di ca tor syn chro nous fel sic vol ca nism. Their pres -
ence raises the possibility of Kuroko-style min eral oc cur -
rences. A sam ple of the unit was col lected for U-Pb
geochronology.

• chal co py rite min er al iza tion is clearly fo cused along
some of the pil low mar gins, sug gest ing ex tru sion of the
flows onto un con sol i dated sulphide mud.

A di a mond drill ing pro gram was con ducted on the
NAK Prop erty by Im pe rial to test the Joss’alun and the
Jennusty show ing (~ 2 km to the north west). Nine holes, to -
tal ling 1,511 metres were com pleted with seven test ing the
Joss’alun, five of which in ter sected wide spread cop per
min er al iza tion. The mode of oc cur rence of cop per is string -
ers, dis sem i na tions and pods of chal co py rite with minor
associated chalcocite. 

The unit host ing the cop per min er al iza tion is com -
prised of a se ries of ba saltic flows and brec cias which
havebeen faulted and folded, re sult ing of both the stack ing
and ex ten sion of the vol ca nic pack age. The brecciated units 
are heterolithic and prob a bly re worked, con tain ing sub -
round ed clasts with ev i dence for mul ti ple ep i sodes of brec -
ciat ion. Al ter ation as so ci ated with cop per min er al iza tion is
most com monly quartz +/- cal cite with ac ces sory epidote
and chlorite. Alteration in ten sity ranges from com plete in -
va sion and re place ment of the host rock to flood ing of the
ma trix or frac tures, or sim ply amygdular infill ing. Chal co -
py rite can also occur in the pil low bas alts as pil low rinds,
hair line frac ture fill ing or dis sem i na tions with out quartz -
/ carbonate al ter ation.

The best in ter cepts of the drill pro gram in clude hole
NAK-03-05, drilled be neath the main Joss’alun show ing,
with 17.75 metres of 0.94% cop per; and hole NAK-03-07
with 53.45 metres of 0.34% cop per. The most east erly drill
hole, in ter sected mainly tuffaceous units in ter mixed with

ba saltic flows, be lieved to be in the hangingwall of the pil -
low bas alts that host the cop per min er al iza tion. Drill ing
re sults con firm that the vol ca nic stra tig ra phy on the NAK
Prop erty hosts con sid er able cop per min er al iza tion over a
large area and is open along strike in both di rec tions and to
depth.

Cu mu la tive ev i dence points to a mafic dom i nated
VMS set ting for the con cor dant mas sive sul phide lenses at
the Joss’alun pros pect. How ever, remobilized sul phide tex -
tures or dis cor dant veins are clearly dis played, par tic u larly
in di a mond drill core. 

LEEFER BOULDER SHOW ING (NEW)

Near the head of “Jos Creek”, on the east side of the
val ley, is mo raine that con tains blocks of mafic vol ca nic
and fine-grained diorite cut by quartz-epidote-chal co py rite
veins that oc cur in sheeted sets. We have named the show -
ing the “Leefer”. Boul ders which are most in tensely min er -
al ized con tain ap prox i mately 10% chal co py rite as blebs
within a 20cm thick quartz-epidote (+prehnite?) vein (Ta -
ble 1, Sam ple MMI03-5-19-1, 1.5% Cu, >6 g/t Ag). 

At tempts to trace this min er al iza tion back to source
were un suc cess ful. Gos sa nous zones in the col east of
“Black Goat Peak” con tain 2-15% py rite over widths of
nearly a metre and sev eral metres long, but they lack chal -
co py rite. Centi metre-thick epidote-quartz veins con tain ing 
chal co py rite and py rite were found south of “Black Goat
Peak”, but chal co py rite was not nearly as abun dant as in the 
mo raine blocks. Con sid er ing the cur rent physiography, the
boul ders seem most prob a bly to have been de rived from the 
north side of the moun tain where no min er al iza tion could
be found. Con sid er ing the pos si ble ef fects of con ti nen tal
gla ci ation, an al ter na tive down-val ley source is pos si ble. 

At least one pe riod of gla ci ation with south ward (up-
 val ley) ice move ment is sug gested by ex ten sive harzburgite 
boul ders in the mo raine that ex tends up the val ley from the
main harz burgite ex po sures. Up-val ley trans port of
harzburgite er rat ics prob a bly oc curred dur ing con ti nen tal
gla ci ation. Min er al ized blocks may have like wise been car -

Photo 13.  Fault planes above and be low a rusty lens of py rite-chal -
co py rite at the Joss’alun oc cur rence. In con trast, many of the sul -
phide lenses do not show ev i dence of struc tural con trol. 

Photo 12.  Ae rial pho to graph of Neo gene ten sion cracks within the
main harzburgite body north of Hardluck Peaks. The rock mass is
mov ing down slope, to wards the Nakina River. 
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ried south ward by con ti nen tal gla cier ice and then re dis trib -
uted by val ley gla ciers at the close of the Qua ter nary.
Similar mineralization is found in place at the NIC oc cur -
rence to the south (see below). 

“MOHO SAD DLE” VEINS (NEW)

Two fam i lies of veins crop out below the sad dle in
which the con tact be tween harzburgite and gab bro is ex -
posed, here called “Moho Sad dle” ( lo cal ity L, Fig ure 2).
Most con spic u ous is a white-weath er ing out crop eas ily vis -
i ble from across the val ley. It com prises a 2 m thick vein
com posed of a tan to flesh-col oured, poly gen etic, magnes -
ite brec cia. Much of the magnesite is prob a bly finely
intergrown with quartz, be cause it is un usu ally hard. At this 
lo cal ity, the vein is cut by sev eral gen er a tions of chalced -
onic and cocks-comb quartz veins, typ i cally ori ented at a
high an gle to the magnesite vein con tact. Veins of sim i lar
char ac ter, but with thick nesses of 20 cm or less, crop out in
the creek val ley to the im me di ate north. Geo chem i cal anal -
y ses (Ta bles 1 and 2) con firm vi sual in di ca tions of a bar ren
vein sys tem. Magnesite prob a bly formed as a re sult of
CO2-charged fluid in ter act ing with the ad ja cent Mg-rich
rocks. 

Im me di ately north of the main creek draw the moun -
tain slope is lit tered with an gu lar blocks of or ange- brown-
 weath er ing gab bro cut by veins of milky white prehnite-
 quartz with knots of chal co py rite up to 1.5cm in di am e ter.
Al though the blocks are not in place, they are be lieved to be
of lo cal der i va tion as they are mainly gab bro com prised of
coarse orthopyroxene (4-15 mm; 30%) and al tered plagio -
clase.  Rocks crop ping out in the im me di ate area are pre -
dom i nantly of this li thol ogy. Anal y sis of the sam ple con -
tain ing chal co py rite yielded 0.15% Cu (LFE03-4-1, Ta ble
1) and nearly 1.5 g/t Au (Ta ble 2).

YETH OC CUR RENCE (NEW)

A steep draw is cut into in tensely fractured rocks along
the Nahlin fault, which jux ta poses a pack age of un named

vol ca nic strata here called the “Yeth Creek for ma tion” with
serpentinized harzburgite. Be tween el e va tions of 900 m
and 1100 m the draw is a shal low slot can yon less than 3 m
wide with a bed rock floor and un sta ble bed rock walls
capped by up to ~ 80 m of gla cial till. This is the only lo ca -
tion known to the au thors where it is pos si ble to walk on ex -
po sures of the Nahlin fault (lo cal ity M, Fig ure 2).

Sub-ver ti cal listwanite al ter ation zones along the
Nahlin fault trend 125o.Cin na bar oc curs as coat ings on
frac ture sur faces near the mar gins of listwanite al ter ation
zones. At the lower end of the can yon, the Yeth Creek for -
ma tion con tains tab u lar, rusty, py rite-flooded zones up to 2
m thick. The zones are ap prox i mately ver ti cal and trend
090o. 

A ~10m by 10 m ex posed area con tains py rite  chal co -
py rite pods 1 to 15 cm thick and up to 1 m long spaced ~ 2m
apart. This is the prin ci ple ex po sure of the Yeth oc cur rence.
Two sets of ir reg u lar sul phide lay ers are ap par ent with ori -
en ta tions clus ter ing around 145/50o and 075/70o. Three
grab sam ples of sul phide plus coun try rock were care fully
col lected from the un sta ble can yon walls. A sam ple of a 10
cm thick ~ 2m long vein yielded 0.88% Cu and 0.6 g/t Ag
(MMI03-12-2-1, Ta ble 1). A ~3 cm thick chal co py rite-rich
layer within one of the ~2 m wide pyritiferous zones
yielded 3.3% Cu and 1.9g/t Ag (MMI03-12-2-4). Fur ther
ex plo ra tion of Yeth Creek for ma tion may be war ranted,
how ever, these rocks tend to form steep and dan ger ously
un sta ble ex po sures.

JOEBOY SUL PHIDE OC CUR RENCE (NEW)

Bright red ferrugenous cherty ash and in ter ca lated
green vol ca nic lapilli tuff and brec cia is well ex posed along
the steep walls of a 2 - 4 m wide, un named, south-flow ing
creek be tween Hardluck peaks and Peridotite Peak. Un like
ferruginous chert else where, dis tinct bed ding is not dis -
played, but the unit’s struc tural thick ness is es ti mated as
tens of metres. Nu mer ous rusty zones oc cur at the con tact
with the ad ja cent mafic vol ca nic unit. Within one rusty
zone, above the ex posed creek sec tion, an gu lar blocks of
strongly py ritic mafic vol ca nic rock were re cov ered from
amongst moss-cov ered tree roots (Fig ure 2, Lo ca tion N).
Py rite com prises up to ~20% of deci me ter-sized blocks,
with ac ces sory chal co py rite. Anal y sis of one such block
yielded 0.22% Cu (LFE03-17-4; Ta ble 1). Mineralization
at the Joeboy makes it noteable, but more im por tant is the
ex is tence of chal co py rite-py rite min er al iza tion 5 km along
strike from the pyrite-chalcopyrite lenses at the Joss’alun
occurrence. 

NIC COP PER OC CUR RENCE (NEW)

Serpentinized and ex ten sively faulted gab bro is ex -
posed im me di ately south of the main harzburgite body,
west of the ridge that ex tends north from “Jos Peak”. Quartz 
- car bon ate - chalcocite - bornite and quartz-epidote-chal -
co py rite-py rite +/- bornite veins within the gab bro con tain
up to 3 cm thick nesses of chalcocite (in out crop, Photo
15A) and 10 cm thick nesses of chal co py rite (in ta lus

Photo 14.  Banding within a  sul phide lens near the dis cov ery out -
crops at the Joss'alun oc cur rence hints at a syngenetic or i gin. Pho -
to mi cro graph width rep re sents ~4mm, cpy = yel low chal co py rite,
py = white py rite. 
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blocks, Photo 15B). Chal co py rite-rich veins trend due west 

and dip steeply north (265/80). Anal y sis of min er al ized

grab sam ples yield val ues of ~3.4% Cu and 3.4 g/t Ag (2 cm

chalcocite vein in out crop, MMI03-31-10a, Ta ble 1); 1%
Cu  (chal co py rite-bornite pods in out crop, MMI03-
 31-10b); 3.8 % Cu and 1.8 g/t Ag (chal co py rite vein,
MMI03-31-10c); 4.6% Cu (2 cm chal co py rite-bornite vein
in out crop, MMI03-31-10d); 7.3% and 6.0% Cu with 4.2
and 3 g/t Ag (MMI03-31-12a, c; quartz-epidote-chal co py -
rite-py rite veins, 6 cm thick, in ta lus blocks). Sim i lar
quartz-epidote-chal co py rite-py rite veins re sem ble those
found in mo raine at the Leefer showing, about 3 km south,
up “Jos Creek” valley. 

Min er al iza tion at the NIC oc cur rence is sig nif i cant be -
cause it ex tends the known lim its of sul phide min er al iza -
tion within the Joss’alun belt an ad di tional ~2.5 km north -
west of the Joss’alun prospect.

Geo log i cal His tory 

Old est strata within the north ern Cache Creek terrane
are Early Mis sis sip pian chert (Mon ger, 1975) and Penn syl -
va nian car bon ate (Mihalynuk, et al., 2003a) interbedded
with vol ca nic strata of ocean is land par ent age (Eng lish, et
al., 2002). Great thick nesses of Perm ian car bon ate may
have de pos ited as plat forms atop oce anic pla teaus, es pe -
cial ly dur ing the Mid dle Permain, when large fusulinids
were im por tant con tri bu tors to the vol ume of car bon ate
pro duced. A sig nif i cant pro por tion of these or gan isms now
found as fos sils within the Cache Creek terrane, were en -
demic to the Tethyan realm, at the east ern mar gin of
Pangea. In the Perm ian, the supercontinent ex tended from
the south pole to within a few de grees of the north pole
(Ross and Ross, 1985) re sult ing in ex treme provinciality of
low-lat i tude ma rine fauna, in clud ing fusulinids. 

Perm ian time can also be con sid ered the birthdate of
the Cache Creek terrane. Rup ture and ini ti a tion of
subduction of Pan thalassic ocean crust gave birth to the
Cache Creek intra-oce anic arc. Old est iso to pi cally dated
vol ca nic rocks at trib uted to this arc are ~263 Ma
ignimbritic units in the French range near Dease Lake
(Mihalynuk et al., 2004).  Oce anic strata offscraped dur ing
subduction at this arc pro duced an accretionary prism that
com prises much of the Cache Creek terrane as we know it
to day. The arc com po nent is called the Kutcho arc in north -
ern Brit ish Co lum bia, where it is of par tic u lar im por tance
be cause it in cludes the Kutcho Creek volcanogenic mas -
sive sul phide de posit. In the Atlin area, mas sive sul phide
min er al iza tion at the Joss’alun oc cur rence may be hosted
by Kutcho- equiv a lent vol ca nic rocks (Mihalynuk, et al.,
2003b). Vol ca nic de tri tus con tain ing zir cons of only Lat est
Perm ian - ear li est Tri as sic age ac cu mu lated to form what
we have in for mally called the Hardluck for ma tion. Yet the
plutonic roots of the arc are no where in ev i dence near
Hardluck Peaks, per haps in di cat ing de po si tion of the
Hardluck for ma tion at some dis tance from the arc axis, de -
spite the prox i mal char ac ter of the con glom er ate units with
boul ders reach ing one metre or more in di am e ter. Volcani -
clastic rocks in ter ca lated with the jum bled Hardluck for ma -
tion have a chem i cal com po si tion that re sem bles MORB in
some re spects, but they also dis plays some char ac ters of an
arc tholeiite. Rocks in the Marianas ba sin have sim i larly

Photo 15.  Min er al iza tion at the NIC show ing oc curs mainly as (A,
top) chal co py rite veins up to 5 cm thick (Ta ble 1, sam ple MMI03-
 31-10b) and (B) bornite-chalcocite/digenite veins up to 2 cm thick. 
Pho to mi cro graph of chalcocite/digenite in vad ing frac ture and
gangue bound aries in chal co py rite and bornite. Also note
exsolution lamellae of chal co py rite in bornite (C, bottom).  cpy =
chal co py rite, cc = chalcocite/digenite, brn = bornite (pur ple). Pho -
to mi cro graph width rep re sents ~ 0.1mm.
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vari able chem i cal com po si tion (e.g. Hawkins, et al., 1990).
We in ter pret the mafic vol ca nic rocks in the Joss’alun belt
as de pos ited in an ex tend ing fore- or back-arc set ting,  like
in the Marianas ba sin. Man tle rocks of the Nahlin body may 
have been ex posed and serpentinized in this extensional en -
vi ron ment as sug gested by ser pen tin ite peb bles in the
Hardluck for ma tion. Al ter na tively the Hardluck for ma tion
may have been de pos ited in piggy-back bas ins atop an
accretionary com plex that in cluded mi nor sliv ers of ultra -
mafic rocks which were eroded and re de pos ited. 

By the Early Tri as sic, Pangea was be gin ning to break
up, al though it was not un til the Early Ju ras sic that an equa -
to rial sea way was es tab lished al low ing east-west mi gra tion 
of fauna (e.g. Krobicki, 2003), re sult ing in loss of equa to -
rial fau nal pro vin cial ism. As Pangea break-up com menced, 
the Kutcho arc shut down. The rea son for ces sa tion of
Kutcho vol ca nism is un known. Per haps the subduction
zone was clogged with a car bon ate-laden oce anic pla teau,
but it is ques tion able whether oce anic pla teaus are buoy ant
enough to plug a subduction zone (e.g. Cloos, 1993), es pe -
cially when the subducting litho sphere is likely to have
been about 100 m.y. old (i.e. cold, dense and eas ily
subducted). Lack of abun dant ocean is land ba salt within
the Cache Creek ar gues against pla teau col li sion. Per haps
vol ca nism shut down be cause of a plate re con fig u ra tion, or
be cause of subduction zone hi jack ing by the neigh bour ing
Stikine arc. Plate reconfigurations were likely dur ing
Pangea breakup, but this ad hoc ex pla na tion is dif fi cult to
test. Subduction zone hi jack ing is in trigu ing be cause a
mag matic gap in the Stikine arc roughly cor re sponds with
ac tiv ity in the Kutcho arc, but the un der ly ing cause re mains
at large. What ever the cause, we ten ta tively as cribe a sec -
ond phase of fold ing and thrust fault ing in the accretionary
com plex to a lo cal orogenic event at about this time.

Late in the Pliensbachian (late Early Ju ras sic ~186 Ma) 
Kutcho arc may have col lided with the con joined Quesnel
and Stikine arcs (for a paleogeographic over view see
(Mihalynuk et al., 1999; Mihalynuk et al., in press). The
Quesnel arc was driven up onto the miogeocline (Nixon et
al., 1993), and co eval, very rapid up lift was re corded by ad -
ja cent parts of Stikinia (Johnston, 1995) and wide spread
con glom er ate blan kets in the White horse Trough
(Johannson et al., 1997). We spec u late that this event pro -
duced a third set of folds (sec ond set of folds that af fect
struc tures formed by the pro cess of accretionary prism
growth).

Subduction of oce anic crust was re es tab lished as ev i -
denced by the pres ence of Early Ju ras sic radiolarian-bear -
ing units within the accretionary com plex as well as 174 Ma 
blueschist (Mihalynuk et al., 2003, in press). The ma jor
seg ments of the Stikine and Quesnel arcs ro tated into par al -
lel ism, en trap ping relicts of Panthalassa oce anic crust and
the Cache Creek terrane be tween them. Be tween 174 Ma
and 172 Ma the two arc seg ments col lided and north ern
Cache Creek terrane was emplaced south west ward over the 
Stikine arc seg ment. Em place ment struc tures in clude the
ma jor folds that de form White horse Trough and Cache
Creek strata; all are cut by the ~172 Ma plutons of the
Fourth of July suite (Mihalynuk, 1999).

Only rel a tively mi nor brit tle adjstments have ef fected
the up per crust since ~172 Ma. One man i fes ta tion is a
north west-trending brit tle fault zone that cuts the south -
east ern mar gin of the Nakina River stock, and north -
east-trending faults cut stra tig ra phy (Figure 2).

In Qua ter nary time, a lobe of con ti nen tal gla cier ice ad -
vanced up  “Jos val ley” trans port ing mo raine that con tained 
blocks of harzburgite as well as ba salt/diorite with quartz -
-epidote-chal co py rite-py rite veins.  Al pine gla cier ice that
per sisted af ter re treat of the con ti nen tal ice sheet were
largely re spon si ble for the pres ent phys i og ra phy as well as
ex hu ma tion of cop per sul phide min er al iza tion in the up -
land ar eas, in clud ing the Joss'alun occurrence. This min er -
al iza tion is now known to oc cur sporadically for at least 7.5
km along strike. 

Conclusions

Four new cop per sul phide show ings within the belt of
rocks con tain ing the Joss'alun oc cur rence ex tend the lim its
of known min er al iza tion to more than 7.5 km along strike.
Anal y sis of min er al ized sam ples of these vein oc cur rences,
(NIC, Leefer, Moho Sad dle, and Joeboy) show that some
con tain mod est sil ver values, and that the sam ple from the
Moho Sad dle occurrence, con tains nearly 1.5 g/t Au.  

Im pe rial Met als Cor po ra tion car ried out a diamond
drill pro gram at the Joss'alun oc cur rence in 2003. Two of
the best in ter cepts were 17.75 m of 0.94% cop per and 53.45 
m of 0.34% cop per (Rob ert son, 2003). 

Ma jor, mi nor and trace el e ment com po si tion of the
vol ca nic rocks within the Joss'alun belt sug gest a back- or
forearc par ent age, pos si bly anal o gous to the Marianas
arc/back-arc sys tem. Three phases of de for ma tion within
the belt in clude an ep i sode of ex ten sion, pos si bly re cord ing
ex ten sion in the back- or forearc en vi ron ment.

South of the Joss'alun belt, along the Nahlin fault, cop -
per min er al iza tion was found in a mafic vol ca nic unit in for -
mally named the Yeth Creek for ma tion, and is herein called
the "Yeth oc cur rence". These ba saltic rocks have geo chem -
i cal char ac ter is tics which are arc-like in many re spects.

In all, five new cop per show ings were dis cov ered
within the area dur ing the course of a ~ 3 weeks geo log i cal
map ping pro gram. Fur ther pros pect ing and geo log i cal in -
ves ti ga tion is clearly war ranted.  

Ac knowl edge ments
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Johnston con trib uted sub stan tially to this pro ject by their
map ping of the man tle rocks at Peridotite Peak and points
south east,  and through stim u lat ing dis cus sions in the field.
Norm Gra ham of Dis cov ery He li cop ters in Atlin, once
again de liv ered flaw less he li cop ter transportation. Able
field as sis tance of Kyoko Nakano was made pos si ble
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sity of Brit ish Co lum bia. Rita Scott and Nora (Kuya)
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