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INTRODUCTION 

This report mmmmizes the nature and mineralogy of 
alteration zones on the Limonite Creek Property in north 
central British Columbia. Research to date has included 
two field seasons involving extensive sampling of drill 
core, minemlogicai classification of alteration, and limited 
geochemis0y. Dating of intrusions that occur in the area 
of alteration has been initiated and one result is reported 
herein. Extensive deposits of exotic limonite also occur 
on and adjacent to the Liionite Creek property. These 
deposits are assumed to have been derived from the 
weathering and oxidation of extensive pyrite in the 
alteration zones. Research is also being directed towards 
the nature and origin of the limonite, but only a brief 
smnmaq of these results is included in this paper. 

Figure 1. Location of the Limonite Creek property 
within Stikinia, Central British Colombia. 

The Limo&e Creek property is located in Tekwa 
Pass, approximately 50 kilometres southwest of So&hers, 
in the Omineca Mining District of British Columbia. The 

property lies along a mountain ridge at an elevation of 
1275 to 1400 metres, approximately one to two kilometres 
north of Liionite Creek, a tributary of the Zymoetz 
(Copper) River. Access is by helicopter only, although the 
Tellova River logging road runs within seven kilometres 
south of the prospect. 

The Limo&e Creek property has been owned and 
explored by Telkwa Gold Corporation since 1994. 
Exploration activities have included over 6ooO feet of 
diamond drilling, airborne geophysics, induced 
polarization and soil geochemical smveys. Previously, 
Cypms Canada Inc. conducted geological mapping, rock, 
water and soil geochemical analyses, a transient 
electromagnetic (TBM) smvey, and diamond drilling in 
1992. Noranda Exploration Co. Ltd., Evergreen 
Explorations, and Pacific Petroleum Ltd. also evaluated 
the prop&y in the 1960’s. 

REGIONAL GEOLOGY 

The Limo&e Creek property is located within the 
Stikine termne (Figure 1) and is underlain by Lower to 
Middle Jurassic volcanic rocks of the Telkwa Formation. 
The Telkwa Formation consists of a varied assemblage of 
marine and non-marine talc-alkaline volcanic rocks, 
which form the basal part of the Hazelton Group. Five 
distinctive facies are recognized in the Telkwa Formation 
(Tipper and Richards, 1976). The Howson Subaerial 
Facies dominates the Telkwa Pass area, the Howwn 
Range, and most of the Telkwa Range. This facies is 
described by Tipper and Richards (1976) as an assemblage 
of bright red, maroon, purple, pink, grey and green, well- 
tedded, slightly deformed pymclastic flows and 
sedimentmy rocks, dominantly of andesitic to dacitic 
composition. 

Volcanic rocks of the Telkwa Formation are locally 
intruded by talc-alkaline stocks and batholiths of Early 
Jurassic age. These intrusions, termed Topley intrusions 
(Wordsworth et al., 1993), are thought to be 
contemporaneous with the Teikwa Formation and have K- 
At ages ranging from 173-205 Ma (Tipper and Richards, 
1976). The intrusions form a series of bodies coincident 
with the Skeena Arch, of which the Howson Batholith is 
one of the largest. This batholith comprises mainly 
tooalite and gmnodiotite and has a K-AI hornblende age 
of 193i8 Ma (recalculated from Wanless et al., 1974). 
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Younger introsions in this region include the Late 
Cretawous Buldey (ca. 70-88 Ma) and Eocene Nanika 
intrusive suites of the western Skeena Arch, as well as the 
Eocene Babine Igneous suite in the Babine Lake area to 
the east. coeval upper cretaceous voIcmic nxks of the 
Brian BON Formation are locally preserved in the western 
Skeena Arch and Eocene volcanic rocks of the Ottsa Lake 
Formation are widespread across the west-central British 
Colombia region. Both Late Cretacwos and Eocene 
intrusive suites are associated with mineral deposits in the 
region. A quartz moozonite associated with the Equity 
Deposit (CUT et al., 1984) gave an U-PI, age of 60.1i0.2 
Ma, which is likely part of the Nanika intrusive suite. 
prior to this study, U-F% dating of rocks in the Telkwa 
Pass-Limonite Crock area has not been carried out. 

PROPERTY GEOLOGY 

The geology of the Limo&e Creek property has been 
determined from mapping and drill core logging during 
exploration programs (Tompson (1997); Tompson and 
Cuttle (1994)) and fieldwork during this study. 

The Limo&e Creek prospect area is dominated by 
green and lesser maroon rhycdacitic, dacitic, and andesitic 
hdTs and flows which are interpreted to belong to the 
Telkwa Formation. The volcanic rocks are dominated by 
matic to intermediate fragmental units with lesser massive 
and flow-banded units usually of more felsic composition. 
Bedding is difficult to recognize and most units exhibit a 
strong foliation trending 060-090”. As shown in Figure 2, 
these volcanic rocks are intruded by several stocks of 
dioritic to gmnodioritic compositions. An irregular body 
of porphyritic gmnodiorite occurs in the eastern part of the 
property, approximately 300 metres south of the camp. 
The intrusion is weakly altered with biotite partially 
replaced by chlorite and traces of disseminated pyrite. 
The intrusion was sampled for U-p\, dating (sample LC- 
08). 

The Limo&e Creek prospect is bounded to the east 
by a coarse to medium grained diorite to gmoodiorite and 
to the west by a weakly porphyritic gmnodiorite. The 
intrusion to the east shows weak to moderate pmpylitic 
alteration and abundant epidotc veins close to the contact 
with the altered volcanic rocks. The majority of 
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Figure 2: Generalized geological map of the Limo&e Creek area showing intense alteration zones, exotic limo&e 
occurrences, drill holes, sample sites for U-Pb dating, and line of section for Figure 4. 
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this intmsion displays only minor alteration but does 
contain rare milky white quartz veins with minor 
chalwpyrite. This intrusion was also sampled for U-Pb 
dating (sample L&39), but results are not available at 
this time. 

Both extrusive and intrusive rocks witbin the 
Limo&e Creek prospect area are cross-cot by numerous 
late narrow basalt and diorite dike swarms. In the 
eastern part of the map, a prominent dike with northerly 
strike cuts across altered and unaltered volcanic rocks 
and various intrusive units (Figure 2). 

GEOCHRONOLOGY 

The sample of porphyritic granodiorite (sample LC- 
OS) was prepared for U-Pb dating using standard 
mineral separation techniques. The sample yielded 
abundant, high quality, clear, colourless, stubby 
prismatic zircon with rounded cross sections and simple 
terminations. No cores or zoning were obselved in 
these grains. The highest quality and coarsest 
nonmagnetic grains were selected for analysis and were 
air abraded to reduce the effects of surface-correlated Pb 
loss. These grains were split into three fractions which 
were dissolved, chemically separated and analyzed 
employing the techniques listed in Mortcnsen et al. 
(1995). All work was carried out at the Geochronology 
hboratoly of the Department of Earth and Ocean 
Sciences at the University of British Colombia. 
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Figure 3: Concordia diagram for sample LC-08. 
Ellipses are plotted at the 20 level of precision. 

Three analyzed zircon fractions for sample LC-08 are 
plotted on Figure 3 and the U-P\, data are listed in Table 
1. The beat estimate for the a&e of the rock, 52.2ti.l 
Ma, is based on the *“Pb/ U age for concordant 
fraction C. Fractions A and B give older PbRT and 
Pb/F% ages, which suggests the presence of minor 
inherited zircon. A regression line through the data 
give a poorly constrained upper intercept of ca. 300 Ma, 
which is interpreted as the average age of inherited 
zircon in fractions A and B. 
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ALTERATION 

The characterization of alteration assemblages at 
Limo&e Creek is based on drill core logging and 
petrography, as well as analyses by X-ray DillYaction 
(XRD), Scanning Electron Microscopy (SEM), and a 
hand-held i&a-red spectrometer (PEvlA). Alteration 
zones identified on the property include intense acid 
salphate and advanced argillic zones and widespread 
sericitic and propylitic assemblages. The mineralo~ of 
each alteration type is given in Table 2. 

The location of intense alteration at surface is 
shown on Figure 2. Relationships among alteration 
assemblages observed in drill core are complex (Figure 
4) although based on the limited data, regions of strong 
alteration appear to form subvertical zones (the lightly 
shaded areas in Figure 4). In individual drill holes, 
intervals of siliceous and acid solphate alteration are 
generally bound by advanced argillic alteration. This in 
tam grades to sericitic and fmally propyliticdominated 
assemblages. Alteration zones containing anhydrite 
(and/or gypsum) are generally cmtined to the periphery 
of the alteration system and are concentrated at depth. 

Acid Sulphate Alteration (AS) 

Acid sulfate alteration is characterized by the 
presence of abmite in the alteration assemblage. This 
alteration type is concentrated near the Ridge Zone, on 
the sooth side of the Limonite Creek property, and 
particularly in DH 94-5, 94-8, and 94-9. It also occurs 
at much greater depth (approximately 200 metres) in 
DH 96-2 but the relationship between these zones is 
unclear. AS altered rocks display a variety of textures 
from massive and sugary to fine-grained and distinctly 
foliated units. Original rock textures are rarely 
preserved and ahmite crystals are found either in 
massive abmiteqoartz (+/- pyrophyllite) clusters or 
concentrated in linear zones. 

As noted in Table 2, ahmite is always associated 
with quartz, in varying amounts, and vev commonly 
with pyrophyllite. Simple to complex zoning patterns 
are evident in alunite crystals from both transmitted 
light petrography as well as detailed SEM examinations. 
Energy Dispersive Spectrometxy (EDS) analyses show 
alunite compositions always have mixed K and Na 
contents and commonly may approximate natroalunite 
compositions. EDS analyses also show complex zoning 
patterns of Ca and Sr within individual ahmite gmins. 

Accessory minerals associated with the AS 
assemblage are listed in Table 2. Pyrophyllite contents 
in AS altered rocks are highly variable, ranging from 
trace amounts to greater than 30 volume 
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Table 1: U-pb Analytica data 
ihciim’ Iv, LP Pw yy w =Fw 

w 4m m =+F+ PP % 
WC-%-O8 
A C,Nl,P,S 0.117 173 1.9 198 77 13.3 0.01076 (0.27) 0.0722 (1.0) 0.04865 (0.88) 69.0 (0.4) 13,(41142) 

B c.Nl,w 0.130 196 1.8 279 52 14.7 0.00845 (0.12) 0.0552 (0.97) 0.04741 (0.90) 54.2 (0.1) 70 (4U43) 

C c,Nl.~~ 0.128 160 1.4 259 43 15.5 0.00813 (0.14) 0.05z*(0.93) 0.04710 (0.84) 52.2 (0.1) 54(40/41) 

percent in zones transitional between AS and AA 
alteration. Minor kaolinite/dickite is locally associated 
with the AS assemblage. Where is does occur, it tends 
to form fine-grained aggregates and patches interstitial 
to the quartz-ahmite assemblage. Occurrences of topaz 
are also noted, particularly in DH 94-8 and DH 94-5. 
Zoned woodhoosite-svanbergite [CaAl@04)(S0,)(OH)s 
- SrAl,(po4)(S0,)(OH)s] grains occur only in DH 94-4. 

Sulphide minerals associated with the AS 
assemblage include pyrite and locally traces of 
chakqyite., covellite, colasite [CU~~V~(A~, Sn, 
Sb)&], sphalerite, and enargite. Trace sphalerite and 
eaargite are found at approximately 220 me&es depth in 
DH 96-2 (Tompson, 1997). Colusite is slightly more 
abundant, but only occurs in this zone. 

Advanced Argillic Alteration (AA) 

Advanced argillic alteration is characterized by the 
presence of quartz and pyrophyllite with other accessory 
minerals (Table 2). This alteration type is concentrated 
roughly in the same area as AS alteration, but is also 
found locally north of the Ridge Zone in DH 94-7 and 
94-2. AA zones arc also found at greater depth in DH 
96-2, as well as in DH 96-1 and 96-3. AA assemblages 
most commonly occur as massive to highly broken, 
mottled, pale white to cfeam-wlonred units. Original 
rock textures are commonly destroyed, but where 
preserved, pymphyllite commonly replaces plagioclase 
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phenouysts. F’yrophyllite veinlets are also found locally 
cutting siliceous or AS assemblages. 

Minor diapsore has been found in AA altered rocks 
from localities across the Limonite Creek property. 
Kaoliaite/dickite occurrences are rare, aad woodhousite- 
svanbergite grains have been recognized only in DH 94- 
4. pyrite is the only common solphide mineral found 
within this assemblage. Traces of covellite are noted in 
core from the 1996 drill holes. Hematite occurs locally 
in significant concentrations, forming a distinct dark 
grey to black, massive quartz-pymphyllite-hematite 
rock. 

Aluminous Alteration (AL) 
Aluminous alteration is defined by the presence of 

aluminous minerals such as ax&&site and lamlite. 
Lazolite is found only rarely in outcrop within Lazolite 
Canyon as well as locally in DH 94-6. Andahwite is 
much more common, although its distribution is limited 
to an area west of the Ridge Zone in DH 94-6 and 94-7. 
Quartz is always found associated with andahuite in 
this assemblage, with variable amounts of pyrophyllite 
and pyrite. Where associated with pymphyllite, 
andaluaite grains commonly exhibit ragged edges and 
are surrounded by masses of fine grained pyrophyllite. 
This may indicate retrograde reactions. Due to the 
range of accessory minerals associated with this 
assemblage, AL textures are highly variable. 
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Table 2 Alteration hws and mineral assemblaees at Limo&e Creek __ 
Alteration Type 

Acid Sulphate (AS) 

Advanced Argillic (AA) 

Aluminous (AL) 

Major Minerals 

aluniteqaartz 

pymphyllite - quartz 

qomtz - andalositc +/- 
lazulite 

Associated minerals 

pyrophyllite, muswvite, rutile, pyrite, 
kaolinit&ickite, +I- topaz, zany&, woodhousite- 

Svanberghe, chalwppite, c&&e, covellite, 
enargite 

alunite, mwovite, kaolinit&lickite, diaspxc, 
pyrite, mtile, +/- covellite, woodhousite-svanbergite 

pyrophyllite, moscovite, pyrite +/- 
kaolinite/dickitc, diaspxe, hematite, chalcopyrite, 

-bade 
Silicic (SL) 

Sericitic (SR) 

AnhydrikQuartz (AQ) 

Propylitic (PR) 

9- 

moscovitequartz 

anhydrite (+A gypsu”l) - 
Pm 

chlorite and/or epidote - 
Pm 

moscovite, ahmite, pymphyllite, pyrite, r&e +/- 
bade 

pyrite, hematite, anhydrite/gypsom +/- ndile, 
ilmenite 

moscwite, pyrite, pamgonite +/- pymphyllite, 
topaz, kaolin&e 

muscovite, albite, carbonate, anhydrite, pyrite 
+/- kaolinite, montmorillonite 

Textures may range from massive and clay-rich to 
strongly foliated, usually soft and s&cite-rich, to green, 
massive, and strongly veined rocks with chlorite-filled 
amygdules. 

presence of illite, as noted in Tompson (1997) and 
Tompson and Cuttle (1994), has not been contirmed. 

Anhydrite-Quartz Alteration (AQ) 

Silicic Alteration (SI) 

Silicic alteration (SI) is defined by significant 
silitication and minor accessory minerals in the 
alteration assemblage. SI zones are concentrated in DH 
94-5 and 94-7, and arc also found locally in brccciated 
zones at surface in the Ridge Zone. Common accessory 
minerals in this assemblage include muscovite, found 
either concentrated in veins of goethite (after pyrite) or 
locally intergrown through the matrix. SI alteration is 
always partially to strongly oxidized and commonly cross- 
cut by extensive gwthite-filled fmctmes; only trace 
amounts of fresh pyrite are preserved within quartz clasts. 
Locally, quartz brcccia zones contain quartz grains and 
fine-grain4 clasts set in a goethite matrix. 

Anhydriteqwtz alteration is found distal to the most 
intense altered zones. The assemblage is concentrated at 
depth in DH 96-1 and near surface in the vicinity of DH 
92-2 and DH 94-2. Where present, AQ alteration is 
intermediate between sericitic and propylitic assemblages. 
Significant amounts of montmorillonite occur in DH 92-2 
(with lesser amounts in 94-2), associated with gypsmn- 
muscovitequartz alteration. At greater depths in DH 96- 
1, the AQ assemblage is found as massive zones 
intermixed with lesser SR alteration. Veins of anhydrite- 
quartz arc also commonly found cross-cutting SR and/or 
PR assemblages in zones located to the east of the Ridge 
Zone, particularly in DH 92-1, 94-1 and 94-2. 

Propylitic Alteration (PR) 

Sericitic Alteration (SR) 

Sericitic alteration is characterized by a muscwite- 
quartz assemblage with variable amounts of pyrite, 
chlorite and locally anhydrite&psum, pamgonite, 
hematite, and ilmenite. SR alteration is widely distributed 
across the Limonite Creek property, commonly occurring 
in a u)ne transitional between AS, AA or SI zones and 
propylitic alteration. Textorally, the SR alteration 
assemblage is highly variable, ranging from massive 
muscovitequartz to chlorite-rich zones with original 
porphyrtic textures preserved. Where SR alteration is 
transitional to AS or AA abcration, minor amounts of 
ahmite and/or pyrophyllite may occur associated with the 
muscovitequartz assemblage. Pamgonite, identified by 
XRD, is found only at depth in DH 96-1 and 96-Z. The 

Propylitic alteration assemblages are widely 
distributed peripheral to zones of more intense alteration 
and are commonly gradational into SR assemblages. The 
most common pmpylitic assemblage consists of chlorite 
with variable moscovite, quartz, and pyrite. Epidote-, 
carbonate-, and alhite-rich assemblages occur locally. 
Secondary albite has only been recognized in narrow 
intervals from DH 94-4 and 94-9 where it is usually 
associated with abundant hematite. Epidote is a common 
accessory mineral in chlorite-rich propylitic alteration and 
locally forms massive zones in DH 92-2 and rarely in DH 
94-2. Epidote is also a common constituent of quartz-rich 
veins which cross-cot propylitic and locally sericite-rich 
assemblages. Carbonate is present in only a few samples 
of epidote-bearing alteration from localities to the NE of 
the Ridge zone in DH 92-2 and DH 94-l. 
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Figure 4: Cross-section through the southwest end of 
the Ridge zone showing the dominant alteration 
assemblage in each interval (see Figure 2 for location). 

EXOTIC LIMONITE 

Exotic limonites are defined by Blanchard (1968) as 
those that have “precipitated from iron-bearing solutions 
which have moved so far from their source that the source 
can no longer be identified specifically”. The term is used 
at Limo&e Creek for three major surface limo& 
deposits, The largest of these is exposed on the slopes 
north of Limo&e Creek and covers an area of 
approximately 50 acres. It was repotted to be up to 10.5 
metres thick (British Columbia Minister of Mines, 1957). 
Drilling of this limo&e zone during 1997 indicated a 
thickness of at least 7 metres. Two other limo&e zones 
occur on the property to the north and south of the 
alteration zones (Figure 2). The ‘h4iddle Deposit’ is 
located near the camp and is actively forming from 
groundwater discharging along its northern edge. 
Drilling in 1997 determined a minimum thickness of 6 
metres. The third deposit is exposed along the southern 

The alteration at Limo&e Creek consists of irregular 
zones of acid-solphate, advanced argillic, aluminous and 
silicic alteration within broader zones of sericitic and 
widespread propylitic alteration. These alteration mineral 
assemblages and their distribution are characteristic of 
high sulphidation systems (e.g., Amibas, 1995). Although 
significant mineralization has not been found to date on 
the Limo&e Creek property, extensive pyrite and minor 
amounts of copper-rich sulphides and solphosalts occur; 
these minerals are also characteristic of high solphidation 
systems. 

The presence of a&&site-rich ahuninous alteration, 
and the predominance of pymphyllite with only minor 
kaolinite, suggest that most of the alteration formed at 
temperahues above 250°C (Reyes, 1990, Hemley et al., 
1980). This suggests that the alteration formed at greater 
depths than typical high solphidation epithermal deposits. 
Alteration assemblages of these types occor in the upper 
parts of some porphyry deposits (e.g., El Salvador; 
Gustafsoo and Hunt, 1975) and are characteristic of parts 
of the Equity Silver deposit (Wojaak, 1974), which is 
located approximately 90 kilometres southeast of Limo&e 
Creek (Figure 1). The presence of locally extensive 
anhydriteqomtz alteration at Limonite Creek, particularly 

31-6 British Columbia Geological Survey Branch 

banks of Many Bear Creek and appears to be a relatively 
thin blanket oflimonite developed on coarse talus. 

In all three of the exotic deposits, limo&e is actively 
forming from acidic, iron-rich solutions as sheets, layers, 
and terraces parallel to the slope in each area. The 
measured pH of so&% waters associated with the 
limonites ranges from 3.4 to 6.5. As the limo&e 
precipitates, it commonly incorporates abundant organic 
matter in the form of pine needles, twigs, and leaves 
which remain trapped as successive layers accumulate. As 
a result, the limo&e often consists of friable, very porous, 
light, relatively sot? masses with abondant visible organic 
matter. Locally however, the limonite forms much denser, 
competent, and compact layers. Along the banks of Many 
Bear Creek, limo&c also hxally occurs as a matrix in 
masses of limonite-ccmented pebbles and cobbles. 

XRD analyses on selected limo&e samples indicate 
that the exotic deposits are dominated by pore goethite.. 
Sequential extraction techniques using a buffered 
ammonium oxalate solution (Schwertmann et al., 1982) 
however demonstrate that the limonite is precipitated from 
solution at surface initially as fenihydrite, which over 
time transforms to crystalline goethite. Trace element 
analyses of limo&e depth profiles have shown that 
limonitcs contain trace amounts of Cu, Zn and Mn 
(maximum of 518,38 and 90 ppm respectively). Analyses 
of surface waters actively precipitating the limonitic 
material are currently in progress. 

DISCUSSION 



at depth in DH 96-1, is also consistent with a porphyry 
environment. 

The U-Pb age for sample for the porphyritic 
granodiorite (LC-08) of 52.2ti.l Ma is interpreted to be 
post-alteration, due to the lack of sigoificant alteration 
within this intrusion. The age of alteration, therefore, is 
probably early o* pre-early Eocene. The date of the major 
granodiorite intrusion to the east (sample L&09), which 
shows moderate epidote alteration at the contact with the 
altered volcanic rocks, may constrain the age of the 
alteration more closely. At the Equity Silver deposit, the 
Eocene (ca. 50-52 Ma) intrusions are largely post-mineral 
but the 60 Ma intrusion appears to be related directly to 
mineralization. The alteration at Limo&e Creek may be 
similar in age to Equity Silver, but a significantly older 
age cannot be ruled out. Direct dating of alunite is 
required to determine the actual age of alteration at 
Limo&e Creek. 

The alteration zones at Limonite Creek are 
extensively oxidized at surface with in-situ replacement of 
pyrite by goetbite and local redistribution of goetbite. 
Oxidation persists to at least 135 metres in structures 
intersected in drill holes. Surface oxidation generated low 
pH waters that transported dissolved iron to exotic 
limo&es where iron was first precipitated as fenihydrite 
subsequently converting to goethite. The extent and 
thickness of exotic limo&es attests to the amount of pyrite 
in the Limonite Creek alteration zones and the efficiency 
of transport of iron in low pH waters. Mobilization of iron 
is a characteristic of the weathering of many high 
sulphidation alteration systems, which are dominated by 
pyrite-rich zones with negligible buffering capacity. 
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