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1. INTRODUCTION 

Metallgesellschaft Canada Ltd. and United Mineral Services Ltd. 
performed during the period of September 8th to September 19th, 
1976, a geological study of 15 square kilometers in the GRACE 
MOUNTAIN area, approximately 60 miles north northwest of Revel- 
stoke, B.C. (fig.la). This study included detailed geological 
mapping, a structural analysis of the area and an examination 
of sulfide rich sections. 

In addition to the geological mapping a magnetometer survey 
was conducted over 14.5 kilometers of line in order to aid 
in geological mapping of covered areas. 

c The purpose of the investigation was to better understand the 
geological controls, the tectonic deformation and the mode of 
occurrence of the sulfide mineralization found within the 
Grace Mountain area. 

Sulfide mineralization was first discovered in the area during 
the early 1900's. The COTTONBELT property was subsequently 
staked in 1910 and has been worked intermittently since. The 
most recent examination of the area was done during the years 
1968 to 1973 by Great Northern Petroleum Limited. 

A t  present, the claims within the vicinity of Grace Mountain 
include seven crown granted mineral claims as well as the 
Vegas and Nevada mineral claims held by Messieurs Leo and 
George Adams of Kamloops, B.C. and the D; T; Snake Eyes; 
Cotton and Black Jack mineral claims held by United Mineral 
Services Limited (fig. lb) . 

Access is by helicopter f r o m  Downie Creek 25 k m  to the east. 
An old mule trail exists from Seymour Arm (see fig. la). 

c . 
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Par t  of C l a i m  M a p  M 8 7  M / 7 W of D e c . 2 , 1 9 7 6  
Scale 1 : 50,000 
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2 . GENERAL GEOLOGY 

I' The Grace Mountain area lies within the Shuswap Metamorphic 
Complex. This complex contains rocks that have been raised 
to a high state of high grade regional metamorphism.,The age 
of the rocks and their correlation with formations beyond 
the complex is speculative, but the most recent work suggests 
that the metamorphic rocks include Proterozoic, Paleozoic and 
possibly also Mesozoic formations. Structural studies have 
shown that the complex is composed of a series of gneiss domes 
with cores of veined augen gneiss and granitic gneiss enveloped 
by metasedimentary gneiss and schist. The outermost layers 
of gneiss and schist are riddled with layers and lenses of 
pegmatite and 1eucogranite.Three gneiss domes are found between 
Slocan Lake and the Monashee Mountains west of the Big Bend 
of the Columbia River" (Fyles, 1970) . 

- 
t 

. 

The Grace Mountain area is on the northwestern flank of the 
Frenchman Cap Dome, which is the most northerly of the three. 
The area includes the outermost core gneiss and is mainly 
within the overlying metasedimentary gneiss and schist (Fig.lc). 

The metasedimentary rocks include quartzite, mica schist, 
quartz feldspar and calc-silicate gneiss and minor amounts of 
marble. They fall within the amphibolite facies of metamorphism 
and are complexly folded. 

The lithologic sequences within the Grace Mountain area are 
folded into one syncline and two anticlines. The southwestern . 
anticline is overturned to the northwest. The fold axes strike 
northwest-southeast. The tectonic framework within the Grace 
Mountain area appears to have been developed withi.n the area 
that has been affected by the Frenchman Cap Gneiss Dome and 
a small well developed gneiss dome lying approximately 11 
kilometers to the north of Grace Mountain. \ 
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The succession of metamorphic rocks in the Grace Mountain 
area (refer to figure 2) include quartz-feldspathic paragneiss ( ? )  ; 
marble; calc-silicate gneisses; fine to medium grained biotite- 
quartz-garnet gneiss; micaceous quartzite; amphibolite and 
granulitic quartz-feldspar gneiss. 

Pegmatitic lenses occur throughout the succession but are 
most abundant in the more strongly folded portions of the 
succession. 

Rocks within the core zone of the Grace Mountain syncline 
are internally folded and foliation within this succession 
does not necessarily follow bedding. 

Rocks on the flanks of the core zone are lithologically more 
homogeneous and foliation is commonly parallel to the bedding 
direction. 

These rocks display a wide range of textures and proportions. 
Mineralogically these gneisses are composed of quartz, feld- 
spar (orthoclase and plagioclase) with a wide ranging fraction 
of biotite, muscovite, sillimanite, kyanite and garnet. Granu- 
litic fabrics such as regular planar schistosity (as determined 
by coarse quartz with finely crystalline quartz and feldspar 
layers) are present. Coarser fractions often contain xenoblastic 
garnet and prisms of kyanite and/or sillimanite lie in the 
plane of schistosity. Magnetite is a minor constituent in 
these rocks. 

The thickness of this unit varies at different sections of the 
Grace Mountain syncline and has a gradational transition into 
rocks of different mineral assemblages. 

2.1.2 hphibolite -- -------- 
A garnet amphibolite underlies the granulitic quartz feldspar 
gneiss and appears to be a laterally continuous unit within 
the sequence.' The amphibolite is composed essentially of horn- 
blende and plagioclase. It is medium to coarse grained with 
subhedral garnets up to lcm in diameter occurring in segregated 
layers. 
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2.1 a 3 Quartzite 

c 

A light coloured quartzose gneiss is characterized by the 
Fesence of greater than 90% quartz and minor amounts of 
muscovite and occasionally a chloritic mica. The rock has 
a fine to coarse granular texture with micaceous layers 
parallel to foliation. This unit appears to be discontinuous 
to the south of column 14 (fig. 2) but has been noted in areas 
to the north of column 14. 

I 

The biotite-quartz-garnet gneiss encloses the calc-silicate 
and sulfide units (see chapter 2.3). This unit is fine to 
medium grained with segregation layering and lineation normal 
elements in the rock fabric. The parallel structures are 
disturbed by the presence of porphyroblasts of garnet (up to 
0.5  cm in diameter). 

The biotite is found as coarse flakes (up to 0.1 cm ) aligned 
within a fine grained quartzose matrix. In proximity to calc- 
silicate units the biotite-quartz-garnet gneiss can be 
calcareous. 

Several thin horizons (see in particular column 178 fig.3) 
both below and above the sulphide horizon are composed of 
calcite, diopside, quartz and in some cases have accompanying 
garnet. The calcite is medium grained and comprises up to 
70% of the rock. Euhedral pale-green diopside porphyroblasts 
comprise the remainder of the rock while a pink (grossularite(?)) 
garnet may be present. 

The most persistent and distinctive unit in the field is a 
marble horizon which serves as a marker unit. The marble unit 
is white to grey and is composed of carbonates of which medium 
to coarsely crystalline calcite predominates. Foliation within 
the unit is outlined by flakes of pale-yellow phlogopite and 
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fine-grained graphite (? )  inclusions within the calcite. An 
almost colourless to a very pale golden brown diopside is 
found as granular layer within the unit. These porphyroblasts 
are found up to 3 cm in length. 

Underlying the marble unit are several variable lithologies. 
On the western limb of the Grace Mountain syncline the marble 
unit may be gradational into a unit with calcite, biotite 
and diopside cementing clasts of diverse lithologies. On the 
eastern limb of the Grace Mountain syncline, the marble unit 
is underlain by a quartzite unit. 

1 

2.1.7 Quartzo-Feldspathic Paragneiss ( ? )  .................................. 
This unit forms the predominant unit underlying the marble 
horizon on the western limb of the Grace Mountain syncline. 
The unit is coarse to medium grained with a mineral composition 
of quartz, feldspar and accessory hornblende and biotite. 
This unit forms a conformable continuation of the succession 
that has been described above . 

2.1.8. Pegmatitic Lenses ----------------- 
The term pegmatitic refers to those granitic rocks having 
appreciable proportion of orthoclase and quartz greater than 
2 cm in size. Gradation 
is present and accessory minerals such as tourmaline and 
muscovite are common. 

in size of the mineral components 

The pegmatitic lenses occur throughout the section but are 
most prominent in the more intensely deformed portions of the 
section. 

c 

A stratigraphic framework is present in the gneisses of the 
Grace Mountain area. Lithological dissimilarity of units and de- 
monstratable continuity of layers constitutes the character- 
istics of the metasedimentary sequence in the Grace Mountain 
area. Granulitic quartz-feldspar gneiss forms the core unit 
while the remainder of the sequence is composed of meta- 
sedimentary and metavolcanic rocks. 
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The mineral assemblages indicate metamorphism of the 
amphibolite facies . 
Pegmatitic lenses composed of coarse grained orthoclase- 
quartz and accessory muscovite and tourmaline occur 
throughout the succession and are most abundant in the 
core unit. 

2.2 Tectonic Structure ------------------ 
Two tectonic elements are distinguishable within the Grace 
Mountain area. These are fracture tectonics and fold tectonics. 
Both the fracture and fold tectonics reflect a southwest- 
northeast structural trend as indicated by the fold axes and 
conjugate fracture sets. 

The folding consists of a large prominent syncline with an 
axial plane trace passing across Grace Mountain. An anticline 
adjoins the syncline to the northeast and another adjoins 
the syncline to the southwest (figures 4 and 5 ) .  

The syncline is asymmetric and is a continuation of a north- 
easterly overturned fold. The syncline is the main structure 
exposed within the Grace Mountain area and can be traced 
along a strike length of seven kilometers. The core of the 
syncline is composed of internal drag folds that have locally 
been sheared in a northeasterly direction. 

The axis of the syncline plunges southeast at the southeastern 
end of the syncline, is horizontal at Grace Mountain and 
plunges to the northeast at the Cottonbelt (Appendix 1 : 
locality 6). The limbs of the syncline change to a more 
horizontal attitude towards the northwestern direction. 

In the region where the plunge changes from the southeast to 
the northwest a supplementary set of NE-SW striking folds has 
been developed. This fold set has resulted from a later phase 
of minor folding. 
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Location- 

7 
6 
2 
1 
5 
4 

i 

Silver cu Pb Zn ' As Sb Hg 
oz/t % % % % % % 
1.3 0.02 5 .30  0.60 0.01 0.01 0.01 
1.9 0.01 8.00 2.90 0.01 0.01 0.01 
1.1 0.01 4.10 0.50 0.01 0.01 0.01 
0.59 0.01 2.55 0.35 0.01 0.01 0.01 
0.57 0.01 2.20 0.34 0.02 0.01 0.01 
0.18 0.02 0.57 0.40 0.01 0.01 0.01 

i 

The structural style of the Grace Mountain area is related 
to the development of the Frenchman Cap Gneiss Dome and 
another smaller unmapped gneiss dome situated 11 kilometers 
north of Grace Mountain, 

The lead-zinc-sulfide mineralization in the studied area 
is predominantly stratabound. These horizons are geometrically 
and genetically related with a carbonate rich sequence of 
gneiss. There are found different transitional types between 
massive sulfides and disseminated lead and zinc and between 
carbonate rich gneiss and marble. 

2.3.1 Mineralization -------------- 
The common ore minerals are magnetite, pyrrhotite, galena, 
'sphalerite: pyrite and chalcopyrite are rare: a silver sulfo- 
salt from the McLeod N location has not been studied yet: the 
gangue minerals are: calcite, garnet, diOpSide, dolomite, 
tremolite, sillimanite, andalusite etc. The grain size of the 
ore minerals is varying between 50/~and 3 cm. Sphalerite shows 
mostly a smaller grain size than galena. Intensive inter-growths 
exist probably between magnetite and sphalerite. 

There are three types of metal-rich horizons: - massive sulfide/oxide - rhythmitic layers of ore minerals and carbonates/silicates - disseminated sulfides/oxides 

The metal contents of the mineralized horizons are not yet 
well known: sulfide channel samples are not available in 
all locations. Channel samples with predominantly sulfidic 
ore minerals were taken from the locations 1, 2, 48 58 6, 7, 
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The maximum of the lead and zinc contents occurs at the 
location 6. Generally lead is higher than zinc; copper 
and silver are low. 

The samples were taken as channel samples perpendicular to 
the stratification, repeated three times and mixed. The 
length of the channel samples is 2 m in the locations 12 
and 13 and includes the horizons C # D  and H (fig. 11); in 
the other locations the length of the channel samples is 
1.5 m and includes the horizons B , C , D , G ,  and H. 

2.3.2 Stratigraphic Position ...................... 
The sequence of the sulfide rich and carbonate rich horizons 
A to K has a thickness of approximately 40 m. It is built up 
of a homogeneous 2 m thick marble horizon (no E in fig. 111, 
overlain by a sequence of diopside-biotite-garnet-quartz- 
calcite-gneiss 9 m in thickness, which itself is overlain 
by a sequence of 9 m in thickness of biotite-muscovite-garnet- 
quartz-diopside gneisses. In between both sequences of gneisses 
a remarkable sequence 1 to 6 m in total thickness of 4 sulfide 
r ich  horizons (A to D) and 4 carbonate rich horizons (predomi- 
nantly marble) is intercalated. This unit is unique within a 
series of more or less homogeneous gneisses with a thickness 
of about 500 m. 

3 .  GEOPHYSICAL RECONNAISSANCE (Magnetic Survey) - 

A magnetic reconnaissance survey was done to aid the geological 
mapping and to possibly trace the mineralized zones below over- 
burden. 

The instrument used was a Onimag Protonmagnetometer manufactured 
by the company "Geometrics". Measurements are total magnetic 
field measurements. To all plotted measurements on fig. 7,8, 
and 9 the value 58  000 has to be added. Line spacing and the s 
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length of the lines were very variable due to the reconnaissance 
nature. The survey lines were put in by pacing using a compass, 
controlled by an airphoto, the map 1: 10,000 (see Appendix 1) 
and altimeter readings. Stations were about SO feet apart. The 
Geophysical Grid I (see Appendix 1 and fig. 7) tested the known 
Cottonbelt sulfide horizon.Due to magnetite and pyrrhotite a 
pronounced magnetic feature with a high of about 2 500yand a 
low of 1 O O O K  could be observed. 

Reconnaissance magnetic surveys along strike of the lower sulfide 
horizon (Geophysical Grid I1 and 111, see Appendix 1) failed to 
locate such pronounced linear anomalies (fig. 8 and 9 ) .  The 
measurements do not indicate that the horizon continues. 

4. ROCK SAMPLING - 

To test the possibility to trace the interesting sulfide horizon 
and its maximum thickness to depth with seismic, rock samples 
were taken for the determination of density and velocity. The 
quality of seismic reflections depends on the difference between 
the products of density times velocity of two adjoining horizons. 
Fresh samples were taken out of which 10-cm square cubes can be 
sawn. 

The sulfide, the calc-silicate, marble, quartzite and gneiss hori- 
zons were sampled on a traverse close to locations 
fig. 1 0 ) .  The velocity and density of the samples will be determir,- 
ed in 1977. - 

7 and 10 (see 

5 .  SUMMARY AND CONCLUSIONS - 
- The rocks within the Grace Mountain area are predominantly . 

composed of a variety of gneisses which include a cal- 
careous gneiss and a marble unit. 

- The sedimentary features of the metamorphosed sediments 
are relatively well preserved. 

The main structure is an asymmetric syncline with 
superimposed minor folds that were developed during 
a later phase of deformation. 

- 
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- The structural style of the area is related to the 
development of large and small gneiss domes located 
outside of the stugy area. 

- The calcareous gneiss sequence contains the sulfide 
horizons . 

- The metal content of the sulfide horizons is variable 
and includes pyrrhotite, pyrite, magnetite, sphalerite, 
galena and chalcopyrite. # 

- It is suggested that the sulfide outcrops exposed 
within the Grace Mountain area (Appendix 1: 1 to 10 
and 11 to 13) constitute a continuous metal sulfide 
horizon. 
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