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1. 

GEOLOGICAL REPORT 
NEP CLAIM GROUP 

Osoyoos Mining Division 

A Nepheline Syenite Prospect 
NTS 82-E/4 

49'2'N, 119"35'W 

INTRODUCTION 

At the request of Nepheline Resources Ltd., I examined the 
NEP claim group between May 20th and 24th, 1986. Previously, on 
November 13th, 1985, I had made a preliminary examination of the 
property. The purpose of the study was to map in detail the 
geology of the nepheline syenite and surrounding rocks, and to 
make a preliminary tonnage estimate of the deposit. The field 
examination was followed by a petrographic examination of 53 
thin sections to determine the mineralogy of the deposit, in 
particular with reference to mineral zonation, which might be 
important in terms of separation of Fe-bearing minerals. 
Eleven large grab samples were collected for whole rock analysis'. 
A diamond-drill program was carried out to begin to confirm the 
tonnage estimate based on geological data. A total of 2 9 4  m ( 9 6 7  ft.) 
of drilling was completed in three holes. 

Nepheline syenite is sought in large quantity by the glass 
industry, and to a lesser extent by the ceramic industry. It is 
finding increasing use as a filler in many other industrial 
products, including paint, plastic, paper, and foam. In the 
glass industry, it is preferred to feldspar because of its lower 
melting temperature (because of its higher content of alkalis), 
which reduces fuel consumption and lengthens the life of refractory 
liners in furnaces. 

Indusmin, at Blue Mountain, Ontario, is the only producer of 
nepheline syenite in Canada, and few others exist in the world. A 
source of nepheline syenite in Western Canada would be in a favor- 
able position to supply markets in Western U.S.A. and Canada, as 
well as the Pacific Rim countries. 

LOCATION AND ACCESS (see Figure 1) 

The deposit outcrops at elevations between 970 and 1228 m. 
on top of and along the eastern flank of a broad ridge 10 km. 
west of the town of Osoyoos in south-central B.C. Access by road 
from the junction of Highways 3 and 97 just north of Osoyoos is 
as follows: 

1) west on Hwy 3 for 6 . 6  km; left turn up paved road into 
Osoyoos Estates housing development. 

2) at 1.7 km.,just past the end of pavement, left turn onto 
a gravel road leading to Blue Lake and Kilpoola Lake. 

3 )  at 5 . 4  km., follow road straight ahead, just ahead keep 
to the right fork, and at 0.9 km. keep to the left one. 

4 )  at 0.7 km. from last fork, sharp right turn up winding 
road. 
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4 .  

5) at 2.05 km., left turn at junction, continue on narrow road 
which climbs to the top of the ridge in the middle of the 
property (this is main road on property map - Figure 4). 

I 

CLAIM DATA (See Figure 2) 

The NEP claim block is a 3 x 3 block staked by Walter Bonin 
on May 24, 1985, and in good standing [Claim No. 2236(5)1. The 
northeast corner bears the mining tag number 78111. I 

! 

TOPOGRAPHY and VEGETATION 

Semi-arid, sage- and grass-covered highland valleys to the 
south rise abruptly to prominent, barren cliffs and sparsely 
forested ridges to the north. Further north, outcrop decreases 
in abundance; vegetation is dominated by a thin to moderate 
coniferous forest, from which the largest trees have been removed 
by logging. Still further north, outcrop is minimal in a gently 
northerly sloping region covered by a moderate coniferous forest. 

EXPLORATION HISTORY 

1963 

1971 
1972 

1984 
1985 

I 

1 

Aug. 29: Buck 1-3 claims staked by Ken Butler: nepheline 
syenite was sampled and analysed by B.C. Research Council 
and by International Minerals and Chemical Corp. 
Beneficiation methods were tested by the Minerals Resource 
Branch, Dept. of Energy, Ottawa. 
Sept. 10: claims lapsed 
Mar. 29: Buck 1-4 claims staked by Bethlehem. Several small 
pits were blasted and sampled for chemical analysis and 
metallurgical study. Geological mapping was done by 
J.R. Bellamy (only part of his report is available, and is 
not of much value). 
May: claims staked by Denis Atkinson. 
May 24: NEP claims staked by Walter Bonin, ownership 
transferred to Okanogan Nepheline. 



LEGEND (Unite near Krupr huntain)  

Cretaceous ( 1 )  

15 Nelson Plutonic Rocks: diorite-  
granite, ryenite,  mnzonite, 
nepheline ryenite 

Carboniferous ( 1 )  

4 Kobau Group: quartzite, schis t ,  
greenatone 

Paleozoic ( 1 )  

1 bnaahee rou : layered paragneirr, 
e t ,  u p h i b o l i t c ,  

quartzite, Mrble,  pegmatite 



REGIONAL GEOLOGY (see Figure 3) 

Bostock (1929-1930) prepared Keremeos Map 341A at a scale of 
1:63,360. Little (1961) published the geology of Kettle River 
(West Half) as G.S.C. Map 15-1961. 

Between Osoyoos and the Similkameen valley to the west, 
Little mapped two major units, the Kobau group and the Nelson 
intrusions. The Carboniferous? Kobau group consists of metamor- 
phosed siliceous sediments and intermediate volcanic rocks. They 
strike north-south and dip moderately to locally steeply to the 
west. Further north the unit is more complexly folded. A major 
fault along the Okanogan Valley juxtaposes these rocks against 
tightly contorted paragneiss of the Early Paleozoic Monashee group. 
In the latter unit, axial planes of isoclinal Folds generally are 
relatively flat-lying. 

The Kobau group rocks are intruded by plutons and batholiths 
of Jurassic to Cretaceous age (Nelson intrusions). An earlier 
nepheline syenite to syenite unit forms sills in the Kobau group. 
Later plutonic rocks include diorite and quartz monzonite; some 
of these show a moderate to prominent penetrative foliation. The 
rocks of the Kobau group show moderate contact metasomatism or 
metamorphism along the borders of the Nelson intrusions. 

rocks, described as the Penticton Tertiary Outlier by Church, 1979. 
A few minor stocks and dikes of dacite porphyry in the map area 
may belong to this unit. 

North of the map area is a large basin of Tertiary volcanic 

DETAILED GEOLOGY (see Figure 4, inside back cover) 

Kobau group rocks (Unit 1) include metamorphosed intermediate 
to basic volcanic rocks, and fine grained clastic to cherty meta- 
sedimentary rocks. Three main subunits form mappable zones, and 
may indicate a stratigraphic sequence. 

To the east (at the base? of the section) is subunit lb, a 
finely laminated, generally lensy metasedimentary-exhalative rock 
dominated by pale green to grey lenses and beds of chert, generally 
less than 7 mm. in thickness. These are separated by thinner beds 
and seams of mafic-rich material dominated by hornblende or biotite/ 
chlorite. Locally, especially along the base of the Eastern sill 
of nepheline syenite, subunit lb grades into subunit la, a dark 
green to black amphibolite consisking of similar material to that 
in the mafic-rich zones of subunit lb. Grain size and abundance of 
hornblende increases towards the border of the nepheline syenite 
sill, suggesting a contact metamorphic halo in the hornblende 
hornfels metamorphic facies. 

Above the Eastern sill, and mainly at the southern end of the 
area is subunit Id, a porphyritic metaydacite to meta-andesite, 
with abundant plagioclase phenocrysts less than 1 mm. across in an 
extremely fine grained groundmass. It commonly shows a hornfelsic 
texture. Above (to the west) and to the north, subunit Id grades 
into subunit lc. 

siltstone of intermediate composition. Variations in texture 
reflect original variations and variations due to different degrees 

Subunit lc is a very fine grained siltstone to tuffaceous 

, 



! 

! of metamorphism. Locally the subunit is gneissic (subunit lcg), 
i 

1 

with a moderate segregation of felsic and mafic minerals into 
wispy lenses. In the field, some of the rocks are difficult to 
distinguish from finer grained varieties of nepheline syenite. 
Between East and Main sills, subunit lc commonly is silicified, 
with a hornfelsic texture (subunit lch), and locally contains 
abundant, extremely fine grained, disseminated pyrite. 

Rocks of the Kobau group are intruded by at least three ages 
of plutonic rocks, which in the absence of radiometric dates, are 
grouped as Jurassic-Cretaceous. The oldest consists of sills Of 
nepheline syenite and lesser syenite (Kruger alkalic rocks) 
(Unit 2). This was intruded by plutons of medium to coarse grained 
diorite and much less gabbro (Unit 3 ) .  Younger plutonic rocks 
consist of small stocks and dikes of mozonite and pegmatite (Unit 4 ) .  

foliation in themselves and in the Kobau group rocks. Four main 
sills are designated East, Main, South, and Northwest. 

a very fine to fine grained border zone (subunit 2a), which grades 
inwards into a fine to medium grained zone (subunit 2b). This in 
turn grades inwards to a medium to coarse grained core (subunit 2c) 
with local pegmatite patches. In East sill towards the north, white 
to bluish grey nepheline syenite (mainly subunit 2b) appears to 
grade into cream-colored to pink syenite (subunit 2d) with decreasing 
content of nepheline and increasing content of plagioclase. Thin 
section study of a few samples from this region show that many of 
the rocks classified as syenite in the field actually are nepheline 
syenite. Further work must be done to determine the northern limit 
of nepheline syenite in the East sill. 

Near the base of East sill is an unusual zone exposed in two 
outcrops. It is characterized by unfoliated, coarse to pegmatitic 
K-feldspar with interstitial mafic minerals, and lesser plagioclase 
and nepheline. The larger occurrence is a 4-meter wide band parallel 
to foliation in surrounding rocks of subunit 2a. The smaller is a 
2-meter wide outcrop which grades upwards into subunit 2b. The 
unusual texture of these rocks (designated subunit 2p) may have 
formed by settling of early-formed crystals from the nepheline 
syenite magma. 

At the south end of the property at the top of the East sill 
and locally at the north end of South sill are zones of nepheline 
syenite with an unusual lensy texture (subunit 2e). These contain 
lenses parallel to foliation of leucocratic nepheline syenite 
enclosed in a very fine grained groundmass of melanocratic (mafic- 
rich) nepheline syenite. Lenses range up to a few cm. long and 
1 cm. wide. 

Much of the nepheline syenite and syenite is porphyritic, 
with 5 to 20 per cent phenocrysts of K-feldspar and 2 to 5 per 
cent phenocrysts and clots of mafic minerals. K-feldspar pheno- 
crysts commonly have an elongated prismatic habit, with lengths 
averaging 1 to 3 cm. 

Much of the western and extreme southeastern parts of the 
property are underlain by a medium to locally coarse grained 
diorite to gabbroic diorite (over 50 per cent mafic minerals). 

The Kruger alkalic rocks form sills mainly conformable to 

The sills, particularly the larger two (Main and East), have 
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I Most common is a massive to weakly foliated diorite (subunit 3a). 
~ with 30 to 40 per cent mafic minerals, and a medium to locally 

coarse grain size. Near the eastern contact of the main body is 
a zone of coarser grained gabbroic diorite to gabbro (subunit 3c). 
Along the western part of the property, subunit 3a grades into a 

parallel to the regional trend. 

to slightly foliated monzonite intruding rocks of Units 1 and 3. 
Subunit 4a is very fine to fine grained and commonly leucocratic. 
Subunit 4b is fine to medium grained wtih 10 to 30 per cent mafic 
minerals. Subunit 4c is a mainly leucocratic pegmatite. 

with abundant plagioclase phenocrysts and lesser, smaller hornblende 
phenocrysts in an unfoliated groundmass of extremely fine grained 
feldspars, ragged amphibole, and abundant secondary epidote. In 
one outcrop, a dike of Unit 5 cuts foliation in Unit 1. In another, 
a body of Unit 5 up to 3 m. across occurs along a fault in Unit 2 .  
Contact relations in other outcrops are unclear. On the basis of 
the crosscutting nature of this unit, it is correlated with the 
Tertiary volcanic rocks to the north. 

STRUCTURE 

i mottled, porphyritic diorite (subunit 3b), with a moderate foliation 

Scattered through the area are small plugs and dikes of massive 

A few scattered outcrops consist of dacite porphyry (Unit 51, 

All units (except Unit 5 )  are more or less penetrated by a 
regional foliation, which trends north-south and dips moderately 
to steeply westward. Foliation is most intense in subunit lb, and in 
parts of subunits lc, Za, and 3b. It is weak to absent in most of 
subunits Zc, 3a, 3c, and Unit 4. 

In the Kruger sills are several zones of moderate to intense 
cataclastic deformation, in which originally coarser grained rocks 
are smeared out along foliation, and coarser crystals are deformed 
and partly recrystallized to extremely fine grained aggregates. 
This type of deformation is most common in subunit 2a. The sheared 
zones commonly have a darker grey color than the adjacent, less 
strongly sheared rocks. 

Several late faults cut the region. Some show slight, left- 
lateral offset of the Kruger sills. A major topographic depression 
trends north-south along the west side of the main ridge in Main 
sill; however, offset along this structure appears to be small. 

faults trending northeastward, with left-lateral offset of from 
200 to over 1000 m. One would offset Northwest sill from the 

Units 1 and 3 at the southeast corner of the property. This is 
the major fault shown at the southeast corner of the property on 
the regional map (Figure 3). 

The geology is compatible with the presence of two large 

; north end of Main sill. The other would offset the contact of 

PETROLOGY OF NEPHELINE SYENITE/SYENITE 

Thin section analysis of 53 samples show three main types of 
nepheline syenite, characterized by different assemblages of mafic 
minerals. These are as follows: 
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1) Hornblende zone - abundant hornblende, porphyroblasts of 
almandine garnet, minor aegirine-augite, 
biotite, and granular aggregates of 
grossularite-almandine-andradite garnet. 

mainly in cores of mafic clots, moderately 
abundant hornblende, biotite, and both types 
of garnet 

2) Aegirine-augite zone - moderately abundant aegirine-augite, 

3 )  Biotite zone - abundant biotite, both types of garnet, lesser 
hornblende, minor aegirine-augite. 

The hornblende zone is characterized by a finer grain size and 
lower mafic content than the other two zones. Almost all samples 
from subunit 2a are from the hornblende zone. Other than that, no 
obvious correlation exists between textural types as distinguished 
in the field and mineralogical zones from thin section studies. 

Modal analyses of the main zones of nepheline syenite are 
listed in Table 1, with individual analyses in Appendix 1. As well, 
for comparison, modal anlayses for corresponding mineralogical 
zones in the Blue Mountain nepheline syenite are presented in Table 1. 
A detailed description of the mode of occurrence of each mineral is 
given in Appendix 2. 

with relic primary features preserved in some mafic clots and 
possibly as some K-feldspar phenocrysts. However, probably many of 
the latter are metamorphic porphyroblasts, as suggested by their 
common orientation within the foliation plane, and locally by a 
strong lineation produced by parallel orientation of the porphyro- 
blasts in the foliation plane. The latter feature is most prominent 
in subunit 2a. Many mafic clots, especially in subunit 2c, contain 
early-formed, magmatic aegirine-augite phenocrysts, rimmed by 
hornblende and/or biotite/garnet-b. Much of the hornblende may be 
primary magmatic overgrowths on and replacements of aegirine-augite 
Biotite/garnet-b overgrowths and garnet-a porphyroblasts are of 
metamorphic origin. 

Textures of nepheline syenite and syenite are mainly metamorphic, 

CHEMICAL ANALYSES 

During the June magnetometer survey, large grab samples were 
collected from outcrops along survey lines and nearby. Eleven were 
analysed for major elements. Three samples were from subunit 2a 
and eight were from subunit 2b/2d. Average results from the two 
subunits are shown in Table 3 ,  individual analyses are in Appendix 3 ,  
and sample locations are on Figure 4. 

Table 3 .  Average Chemical Analyses (values in % except Ba in ppm) 
Zone No. of Si02 A1203 Fez03 MgO CaO Na2O K20 Ti02 P2O5 MnO Ba LO1 

2a 3 56.1 21.22 3.27. 0.4 2.4 6.0 8.6 0.4 0.09 0.11 1010 0.8 
2b/2d 8 53.8 19.44 5.56 1.3 4.5 4.3 7.8 0.5 0.27 0.14 1660 1.7 

Comparison with chemicah analyses from modal analyses (Table 2) 

analyses 

suggests that K-feldspar contains a higher content of Na than used in 
calculations from modal analyses, and that the mafic content was 
underestimatedin the modal analyses. 
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Table 1 Modal Analyses of Mineralogical Zones 
(including comparison with major zones in the 
Blue Mountain body) 

l Zone K-feld Nep Alb Mafic A-a Hbl Bio Garnet Sph Apa Opq Epr 
~ 0 9m rn tot a b  

I 
I 

Kruger sills 

Hblde 3 63 17 7 2 10 0.1 6.0 0.5 2.5 0.4 0.4 0.05 0.1 0.05 
Biot 7 53 13 10 5 17 0.2 2.0 7.5 3.5 3.0 0.6 0 . 1  ++ + 

- 50 7 12 30 2.0 10.0 7.0 8.0 3.0 0.2 0.1 - ++ 2P 
2e - 70 17 1 12 - - 7.5 3.3 0.1 0.9 - 0.2 

- Aeg-A 5 55 15 8 4 1 7  2.0 5.5 3.0 3.5 3.0 0.5 0 . 1  + 

- 

Blue Mountain body (from Payne, 1968) 

Hblde - 23 25 48 - 4 0.2 3.0 0.2 0.2 - - 
Biot - 19 24 52 - 4 - - 2.7 - (Mu 0.7, Ct 0.1)0.5 - 

- - 0.4 

Abbreviations 

K-feld 

Alb 
A-a 
Hbl 
Bio 
Garnet 
Garnet 

NeP 

SPh 
APa 
OPq 
Ep i 
Mu 
Ct 

- K-feldspar (microcline) 
- nepheline 
- albite (plagioclase) 
- aegirine-augite 
- hornblende - biotite 

a - almandine? prophyroblasts 
b - grossularite-andradite-almandine aggregates 

- sphene 
- apatite 
- opaque (mostly magnetite in Blue Mountain) 
- epidote 
- muscovite 
- calcite 

0 - phenocrysts, mafic crystal aggregates 
9m - non-porphyritic K-feldspar 
tot - total (including crystal aggregates) 

I ++ - minor 
+ - trace 

- absent - I 
1 
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I T a b l e  2 Chemical  A n a l y s e s  f rom Modal A n a l y s e s  

( i n c l u d i n g  comparison w i t h  Blue  Mountain body)  

Zone S i 0 2  A 1 2 0 3  F e 2 0 3  MgO CaO N a 2 0  K 2 0  T i 0 2  H 2 0  Total 
A l k a l i  

Kruger  s i l l s  

Hblde 59 .6  2 1 . 0  3.0 0.26 1 . 0  3 .6  1 1 . 6  0.15 0 . 1 2  15.2 

B i o t  5 8 . 5  2 0 . 1  4.7 0 .74  1 . 3  3 . 3  1 1 . 4  0 .25  0 .33  1 4 . 7  

Aeg-A 58.7  20 .4  4 .0  0.68 2 . 2  3.3 1 0 . 9  0 . 2 0  0 . 2 2  1 4 . 2  

Blue  Mountain body ( f rom Payne,  1 9 6 8 )  

Hblde 5 8 . 8  2 3 . 2  2 . 2 *  0 .04 '  0 . 7 7 * 9 . 2 *  5.1* O . O O *  0 . 3  1 4 . 3  

B i o t  5 9 . 4  2 3 . 0  2 . 0 *  0 . 0 3 *  0 . 5 5 * 9 . 2 *  4 . 6 *  O . O O *  0 . 4  1 3 . 8  

Notes : 

1. T o t a l  Fe  r e p o r t e d  a s  Fe203 
2 .  * d e n o t e s  v a l u e s  from s p e c t r o g r a p h i c  a n a l y s i s  ( t h e y  a g r e e  v e r y  

c l o s e l y  w i t h  t h o s e  f rom modal a n a l y s e s ,  b u t  are c o n s i d e r e d  more 
a c c u r a t e )  

h i g h e r  c o n t e n t  of Naand A 1  i n  Blue  Mountain body. These r e f l e c t  
lower c o n t e n t  of mafic m i n e r a l s ,  h i g h e r  abundances  of n e p h e l i n e  
and a l b i t e  ( p l a g i o c l a s e )  i n  t h e  B l u e  Mountain body.  

3.  Much lower c o n t e n t  of Mg and T i ,  lower c o n t e n t  o f  F e ,  C a ,  and  K; 
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MAGNETOMETER SURVEYS 

Two reconnaissance magnetometer surveys were conducted on the 
property, one by John Payne on May 24th. and the other by Bob Chaplin 
on June 5th and 6th. The purpose was to determine if geological units 
had a characteristic magnetic response, which could be used to trace 
geological units into areas of no outcrop. The May survey included 
four lines with station spacing of 10 meters along lines. The June 
survey included five lines with station spacing of 20 meters along 
lines. Results of the surveys are shown in Figure 5. 

The surveys agree in general, and indicate that different 
units have different magnetic responses, with most geological 
contacts between units marked by a sharp break in magnetic response. 
Correlation between lines and between surveys is not as sharp as 
along lines, possibly because of an overall increase in magnetite 
content towards the south end of the property. 

Values from different units and subunits are listed in Table 3, 
with Unit 2 divided into two subunits, one including rocks along the 
top (southwest) of sills and the northern end of Main sill (mainly 
from subunits 2a and 2 b ) .  and the other including rocks in the cores 
and lower parts of sills, and from the southern end of Main sill 
(mainly subunits 2c and 2b). 

Table 4 .  Values and Ranges of Magnetic Response of Rock Units 

Rock Average Frequency distribution in ' 0 0 ' s  of gammas 
unit (gammas) 0-3 3-5 5-7 7-9 9-11 11-13 13-15 15-19 19-25 25-40 

- - - - 2top 380 6 21 8 10 2 - 
- - 2bot 1000 - - 4 8 -  1 3 4 

1 1 4 2 0  - 2 8 10 13 13 15 25 23 1 

3 1950 - - 3 6 3  4 2 6 17 8 

On the basis of the responses in areas of abundant outcrop, the 
magnetometer survey results were used to extend geological boundaries 
to the north into areas of little to no outcrop. As well, the location 
and shape of some boundaries were somewhat refined. 

The survey was done with a Scintrex MF-2 magnetometer, measuring 
the vertical component of the magnetic field. Values are relative to 
a base station, rather than being the absolute values of the vertical 
component of the earth's magnetic field. Corrections were made only 
by tying in lines to stations on the base line and to the base station 
during the course of the survey. Because these corrections were mini- 
mal relative to the variations in the readings between stations, no 
further corrections were considered to be necessary. 
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DIAMOND DRILLING 

To begin to confirm tonnage estimates based on surface geology 
data, a diamond drilling program was undertaken, using NQ core (6 cm 
diameter). The original purpose was to drill one hole up to 300 m in 
length through the Main Sill. Due to drilling problems, the hole 
could not be completed to the desired depth, and in all, three holes 
were drilled. Locations, orientations, and depths of holes are shown 
in Figure 4 and Table 5. 

Followinq are brief summary logs of the holes. Detailed logs 
are in Appendix 4 

Hole Interval 
86-1 0.0-3.65 m 

3.65-13.7 
13.7-17.1 
17.1-24.4 
24.4-28.1 
28.1-53.6 
53.6-53.9 
53.9-61.8 
61.8-64.9 
64.9-71.0 
71.0-72.0 
72.0-77.0 
77.0-77.9 
77.9-84.5 
84.5-105.9 
105.9-111.7 
111.7-116.0 
116.0-125.5 
125.5-127.2 
127.2-131.0 
131.0-134.0 
134.0-139.2 
139.2-141.9 
141.9-148.1 
148.1-152.5 

86-2 0 .O-4.0 
4 .O-9.1 
9.1-28.1 

28 .l-43.6 
43.6-79.3 

86-3 0.0-10.7 
10.7-14.3 
14.3-25.9 
25.9-63.1 

Rock Type and symbol (Figure 4) 
Casing 
Nepheline Syenite (212) 
Kobau group meta-siltstone (lc) 
Nepheline Syenite (2c) 
Kobau group meta-siltstone (lc) 
Nepheline Syenite (2c) 
Fault, chlorite alteration 

Nepheline Syenite (2c) 
Kobau group meta-siltstone (Ic) 
Nepheline Syenite (2c) 
Andesite dike (5) 
Nepheline Syenite (2c) 
Kobau group meta-siltstone (lc) 
Nepheline Syenite (2b) 
Kobau group meta-siltstone (1c) 
Nepheline Syenite (2b) 
Andesite dike (5) 
Nepheline Syenite (2b) 
Andesite dike (5) 
Nepheline Syenite (2b) 
Andesite dike ( 5 )  
Nepheline Syenite (2b) 
Kobau group meta-siltstone (lc) 
Nepheline syenite (2b) 
Kobau group meta-siltstone (lc) 

Casing 
Nepheline syenite (2a) 
Nepheline syenite (2b) 
Kobau group meta-siltstone, metaiandesite (lc,ld) 
Nepheline syenite (2c) 

Nepheline syenite (2c) 
Kobau group meta-andesite/dacite (Id) 
Nepheline syenite (2b) 
Nepheline syenite (2c) 

The drill hole results agree generally with the surface geology, 
indicating that the Main sill extends to a depth of at least 150 m. 
They also show that within the nepheline syenite sills are discrete 
lenses of Kobau group metamorphic rocks and minor dikes of andesite. 
These might cause some problems during mining: however, they are 
distinct, and could be separated as waste blocks without much problem. 



T a b l e  5 .  Diamond D r i l l  Hole Data 
I 
I 

1 4  

I Hole N o .  C o o r d i n a t e s  Azimuth D e c l i n a t i o n  Length  
N E (m) 

86-1 5433494 310454 0 6 0 °  -60" 152.5 

86-2 5433614 310426 0 6 0 °  -60° 79 .3  

86-3 5433614 310426 240' -60" 63.1 

I 
i 

1 
Note: N o  d i p  a n g l e  measurements  made down h o l e s .  

PRELIMINARY TONNAGE ESTIMATES 

i The Main and E a s t  s i l l s  are t a r g e t s  f o r  development  of  q u a r r i e s .  
Based on a mining  d e p t h  of a b o u t  twice t h e  w i d t h  of t h e  s i l l s ,  and  
a s p e c i f i c  g r a v i t y  of  t h e  r o c k  o f  2 .65 ,  t h e  f o l l o w i n g  t o n n a g e s  are  
p r e s e n t  i n  t h e  two s i l l s .  

T a b l e  6 .  P r e l i m i n a r y  Tonnage E s t i m a t e s  i n  Main and E a s t  S i l l s  

S i l l  l e n g t h  w i d t h  d e p t h  volume metric t o n s  

Main 340 m 80  m 1 6 0  m 4.35  x 10 6 m' 1 1 . 5  x l o 6  
6 

T o t a l  t onnage  25 x l o 6  

1 3 . 2  x 1 0  6 E a s t *  700  m 60  m 1 2 0  m 5.0 x 10 m 3  

Allowing  f o r  2 0 %  d i l u t i o n  because  of i n c l u s i o n s  o f  Kobau g r o u p  
r o c k s  and a n d e s i t e  d i k e s ,  t h i s  y i e l d s  a tonnage  of n e p h e l i n e  
s y e n i t e  o f  

6 20 x 1 0  m e t r i c  t o n s  

* v a l u e s  f o r  E a s t  S i l l  are f o r  t h e  a r e a  o u t l i n e d  by s u b u n i t s  
2a ,  2b,  and 2 c  ( F i g u r e  4 ) .  The t h i n  s e c t i o n  s t u d y  i n d i c a t e s  
t h a t  n e p h e l i n e  s y e n i t e  e x t e n d s  a t  Least a few hundred  meters 
f u r t h e r  n o r t h .  

i CORE STORAGE 

/ The d r i l l  core i s  s t o r e d  on t h e  back porch of t h e  Osoyoos Hotel 
a t  t h e  j u n c t i o n  of Highways 3 and  9 7  j u s t  n o r t h  o f  Osoyoos, B.C.  

Note :  Because of  t h e  i n d u s t r i a l  m i n e r a l  a p p l i c a t i o n  o f  t h e  p r o d u c t ,  
no a s s a y s  were c a r r i e d  o u t .  



1 5 .  

METALLURGICAL FACTORS 

A critical factor in the economic feasibility of nepheline 
syenite for the glass and ceramic industries is the content of 
iron in the final product. This depends on the original iron 
content of the rock, and the extent to which the iron-bearing 
minerals can be removed €rom the rock by simple methods. In the 
Kruger sills, these minerals are hornblende, biotite, aegirine- 
augite, and garnet. The standard method of removal of iron-bearing 
phases is a high-intensity, dry magnetic separation in a series of 
stages, with grinding of material between stages. The purpose is 
to produce a product composed of grains and aggregates of felspars 
and nepheline, with a minimal amount of intergrowths of iron- 
bearing phases, such that the Fe203 content is less than 0.1 per 
cent for high quality glass, and below 0.25 per cent for lower 
quality glass. 

of the suitability of a raw material to yield a desired product 
low in iron. 

iron-bearing minerals (generally less than 3 per cent). It is a 
medium to coarse grained rock showing a variety of mineralogical 
zones, in part similar to those of the Kruger sills. At Blue Moun- 
tain, the biotite zone has yielded a much better product than the 
hornblende zone, because biotite is more coarsely intergrown with 
feldspars than hornblende, and hence more readily separable. 

The Kruger sills have a higher content of mafic minerals than 
the Blue Mountain body. The hornblende zone averages 10 per cent 
and the biotite and aegirine-augite zones average 17 per cent. The 
Kruger rock generally is finer grained than that at Blue Mountain. 
These factors would suggest that separation of iron-bearing minerals 
from the Kruger deposit would not be as complete as for the Blue 
Mountain body. However, a moderate amount of the mafic minerals in 
the Kruger deposit are concentrated in clots, which should separate 
relatively easily from the felsic minerals. Also, a moderate amount 
of the felsic material is in K-feldspar phenocrysts and in felsic 
aggregates, both of which are relatively free of mafic minerals. 
Thus, although a larger amount of the raw material will be rejected 
in purification of the material, the quality of the final product 
is expected to be low enough in iron for some economic applications. 

nepheline syenite to determine whether or not a sufficiently clean 
separation of iron can be attained to produce a marketable product. 

The texture of the rock is an important guide to evaluation 

The Blue Mountain nepheline syenite has a very low content of 

Metallurgical tests are necessary on the different types of 
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CONCLUSIONS 

1. The Kruger nepheline syenite consists of two large sills (Main 
and East) and two much smaller sills (South and Northwest). 

2 .  Preliminary estimates of tonnage available for quarrying are 
11.5 x 106 in Main sill and 13.2 x 106 in the southern half of 
East sill. The northern half of East sill is not included because 
it is uncertain how much of it is nepheline syenite and how much 
of it is syenite; the latter is not as desirable as nepheline 
syenite because syenite contains lower alumina and alkalis. 

3 .  The Kruger nepheline syenite contains lower alumina, and higheI 
alkalis and iron than the Blue Mountain nepheline syenite, the 
major Canadian source of this material. The K/Na ratio of the 
Kruger deposit is much higher than that at Blue Mountain. 

4 .  The Kruger deposit contains rocks of three different mineralogical 
zones (based on mafic mineral abundances). The zones are defined 
as hornblende, biotite, and aegirine-augite. The margins of the 
sills commonly are much finer grained than the cores, and also 
have a much lower mafic-mineral content. These factors and other . 
textural features may be significant in the separation of iron- 
bearing minerals. 

5 .  The body has sufficient size and is of appropriate chemical compo- 
sition and texture that further work is warranted to examine its 
economic feasibility. 

RECOMMENDATIONS 

The next stage of exploration should include the following: 
1) Detailed geological mapping within the deposit to attempt to 

outline mineralogical zones more accurately, and to determine 
the northern extent of nepheline syenite in the East sill. 
This will involve follow-up thin section analysis, which will 
also be useful in determination of textures. 

2 )  Bulk sampling of the different mineralogical zones of nepheline 
syenite for metallurgical testing to determine the optimum 
materials and extraction methods to obtain a product with as 
low an iron content as possible. Extraction methods should be 
those amenable for use in normal milling activity, preferably 
dry, high-intensity magnetic separation in a staged program, 
with grinding between stages.. 

The cost of such a program is estimated at $45,000. 

September 1986 
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Sam- Field K-feld Nep Alb 
pls Class 0 grn 

APPENDIX 1 - Modal Analyses 

Hornblende Zone 
r 

114 
116 
147 
184 
186 
239 
247 
255 
258 
260 
311 
335 
338 
327 
342a 
353 
356 
357 
372 
460 
465 

. 2c 
2c 
2a 
2a 
2b 
2a 
2a 
2a* 
2a* 
2a** 
2b 
2b 
2a** 
2b 
2c 
2b4 
2a** 
2b 
2a* 
2a' 
2b 

17 48 17 12 
7 52 15 8 
- 64 15 10 
5 70 15 6 
2 64 17 8 
8 62 17 5 
4 59 22 7 

0.3 64 12 10 
1 66 18 5 
1 70 13 7 
2 50 18 20 
2 56 20 12 
4 61 144 12 
3 61 20 6 
5 63 17 6 
5 57 14 12 

0.5 72 13 7 
4 66 14 6 
- 68 17 3 

0.5 67 15 74 
- 65 25 2 

Hafic Aug Hbl Bio Garnet Sph Apa Q P ~  Epi Ct 
8 Tot a b  

7 16 0.5 
7 18 0.3 
2 11 0.1 
2 9  - 
2 9  - 
- 8  - 
2 8 ++ 
3 9  - 
2 9  - 

8. 1.5 4. 1.5 0.7 
10. 2. 4. 1.5 0.5 
7. 0.2 3. 0.4 0.3 
6.5 0.3 1.3 0.2 0.4 
6.5 0.4 1.2 0.4 0.4 
5. 0.1 2.5 ++ 0.5 
5. 0.1 2.5 ++ 0.3 
5. 0.3 3. 0.4 -0.2 
6.5 0.3 1.3 0.2 0.4 

3 10 
1 9  
2 10 
14 94 
3 10 
3 9  
3 12 
1 8  
3 94 
2 12 
24 10 
1 10 

0 . 3  - 
0.5 
0.1 

+ - 
0.4  
c 

0.3 
0.1 
0.1 - 

4. 0.3 4. 0.2 0.5 
6. 0.3 2. 0.2 0.6 
8. ++ 1.0 - 0.6 
6. 1.2 1.0 0.7 0.2 
6. 1.0 2. 0.4 0.4 
5. 0.3 2.5 0.2 0.4 
7.5 0.8 2.3 0.3 0.4 
5. 1.2 1.2 0.1 0.2 
5.5 0.6 2. 0.2 0.3 
8. 0.5 3. 0.5 0.2 
7. 0.8 1.3 0.5 0.2 
6. 1.0 2.5 0.3 0.3 

0.1 + 0.05 
0.05 
0.05 0.05 
0.05 0.1 
++ 0.1 ++ ++ 
0.05 0.2 0.05 
++ 0.1 + +  
0.1 
0.05 0.1 ++ 

+ + 
0.1 ++ 

+ - 
++ 0.05 
0.05 
0.1 + 
0.1 0.05 
0.05 0.5 
0.1 0.3 

++ 
0.1 1.0 

++ 0.1 

cc 

+ 

0.1 
0.1 0.1 0.1 

++ 
+ ++ + 

0.2 1.5 
0.05 0.3 
0.3 0.3 
0.2 ++ ++ 
0.2 
0.2 ++ 0.4 

0.5 
1.0 

nu 

+ 

++ 
++ 

+ 

++ 
+ 
+ 

++ 

Sd PI 

i 

i 

+ 

+ 

t 

0.7 
+ 

P 
Y, 

Abbreviations: K-feld c K-feldspar (microcline), 0 - phenocrysts, gm - groundmarre, Nep - nephelins, 
Alb - albite, Tot - total, A-A - aegirine-augite, Hbl - hornblende, BiO - biotite,  
Garnet a - phenocryets, Garnet b - extremely fine grained aggregates, Sph - ephene, Apa- apatite ,  - . _ I *  - . .  . 4 4 r * n  C '  ... 



Sam- Field K-feld Nep Alb 
ple Class 0 gm 

Aaqirine-Augite Zone 

17a 
44 
141 
159 
281 

. 321 
341 
342b 
345 
349 
370 
371 
376 
3861 
396 
3141 

2b* 
2c 
2c 
2b 
2b 
2b 
2c 
2c 
2c 
2c 
2c 
2c' 
2b** 
2 b* 
2b 
2c 

4 6 3  8 8 - 56 25 1 
8 53 17 5 
14 51 17 12 
10 42 15 17 
5 54 15 6 
2 55 18 8 
5 53 12 12 
5 59 14 5 
5 54 17-' 6 

15 46 12 5 
8 53 17 5 
7 60 13 5 
7 48 12 15 
3 59 12 8 

15 41 15 10 

APPENDIX 1 (continued) 

Mafic Aug Hbl Bio Garnet Sph Apa Opq Epi Ct Cc Mu 
0 tot a b  

4 17 0.8 
2 164 14 
4 17 1.0 
4 18 2. 
3 17 1.0 
3 20 2. 
4 18 2.5 
7 19 2.5 
4 17 1.5 
4 18 1.5 
6 17 3. 
5 171 2.5 
5 15 3. 
3 17 2, 
2 17 2. 
9 19 0.4 

3. 6. 4. 2.6 0.5 0.1 + 
+ + + - 0.3 ++ 2.0 

1 .  2. 4. 3. 0.5 ++ 
5. 3. 6. 2. 0.4 0.1 ++ 
7. 2.5 4. 0.4 2.0 0.1 
7. 4. 4. 3. 0.3 ++ ++ 
8.5 0.2 3.5 2.5 0.7 ++ 
6. 2. 5. 3. 0.5 + 
4.5 3. 4. 3. 1.0 0.5 + 
9.5 1. 2.5 3. 0.6 0.1 
6. 2. 2. 4. 0 . 4  0.1 
2.5 5. 2. 5. 0.5 0.1 + 
5. 2. 2. 2. 0.8 0.1 + 
2. 6.5 3. 3. 0.5 ++ 0.05 
3. 5. 6. 1. 0.2 ++ ++ 
6.5 4. 4. 2.5 1.3 0.15 + 

1 

Cataclastic deformation 

intermediate between aegirine-augite zone and biotite zone 

moderate 
** strong 

*** intense 

+ trace 
++ minor 

+ 

++ 0.1 

++ 

+ ++ 
0.1 0.5 ++ 
++ 0.2 
+ 

0.3 ++ 
+1+ 

0.1 + ++ 

0.15 
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Sam- Field K-feld Nep Alb 
ple Class 0 gm 

Biotite Zone 

46 2c 8 48 
140a 2c** 4 54 
l4Ob 2b'*' 10 48 
156 2bf 4 54 
240 2c' 7 58 
262 28' 0.5 73 
302 2b 7 53 
3141: 2c 15 41 
364 2b 3 68 
368 2c 10 45 
374 2c 12 54 
3861 2b* 7 48 

Cumulus Zone 

30 3 2P - 50 

Leney Zone 

52 2e - 75 
4 36 2e - 65 

Other samples 

58 2b - 70 

203 2d - 30 

17 10 
12 12 

5 1  20 
1 18 

12 7 
12 7 
10 12 
15 10 
14 5 
17. 10 
15 5 
12 15 

7 12 

17 1 
16 1 

15 1 

- 53 

APPENDIX 1 (continued) 

Mafic Aug Hbl B i o  Garnet Sph Apa Opq Epi 
0 tot a b  

5 18 
7 18 
3 17 
6 18 
5 16 

0.2 5 
5 18 
9 19 

0.5 10 
7 18 
4 14 
3 17 

0.2 1.0 9. 
0.2 2. 8. - - 10. 
0.3 3. 7. 
0.3 2. 7. 
c ++ 2.5 

0.2 - 10. 
0.4 6.5 4. 
0.1 1.0 5. 
0.2 1.0 9.5 
0.3 3. 5. 
2. 2. 6.5 

3. 4. 0.5 0.1 
4. 3. 0 . 8  ++ 
3. 3.5 0.4 0.05 
4.2 2.5 1.0 ++ 
4. 2. 0.5 0.1 
2.0 0.1 0.1 ++ 
3. 5. 0.5 0.05 
4. 2.5 1.3 0.15 
0.2 3. 0.3 0.1 
4. 3. 0.2 0.1 
2. 3. 0 . 8  0.2 
3. 3. 0.5 ++ 

30 2. 10. 7. 8. 3. 0.2 0.1 

- 7  - - 5. 1.5 0.05 0.3 - 
- 1 8  - - 11. 5. 0.1 1.5 - 

2 8 0.3 2.0 1.5 0.1 2.5 0.1 ++ 

- 16 6. 7. + - - + I . 0.4 

I 

Ct 

0 . 3  
++ + 

+* 
+ 

0.7 0.3 
+ + 
+ 0.15 
1.0 0.2 t 

+ ++ 
0.05 

+t 

0.1 0.2 
0.2 ++ 

2.0 0.2 

2.0 0.5 

- .. . . -- 

Cc Mu Sd P1 

+ 
+ 

++ 

++ ++ 
0 . 3  

3.0 1.5 
1.0 0.1 
0.2 + 

++ ++ 

1.5 
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APPENDIX 2 
Mode of Occurrence of Mineral. 

i n  Nephelinc Syeni te  

This  is  a general  petrographic  d e s c r i p t i o n  of t h e  m o d e  of 
occurrence of mineral8 i n  t h e  ncpheline s y e n i t e  and assoc ia t ed  syen i t e .  

1. K-feldspar 
K-feldspar occurs i n  t w o  d i s t i n c t  modes. It forms conspicuous, 

elongated, euhedral pr i smat fc  phenocrysts up t o  a f e w  cm long 
(average 1-2 c m ) .  These occur i n  w e l l  over ha l f  t h e  outcrops of 
nepheline syen i t e ,  and l o c a l l y  a r e  as abundant as 2 0 1  of t h e  rock, 
p a r t i c u l a r l y  i n  the  coarse  grained co res  of t h e  sflls. The pheno- 
c r y s t s  commonly a r e  s l i g h t l y  t o  moderately p e r t h i t i c ,  w i t h  i r r e g u l a r ,  
wispy l e n s e s  of a l b i t e  i n  subpa ra l l e l  o r i e n t a t i o n  p a r a l l e l  t o  a 
major c rys t a l log raph ic  d i r e c t i o n  i n  t h e  host. A s  w e l l ,  phenocrysts 
contafn i r r e g u l a r ,  equant patches up to  0.2 mm i n  average s i z e  of 
nepheline,  with l o c a l  coarser  patches up t o  0 . 5  mm across .  

K-feldspar a l s o  occurs  i n  t h e  groundmass a s  anhedral ,  commonly 
elongated g ra ins ,  whose s i z e  ranges from very f f n e  fn U n i t  Za, up 
to  about 1 mm long i n  Unit 2c .  A l l  K-feldspar is mic roc l ine .  

2.  Nepheline 
Nepheline forms anhedral g ra ins ,  commonly l n t e r s t i t i a l  i n  p a r t  

t o  X-feldspar. I n  most rocks they a r e  of sinLlar g r a i n  s i z e  t o  
groundmass K-feldspar, but  l o c a l l y  nephelinc forms coarser g r a i n s  
up to 1.5 mm across .  Nepheline is  va r i ab ly  a l t e r e d  to a t  l e a s t  
t h ree  d i f f e r e n t  secondary assemblages. Weak a l terat ion is mainly 
to hydronepheline. T h i s  type of a l t e r a t i o n  l o c a l l y  is in t ense ,  
such t h a t  l i t t l e  nepheline remains. Other samples are s l i g h t l y  
to  l o c a l l y  moderately a l t e r e d  fn patches  t o  vary f i n e  to f i n e  
grained cancr in i te  and gene ra l ly  lcnser very fine grained musco- 
v i t e .  I n  samples c u t  by ve in l e tn  of zeolite (up to  2 nun i n  wid th) ,  
nephel inc is s t rongly  altered to  extremely f i n e  to  very f i n e  
grained aggregates  of zeol i te  of undetermined composition. 

3 *  Alb i t e  
In  nepheline syen i t e ,  a l b i t e  mainly occurs as irregular patches 

of very f i n e  to  f i n e  g ra ins  i n t e r s t i t i a l  t o  coarser gra ins  of 
K-feldspar. I n  samples with more abundant a l b i t e  (and poss ib ly  
o l i g o c l a s e ) ,  t he  p l ag ioc la se  forms a few coa r se r ,  subhedral g ra ins .  
I n  syen i t e ,  p lag ioc lase  (o l igoc la se? )  forms moderately abundant 
subhedral  coarser g r a i n s  surrounded by a f i n e r  grained aggregate  
of p lag ioc la se  and K-feldspar. A lb i t e  is f r e sh .  It also occurs i n  
p e r t h i t i c  intergrowths wfth K-feldspar i n  phenocrysts as descr ibed  
above. 

4 .  Mafic m i n e r a l s  
In  coarser grained samples, mafic minera ls  form moderately 

abundant c l u s t e r s  of g r a i n s  ln patches up to  a few mm ac ross .  
These are i n  p a r t  primary and i n  p a r t  metamorphic in mineralogy 
and t ex tu re .  Mafic g r a i n s  also a r e  s c a t t e r e d  through t h e  groundmass 
of t h e  rock, mainly a s  f i n e r  s fnq le  g r a i n r  and aggregates of a f e w  
graincl. 
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5. Aegirine-augite 
Aegirine-augite occurs mainly as subhedral to anhedral prismatic 

grains from 1 to 2 mm in size in cores of mafic clusters. The 
mineral is pale green in color with weak pleochroism. It comaonly 
is rimmed and partly replaced by aggregates of hornblende (possibly 
of primary magmatic origin), and it and hornblende are replaced in 
soma samples by irregular, extremew fine to very fine grained 
intergrowths of biotite and garnet-b. 

In a few samples, aegirine-augite is the most abundant mafic 
mineral; in these it commonly occurs as irregular, anhedral very 
fine to fine grains scattered through the rock. Composition of 
the pyroxene in these samples may be closer to augite. 

6. Hornblende 
Hornblende forms rims on aegirine-augite as described above, and 

also forms scattered phenocrysts and clusters of crystals with no 
core of pyroxene. Pleochroism is strong from medium yellowish 
green to dark green. Hornblende also forms moderately abundant, 
anhedral very fine to fine grains scattered through the groundmass. 

7. Biotite 
Biotite occurs mainly in mafic clusters, generally intergrown with 

minor to abundant garnet-b, and commonly replacing hornblende and/or 
pyroxene. In a few samples biotite is the dominant mafic mineral; 
in some of these it appears to be of primary originthing scattered 
through the rock. In others it is mainly in mafic clusters, and is 
of metamorphic origin. Pleochroism is mainly from light to dark 
brown to orangish brown. 

0. Garnet-a 
Garnet-a forms metamorphic porphyroblasts averaging 1-2 mm in size, 

with minor to abundant intergrown K-feldspar. Garnet-a generally is 
free of mafic inclusions or fntergrovths. It is medium orange in 
thin section, suggesting a composition of almandine. It is C O ~ ~ D R  
in all mineralogical zones. 

9. Garnet-b 
Garnet-b forms extremely fine grained, metamorphic aggregates 

alone or with coarser porphyroblasts of biotite, replacing primary 
aegirine-augite and hornblende. Replacement is very irregular 
within a thin section, grading from only slight replacement in 
some mafic clusters to almost complete replacement.in others. 
Garnet-b is pale orange to neutral in thin section, and locally 
gradational to garnet-a: Lt is probably intermediate among 
grossularste, almandine, ana andradite, It i s  abundant in all zones 

10. Sphene - 
except the hornblende zone. 

Sphene occurs in mafic clusters, with scattered mafic grains and 
alone as anhedral to euhedral, equant to elongates grains averaging 
0.1-0.5 mm in size, with coarser grained rocka conta.ining grains 
up to 1 mm across. It is relatively uniform in abundance throughout 
the nepheline syenite, being slightly lea6 abundmt in the horn- 
blende zone. 

11. Apatite 
Apatite forms anhedral to subhedral, equant tQ rlCghUy prismatis 
grains, moderately concentrated in aafic cluster=. 
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12. Opaque 
1 . -  

Opaque occurs in two main modes. In coarser grained rocks it forms 
grains from 0.1-0.3 mm in size intergrown with hornblende and lesser i biotite or aegirine-augite in mafic Clusters. In finer grained r o c k s ,  
it forms extrcmcly fine, anhedral disseminated grains and concentra- 
tions of grains, mainly unassociated with mafic grains. The low 

j magnetic response of the finer grained rocks su-gests that the opaque 
I mineral in them is hematite. The higher magnetic response of the 

coarser grained rocks suggests that the opaque mineral is partly 
magnetite. S o w  opaque grains are rimmed by thin overgrowths of sphene 
this suggests that the opaque mineral is ilmenite. Intergrowths of 
oxide phases is probable. 

13. Epidote 
, .  Epidote is present sporadically throughout the nepheline syenite, 

being most abundant and ubiquitous in the hornblende zone. It forms 
anhedral to subhedral, slightly elongated porphyroblasts up to 0.3 
mm in size. It also occurs as anhedral grains associated with mafic 
clusters. 

14. Calcite 
Calcite is present in a few samples as interstitial, anhedral 

very fine grains. It is most abundant in the hornblende zone and 
in the lensy zone. 

15. Cancrinite 
Cancrinite forms very fine to locally fine grained, anhedral 

aggregates and single grains replacing nepheline in all mineralogical 
zones. 

16. Muscovite 
Muscovite occurs with cancrinite as a secondary replacement of 

nepheline. It is less abundant than cancrinite, but almost as 
widespread. Grain size is mainly less than 0.1 mm. 

17. Sodalite 
Sodalite occurs in a very few samples as anhedral grains up t o  

0.5 mm in size. It is distinguished by its isotropic character and 
higher R.I. than fluorite. Sodalite is colorless in thin section. 

18. Fluorite 
Fluorite is moderately widespread in the hornblende zone and rare 

in other zones. It form8 irregular interrtrtial patches of very fine 
to locally f h e  grain size. It is characterized by a variable color, 
with purple patches of varying intensity of color scattered through 
a colorless background. 
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DRILL CORE LOG. 
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