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j" Looking west across the Pyramid Creek VaUey. Aphebian sediments are to the south, the Helikian breccia complex (note the hematite- 
red colour) is centre, and, the Ordovician carbonates are to the north. The edge of the Taiga Valley can be seen at the very north 
end of the photograph. Camp is in the valley in the lower left-hand corner of the photograph. 



SUMMARY 

The Olympic Property, which is located approximately 97 lun north of Dawson City, 
Yukon, lies on the northern fringe of the Ogilvie Mountains overlooking the Taiga Valley. 

Access to the property is by helicopter, with the closest base in Dawson City. Due to 
the relatively flat terrain in the Taiga Valley, the logistics for future road access is considered 
good. 

The claims are owned by Major General Resources Ltd. Placer Dome Inc. may earn 
a 75% interest in the property by spending $250,000 (two hundred and fifty thousand dollars) 
over three years. 

A limited exploration program, consisting of prospecting, mapping & geochemical 
sampling, was a conducted on the property. The program was designed to; (i) decide if the 
mineralized breccia bodies represented an Olympic Dam type setting, (ii) verify the copper- 
in-soil anomalies that were defined by UMEX in 1976, and, (iii) evaluate the potential for 
gold mineralization. 

The property lies within the Coal Creek Inlier which is an oval-shaped, east-trending 
erosional window located in the Southern Ogilvie Mountains. The inlier is one of several in 
the Ogilvie and Wernecke Mountains, which reveals Middle and Late Proterozoic 
epicontinental clastic and carbonate rocks beneath Lower and Middle Paleozoic carbonate 
rocks of the Mackenzie Platform. 

The Coal Creek Inlier contains three easterly trending Proterozoic successions which 
are, from oldest to youngest: Wernecke Supergroup, Fifteenmile assemblage (informal) and 
Harper group (informal). 

Two breccia complexes (Northern Breccia Belt & Southern Breccia Belt) occur within 
the Coal Creek Inlier and are distributed along two distinct northeast trending belts that are 
about 40 and 15 km long, respectively. The Northern Breccia Belt cuts the Wernecke 
Supergroup while the Southern Breccia Belt cuts the lower Fifteen Mile group. The Olympic 
Property is located within the Northern Breccia Belt. 

The property is underlain by a 7,000 m long by 1,200 to 2,500 m wide easterly 
trending breccia complex of Helikian age (1.2 to 1.5 Ga). The complex is comprised of 
hematitic and chloritic breccias that form dike or pod-like bodies, (ranging from 5 to 20 m 
wide), that are elongated in an easterly direction. The breccias may be either monolithic or 
heterolithic and may be cut by associated synlepigenetic mafic dykes. 

Widespread copper mineralization occurs within the breccia complex and locally 
within mafic dykes. The copper mineralization is mainly associated with the heterolithic 
variety of the hematitic and chloritic breccias. Chalcopyrite is by far the most important 
sulphide present and occurs as follows: 



i) veins, cutting both the clast and matrix components of the breccia, as well as 
mafic dykes, 

ii) disseminations of chalcopyrite within the breccia matrix, 
iii) coarse clots, especially associated with carbonate, chlorite, or quartz patches, 
iv) replacement patches. 

The anomalous copper values on the property generally range from 0.1 % to 7.0% 
with a high of 23.0%. Some significant chip sample results are: 7.0% over 4 m, 5.0 % over 
1.5 m, 1.97% over 4 m, and, 0.54% over 5 m. 

Iron is mostly tied up as specularite. It has replaced precursor iron minerals such as 
magnetite and pyrrhotite. This indicates that the major metasomatizing solutions were more 
oxidized than is common for porphyry-related hydrothermal systems. 

The following criteria suggests that the mineralization found on the Olympic Property 
is of epigenetic, hydrothermal origin with similarities to that of the Olympic Dam model: 

i) the discordant nature of the copper mineralization 
ii) association of copper mineralization with heterolithic, hematitic and chloritic 

breccias 
iii) strong hematitic alteration associated with both the breccias and copper 

mineralization 
iv) mafic dikes carrying chalcopyrite 
v) breccia bodies are structurally controlled 
vi) similar rock geochemical signatures 

The soil geochemical surveys verified the copper-in-soil anomalies that were defined 
by UMEX in 1976. 

The gold mineralization encountered thus far is very low grade. 

It is highly recommended that Placer undertake an aggressive exploration program to; 
(i) define the continuity of the copper mineralization, (ii) define the size, type and 
morphology of the breccia bodies, and, (iii) define geochemical zonations in order to orientate 
the property with the model. 
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Field work was conducted between July 2"d and July 1 8 ~ ,  1992, and was mainly 
concentrated in the central portion of the property on the Olympic 105 to 132 claims. The 
limited exploration program consisted of prospecting, mapping & geochemical sampling, and 
was designed to fulfil the following objectives: 

i) decide if the mineralized breccia bodies represented an Olympic Dam type 
setting, 

ii) verify the copper-in-soil anomalies that were defined by UMEX in 1976, 
iii) evaluate the potential for gold mineralization. 

The mineralization, breccia bodies and age of the rocks found on the Olympic 
Property bear a striking similarity to that of the Olympic Dam Deposit in South Australia. 

1.1 LOCATION AND ACCESS 

The property lies on the northern fringe of the Ogilvie Mountains overlooking 
the Taiga Valley. It is located approximately 97 km north of Dawson City and 43 krn 
west of Chapman Lake on the Dempster Highway (Figure #I). It may be found on 
NTS 1 l6B/l4, centred at 6 4 O  54'N latitude by 139" 13'W longitude. 

Access to the property is by helicopter, with the closest base in Dawson City. 
Due to the relatively flat terrain in the Taiga Valley, the logistics for future road 
access is considered good. 

The claims cover two northeasterly trending valleys with adjacent rugged, 
mountainous terrain. The elevations range from 1 160 to 1830 m above sea level. 

Vegetation consists of alpine meadows and stunted alder. 

The streams on the property drain northward and are part of the headwaters of 
the Ogilvie River which eventually drains into the Arctic Ocean. 
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Scale = 1 : 6,336,000 



1.3 C L A I M S  AND OWNERSHIP 

The claims are owned by Major General Resources Ltd. (loh Floor, 900 West 
Hastings St. Vancouver, B.C. V6C 1E5). Placer Dome Inc. may earn a 75 % interest 
in the property by spending $250,000 (two hundred and fifty thousand dollars) over 
three years. The claims are listed on the following pages and may be viewed on 
Figure #2. 

TABLE #1: LIST OF CLAIMS - Olvm~ic Ro~erty  

Claim Name 

Olympic 1 
Olympic 2 
Olympic 3 
Olympic 4 
Olympic 5 
Olympic 6 
Olympic 7 
Olympic 8 
Olympic 9 
Olympic 10 
Olympic 11 
Olympic 12 
Olympic 13 
Olympic 14 
Olympic 15 
Olympic 16 
Olympic 17 
Olympic 18 
Olympic 19 
Olympic 20 
Olympic 21 
Olympic 22 
Olympic 23 
Olympic 24 
Olympic 25 
Olympic 26 
Olympic 27 
Olympic 28 
Olympic 29 
Olympic 30 
Olympic 31 
Olympic 32 
Olympic 33 
Olympic 34 
Olympic 35 
Olympic 36 
Olympic 37 
Olympic 38 

Grant No. 

YB40925 
YB40926 
YB40927 
YB40928 
YB40929 
YB40930 
YB4O93 1 
YB40932 
YB40933 
YB40934 
YB40935 
YB40936 
Y B4O937 
YB40938 
YB40939 
Y B4O94O 
Y B4O94 1 
Y B4O942 
Y B4O943 
Y 840944 
Y 840945 
Y B4O946 
Y B4O947 
Y 840948 
Y B4O949 
Y B4O95O 
YB40951 
YB40952 
Y 840953 
Y B4O954 
YB40955 
Y B4O956 
YB40957 
YB40958 
YB40959 
YB40960 
YB40961 
YB40962 

Recording Date 

6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 

Expiry Date 

6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
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TABLE #I (cont'd): LIST OF CLAIMS - Olvm~ic Pro~erty 

Claim Name 

Olympic 39 
Olympic 40 
Olympic 41 
Olympic 42 
Olympic 43 
Olympic 44 
Olympic 45 
Olympic 46 
Olympic 47 
Olympic 48 
Olympic 49 
Olympic 50 
Olympic 51 
Olympic 52 
Olympic 53 
Olympic 54 
Olympic 55 
Olympic 56 
Olympic 57 
Olympic 58 
Olympic 59 
Olympic 60 
Olympic 61 
Olympic 62 
Olympic 63 
Olympic 64 
Olympic 65 
Olympic 66 
Olympic 67 
Olympic 68 
Olympic 69 
Olympic 70 
Olympic 71 
Olympic 72 
Olympic 73 
Olympic 74 
Olympic 75 
Olympic 76 
Olympic 77 
Olympic 78 
Olympic 79 
Olympic 80 
Olympic 81 
Olympic 82 
Olympic 83 
Olympic 84 
Olympic 85 

Grant No. 

YB40963 
YB40964 
YB40965 
Y B4O966 
Y B4O967 
YB40968 
YB40969 
Y B4O97O 
Y B4OW 1 
Y 840972 
Y B4O973 
YB40974 
YB40975 
YB40976 
YB40977 
YB40978 
YB40979 
Y B4O98O 
YB40981 
YB40982 
YB40983 
Y 840984 
YB40985 
YB40986 
YB40987 
YB40988 
YB40989 
YB40990 
YB4O99 1 
YB40992 
YB40993 
Y B4O994 
Y B4O995 
YB40996 
Y 
YB40998 
YB40999 
Y B4 1 000 
YB41001 
Y B4 1 002 
Y B4 1 003 
Y B4 1 004 
Y B4 1 005 
Y B4 1 006 
Y B4 1 007 
YB41008 
Y B4 1 009 

Recording Date 

6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 

Expiry Date 

6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 



TABLE #l (cont'd): LIST OF CLAIMS - Olvm~ic Pro~erty 

Claim Name 

Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 
Olympic 

Grant No. 

YB41010 
YB41011 
YB4lOl2 
YB4lOl3 
YB41014 
YB41015 
YB4lOl6 
YB4lOl7 
YB4lOl8 
YB4lOl9 
YB41020 
YB41021 
YB41022 
YB41023 
YB4lO24 
YB41025 
YB41026 
YB4lO27 
YB41028 
YB41029 
YB4 1 030 
YB41031 
YB41032 
YB41033 
YB41034 
YB4lO35 
Y B4 1 036 
YB41037 
Y 84 1 038 
YB41039 
Y B4 1 040 
YB41041 
YB41042 
Y 84 1 043 
Y 84 1 044 
YB41045 
YB41046 
YB41047 
YB4lO48 
Y B4 1 049 
YB41050 
YB4lO5l 
YB41052 
Y 84 1 053 
YB41054 
YB4lO55 
YB41056 

Recording Date 

6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 

Expiry Date 

6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
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TABLE #l (cont'd): LIST OF CLAIMS - Olvrn~ic Pro~erty 

Claim Name 
Olympic 133 
Olympic 134 
Olympic 135 
Olympic 136 
Olympic 137 
Olympic 138 
Olympic 139 
Olympic 140 
Olympic 141 
Olympic 142 
Olympic 143 
Olympic 144 
Olympic 145 
Olympic 146 
Olympic 147 
Olympic 148 
Olympic 149 
Olympic 150 
Olympic 151 
Olympic 152 
Olympic 153 
Olympic 154 
Olympic 155 
Olympic 156 
Olympic 157 
Olympic 158 
Olympic 159 
Olympic 160 
Olympic 161 
Olympic 162 
Olympic 163 
Olympic 164 
Olympic 165 
Olympic 166 
Olympic 167 
Olympic 168 

Grant No. 
YB41057 
YB41058 
YB41059 
Y B4 1 060 
YB41061 
Y 84 1 062 
Y B4 1 063 
Y B4 1 064 
YB41065 
Y B4 1 066 
Y B4 1 067 
Y B4 1 068 
Y B4 1 069 
YB41070 
YB41071 
YB41072 
YB41073 
YB41074 
YB4lO75 
YB41076 
Y B4 1 077 
YB41078 
YB4lO79 
YB4lO8O 
YB41081 
Y B4 1 082 
YB41083 
Y B4 1 084 
Y 84 1 085 
Y B4 1 086 
Y B4 1 087 
Y B4 1 088 
Y B4 1 089 
Y B4 1 090 
YB4lOgl 
YB4lO92 

Recording Date 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 
6 July 1992 

Expiry Date 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 
6 July 1993 





The Olympic 1 - 168 claims encompass the area which was previously staked 
as the LALA claims. The LALA 1-60 claims were staked in 1975 to cover 
widespread copper mineralization in Proterozoic sediments. In that year, a short 
program of reconnaissance geological mapping and prospecting was completed over 
selected areas on the claims. 

In 1976, a grid was established which consisted of a 7 km baseline with 86 
kms of crosslines. The lines were spaced 120 m apart with a station interval of 60 m. 
The exploration program on the grid included geological mapping (1: 12,000), 
prospecting, soil geochemical sampling (1329 samples) and limited I.P. (14 km) 
surveys. 

In 1977, the exploration program consisted of diamond drilling (2 AQ holes 
totalling 187 m), a limited ground radiometric survey (22 km) and assaying of selected 
samples for uranium. The average core recoveries for each hole was 56% and 75%. 
The core was only analyzed for copper and uranium. 

Since 1977, the property has remained dormant and the claims have been 
allowed to lapse. 

In 1992, Placer Dome staked 168 claims on behalf of Major General Resources 
Ltd. 

The exploration program was extremely limited and consisted of prospecting, 
geological mapping (1 :2,500) and geochemical sampling (149 soil, 17 silt & 152 
rock). For the purpose of the soil geochemical survey, a grid was established which 
consisted of an 800 m flagged baseline (Az = 077") with 9-four hundred metre long 
flagged cross lines (station interval = 25m). Most of the work was concentrated in 
the central portion of the property where UMEX had established their grid. 

Soil and silt samples were analyzed for Au by A.A. (Atomic Absorption) and 
27-element ICP (Inductively Coupled Plasma). Rock samples were analyzed for Au, 
F & W by A.A., 27-element ICP, whole rock oxides, Ba, Sr, Zr & Y by ICP, and 
rare earth elements by neutron activation. 



The program was conducted from a helicopter supported 5-man fly camp that 
was established in the south-central portion of the property near Pyramid Creek. 
Actual field work was conducted from July 2* to lgh, 1992, for a total of 17 field 
days, or 73 mandays. 

The field crew consisted of the following personnel with their respective field 
days spent on the property: 

G. S hevchenko Project Geologist 5 days 
G. Couture Field Geologist 17 days 
M. Lamb Jr. Geologist 17 days 
C. Green Field Assistant 17 days 
J. Ali Field Assistant 17 days 

In early 1993, 27 rock samples were sent to Mr. L. A. Clark of Clark 
Geological for petrographic studies. The petrographic report may be found in 
Appendix I. 



2.0 REGIONAL GEOLOGY (Figures #3 & 4) 

The property lies within the Coal Creek Inlier which is an oval-shaped, east-trending 
erosional window located in the Southern Ogilvie Mountains. The Coal Creek Inlier is one 
of several in the Ogilvie and Wernecke Mountains, which reveals Middle and Late 
Proterozoic epicontinental clastic and carbonate rocks beneath Lower and Middle Paleozoic 
carbonate rocks of the Mackenzie Platform. 

The Coal Creek Inlier (Figure #5) contains three easterly trending Proterozoic 
successions which are, from oldest to youngest: Wernecke Supergroup, Fifteenmile 
assemblage (informal) and Harper group (informal) as shown in the Stratigraphic Correlation 
Chart in Figure #6. 

The Wernecke Supergroup has been subdivided into three groups; the oldest is the 
Fairchild Lake Group which is disconformably overlain by the younger Quartet Group which 
is in turn conformably overlain by the Gillespie Lake Group. These groups are described as 
follows: 

i) Fairchild Lake Group: 1.5 krn thick, upward-shallowing sequence of meta- 
mudstone, meta-siltstone and quartzite with minor carbonate beds, reflecting a 
deep-water facies. 

ii) Quartet Group: 3 lun thick, upward-shallowing succession reflecting a 
transition from a starved basinal facies to an open shallow marine environment. 
Consists of dark grey to brown weathering sandstone, siltstone and mudstone 
with very minor silty dolostone. 

iii) Gillespie Lake Group: 1 km thick sequence of stromatolitic dolostone, oolitic 
dolostone and parallel-laminated to wavy-bedded dolostone indicative of 
supratidal depositional conditions. 

Although the base of the mid-Proterozoic succession is not exposed, the thin-skinned 
style of fold and thrust belt deformation suggests that the Wernecke Supergroup overlies an 
Early Proterozoic basement. 

The only evidence of contemporaneous igneous activity are undated, volumetrically 
minor intermediate to mafic volcanic rocks, minor gabbro and diorite dikes and sills that cut 
the Wernecke Supergroup. 

The Fifteenmile assemblage unconformably overlies the Wernecke Supergroup and 
consists of two lithologically distinct successions: the lower Fifteenmile group, composed 
primarily of clastic rocks with minor dolostone; and the upper Fifteenmile group, consisting 
of shallow water platformal dolostone. 
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Fiaure #3: Map of the Yukon Territory and western Northwest Territories showing 
the distribution of Proterozoic rocks. Sequence A includes the 
Wernecke Supergroup; sequence B consists of the Fifteenmile 
assemblage; and sequence C is made up of the Windermere Supergroup 
& it's equivalents. (Lane - 1990) 
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Figure #6: Regiona 1 stratigraphic correlation chart for 
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The Harper group consists of clastic and volcanic rocks that disconformably overly 
the upper Fifteenmile group and rest unconformably on older units in the southern part of the 
inlier . 

Two breccia complexes (Northern Breccia Belt & Southern Breccia Belt) occur within 
the Coal Creek Inlier and are distributed along two distinct northeast trending belts that are 
about 40 and 15 km long, respectively. The Northern Breccia Belt cuts the Wernecke 
Supergroup while the Southern Breccia Belt cuts the lower Fifteen Mile group. 

The morphology of these discordant breccia occurrences are complex, however, they 
are typically steep, pipe-like, sill-like or dike-like bodies that commonly occur along 
structures or contacts. The dyke or sill-like complexes range from a few metres to more than 
100 m wide, while the pipe-like zones range from 100 m to over 3 kms in diameter. The 
vast majority of breccia bodies appear to have formed along faults oriented either north- 
northwest, colinear with the major faults, or east-northeast, in a conjugate orientation to the 
major structures. 

The breccia bodies vary from hematite-rich to chlorite-rich, and may be monolithic or 
heterolithic in nature. The copper mineralization is mainly associated with the heterolithic, 
hematitic and chloritic breccias. It occurs as chalcopyrite veinlets cutting both the clast and 
matrix components of the breccia andlor disseminations of chalcopyrite within the breccia 
matrix. Minor chalcopyrite may also occur in veinlets hosted by mafic dykes. 

A minimum age of 1.2 to 1.5 Ga years is given to the breccia bodies that cut the 
lower portion of the sequence, and a Pb-Pb date of 1.28 Ga from galena in stratiform bodies 
within the Gillespie Lake Group. 



3.0 PROPERTY GEOLOGY 

The property is underlain by a thick sequence of westerly trending Proterozoic 
sediments unconformably overlain by Lower Paleozoic sediments (Figure #7). The 
Proterozoic rocks consists of a basal Aphebian clastic sedimentary sequence that is 
unconformably overlain by a varied Helikian package consisting of shales, dolomites, 
quartzites and siltstones, cut by (diatreme) hematitic breccias and associated mafic dykes. 

The breccia complex is part of the 37 km long Northern Breccia Belt which coincides 
with the Monster Fault (Lane l992), a steep to moderate, south-dipping reverse fault. 

Widespread occurrences of cross-cutting copper mineralization are identified on the 
claims, mainly within the Helikian sequence, and spatially associated with areas of alteration 
and brecciation. The favourable Helikian package extends for some 7 kms, varies in width 
from 1200 m to 2500 m, and is open to both the east and west. 

Geological mapping, at a scale of 1 :2,500 (Figure #8), was concentrated in the central 
portion of the claims, as defined by the detailed area outline in Figure #7. Although 
vegetation is sparse, there is only 10 to 15 % exposure, as large areas are covered by talus. 

The detailed area primarily covers a Helikian package of rocks that is bounded to the 
north and south by easterly trending unconformities. The package unconformably overlies 
Aphebian shales and phyllites to the south, and is unconformably overlain by Ordovician 
dolostone and limestone to the north. 

The Helikian package measures some 1200 m thick and mainly consists of a mixed 
breccia sequence. The package is subdivided into five field units based on lithology and 
hematite/chlorite content (see Section 3.1 for lithological descriptions). The units trend from 
northwest to northeast, dip from 50" north to 70" south, and have been cut by northeasterly 
striking faults. 

The map area mainly consists of hematitic breccia with lesser and approximately 
equal proportions of chloritic breccia, dolostone breccia and siliceous dolostone. Within the 
hematitic and chloritic breccia units, the breccia bodies form dike or pod-like zones, less than 
10 to greater than 10 m wide, which are elongated in an easterly direction (parallel to the 
regional structure. The area between the unconformities may be divided into four discrete 
fault blocks that are described as follows: 

i) Northern Block: The area is bounded to the north by the Ordovician 
unconformity and to the south by the east-northeasterly trending fault extending 
from UTM 583900E by 7197350N to UTM 584800E by 7197700N. The area 
is underlain by three northwesterly trending units that dip steeply to the 
northeast. Siliceous dolostone occurs at the western end, it is structurally 



overlain by chloritic breccia which in turn is overlain by hematitic breccia. 
Two easterly to southeasterly trending mafic dykes (8 to 30 m wide) occur. 

ii) Western Block: The area is bounded to the north by the "northern block", to 
the south by the Aphebian unconformity, and to the east by the northeasterly 
trending fault that extends from UTM 584000E by 7196700N to UTM 
584600E by 7197600N. The southern half of the block is underlain by an 
easterly trending package of mixed chloritic breccia and sedimentary rocks, 
while the northern half is underlain by hematitic breccia and minor siliceous 
siltstone. Three easterly to northeasterly trending mafic dikes, measuring from 
10 to 50  m wide, cut the breccia units. 

iii) Central Block: The area is described as a north-northeasterly trending panel 
that extends from the south edge of the map to the "northern block". It is 
bounded to the west by the "western block" and to the east by the north- 
northeasterly trending Pyramid Creek Fault. The area is underlain by two 
east-northeasterly trending units consisting of hematitic breccia that is overlying 
dolostone breccia. A northeasterly trending mafic dyke (40 m wide) cuts the 
dolostone breccia and is truncated by the northeast fault separating the 
"western block" from the central block. The Pyramid Creek Fault appears to 
have experienced left lateral slip. 

iv) Eastern Block: The block is a triangular shaped area that is bounded by the 
Pyramid Creek Fault and the east and south edges of the map sheet. Very 
little outcrop occurs in this block and consequently the lithologies are 
undifferentiated. 

The following lithological units and descriptions coincide with Figure #8 - 
Geology of Detailed Area: 

ORDOVICIAN 

Unit 8 Dolostone & Limestone: Grey and buff weathering, mostly medium to 
thick bedded; minor platy black argillaceous limestone and dolomite. 

HELIKIAN 

Unit 7 Mafic Dyke: Greenish-black to dark grey-green, porphyritic, fine grained 
hornblende and chlorite phenocrysts set in a fine grained matrix; occasional 



Unit 6 

Unit 5 

Unit 4 

Unit 3 

Unit 2 

epidote veinlets; may host very fine grained pyrite (up to 1 %) and 
chalcopyrite (up to 1 %) along fractures. 

APHEBIAN 

Hematitic Breccia: Deep red to red-green; Heterolithic or monolithic, 
poorly sorted, matrix supported, angular to subangular clasts set in a very 
fine to fine grained hematitic matrix; Clasts: generally range from 3 to 10 
cm but may be up to 1 m in size, pervasive mild to intense hematization, 
consist of siliceous dolostone + mudstone + dolomitic siltstone + jasper; 
Matrix: grey to black to red, may be calcareous and locally siliceous, 
dolomite + specular hematite; May host siderite + dolomite + specular 
hematite veinlets (< 1 to 3 cm wide); Chalcopyrite may occur in quartz- 
calcite veinlets and rare disseminations; May be interbedded with siltstone 
and maroon shales. 

Chloritic Breccia: Red green to green-grey; Monolithic to heterolithic, 
generally poorly sorted but may locally be moderately well sorted, matrix 
supported, angular to subangular clasts set in a fine grained chloritic 
matrix; Clasts: generally range from 3 to 10 cm but may range up to 50 
cm in size, consist of siliceous dolomite + mudstone + dolomitic siltstone 
+ siltstone f chert + jasper + cherty dolomite, pervasive mild to intense 
chloritization f hornblende; Matrix: green, green-grey, greenish-red, 
chloritic, usually soft and calcareous but may be locally siliceous; May 
host quartz-carbonate veinlets + chalcopyrite; may be interbedded with 
siltstone and maroon shales. 

Chloritic Breccia and Mixed Sediments: Intercalated package of chloritic 
breccia (unit 5) and clastic sedimentary rocks. 

Dolomite Breccia: Grey to reddish grey, matrix supported, angular 
dolomitic clasts (up to 5 cm) set in a fine grained matrix, minor pyrite 
cubes and specular hematite (up to 10%) disseminated in matrix; may host 
dolomite veinlets measuring up to 30 cm wide; may be intercalated with 
siltstone. 

Siliceous Dolostone: Light grey to buff, massive and siliceous, up to 5% 
silica crackles. 

Unit 1 Clastic Sedimentary Rocks: Mainly dark grey, grey-green and black, thin- 
bedded argillite, slate and phyllite. 



The copper mineralization is mainly associated with the heterolithic variety of 
the hematitic and chloritic breccias, however it also occurs as veinlets hosted by mafic 
dykes. Chalcopyrite is by far the most important sulphide present and is found 
occumng as follows: 

i) veins, cutting both the clast and matrix components of the breccia, 
ii) disseminations of chalcopyrite within the breccia matrix, 
iii) coarse clots, especially associated with carbonate, chlorite, or quartz 

patches that were at least partly cavity fillings, 
iv) replacement patches. 

Pyrite is much less common and may occur as separate disseminations or 
included in chalcopyrite. Both of these minerals are found to be in equilibrium with 
specularite. 

In thin section, limited supergene mineralization was observed occurring as 
follows: 

i) pyrite is preferentially replaced by chalcocite, 
ii) chalcopyrite is replaced by chalcocite andlor cuprite 
iii) minor covellite and malachite generally accompanies the supergene 

enrichment. 

In the samples studied thus far, the supergene mineralization is entirely in-situ 
and not vigorous enough to remobilize copper to an enriched blanket. 

According to thin section studies, all samples have been subjected to various 
degrees of metasomatism. Silicification has often destroyed the original clastic 
sedimentary textures, however it is difficult to know the amount that was introduced 
as most of the rocks were initially siliceous. Adularia is often found in altered 
sedimentary rocks where it has replaced the fine grained matrix between silt-sized 
quartz grains. Except for three specimens, potassium in the form of sericite is minor, 
sometimes occurring as clay-sized grains intergrown with chlorite. Chlorite is another 
major replacement of the fine grained matrix in sedimentary rocks. In igneous rocks, 
all of the mafic minerals are replaced by chlorite. In all rocks, chlorite is uniformly 
pale green indicating high magnesium, low iron compositions. The other significant 
alteration is carbonate. There are some late hairline veinlets of calcite, and the more 
pervasive carbonate in some rocks is also calcite, but in most samples it is interpreted 



to be siderite, ankerite or ferruginous dolomite. The main vein minerals are quartz 
and carbonate, believed to be siderite in many cases. 

Iron is mostly tied up as specularite. It has replaced precursor iron minerals 
such as magnetite and pyrrhotite. This indicates that the major metasomatizing 
solutions were more oxidized than is common for porphyry-related hydrothermal 
systems. For example, adularia and chlorite were accompanying alterations, so the 
iron was pulled out of the chlorite, and into specularite. Similarly the iron removal 
from sphene resulted in rutile being a common constituent of the altered rocks. 

3.4 DISCUSSION 

The following criteria suggests that the mineralization found on the Olympic 
Property is of epigenetic, hydrothermal origin with similarities to that of the Olympic 
Dam model: 

i) 
ii) 

iii) 

iv) 
v) 

the discordant nature of the copper mineralization 
association of copper mineralization with heterolithic, hematitic and chloritic 
breccias 
strong hematitic alteration associated with both the breccias and copper 
mineralization 
mafic dikes carrying chalcopyrite 
breccia bodies are structurally controlled 
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4.0 GEOCHEMICAL SURVEY 

Soil, silt and rock geochemical surveys were conducted on selected portions of the 
Olympic Property. 

A total of 149 soil samples was taken on a grid in an area where UMEX defined a 
copper soil geochemical anomaly measuring 1.7 by 1.3 km. The grid only covered a small 
part of the anomaly where anomalous copper values ranged from 315 to 2700 ppm. The 
objective of the 1992 soil survey was to confirm the previous anomaly and test the potential 
for gold mineralization. 

A total of 17 silt samples was taken along two creeks that are located in the eastern 
half of the claim group with the objective of defining areas of favourable Cu-Au bearing 
breccia bodies. 

A total of 152 rock samples was taken during the geochemical survey, most of which 
were in the "detailed area". The objective was to define geochemical zonation and areas of 
economic grade mineralization. 

4.1 GEOCHEMICAL PROCEDURES 

The rock samples were taken by using a hammer, and placed in "Hubco" bags 
that were marked with a sample number. The samples were then shipped to the 
Placer Dome Research Centre in Vancouver where they were analyzed for gold by 
GFAAS, F & W by atomic absorption and 27-element ICP-AGS. They were then 
shipped to Activation Laboratories Ltd. in Ancaster, Ontario for whole rock oxide, 
Ba, Sr, Zr, & Y analyses by ICP, and, rare earth element analyses by neutron 
activation. 

The silt samples were generally taken at a 200 to 500 m interval, and/or where 
at the mouth of tributaries. The samples, which were collected from the low energy 
parts of the stream, were placed in "Kraft" envelopes and marked with a sample 
number. The samples were then shipped to the Placer Dome Research Centre in 
Vancouver where they were analyzed for gold by GFAAS and 27-element ICP-AGS. 

Soil samples were taken on the grid at a 25 m interval along lines spaced 100 
metres apart. The samples were collected using a shovel or hand scoop. Wherever 
possible, holes were dug to depths of 20 cm, however sampling mainly took place on 
talus slopes, thus for the most part, only talus fines were retrieved at shallow levels. 
The samples were placed in "Kraft" envelopes and marked with a sample number. 
The samples were then shipped to the Placer Dome Research Centre in Vancouver 
where they were analyzed for gold by GFAAS and 27-element ICP-AGS. 



The sample preparation and analysis procedures for all sample types are 
included in Appendix VI. 

The lab analysis sheets, along with their histogram plots, may be found in 
Appendix 11, the rock sample descriptions are in Appendix V, and, the summary 
statistics may be found in Tables 2, 3 & 4 on the following pages. The sample 
locations along with the results for Ag, Au, Cu, Ba, Ce, F, La, Th, U, CaO, FqO,, 
K,O, N+O and SiO, may be viewed on Figures #9 to #23, respectively, for the 
property area and Figures #24 through #38, respectively, for the detailed area. 

Ag (Silver): The silver results for the property and detailed areas may be viewed on 
Figures #10 and # Z ,  respectively. The silver values average 1.0 pprn and range 
from <O.1 to 2.3 pprn with two samples at 10.0 and 104.0 ppm. Based on the 
statistical analysis, values greater than 1 pprn are considered to be anomalous. Apart 
from the two very anomalous values, the silver results are considered low, however, 
there is a positive correlation with the chloritic and hematitic breccias in the detailed 
area. 

With respect to the Olympic Dam Deposit, background levels of up to 1 pprn 
silver are common throughout much of the breccia complex, with local zones ranging 
to > 12.5 ppm. Silver accompanies all copper mineralization, with the highest values 
generally within areas of bornite-chalcocite mineralization. Variable amounts of silver 
also occur in association with gold mineralization, with go1d:silver ratios varying from 
2.5:l to 15: 1. 

Au (Gold): The gold results for the property and detailed areas may be viewed on 
Figures #11 and #26, respectively. The gold values are considered to be low and 
range from < 1 to 52 ppb with a mean of 3.8 ppb. Based on the statistical analysis, 
values greater than 8 ppb are considered to be anomalous. There is a positive 
correlation with the chloritic and hematitic breccia bodies as well as anomalous copper 
values. 

At Olympic Dam, the average gold grade for copper-uranium zones varies 
from about 0.3 glt (300 ppb) to 1.0 glt (1,000 ppb) for an overall total average of 0.6 
glt (600 ppb). Although gold grades appear to be independent of the grades of 



TABLE #2: Rock Geochemical Survey: Statistical Summary for Ag, Au, Ba, Cu, F, Th, Sr, U, W, Y & Zr 

Element 
(units) 

AS @Pm) 

Au @pb) 

Ba @pm) 

Cu O m )  

F O m )  

Sr @pm) 

Th @Pm) 

u @Pm) 

w @pm) 

y @Pm) 

@pm) 

Statistical 
Population 

152 

152 

152 

152 

152 

152 

150 

150 

152 

152 

152 

Mean 

1 .O 

3.8 

646 

4,028 

507 

40.5 

8.0 

3.3 

3.4 

18.3 

148 

Std. Dev. 

8.4 

7.2 

653 

20,449 

250 

43.8 

4.1 

2.5 

4.3 

9.9 

80.7 

Coeff. of 
Variance 

8.4 

1.9 

1 .O 

5.1 

0.5 

1 .O 

0.5 

0.8 

1.2 

0.5 

0.5 

Maximum 

104.0 

5 2 

5,668 

230,000 

1,240 

238 

16.0 

26 

49 

68 

502 

Upper 
m e  

0.3 

4.0 

713 

1,239 

660 

40.5 

11.0 

4.2 

5.0 

24.0 

180.5 

Median 

0.1 

1 .O 

492 

187 

480 

26.0 

8.7 

3.0 

3.0 

16.0 

154.0 

Lower 
m e  

0.05 

0.5 

311 

62 

340 

19.75 

4.2 

1.9 

1 .O 

12.0 

89.0 

Minimum 

<O. 1 

< 1 

38 

< 1 

69 

4 

< 0.5 

< 0.5 

<2 

<4 

< 2  



TABLE #3: Rock Geochemical Survey: Statistical Summary for Rare Earth Elements 

Element 
(units) 

ce @pm) 

@pm) 

La @pm) 

@pm) 

Nd (Ppm) 

Sm @pm) 

Tb @pm) 

yb @Pm) 

Statistical 
Population 

152 

152 

152 

148 

144 

152 

59 

15 1 

Mean 

5 3 

1 .O 

28.5 

0.25 

22.5 

3.7 

0.7 

1.6 

Std. Dev. 

4 1 

0.5 

23.7 

0.12 

16.3 

2.3 

0.2 

0.8 

Coeff. of 
Variance 

0.8 

0.5 

0.8 

0.48 

0.7 

0.6 

0.2 

0.5 

Maximum 

382 

3.8 

207 

0.79 

153 

22.0 

1.5 

5.2 

Upper 
Quartile 

68 

1.2 

37.2 

0.28 

27.2 

4.6 

0.8 

1.9 

Median 

47 

0.9 

24.8 

0.25 

20.0 

3.5 

0.7 

1.5 

Lower 
m e  

27 

0.7 

13.3 

0.17 

13.0 

2.3 

0.6 

1.1 

Minimum 

4 

0.1 

1.6 

< 0.05 

<5 

0.3 

< 0.5 

<O. 1 



TABLE #4: Rock Geochemical Survey: Statistical Summary for Whole Rock Oxides 

I Std. Dev. I C o A  of ( Maximum 1 U p j ~  1 Median I Lower I M-urn 
Variance m e  m e  



associated copper-uranium, there is a clear tendency for copper-uranium zones nearer 
the centre of the deposit to have higher gold grades. The highest gold grades 
(averaging several glt) occur in a silicified fault zone on the eastern side of the central 
barren core of the deposit. 

Bu (Barium): The barium results for the property and detailed areas may be viewed 
on Figures #12 and #27, respectively. The barium values average 646 pprn and range 
from 38 to 5,668 ppm. Based on the statistical analysis, values greater than 629 pprn 
are considered to be anomalous. The barium results are considered to be significant 
as anomalous values occur associated with the chloritic and hematitic breccias 
throughout the property, and in particular, those occurring in the northern half of the 
"detailed area". 

With respect to the Olympic Dam Deposit, barium concentrations range from 
0.5 (5,000 ppm) to 5.0% (50,000 ppm) and occur throughout most of the breccia 
complex. The central hematite-quartz breccia body is particularly enriched with 
values ranging from 2 to 5% Ba. Barium is generally antipathetic with fluorine. 

Ce (Cerium): The cerium results for the property and detailed areas may be viewed 
on Figures #13 and #28, respectively. The cerium values range from 4 to 386 pprn 
and average 53 ppm. Based on the statistical analysis, values greater than 84 pprn are 
considered to be anomalous. There are local occurrences of anomalous cerium 
associated with the hematitic breccias, as well, there appears to be a spatial 
relationship with the mafic dykes in the northern part of the "detailed areaw. 
Geochemically, there is a strong correlation with anomalous La values. 

At Olympic Dam, total REE content appears to be a function of both degree of 
Fe metasomatism and proximity to the geographic centre of the deposit. Abundances 
of approximately 3000 pprn Ce are common for mineralized hematite-rich breccias. 
Although lacking in significant copper-uranium mineralization, the maximum REE 
values occur in the hematite-quartz microbreccia from the centre of the deposit. High 
concentrations of Ce are also present in association with some gold mineralization 
hosted by hematite poor sericitized granitic lithologies. 

Cu (Copper): The copper results for the property and detailed areas may be viewed 
on Figures #14 and #29, respectively. The copper values average 4,028 pprn and 
range from < 1 to 70,000 pprn (7%) with a high of 230,000 pprn (23%). Based on 
the statistical analysis, values greater than 999 pprn are considered to be anomalous. 
The copper results are considered to be very significant as extremely anomalous 
results occur throughout the property. The anomalous values are mainly associated 
with the chloritic and hematitic breccias as well as the mafic dykes. On the following 
two pages, Table #5 highlights the more significant copper results that occur on the 



TABLE #5: Significant Copper Results (Continued on next Page) 

1 I I I I 

11 B8882 I I Hematitic-chloritic breccia with disseminated (up to 5 %) chalcopyrite in both veins and matrix. 7 1 1561 
I I I 

11 88886 ( Medium grained intrusive, as above, contains more sulphides, (up to 5%) and shows malachite staining. Chip 5 1 1897 
I I I I 

11 B8883 1 

11 88931 I Calcareous chloritic breccia, with a quartzarbonate matrix. Malachite staining, 1 % pyrite. Grab 3707 
I I I I 

I Same as B8882, but 20 m along apparent strike. 

11 88%5 1 Hematitic breccia with small quartz stringers, 10-15 % hematite. Grab 2307 

11 88975 ( Mafic dyke carbonate veinlets crosscut. chalcopyrite < 1 %. Grab 2045 
I I I I 

I 1 I 

Chip 

11 88985 1 Weathered massive sulphide with 30% malachite. Grab 1 23.0% 

11 88988 1 Mafic dyke cut by 5 % calcite veinlets carrying 1 to 2% chalcopyrite. Grab 2249 
I 

2 2088 

11 88995 1 Appears to be a momnite with 3 to 5 %  chalcopyrite along fractures with calcite. Grab 0.74% 
I 

I 
11 889% 1 Very fine grained feldspathic arenite, 2% chalcopyrite along fractures and as disseminations. Grab 2982 

I I I I 

88991 

B9153 1 Hematiticchloritic breccia with disseminated chalcopyrite blebs 2-3 9%. Chip 4 2484 
I I 1 

1 
11 B91Y I Hematitic shale with chalcopyrite in quartz veins. Chip 7 277 1 

I 

Dolomitic breccia, dolomite clasts set in a fine to medium grained calcite matrix. Occasional chalcopyrite 
occurs with the calcite. 

11 89159 1 Chloritic breccia grading into red shale across a sheared zone that hosts a minor chalcopyrite vein. Chip 5 1835 
I 

88997 1 Sedimentary breccia with trace to 2% chalcopyrite along fractures in matrix. 

11 89164 1 Hematitic breccia with disseminated chalcopyrite in veins and matrix up to 5 56. Chip 5 1338 
I I I I 

Grab 

11 89165 1 Sandy dolomite with pervasive quartz veining, chalcopyrite up to 15 % in fractures. Grab 6.10% 

2109 

I I I 1 

Grab 2445 

B9166 Green mafic dyke with chalcopyrite mineralization in veins. Grab 0.72 % 



11 89167 1 Chloritic breccia with chalcopyrite mineralization in veins. I Chip I 3 1 1248 
I I I I 

S A M P  
NO. 

11 89168 1 Black green-grey shales and interbedded jasper bands with trace chalcopyrite mineralization in fractures. Grab 3632 
I I I I 11 I39202 1 Hematitic breccia with 5 % chalcopyrite mineralization along dolomitic veins and fractures. I Chip I 4 1 7.00% 
I I I I 

LITHOLOGICAL DESCRIPTION 

11 B9203 I Hematiticichloritic breccia directly above Cu mineral id zone, no visible copper mineralization. Chip 5 0.54% 
I I 1 I I Redigreen dolomitic breccia with disseminated chalcopyrite and malachite coatings. I Grab I 1 0.54% 

I I I 

TYPE 

B9206 1 Hematitic/chloritic breccia with dolomite stringers and fractures carrying chalcopyrite. I Grab I 1 2.58% 
I I I I 

I As per B9211 but with Chalcopyrite dominant mineralization. Grab 1 1514 
I I I 

WIDTH 
(MI 

89213 1 Hematitic Breccia with abundant dolomitic veining carrying chalcopyrite and malachite staining. I Chip I 1.5 1 5.00% 
I I I I 

Cu 

(PPm) 

1) 89214 1 Mafic dyke with high copper mineralization along fractures. I Chip I 4 1 1.97% 
I I I I 

89218 Hematiticichloritic breccia with Cu mineralization. 

1 
1 I I I 

Chip 

89219 1 Hematiticichloritic breccia with abundant Cu mineralization. I Chip I 5 3101 
I I I I 

I 
11 B9245 1 Dyke i hematiticshloritic breccia contact with Cu mineralization present along fractures and veins. Grab 2654 

1 

2 1237 

I 
1) B11154 I Siliceous dolomite with calcite quartz veinlets. chalcopyrite 3 %. Grab 4483 

1 I I I 

B92Z  1 Siliceous chloritic breccia with disseminated chalcopyrite (2%) and black octahedral mineral. 

B9244 I Chloritic breccia with disseminated Cu mineralization. I Grab I 1 1.56% 
I I I I 

11 BlllSS I Siliceous dolomite. Chloritic. Chalcopyrite 1-2% in quartz carbonate veinlets. Showing "DW & 'En. Grab 0.73 % 
I I I I 11 B11156 I Chloritic breccia. 1-3 % chalcopyrite. Grab 1 1.46% 

1 I I I 

Grab 0.92% 

B11157 Chloritic breccia, with 1-346 chalcopyrite, disseminated and veinlet controlled. Chip 1.7 6954 



property. Geochemically, there is a strong positive correlation with F, a moderate 
correlation with Au, Ba & U, and a weak correlation with Ag, Ce & La. 

With respect to Olympic Dam, the central hematitic core of the deposit is 
largely barren of copper, with only minor amounts of chalcocite and bornite. In a 
deposit-wide zonation, there is a general increase in copper from the deeper outer 
parts (0.3 to 2.5% Cu) of the deposit to the upper and more central parts (>2.5% 
Cu). 

F (Huorine): The fluorine results for the property and detailed areas may be viewed 
on Figures #15 and #30, respectively. The fluorine values average 507 pprn and 
range from 69 to 1,240 ppm. Based on the statistical analysis, values greater than 
570 pprn are considered to be anomalous. Anomalous fluorine results are mainly 
hosted by the chloritic and hematitic breccias. Geochemically, it shows a strong 
association with Au and Cu. 

At Olympic Dam, fluorine ranges from 0.3 to 1.0%, and occurs throughout 
most of the breccia complex, however, there is a preferential association with 
heterolithic breccias containing black hematite. Fluorine is generally less than 0.2% 
in the central hematite-quartz breccia body. 

La (Zanthanum): The lanthanum results for the property and detailed areas may be 
viewed on Figures # 16 and #3 1, respectively. The lanthanum values range from 1.6 
to 207 pprn and average 28.5 ppm. Based on the statistical analysis, values greater 
than 37 pprn are considered to be anomalous. There are local occurrences of 
anomalous lanthanum associated with the hematitic and chloritic breccias, as well, 
there appears to be a spatial relationship with the mafic dykes in the northern part of 
the "detailed area". Geochemically, there is a strong correlation with anomalous Ce 
values. 

At Olympic Dam, total REE content appears to be a function of both degree of 
Fe metasomatism and proximity to the geographic centre of the deposit. Abundances 
of approximately 2000 pprn La are common for mineralized hematite-rich breccias. 
Although lacking in significant copper-uranium mineralization, the maximum REE 
values occur in the hematite-quartz microbreccia from the centre of the deposit. High 
concentrations of La are also present in association with some gold mineralization 
hosted by hematite poor sericitized granitic lithologies. 

I% (ThOrium): The thorium results for the property and detailed areas may be viewed 
on Figures #17 and #32, respectively. The thorium values range from < 0.5 to 16.0 
pprn and average 8.0 ppm. Based on the statistical analysis, values greater than 10 



pprn are considered to be marginally anomalous. There are widespread occurrences 
of marginally anomalous thorium associated with most of the Helikian rock types. Due 
to the low geochemical values, thorium is not considered very significant. 

At Olympic Dam, high concentrations of Th occur within the baritic sediments 
that are associated with anomalous amounts of REEs. 

U (Uranium): The uranium results for the property and detailed areas may be viewed 
on Figures #18 and #33, respectively. The uranium values range from <0.5 to 26.0 
pprn with an average of 3.3 ppm. Based on the statistical analysis, values greater than 
4.2 pprn are considered to be marginally anomalous, while values greater than 7.9 
pprn are anomalous. There are local concentrations of uranium associated with the 
chloritic and hematitic breccia complexes. Geochemically, there is a positive 
correlation between higher uranium values and higher copper values. 

With respect to Olympic Dam, the uranium concentrations within the deposit 
vary from 0.3 to > 1.1 kglt U308. Above background concentrations ( > 0.3 kglt 
U30,) of uranium occur in association with all copper mineralization, and rarely 
exceeds 100 pprn U in the gold zones. In addition there is a positive, although 
inconsistent correlation between higher grade uranium and higher grade copper. 

CaO (CaIcium Oxide): The CaO results for the property and detailed areas may be 
viewed on Figures #19 and #34, respectively. The values range from 0.4 to 29.64% 
with an average of 6.15 %. Based on the statistical analysis, values greater than 8 % 
are considered to be marginally anomalous, while values greater than 15% are 
anomalous. In the "detailed area", there is a pocket (300 by 170 m) of CaO 
enrichment that occurs within the chloritic breccia. Also, there is a northeasterly 
trending belt, measuring 700 by 150 m, that appears to be spatially associated with the 
northeasterly striking structure that separates the western and central structural blocks. 
Geochemically, there appears to be an indirect correlation with copper, in that, areas 
of CaO depletion have corresponding anomalous copper values. 

Fe203 (Iron &it&): The Fe203 results for the property and detailed areas may be 
viewed on Figures #20 and #35, respectively. The values range from 1.92 to 88.28% 
with an average of 9.96%. Based on the statistical analysis, values greater than 12% 
are considered to be marginally anomalous, while values greater than 18% are 
anomalous. As expected, the anomalous values are associated with the hematitic 
breccias. In the "detailed area", there are two anomalous clusters measuring 100 by 
50 m and 90 by 40 m, as well there is a weak spatial association with the 
northeasterly trending structure which separates the western and central structural 
blocks. Geochemically, higher Fe;?O, values are associated with higher copper values. 



At the Olympic Dam Deposit, iron, in the form of hematite (minor magnetite), 
occurs throughout most of the breccia complex and ranges up to 35 % Fe. 

K 2 0  (Pomsium Oxide): The K20 results for the property and detailed areas may be 
viewed on Figures #2 1 and #36, respectively. The values range from 0.08 to 10.96 % 
with an average of 4.38%. Based on the statistical analysis, values greater than 6.9% 
are considered to be marginally anomalous, while values greater than 9.5% are 
anomalous. In the "detailed area", there is an area of potassium enrichment (230 by 
170 m) that is spatially associated with the mafic dykes. Geochemically, anomalous 
K20 values are associated with anomalous copper values. 

At Olympic Dam, potassic alteration (K-feldspar - sericite) occurs in the upper 
parts of the system. 

Na20 ( W u m  Oxide): The Na20 results for the property and detailed areas may be 
viewed on Figures #22 and #37, respectively. The values range from 0.01 to 4.40% 
and average 0.38 % . Based on the statistical analysis, values of 0.3 to 1 .O% are 
considered to be marginally anomalous, while values greater than 1.0% are 
anomalous. In the "detailed area", there is an area of sodium enrichment in the 
southern half of the map area overlying the limestone breccia, the intercalated chloritic 
breccialmixed sediments, and the hematitic breccia. In contrast to the northern half of 
the map sheet, the chloritic and hematitic breccias are depleted with respect to 
sodium. Geochemically, there is an indirect relationship between Na20 and copper in 
that anomalous copper values are associated with areas of sodium depletion. 

At Olympic Dam, sodic alteration (albite _+ magnetite + actinolite or chlorite) 
is dominant in the deeper portions of the system. 

Si02 (Silicon Oxide): The SiO, results for the property and detailed areas may be 
viewed on Figures #23 and #38, respectively. The values range from 0.26 to 76.39% 
and average 53.09%. Based on the statistical analysis, values of 60.0 to 69.0% are 
considered to be marginally anomalous, while values greater than 69.0% are 
anomalous. In the "detailed area", although there is a somewhat even distribution of 
anomalous material, the more silica-rich rocks are associated with the chloritic 
breccia. 

no2 (Titanium Oxide): Although there were not any maps plotted for TiO,, it is 
important draw the comparison with the Olympic Dam Deposit. On the Olympic 
Property, the rocks host TiO, values that range from 0.02 to 2.18% and average 
0.56%, this is similar to the rocks at Olympic Dam where the values are generally 



below 0.5 % TiO, and rarely above 2% TiO,. The low levels of titanium help to 
differentiate these deposits from otherwise somewhat similar occurrences associated 
with anorthosites, gabbros and layered mafic intrusions. 

4.3 SILT GEOCHEMICAL SURVEY RESULTS 

The lab analysis sheets, along with their histogram plots, may be found in 
Appendix 111, while the summary statistics may be found in Tables 6 on the following 
page. The sample locations, along with the results for Ag, Au and Cu, are denoted as 
triangles on Figures #9, 10, 11 & 14, respectively. 

It should be noted that the sample population is only 17 for Ag & Cu, and 16 
for Au, which is inadequate for a proper statistical analysis. 

Ag (Silver): The silver results are considered to be insignificant as they only range 
from 0.1 to 0.7 ppm. 

Au (Gold): The gold results are considered to be insignificant as they only range up 
to 5 ppb. 

Cu (Copper): The copper values range from 37 to 227 pprn and average 11 1 ppm. 
For the purpose of analyzing the results, values greater than 140 pprn are considered 
to be anomalous. Two samples on the eastern creek returned values of 170 and 227 
ppm. There is a hematitic breccia body in the vicinity, and these anomalous values 
may be indicating associated copper mineralization. The two anomalous values (181 
& 201 ppm) on the western creek are unexplained. 

The lab analysis sheets, along with their histogram plots, may be found in 
Appendix IV, while the summary statistics may be found in Tables 7 on the following 
page. The sample location numbers along with the results for Ag, Au and Cu, are 
plotted on Figures #39, 40, 41 & 42, respectively. 



TABLE #6: Statistical Summary for Silt Geochemical Survey 

TABLE #7: Statistical Summary for Soil Geochemical Survey 

Element 
(units) 

AS @Pm) 

Au @pb) 

c u  @Pm) 

Statistical 
Population 

17 

16 

17 

Element 
(units) 

, Ag @Pm) 

All @pb) 

GI @Pm) 

Mean 

0.2 

1.3 

111.7 

Statistical 
Population 

143 

143 

143 

Std. 
Dev. 

0.2 

1.5 - 

53.4 

Mean 

0.2 

4.5 

389 

Std. 
Dev. 

0.2 

5.7 

516 

Coeff. of 
Variance 

0.9 

1.2 - 

0.5 

Coeff. of 
Variance 

0.9 

1.3 

1.3 

Maximum 

0.7 

- 5 
227 

Maximum 

1.4 

37 

4,828 

Upper 
m e  

0.3 

2.0 

139.0 

Upper 

0.3 

5.0 

432 

Median 

0.1 

1 .O 

90.0 

Median 

0.2 

3.0 

225 

Lower 
m e  

0.1 

0.0 

76.0 

Lower 
m e  

0.1 

1 .O 

125 

Minimum 

0.1 

0 

37 

Minimum 

0.05 

0.5 

53 



Ag (Silver): The silver values range from < 0.1 to 1.4 pprn and average 0.2 pprn . 
On Figure #40, the anomalous values have been contoured at 0.5 pprn and greater. 
The anomalous values mainly occur on the western most line (L19200E), thus creating 
an anomaly that is open to the west. The anomaly extends eastward to two spot 
anomalies on L19300E. The silver anomaly is underlain by the siliceous dolomite 
unit. 

Au (Gold): The gold values range from < 1 to 37 ppb and average 4.5 ppb. On 
Figure #41, the marginally anomalous values have been contoured at values ranging 
from 8 to 20 ppb, while the anomalous values are greater than 20 ppb. Although the 
gold values are considered low, two distinct anomalies occur: 

i) Located in the central portion of the grid, extending in a southeasterly 
direction between lines 19400E and 19700E, is a 400 m long by 40 to 
100 m wide anomaly that has values ranging from 9 to 37 ppb. The 
anomaly is coincident with the chloritic breccia unit. 

ii) Located in the northeastern comer of the grid, extending between lines 
19800E and 19900E, is a southeasterly trending 160 by 80 m anomaly 
that has values ranging from 8 to 19 ppb. The anomaly is underlain by 
hematitic breccias. 

Cu (Copper): The copper values range from 53 to 4,828 pprn and average 389 ppm. 
On Figure #42, the marginally anomalous values have been contoured at values 
ranging from 430 to 749 ppm, while the anomalous values range from 750 to 1200 
ppm, and the very anomalous values are greater than 1200 ppm. Two distinct 
anomalies occur on the grid: 

i) Located in the western half of the grid, extending between lines 19200E 
and 19700E, is an arcuate-shaped anomaly, measuring 650 m long by' 
40 to 140 m wide, that has values ranging from 430 to 1,438 ppm. 
The anomaly is coincident with the underlying chloritic breccia unit, as 
well as a gold-in-soil anomaly. 

ii) Located in the northeastern comer of the grid, extending between lines 
19900E and 20000E, is a northeasterly trending, 160 by 140 m anomaly 
that is open to the northeast. The anomaly has values ranging from 553 
to 4,828 ppm. The anomaly is underlain by hematitic breccias and is 
partially coincident with a gold-in-soil anomaly. 



Rock Geochemical Swvey: Although a greater sample population is needed, a crude 
geochemical zonationlassociation for several elements may be resolved. 

0 

ii) 

iii) 

iv) 

v) 

vi) 

Anomalous concentrations of barium (646 to 5,668 ppm) occur in the 
northern half of the "detailed area". It has a preferential association 
with the chloritic breccia unit, and is antipathetic with fluorine. At 
Olympic Dam, barium concentrations range from 0.5 to 5.0% (5000 to 
50,000 ppm) and occur throughout most of the breccia complex. The 
central hematite-quartz breccia body is particularly enriched with values 
ranging from 2 to 5% Ba. Barium is generally antipathetic with 
fluorine. 

The light rare earth elements, Ce & La occur in the northern half of the 
detailed area associated with the chloritic and hematitic breccias, as well 
as the mafic dykes. The association with the dykes suggests a 
magmatic source for the mineralization. At Olympic Dam, the 
maximum REE values are hosted in the hematite-quartz microbreccia 
that is located in the centre of the deposit. The absolute REE values on 
the Olympic Property are approximately ten times lower than those at 
Olympic Dam, thus the areas sampled may be peripheral to the centre 
of the hydrothermal system. 

Anomalous to economic grade copper mineralization occurs throughout 
the property. It is mainly hosted by the chloritic/hematitic breccias and 
mafic dykes. Within the breccias, copper mineralization is hosted by 
the matrix andlor as fracture fillings. Within the dykes, the 
mineralization occurs as disseminations andlor as fracture fillings. The 
fact that mineralization occurs in the mafic dykes indicates a magmatic 
association. 

Fluorine is widespread, but is preferentially associated with the 
hematitic and chloritic breccia units. 

Uranium concentrations are considered low, however anomalous values 
are preferentially associated with the chloritic/hematitic breccias, and 
there is a positive correlation with copper. 

A zone of potassium enrichment is spatially associated with the mafic 
dykes, thus indicating a magmatic source for the hydrothermal 
solutions. Also, anomalous K,O values are associated with anomalous 
copper values. At Olympic Dam, potassic alteration (K-feldspar - 



vii) 

viii) 

ix) 

x) 

sericite) occurs in the upper parts of the system. Thus on the Olympic 
Property, it would appear that, due to faulting, various levels of the 
system are currently exposed. 

In the "detailed area", there is an area of sodium enrichment in the 
southern half of the map area, in contrast, the breccias in the northern 
half of the map sheet are depleted with respect to sodium. Also, there 
is an indirect relationship between NqO and copper in that anomalous 
copper values are associated with areas of sodium depletion. At 
Olympic Dam, sodic alteration (albite f magnetite + actinolite or 
chlorite) is dominant in the deeper portions of the system. Thus on the 
Olympic Property, it would appear that, due to faulting, various levels 
of the system are currently exposed. 

The rocks on the property host TiO, values that range from 0.02 to 
2.18%, which is similar to those occurring at Olympic Dam, where the 
values are generally below 0.5% TiO, and rarely above 2% TiO,. The 
low levels of titanium help to differentiate these deposits from otherwise 
somewhat similar occurrences associated with anorthosites, gabbros and 
layered mafic intrusions. 

The anomalous silver values generally range from 1 to 2.3 ppm with 
highs of 10 and 104 ppm. As well, the anomalous silver values are 
associated with anomalous copper. At Olympic Dam, background 
levels of up to 1 ppm silver are common throughout much of the 
breccia complex, with local zones ranging to > 12.5 ppm. Silver 
accompanies all copper mineralization, with the highest values generally 
within areas of bornite-chalcocite mineralization. 

Although the gold values are considered to be low (< 1 to 52 ppb), 
there is a positive correlation with the chloritic and hematitic breccia 
bodies. Also, there is a partial coincidence with anomalous copper 
values. At Olympic Dam, the average gold grade for copper-uranium 
zones varies from about 300 to 1000 ppb for an overall total average of 
600 ppb. Although gold grades appear to be independent of the grades 
of associated copper-uranium, there is a clear tendency for copper- 
uranium zones nearer the centre of the deposit to have higher gold 
grades. The highest gold grades (averaging several glt) occur in a 
silicified fault zone on the eastern side of the central barren core of the 
deposit . 

The rock geochemical signatures at the Olympic Property are similar to those 
that are found at the Olympic Dam Deposit in South Australia. The similarities are 
listed in Table #8 on the following page: 



TABLE #8: Geochemical Comparison between the Olympic Property and the Olympic 
Dam Deposit 

Element 

A9 

Olympic Properly Olympic Dam Deposit 

- average = 1 ppm 
- highs of 10 & 104 ppm. 

- background = 1 ppm 
- locally up to 12.5 ppm 

- average = 629 ppm 
- ranges up to 0.56% 
- generally antipathetic with 

fluorine. 

- ranges from 0.5 to 5% 
- generally antipathetic with 

fluorine. 

- anomalous 
- sympathetic with La 

- enriched 
- sympathetic with La. 

- average = 0.4% 
- ranges from 0.1 to 7.0% 

- range = 0.3 to >2.5 % 

- average = 507 ppm 
- ranges up to 0.1 % 

- range = 0.3 to 1 .O% 

- anomalous 
- sympathetic with Ce 

- enriched 
- sympathetic with Ce 

- zones of potassium 
enrichment 

- potassic alteration occurs 
in 

the upper parts of the 
system 

- local zones of sodium 
enrichment and depletion 

- sodic alteration is 
dominant in 

the deeper parts of the 
system 

- average = 0.56% 
- range = 0.02 to 2.1 8% 

- generally below 0.5% and 
rarely above 2% 



Silt Geochemical S q :  The results suggest that there is potential for copper bearing 
breccia complexes in the eastern portion of the property. 

Soil Geochemical S q :  The soil geochemical survey verified the copper anomalies 
that were delineated by UMEX and defined the following anomalies: 

i) In the central portion of the grid, a copper-gold anomaly, measuring 
650 m long by 40 to 140 m wide, is coincident with the chloritic 
breccia unit. 

ii) In the northeastern corner of the grid, a partially coincident copper-gold 
anomaly (260 by 140 m) overlies the hematitic breccia. 

iii) Anomalous silver values are confined to the western end of the grid. 

Thus, in summary, the soil geochemical survey verified the anomalies defined 
by UMEX, and showed that the chloritic breccia unit hosts a zone where both copper 
and gold mineralization occur, the hematitic breccia unit hosts copper-gold anomalies 
that are only partially coincident, and, silver mineralization is independent of both 
copper and gold. 



5.0 CONCLUSIONS AND RECOMMENDATIONS 

The property is underlain by 7 km long by 1200 to 2500 m wide easterly trending 
breccia complex of Helikian age (1.2 to 1.7 Ga). The complex is comprised of hematitic 
and chloritic breccias that form dike or pod-like bodies (less than 10 to greater than 10 m 
wide) which are elongated in an easterly direction. The breccias may be either monolithic or 
heterolithic and may be associated with synlepigenetic mafic dykes. 

Widespread copper mineralization occurs within the breccia complex and locally 
within mafic dykes. The copper mineralization is mainly associated with the heterolithic 
variety of the hematitic and chloritic breccias, however it also occurs as veinlets hosted by 
mafic dykes. Chalcopyrite is by far the most important sulphide present and is found 
occumng as follows: 

i) veins, cutting both the clast and matrix components of the breccia, 
ii) disseminations of chalcopyrite within the breccia matrix, 
iii) coarse clots, especially associated with carbonate, chlorite, or quartz patches 

that were at least partly cavity fillings, 
iv) replacement patches. 

Pyrite is much less common and may occur as separate disseminations or included in 
chalcopyrite. Both of these minerals are found to be in equilibrium with specularite. 

Iron is mostly tied up as specularite. It has replaced precursor iron minerals such as 
magnetite and pyrrhotite. This indicates that the major metasomatizing solutions were more 
oxidized than is common for porphyry-related hydrothermal systems. 

The rocks have been subjected to various degrees and types of metasomatism as 
follows: 

i) 
ii) 

iii) 

iv) 

v) 
vi) 

vii) 
viii) 

silicification has often destroyed the original clastic sedimentary textures. 
adularia is often found in altered sedimentary rocks where it has replaced the 
fine grained matrix between silt-sized quartz grains. 
potassium in the form of sericite is minor, sometimes occumng as clay-sized 
grains intergrown with chlorite. 
chlorite may be a major replacement of the fine grained matrix in sedimentary 
rocks. 
chlorite is the main replacement mineral in the mafic dykes. 
in all rocks, chlorite is uniformly pale green indicating high magnesium, low 
iron compositions. 
carbonate may be a significant alteration product. 
the main vein minerals are quartz and carbonate (siderite). 



The following criteria suggests that the mineralization found on the Olympic Property 
is of epigenetic, hydrothermal origin with similarities to that of the Olympic Dam model: 

i) the discordant nature of the copper mineralization 
ii) association of copper mineralization with heterolithic, hematitic and chloritic 

breccias 
iii) strong hematitic alteration associated with both the breccias and copper 

mineralization 
iv) mafic dikes carrying chalcopyrite 
v) breccia bodies are structurally controlled 

The rock geochemical signatures that occur on the Olympic Property are similar to 
those found at the Olympic Dam Deposit. 

The results from the silt geochemical survey suggest that there is potential for copper 
bearing breccia complexes in the eastern portion of the property. 

The soil geochemical survey verified the anomalies defined by UMEX. 

The gold mineralization encountered thus far is very low grade, however, there is a 
spatial association with breccia bodies and copper mineralization. 

It is highly recommended that Placer undertake an aggressive exploration program to; 
(i) define the continuity of the copper mineralization, (ii) define the size, type and 
morphology of the breccia bodies, and, (iii) define geochemical zonations in order to assist 
with geological modelling. 

The exploration program should include: 

i) property-wide geological mapping (1:2,500) with particular focus on defining 
the breccia types in more detail. 

ii) systematic rock geochemical sampling (samples analyzed for Au, Ag, Cu, REE 
& whole rock oxides) 

iii) linecutting (line spacing = 100 m, station interval = 25 m) 
iv) conventional soil sampling in areas of thin overburden (ie: mountain slopes) 

and overburden drilling in areas of thick overburden (ie: valley bottoms). 
v) tightly spaced magnetometer surveys (station interval = 10 m) 
vi) gravity test surveys. 
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Report for: Glenn Shevchenko, Placer Dome Inc., Whitehorse 

Project: Petrographic Report on Olympic Project  Specimens 

Thin Sections: 28 (see Table 1 for sample numbers) 

Sum rnary: 

Due to variable effects of brecciation and metasomatism, only about half the rocks are identified 
wi th some certainty, and with some of the others there i s  a suggested original rock type. Mineralogy 
for a l l  !he rocks i s  summarized i n  Table 1 .  

Among the six recognizable sedimentary rocks, most are siltstone in combination wi th claystone or 
the latter without a s i l t  component. (The grain size-related term "claystone" i s  used to parallel the 
term "siltstone" rather than the rock name "shale".) 89035  i s  a ferruginous clay ironstone wi th 
associated chert and siderite beds, while GS- 1 2 - 9 2  i s  entirely chert, these rocks reflecting an exhal- 
ative sedimentary origin. Some of the fine grained sediment clasts are occasionally semiopaque to 
opaque wi th submicroscopic particles presumed to be carbon. I n  one of the Blackstone d r i l l  holes, 
abotit 2 5  % of the chlps were polycrystalline carbonate, and this i s  the only sample wi th anything at 
a l l  resembling carbonate rock i n  this suite. 

The seven igneous rocks are a l l  devoid of pr imary quartz although no feldspathoids were observed 
either. They include two plutonic rocks, a gabbro (GC-40-92) that i s  interpreted to have contained 
olivine pr io r  to chloritization, and a diorite ( 6 9 2  14) where chlori te and carbonate have entirely 
replaced probable pyroxenes. Most of the volcanic rocks (GC-39-92, (3-3-92, 88995,  and 
JA-35-92) are trachyte with very abundant distinctive lath-shaped K-feldspars of presumably 
sanidine. A couple specimens contain sparse K-feldspar phenocrysts. There i s  some evidence for flow 
banding and amygdules fi l led with chlorite and wi th quartz. Based on re l i c t  outlines of chlorite, the 
rock i s  interpreted to have originally contained 2 5 - 4 0  % pyroxene. 8 9 2 4 4  i s  somewhat different and 
may be an andesite. 

The breccia (88918,  88999,  0C-38-92, GS-2-92, GS-7-92, JA-35-92 and 88989)  rocks 
are variable and extensively metasomatized. Derivation from s i l t y  sediment i s  indicated for 8 8 9  18, 
and both s i l ty  sediment and trachyte chips appear to be included i n  JA-35-92 and 88989. For the 
other seven classed as highly metesomatized ( B8986,  GS- 1 4- 9 2 ,  GS- 1 5- 92, 0s- 1 8 -  92 ,  69206,  
892 13, and B 1 1 155), 65- 14 shows some evidence of derivation from t r x h y t e  and 89206  and 
892 13 from siltstone and claystone. In some of the breccias, for example JA-35- 92,  the frsgmen!~ 
are we1 1 rounded suggesting diatreme activity. 

Al l  samples are subjected to  metasomatism to greater o r  less degree. Silica has certainly moved 
ar ound during sil~cification and recrystllization which has often destroyed the original clastic sedi- 
mentary texture, but ~t is more difficult to know the amount introduced as most of the r w k s  were 
siliceous init ially. Similar ly, some of the highest amounts of K-feldspar shown i n  Table 1 are for the 
trachyte samples that are r i ch  i n  pr imary K-feldspar. However. 30 W or more of adularia IS often 
found i n  ihe altered sediment samples where i t  i s  a l l  metawmatic and has replaced the fine grained 



matrix between silt-sized quartz grains. Except for three specimens, potassium i n  the form of 
sericite is minor, sometimes occurring as illite-sized grains intergrown wi th chlorite. Chlorite i s  
another major replacement of the fine grained matrix i n  sediment samples. I n  igneous specimens a l l  
the mafic minerals are replaced by chlorite. In a l l  the rocks, chlorite i s  uniformly pale green indi- 
cating high magnesium, low i ron compositions. The other significant alteration i s  carbonate in many 
of the rocks. There are some late hair l ine veinlets of calcite, and the more pervasive carbonate i n  
some rocks is  also calcite, but in most samples it i s  interpreted to be siderite, ankerite or ferruginous 
dolomite. The main vein minerals are quartz and carbonate believed to be siderite i n  many cases. 
These minerals are common as crystal chips i n  the d r i l l  chip samples. 

Iron is  mostly tied up as speculorite i n  these rocks. It has reploced precurssor Iron minerals 
such as magnetite i n  one or two cases and pyrrhotite i n  some other sediment samples. This shows that 
the major metasomatizing solutions were more oxidized than i s  common for porphyry-related 
hydrothermal systems. Adularia, chlorite and probably carbonate were accompanying a1 terat ions, so 
that i ron was pulled out of the chlorite, for example, and Into specularite. Similar ly i ron removal 
from sphene resulted i n  ru t i le  being a common constituent of the altered rocks. There i s  minor, 
usually less than one percent, of plagioclase or  albitization accompanying the metasomatism. I t  i s  
worth noting that i n  porphyry-skarn related alterations i n  the Quebec Gaspe region, Wares and 
Williams-Jones (see Issue 41 of the WC-MDD Newsletter, Jan. 1993) show that copper 
mineralization i s  associated wi th high pH potassium metasamism but the related, higher temperature 
albite metmtmatism is  barren. Minor boron, introduced at the time of the major specularite 
metasomatism, shows up in at least eight of the samples and i s  most pronounced i n  GS - 1 8- 92. There 
i s  no barite nor was gold observed in any specimen. 

Chalcopyrite i s  by far the most important sulphide present. It is common as monomineralic chips 
i n  the d r i l l  cuttings indicating implying derivation from a coarse, probably vein-type occurrence. In 
the rock specimens, it often occurs as coarse clots, especially associated wi th carbonste, chlorite, o r  
qu'artz patches that were at least par t ly  cavity fillings. However, chalcopyrite also forms patches 
replacing the rocks or may m u r  as f iner disseminations i n  the racks. Pyr i te i s  much less common 
and may occur as separate disseminations o r  included i n  chalcopyrite. These minerals are i n  equili b- 
r i um wi th specularite. Although the oxygen fugacity was high during the major metasomatism, the 
sulphure fugacity was also high enough to stabilize a small part of the i ron as sulphide. As noted abwe 
both magnetite and pyrrhotite were unstable and were replaced. The assemblage sp?~ulari te-pyri te- 
ru t i l e  could be employed to define oxygen and sulphur fugacities at any given temperature. 

Limited supergene alteration has affected almost a1 l samples. Pyr i te i s  preferential iy replaced by 
chalcccite, but i n  chalcopyrite either chalcocite or cuprite may dominate wi th the other usually 
accompanying as a minor constituent. Covellite may accompany always as a minor constituent, as i s  
generally the case for malachite as well, although occasionaily i t  i s  a b i t  more abundant.. Supergene 
alteration i s  entirely insitu and not vigorous enough to remobilize copper to an er i c M  blanket. 

While these rocks do not contain uraninite, bornite, tluor i te and other minerals abundant at the 
Olympic Dam deposit i n  South Australia, they do demonstrete other common f&tures such as diatrerne 
brecciation, alkalic volcanics and intrusives, hematizatiort and intense potassium metasomatism. This 
is an unusual alteration system where high oxidation state t~aj accompanied metasomelism. The high 
rat io of chalcopyrite to pyr i te i s  another feature that should bear positively on economics of any 
deposit d i c m e r d .  



w!kl Mineralogy of Olympic Project Samples' 

2 Sample No. Piaa K-spar Qtz Sercit Chlor Tourm carb3 Rutii P v r i t  Qy Spec Chalcit Cupr i t  Mlchit Limnt- 

B89 18 0.5 29 25 

B8986 0.5 29 51 tr 

88999 55 10 

89035~ 12 

GC-36-92 17 52 0.8 

GC-39-92 75 ( 1  

GC-40-92 30 2 10 

GS-2-92 0.2 42 13 

65-3-92 42 6 

GS-7-92 4 75 10 

GS- 10-92 55 30 

GS- 12-92 90 

GS-14-92 tr 45 25 

65- 15-92 0.5 1 1  36 1 

GS- 18-92 0.5 16 38 1 

GS- 19-92 36 4 

JA-35-92AhB 1 35 57 tr 

Dri l l  Chip Samples 
68989 0.1 45 37 



Footnotes 

1 .  A few minor constiLuents omi!t?d 

2. Includes goethiie and limortii~ 

3. Includes i a i ~ i t e ,  dolomite, and siderite 

4. S o m ~  s:erl~!wite  reins ~ V P  unre~jaced  rnsgnetite cores  

5. 75 % of the slide mzterial is too fine grained t o  be resolved microscopically 

6 .  Also i ~ c i u c e s  acroiie 26, biotit? 1.5, magnetite 4, and splnei/hercynite 0.3 % 

7 .  In thts 5rer;rne'1 ' 5  cyrrhgii!? rgther  than pyrite; and in 65-15-92 is (0.1 pyrrhobis  



PTS: B 8918 Breccia of Mineralized and Altered Si ltstone 

Specimen Descri~tion: 

Dark grey breccia with a variety of rounded fragments up !o 2 cm, many of which are bright orange 
to red aphanitic rock i n  1-8 mm fragments. Rounded masses of specular hematite are up to 4 mm size 
and locally comprise >5 % of the rock but may average 2 - 3  % and by chance none of these larger hem- 
atite grains i s  included i n  the PTS. I t  does have 6 - 7  % of chalcopyrite (2-3  % is  more typical of the 
rock), mostly as irregular 1-5 mm patches, which probably are also breccia fragments but. from 
which there has been minor local remobilization. There is  several percent quartz as irregular patches 
and anhedral to euhedral quartz crystals up to 2 mm which are distributed as breccia fragments. 
K-feldspar has variably replaced different fragments from 2 to about 90 % wi th average for the rock 
about 3 0  %. Clearly, the K-spar alteration pre-dates the brecciation. 

Nineralow: Amounts are approximations, since each fragment could be described as a separate rock. 

Quartz 25. % 
K -  feldspar 2 9 
P lagioclese 0.5 

Chlorite 35. % Chalcopyrite 
Ankerite/siderite 0.2 Hematite 
Chalcocite 0.2 Pyr i te 

One fragment type i s  an impure sandstone comprised of 40-75 W of 20- 130 pm grains wi th the 
matrix now entirely altered to chlorite 25 -60  %. According to the Wentworth Particle Size Classif- 
ication, these clastic grains range from medium s i l t  to very fine sand, so it i s  a coarse siltstone. The 
grains are about 30 % quartz, 30 % probably K-feldspar and 2-3 W plagioclase. About 7 % hematite 

b occurs as irregular 20-60 pm grains and as delicate partial replacements as r ims  and concentric 
.; zones i n  re l ic t  crystals. These were euhedral triangular, diamond and square shapes which may have 

been iron carbonate such as siderite, but are now 20- 35 X hematite wi th the rest very fine grained 
quartz (see photo). This fragment type comprises about 15 % of the thin section. 

A l i t t le  less common are fragments up to 5 mm that are 60 -75  % chlorite with the re l ic t  clastic 
grains only 20 -50  pm. So the fragments are medium to coarse s i l t  but there i s  no evidence of what 
the matrix was - maybe clay originally? More common are fragments up to 3 x 6 mm that are bet- 
ween the two abwe extremes, where there i s  a gradational change in clor i te content from 15 to about 
65 % along crude layers that may reflect bedding. These contain 2- 5 X disseminated hematite. 

Perhaps the most common are rounded fragments up to 6 mm which bear about 40 % clasts i n  the 
coarse s i l t  size range of quartz, K-feldspar and minor plagioclase, similar to the fragments described 
f i rs t  abwe, but wi th almost no chlorite. Instead the matr ix i s  indistinct, mottled, colorless material 
interpreted to be very fine K-feldspar alteration. There i s  2-3 W very finely disseminated hematite 
and 3-4 % of ankerite or siderite crystals s t i l l  remaining or part ial ly limonitized. 

There are also ,! 10 % of rounded and occasionally euhedral quartz crystal fragments up to 2 mm, 
sparse plagioclase fragments of similar size, and x5 W of irregular agglomerations of coarse, Carlsbad 
twinned orthocalse i n  patches up to 2.5 mm. Short segments of vein quartz are included i n  some frags. 
Crystal fragment areas comprise i 15 % of the slide. 

There are also a number of fragments of very fine grained feldspar. It could be untwinned albite, 
but without evidence it i s  assumed to be K-feldspar as i t  i s  abundant on the stained off-cut. These 

J fragments contain 5- 1 0 % chlorite with re l ic t  outlines suggesting replacement of an acicular mineral 

Chlorite i s  distributed throughout as irregular, matr ix- l ike replacements sometimes wi th up to 



- 15-20 % of i r reular  to euhedral, re l ic t  i ron carbonate grains up to 0.4 mm. These are now replaced 
I by 1 0 -25  % hematite and the rest quartz. Rarely, fresh or par t ly  limonitized carbonate grains are 

preserved. 

Chalcopyrite occurs as irregular masses up to 3 x 5 mm that are interpreted to have been frag- 
ments also. Some have sharp boundaries while others show some remobilization that has moved bits 
out into the surrounding rock. There are 3- 15 % inclusions of mad ly  quartz but also some fine 
grained K-feldspar fragments. There are also 1 -3 % each of pyr i te and hematite inclusions, mostly 
(40 pm. Several of the smaller chalcopyrite grains have r ims  and worm-like inclusions < 1 0 urn wide 
of chalmi te.  

As noted above, the specimen contains sizeable grains of hematite, but i n  section, only three 0.1 - 
0.6 mm grains were noted. Two are rectangular and one has most of a hexagonal outline preserved so it 
i s  in te rpre td  as original specularite rather than a replacment of magnetite. 

Conclusions 

This rock i s  a breccia wi th a wide variety of fragments. The variety plus general rounding reflects 
considertible movement or dietreme activity as the breccia wes formed. The fregment-s are var-ifirbly 
altered and mineralized. Many show evidence of derivation from weakly metamorphosed or unmeta- 
morphosed siltstones, some wi th a very fine sand component. The clastic grains are predominantly 
quartz and feldspar, however what was probably a very fine grained clay-rich matrix i s  now entirely 
chlorite which mzy vary from 5 to )75 %. 

A second class of fragments are crystal fragments of, i n  decreasing order of abundance, quartz, 
orthoclase, and plagioclase. There are also fragments of hematite that may be euhedral crystals but 
more commortly are rounded, end irregular fragments of chalcopyrite. 

Many fragments are par t ly  to almost completely altered to K-feldspar. Some show rel icts of c l s t i c  
sedimentary grains and some show nothing. Clearly this intense period of metasomatism pre-dated 
brecciation, or at least the last becciation event. 

The quartz, orthoclase, minor plagioclase, specular hematite and chalcopyrite fragments slso 
reflect a stage of mineralization i n  the rocks before brecciation. Minor pyr i te and hematite  cur i n  
the chalcopyrite, which minerals must be coeval. There i s  l imited supergene replmmen? of cheim- 
pyr i te by chalmite. 

By contrast, chlorite i s  disseminated through a l l  the fragments and occurs as semimassive masses 
in the matr ix, indicating chloritization during and/or after brecciation. Euhedral crystals of an iron- 
bearing carbonate such as ankerite or siderite also grew i n  the chlorite at this second stage of altera- 
tion. The second stage of chlorite + ferrous carbonate appears to have been more reducing than the 
f i rs t .  During a th i rd  stage of alteration, almost a l l  the carbonate was replaced by hematite and quartz. 
This was the final red alteration that produced finely disseminated hematite. Minor cha lmi te  
replacement of chalcopyrite was a late supergene event. 

There i s  no evidence of an igneous source i n  this specimen, but there would have to have been a heat 
source at least to set cells of oxidized formation waters i n  circulation. 



PTS: 0 8986 Weakly Mineralized Metasomat ic Rock (Quartzite?) 

S~ecimen Descr iotion: 

Light to medium grey, siliceous rock mottled with about 15 % of 1-3 mm cream colored spots. 
These vaguely resemble altered feldspar phenocrysts, but are too irregular in outline. Almost half the 
remaining matrix i s  i rregularly colored wi th a pink to orange mottling. About 1 % o r  less of 0.5- 1 
mm disseminated chalcopyrite inclusions which are part ial ly supergene altered (unfortunately none of 
these chalcopyrite grains appear i n  the PTS.) About 15 56 K-feldspar i s  disseminated throughout as 
i r regular patches probably corresponding to the pink mottling but not the cream colored patches. 

Quartz 51. % Chlorite 15. % Hematite 4. X 
K -  feldspar 2 9 Dolomite 0.2 Magnetite 0.1 
PlagiCdase (An 3 or 37) 0.5 Sericite t r Zircon 0. 1 

Quartz i n  0.03-0.2 mrn grains occ~urs as a recrstallized, weakly sutured mosaic forming a matrix 
for most of the slide. I t  i s  a product of widespread sil icif ication leaving no re l ic t  original texturw. 

K-feldspar, prewmabty orthoclase that i s  occasionally Carlsbad twinned, occupies indistinct 0.5- 
2 mm patches or "islands" i n  the quartz. The indistinct, very irregular grains are 15-80 pm s i x .  
15-20 % quartz grains also occur i n  these patches together wi th 5-  10 % chlorite and sparse plagio- 
clase grains, reflect minor albitization wi th the K-spar metasomatim. 

Carbonate m u r s  as irregular patches up to 1.5 x 2 mm, mrrwponding tu the c rmm mlored 
patches i n  the specimen as described above It i s  seldom twinned. The response to HC1 i s  slow reflect- 
ing dolomite Yery minor llrnonite alteration suggests f e r rmn  dolomite or even ariker ite. 

Pale green, almost nonpleochroic chlorite forms irregular replacement patches up 1.3 mm, but it. 
usually m u r s  as (80 pm patches intergranular with quartz and K-spar. I t  i s  interpreted as a high 
magnesium low i ron  variety. Less commonly it occurs a5 r d i a t i n g  fibrous aggregatw and may show 
blue anomalous extinction. Rarely, a trace of sericite i s  intergrown wi th chlorite. 

tiemaiiie is dissen i'nated r e!a!ively even!y as equant, i rregular, p~udocubic; p s e u ~ c a h e d r a !  
10- 100 pm grains. A small percentage of grains have t iny remnant inclusions, and rare ly complete 
cores, of magnetite, showing that magnetite was the original Fe-oxide that has since been replaced by 
specularite. 

Wheat- shaped, 1 0- 40 pm grains of probable zircon are sparsely disseminated 

There is no evidence of origin of this: rock. Perhaps some quartz derived from a quar tr- r idi sedi- 
ment, but all minerals other thari zircori are metasomatic. The major alterations are siticitication, 
K-feldspar metasomatism, chloritization, carbonatization and hernatiza!ion. The latter i s  a late alter- 
etion of ear i i ~ r  n-1qn6 t  iie. 

A]f.hfiii$ i l i~ i  pr@rli Iii ihe sii&, wi&\\i jcaiigr chai~api i r i ie  graiiis occijr iir the spxir len. 7 1 1 ~ ;  

iL ) are partially aitered to a dark colored secondary mineral (bwe oil other sij~zirneris! this wc~uld b ~ :  
either chalcocite, cuprite, or both). 



PTS: B 8999 Breccia Totally Replaced by Adularia and Dolomite 

Light to medium red to buff colored rock wi th indistinct patterns of probably partially resorbed 
fragments 2- 15 mm size. The variable salmon to red color relates to K-feldspar which comprises up 
to 7 0  % of the rock. The light grey part of the mottling i s  carbonate, apparently dolomite reflected by 
a slow HC1 reaction. Also a few percent of 1-2 mrn rounded qqurtz grair~c; with fuzzy edget,? a i m  
reflecting alteration, and about 1 % of f inely disseminated chalcopyrite and 2-3 W specularite. 

Ouartz 10. % Chlorite t r .  % Chalcopyrite 1 .  $ 
K -  feldspar 5 5 Dolom ite 3 1 Digmite 0.1 

Hematite 3 Pyr i te t r 

Desilicification i s  shown by deep embayments and up to 5 0  % replacemen? of a n?r!TtbPr of 0.5-3 
mm quartz grains by very fine grained K -  feldspar and carbonate to a smaller degre. 

K-feldspar, which i s  probably adularia, occurs as dense, very fine gra ind ,  5-50 pm replace- 
ments of irregular areas and some subangular areas recognizable m former fragments. There i s  no 
evidence as to w ha? has been replaced. These areas are a l l  heavily dusted with opaque grains ranging i n  
size from about 1 0 pm to below the l im i t  of detection at about 0.1 pm. These are now specularite but 
occasiorrally show cubic outlines possibly indicating origin B pyr i te i n  the p r e c u r m r  rock. Irr 
addition to the few areas that vaguely resemble fragments, this fine grained K- ie lbpar together with 
irregular carbonate patches forms large parts of the rock. 

Dolomite occurs as difiuse, irregular a r m  up to 5 mm that m - t  of envelope al l  other- minerals that 
happen to be there wheri they were growing. Rarely i t  forms small massive arms i n  angular mntact 
wi th some euhedral faces that may remain on large quartz grains. Perhaps this part of the dolomite 
formed earlier when the quartz crystals grew'? Chlorite i s  ra re  i n  patches up to 0.1 mm. 

Specular hematite occurs as acicular needles throughout from the finer! size r~n l : / ah le  up tn 
grains 0.03 x 0.3 mm. Amounts vary from 1 tct 5 % being most abundant i n  a r m  of varitible miner- 
alogy and less where i t  i s  a l l  K-spar. Hematite crystals also occur within mme large quartz crystals. 
Rarely a bunch of hematite crystals are stacked together es i f  a 0.2 mm magnetite w a  r e p l m d ?  

Chalcopyrite occurs i n  cuspate, i rregular grains from 5 pm up to 0.15 mm. It i s  generally free of 
inclusions with only ra re  5- 1 0 pm pyr i te included. At least half the grains have reaction r i m s  2-8 
urn wide of digenite. 

Conclusions 

Some rel ict  f rqmental  texture i s  preserved i n  spite of m m i v e  met&nmstisrn. Thi.2 is. interpreted 
as a breccia of very fine grained rock and coarse quartz crystal fragments which has undergone major 
replacement by adularia and dolomite. There i s  8 remote chance that i n  stead they are fragments of 8 

very alkalic rock composed only of quartz phenocrysts and an aphanitic K-feldspar matrix, later sub- 
jected to dolomitization. Perhaps field relations can show i f  this i s  at a l l  plausible? This would have 
the advent* that the phenwr-ysts would be pert ial ly resorted in the melt, e kniiwn pr-S, rather 

.. I I than partial replacement by metasomatic solutions. 

A t r m  of pyr i te included i n  chalcopyrite suggests that i t  may have been more common but is  now 
al l  hematitized. Chalmpyrite i s  par t ly  altered to semndary digenite. 



PTS: B 9035 Clay Ironstone with minor Chert and Siderite beds 

Specimen Description: 

Aphanitic, bright red jasperoid wi th well preserved shaley bedding. A few b& that are s t i l l  dark 
grey may contain minor graphite and thus resisted oxidation. The rock. i s  very hard so i t  must be s i l -  
icified, and i s  cut by 2- 3 % of quartz veinlets and minor late calcite along fractures. Some 0.5-2 rnm 
quartz layers parallel the bedding and may be chert layers, but they occas.ionally branch a c r m  the 
bedding more l ike quartz veins that have follow the bedding as planes of weakness. Minor specularite 
i s  developed along some bedding planes. There i s  no other mineralization. 

Quartz 12. W Siderite 4. X Hematite 9. X 
Calcite 0.2 Unresolved 7 5 

Specularite i s  finely disseminated i n  the rock averaging 2-3 % as grains occasionally up to 1 O Dm 
but mostly less than 1-2 pm down to the l im i t  of rewilution. There must be a lot more that i s  too fine 
to see at 400X magnification that gives r ise to the bright red colour of the rock. At opposite enik of the 
slide there are two 1-2 mm beds with about 7 0  % specularite i n  one m and 80-90 55 i n  the other. 
In one case the bed is  slightly faulted and beyond the fault the very fine specularite i.; al l  recrystal l i r-  
ed to 0.02-0.2 mm grains, a few of which show po1ysynthet.i~: twinning. The bed wi!h 80-9C! X 
specularite parallels a 2 mm quartz l w e r  from which a hook-shaped spur shoots out across the s p ~ -  
ular i te bed at one point (%e photo). This i s  inter preted as a chert bed from which minor amolirits 
were remobilized hy minor deformation into crass-cutting veinlets while the chert wt3.i s t i l l  a gel. 

i The rtra:l:orm quartz veins, interpreted as pposliible chert beds, are m w t l y  1-4 mrn wide and !he 
thicker ones often have a leyer or discontinuous. series of ~ w w  grains of carbonate at the centre. 
This carbonate is pink in specimen and not react wi th HCI, i n  mntrast to the rninur calcite along 
fractures, and is  interpreted as siderite. It also occurs as a separate 2 mm bed (o r  vein?) ~ 0 5 5  one 
end of the slide with only a few percent contained quartz. The ad jmn t  red rock has 1 5- XI ?K each of 
disseminated siderite and quartz. 

There are common late hair l ine veinlets of quartz and of calcite throughuut rock. In d i t i m ,  EI 
couple 3 mm beds contain 5- 10 % quartz as angular, cuniform patches that are apparen!ly dehydra- 
tion cracks formed during l i th i f iw t ion  of the gel-like sediments;, or less l ike ly  dessication cracks. At 
a couple places quartz forms a series of parallel, curved bands 1 -5 pm wide l i ke  a partial finger 
pr int .  One wonders i f  this represents a Precambrian organic such as a stromatoporoid form? 

Several 0.5- 1 mm euhedral siderite crystals occur along one bed. They have concentric; zoning and 
envelop large cores of unreplaced original sediment. 

This rock should be termed clav ironstone with minor chert and carbonate b&. ( I t  probably dm 
not contain the arb i t rary 30 -35  W i ron required to be defined as i ron formation.) There hsc, been 
crystallization and some remobilization of the presumed chert and siderite beds since deposition. The 
original form of i ron deposition i s  unclear but was probably as hydrous i ron oxide gel. Large amounts 
of entrained water woiiiii ha'v'e been expeii&i $wing iiifiifi&ifin. W-fiaps r e f i ~ i i n g  w&: metaiiior - 

- .' i phlsm, the iron oxide has recrstallized to specularite, although a l a r y  amount probably remaim 
amorphous giving the rock the bright red color. Other than this partial recrystallization due to minor 
heating, there i s  no evidence of metasomatism from an outside source. I cannot speculate on the nature 
of the exhalative source that precipitated the iron-silica-carbonate gels i n  the f i r s t  place. 



PTS: GC-38-92 Ferruginous K-Retasomatized Siltstone-Claystone Breccia 

'i S~ecimen Descriotion: 

Breccia (o r  conglomerate ?) of rounded to angular fragments that are tan, pink, dark red and minor 
l ight green, very fine grained and hard, presumably siliceous. The matrix i s  dark. reddish grey con- 
taining abundant fine specularite. There are sparse 1-2 mm crystals of quartz and almost bleck cer- 
bonate. Along one side of the specimen are three 1 -3 mrn bands of almost pure specularite that displ8y 
open folds. Parallel to this are some cream coloured I(-spar r i ch  bands and lines of vug3 where a 
presumed carbonate bed has been leached. Elsewhere apparent sickrite i s  part ial ly limonitized. 
K-feldspar metasomatism is  concentrated i n  the breccia fragments from 25 to 80 %. Some fragments 
show a very faint compositional banding of the K.-spar sugqeding repiaced sediment. 

Quartz 52. % Chlor-ite 12. X Hematite 15. X 
K-feldsapar (adulariaj 1 7 Ser icite 0.5 Limonite 4 7 

Microcline 0.2 P y r i  t.e 0.1 Clay 1): i l l i te?)  0.3 

Some of the f rqments  consist of a mcrsaic of equant 15-50 pm quart-z grains? 25-35 X of 6-zpar 
grains, 1 1  !% of possible plagioclase grains, 8- 10 Sg wispy grains o i  light yellowish green chlorite, 
and it % specularite. There i s  a spectrum of fragments wi th decreasing amounts of quartz and grain 
size becoming c5 pm, specularite increasing to 2 % and K-feldspar and chlorite increasing to 40- 56 
percent each. Sometimw there i s  a slight grain sire and/or mmpcjsitional variation suggeztive of 
re l ic t  sedimentary bedding. 

j The specularite-rich matr ix contains some rock fragments d ~ w n  tc! 0.2 mm, 29-50 Z of angular 
quartz f rqrner~ts,  1 0- 1 5 W chlorite, 0 - 5  fP, of mned limonite, .some K-fel&par and rare  0.2 rnm 
microcline angular fragments. Other products of the carbonate breakhwn are a supergene clay w c h  
as i l l i t e  and minor quartz. In some of the matr ix areas, crrlloforrn 1imonit.e comprises up to 1 5- 20 3 .  

Sericite occurs disseminated up to 5 55 a 5 r: 60 prn platelets i n  Cine fragment and at a much finer 
grain size i n  about half the other fragments. 

The limonite noted above i n  rel ict ,  probably dodecahedra1 crystalr up tc! 0.5 mm, i s  rnustly a 
product of pyr i te weathering, as sparse grains retain a core of unreplaced pyrite. .Sume m w  31% be a 
replacement of ferr  uginous carbonate, but no evidence of that remains. 

Where semimassive, hematite occurs as fine platelets and irregular grains mmt ly  less than 50 Dm. 
Unwmmonly i f  occurs as rectangular grains up to 0 .2  x 0.35 mm. These may be replaced magnetite or 
pYfrite hut no evidence remains. Where less abundant, hmati ' le is  a l x  very fine grained and ur;ua?ly 
more euhedral with exceptional grains up to 0.05 x 0.5 mrn size. her id it^ i s  more mnwrdrated along 
three or four bands presumed to be beds. The widest and most concen!ra!ed is  3-4 mn v;i& 'ti'i!h 
indistinct edges and has 56- 66 % hematite, some quartz grains and 5- Fr X limonite aftkr pyrite. 

Conclusions: 

This i s  interpreted as a hetercilithic breccia, rathe: than a conglomerate, even though it +.-.: , I~LIJ ,-.j-,.A LI J U F ~  

bedding which is  bwt &monstrattxi by the hematite b&. iiriginti; grains would heve been iii ihe s i l t  

'a and clay size ranges. K-metasomat ism , presumably as idularia, h a  replw& the finer grained f r q -  
". J ments to a greater extent than the silts, and the chlorite may just r e p l x e  original clsy wi th or- with@ut 

Mg eddition. This was undoubtedly an Fe-rich sediment where pyr i te ha.; been limonitized but there is  
no evidence of the precurssor mineral for the ubiquitous specular ite. 



PTS GC-39-92 Titanium-rich Trachyte Flow with Cherty Claystone and 
Quartz-Calcite-Chlorite Veins 

Specimen Descrlptlon. 

Dark reddish grey, very fine grained, massive rock i n  contact wi th medium grey cherty claystone 
wi th faint colloform-like banding. There i s  a concentration of relatively messive dark red hematite/ 
specularite along the contact. The chert appears to have pushed into plece and c a u ~ d  some fragmenta- 
tion of the hematite layer. In the dark rock, there are irregular veins and round patches of quartz plus 
pink ca1cit.e. Amrd ing  to stsining, the massive dark rock is  60-75 X K-feld5par but none i n  the 
chert claystone that occupies about 25 % of the nonvein portion of the slide. 

M i ~ e r a l c q :  A - Dark reddish grey rock (about €6 % of the slide): 

K-feldspar (sanidinej 75. FF Chlorite 14. % Hematite 
Quartz : 1 Kutile 

6 - Cherty claystone portion of the slide (about 25 Se of the slide): 

Quartz 25 Chlorite 75 

C - Yelns (about 15 % of the slide): 

Ouar tz 
Calcite 

80 Chlorite 4 Limonite l- i .2 
15 Pyri te 0.2 Chslcopyr i te (0.1 

'3 

i The cherty claystone area of the slide i s  very fine grained with any resolvable grains (5 pm. i t  
cor~sists of 35- 100 $6 chlorite, which i s  us?rallv i n  !he 6G-85 X range, wi th the rest mustly quartz. 
There i s  faint banding and some patchiness where i t  appears to have been pushed into mntact wi th the 
other rock pr ior  to consolidation, at least of the material tentatively interpreted 3s cherty claystone. 

The rest of the rock i s  a uniform, very unusual jumble of regged lath-shaped crysta1.s: wi th 
triangular and irregular 0.03-0.2 mm patches of chlorite and hematite in between. The irregular to 
lath-shaped grains are mostly about 0.2 mm long but uccasionelly are 0.6 x 0.1 mm and one pheno- 
cryst l ike grain i s  0.4 x 0.8 mm. This is interpreted as high temperature sanidine, rather than meta- 
somatic adularia. The relative amounts are about 75 % sanidine, 14 X chlorite, 5 X hematite, 4 X 
ru t i l e  after ilmenite and I 1 % quartz. The quartz i s  often associat~d wi th the hematite and i s  probably 
introduced. Hematite m u r s  mmtly as irregular shr& and subcircular patches wi th chlorite at the 
centre, suggesting that these may have been mafic crystals such as pyroxenes that have entirely been 
replaced. I f  correct then the original pyroxene content would have been of the order of 25 IF. In 
addition, there are oxide grains mostly about 0.3 mm that are part ly hernatized around the edges and 
sometimes along cubic or octahedral cleav-. The original grains are interpreted to heve been 
ilmenite, but i t  i s  now oxidized to ru t i le  showing weak aniwtropism and strong internal reflection. 

Veins 0.05-4 mm wide comprise 10- 15 X of the slide cutting both kinds of rock and consist of 
about 50 W highly strained quartz, 15 % calcite, 4 W chlorite and 1-2 W l imonite which i s  formed EE 

a partial weathering product of the carbonate i n  some places. The carbonate gives a strong HCI 
reaction indicating calcite but there may be some ankerite or some i ron i n  the calcite? A compound 
stiiphidt? grain 0.3 ii 3.6 iilm e i i r . 5  s q m e i i i  of a quar-iz-mrtronaie vein of the salye width. i t  iis a 

I , large pyrite core with a narrow c-halmpyrite r im.  The r i m  is  surrounded by another r i m  of supergme 
*, J' 

hematite. The 0.05-0.3 mm layer of specularite that separates the two rock types i s  about 75-90 X 
hematite with some quartz. This band i s  cut off by the later quartz-carbonate veins. 



.- 
Conclusions 

The main part of this specimen i s  interpreted as igneous, either a fine grsined dyke or  a volcanic 
flow, of unusual composition. I t  appears to be mostly K-feldspar, presumably the high temperature 
polymorph sanidine. It i s  unlikely that this i s  entirely metammatic K-feldspar as the texture would 
probably be somewhat masked by such a massive alteration, so this i s  interpreted as pr imary feld- 
spar. An original content of about 25 % probably pyroxene i s  now entirely chlorite and specularite. 
Some probably magmatic oxide grains, interpreted to have been ilmenite, are entirely altered tr! ru t i l e  
and lesser specularite. This rock., which probably had no original quartz, c l ass i f i ~ ;  as 8 syenite dyke 
or  trachyte flow but of somewhat unusual composition. Field relations should c lar i fy  whether- i t  i s  a 
Wke or a flow. 

The above rock i s  separated from a light to mwlium grey cherty claystone by a thin I~yiyer of s p ~ u -  
larite. Minor brecciation of this layer along the claystone side gives the impression of the latter rock 
being emplaced against the syenite. I f  this i s  the me, perhaps i t  was indeed a trachyte flow with a m f t  
sediment slumped down on top of i t ?  

Both rock types are cut by quartz-calcite veins hearing a few percent chlorite and one compound 
grain of pyri te plus chalmpyr ite. 



PTS: GC-40-92 

--.I Soecimen Descri~t ion: 

1 1  

Gabbro 

Dark grey, fine to medium grained, mafic igneous rock with fine diabmic texture and m lo r  index = 
50. I t  i s  highly magnetic. K-staining shows replacemer~t mostly of the cor-es of the lath-shaped feld- 
spars comprising about 15 % of the rock. 

Plagioclase (An 13 or 27) 30. % I l l i te  18. X Magnetite 4. % 
Orthoclase 2 Chlorite 14 Hematite 1 
Augite 2 8 Carbonate (0.1 Spinel/hercynite 0.3 
Biotite 1.5 F'yr i t.e I Chalcopyri te a. i 

Plagioclase has an unusual habit m u r i n g  i r~ elongate crstals. mmt ly  0.2- 1.5 mm long wi th width 
about one tenth the length. Preservation of albite twinning i s  ra re  w alternate lamellae are usually 
replaced by metasomatic illi te. Although only partial, the alteration h~ m& determination3 diff icult. 
There i s  no identifiable nepheline although i t  was expected and searched out. A few stubby 1-2 mm 
crystals with advance i l l i t i c  alteration resemble nepheline but are biaxial negative snd are interpret- 
ed as orthoclase. l l l i te  commonly occurs as monomineralic patches about 0.1 mm , m i o n a l l y  wi th 
radiating extinction, that replace part or al l  of a l l  plagioclase grains. 

Augite occurs as approximately equidimer~c;ional 1-2 mrn grains that are sometimec, q u m h d  
between a "fence" of plagioclase laths or a lath may protrude patially or ent irely through a pyroxene 
grain. Maximum extinction angle ,42" i s  well i n  the augite range. Some grains are i6O X eltered to 

1 intergrown biotite and chlorite while some grains show i5 % of such alteration along cleavages. 
Biotite i s  restricted to alteration sites i n  augit-e, whereas chlorite occurs as intergranular patnhe~ 
throughout the slide which rrtw be irregular but many have re l ic t  outlines suPtive of olivine 
crystals. I would interpret that the original rock. contained 5- 8 W olivine. Very occasionally such a 
chlorite patch has a small carbonate, probably dolomite or ankerite, at the center. 

Magnetite occurs as irregular to euhedral 0.1-2.5 rnrn grains wi th about 30 % hematite exsolution 
lamellae throughout indicating a high temperature of original crystallization. The remaining mqnet  - 
i te i s  weakly anisotropic i n  irregular ( 5  pm domains which may reflect some elements remaining i n  
solid solution such rn Al, T i ,  etc. A very small percentage of the magnetite area i s  m u p i e d  by spinel 
or hercynite which occur both as exsoliltiorr lamellae and as 5- 10 prn irregular- domains. I n  addition, 
most of the hematite lamellae contain 1-2 pm  patch^ of spinel/hercynite that are especially concen- 
trated towards the edges of the hematite larnellae. This mixture a l w  forms as somewhat fluffy-lc&iriy 
replacements along exsolution planes. These are gradational to t rue lamellee. The many complexities 
of these oxides would have to be sorted out with a scanning electron microscope, i f  important. 

Pyri te i s  disseminated as irregular 20-  150 urn grains. Chalcopyrite i s  sparseli/ disseminated 
mostly as <5 pm grains bu! mcasiond irregular ptitches up to 5 0  pm. Over large a r m ,  ther-e i c j  no 
chalcopyrite and then i n  a 0.5 mm area there may be a concentration of 50 t iny grains included i n  
what appears to be a pr imary orthoclase grain. 

.; C 3, .- 

This Is ii mafic intrusive with a high color index indicating gatrtrroic cornpasition. Neither- quartz 
nor feldspathoid minerals are recognized. Magmatic magnetite shows complex exsolutions of hematite 
and spinel or hercynite. There are minor pyr i te and chalcopyrite. Interpreted olivine5 are cornple!e- 
ly altered to chlorite, augite is  par t ial ly altered to chlorite and biotite, while plagioclase and minor 
orthoclase are extensively altered to i l l i te. 
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PTS 6s-2-92 Breccia of Siltstone and Claystone Fragments i n  
Metasomatic Calci te-Quar tz - 

i 
Specimen Description: 

Dark grey, ve r y  f ine grained, subrounded breccia fragments comprise >40 % of rock, i n  a l ight to 
medium pink o r  reddish matr ix .  There i s  also about 5 Ig of pale green fragments up to 3 mm that may 
be cherty claystone. There i s  calcite i n  the mat r i x  and 1 % f inely disseminated chalcopyr ite. 

Mineralogy: 

Ouar tz 42. W ic i te 13. W .sp~:ular 1 .  T, 
Flagioc1a;e r ? Chlorite 4 Ti 

6.i 1 0  l d , 4 p i  L .LC: 0.5 c+-1,-.,- .-., 8 , -  i 4 -  

Calcite f 5 Tour ma l i r e  0.2 C:halmr:ite 0.1 
Limonitr  cO. i 

One of the f ine grained rock fragments consists of about 75 53 of 15-00 Dm clastir. grains, usually 
rounded but sometimes s l i ve r - l i ke ,  of quartz. Some grains may be untwinned feldspar but  r a re l y  see 
a twinned grain an6 staining indicates no K-feldspar. There i s  0.5- 1 % tourmaline as s lml lar  sized 
gralns, about 2 58 of 510 Dm hematite grains, r a r e  re l i c t  sphene grains, and (0.5 % of ve ry  f lue 
chalcopyrite grains. The remainder i s  f ine grained mat r i x  chlorite, about 14 % and 1 1 W sericite. 
Another s imi lar  fragment shows faint  bedding, but the mat r i x  chlor i te and sericite are up to about. 40 
and 20 %,  respectively. The clastic grains are medium to coarse s i l t  size i n  what was probably a clay 
sized matr ix  before alteration/recrystallization. 

The pale green fragments refer red to i n  the descript-ion , consist ent i re ly  of chlor i te snd ser i c i te  i n  
'1 

: / 
a 2: 1 or  3:2 rat io  at a grain s i z ~  ent i re ly  i 5  ~ m .  One such fragment mntains a portion of a wvrser  
bed simi lar to the second f r q m e n t  described above. It would be i n  the " c o a r . ~  clay" size range, i.e. a 
ciaystone. There i s  < 1 W disseminated specular ite. I n  adifition to occurr ing as l a r q ~ r  fragments, these 
very  f ine sediments are recognizable as distinct fragments dovin to 0.15 mm size. 

The matr ix  consists mostly of ujsrse grained calcite and rounded to mgular quartz grains, rno~,tly 
0.02-0.3 mm and mas iona l l y  up to 0.7 mm. Calcite and quartz are i n  about a 2: 1 ratio. There is nc? 
clear ly fragmental quartz, so the mosaic of quartz and calcite i s  interpreted a5 ent i re ly  metammatic. 
I t  i s  a replacement of the pre-exist ing breccia mat r i x  rather than vein-type quartz and calcite. There 
are sparse r ibbon-l ike ch lor i te  grains 25 pm x 0.5 mm long. Mat r i x  w m p r i . ~ ,  almost 50 2 of the 
sl ick so the f rqrnents  are mat r i x  supported. 

Chdcopyr i te  occurs as scattered i r regular  grains generally less than 0.1 mm but the largest patch 
i s  0.9 mm , and i t  appears to be par t  of the late metasomatism associated w i t h  the calcite arid quartz. 
About one t h i r d  of the grains are surrounded by and par t ia l ly  replaced b y  a harder, dark grey, 
isotropic mineral ,  tentatively identified as. chalcacite and minor cuprite. kciasionaily some supergene 
red l imonite surrounds the combined grain. 

Conclusions: 

This breccia of siltstone and claystone fragments i s  supported by a mat r i x  of calcite and quartz that 
has replaceid the or iginal  matr ix .  Chalcopyrite i s  interpreted to have been introduced at the same time. 
A portion of the chalcopyrite grains are par t ia l l y  replaced b y  probable e h a i m i t e  and minor cuprite. 

2 Piinor tourmaline occurs i n  at least one of the siltstone fragments. I t  is  di f f icul t  to te l l  i f  
\, metasomatic, but more l i ke ly  i t  i s  detr i ta l  i n  th is  sample. Unlike most rocks i n  this suite, there 

potassium metasomatism. 



PTS: 6s-3-92 Trachyte Flow 

S~ecimen Descri~t ion: 

Very fine grained, dark reddish grey rock with 5- 1 0 % or irregualar quartz knots, a few of which 
also contain calcite. This i s  clearly introduced or remobilized quartz but is  not in vein form. I n  the 
remaining rock, K-staining affects 60 -75  % of the rock. 

Sanidine 42. W Chlorite 42. X; M i l e  r .-! . X 
Quartz 6 Sphene 0.2 Spwular. hematite 0.6 
Carbonate 2 C;lai/ ? - Sphene 0.1 
Arsenopyr i te <0. 1 Chalmpyr ite (0. I Limonite 0.1 

Ubiquitous lath-shaped sanidine crystals at mostly 0.03 x 0.2 to 0.08 x 0.5 rnm with ra re  pheno- 
crysts up to 0.4 x 1.3 mm. They show Carlsbad twinning and variable cloudiness due to incipient clay 
alteration that i s  too fine to identify. 

Besides occupying intergranular arms throughout the rock, chlorite forms homogmmu: rnB:=E 

about 0.25 x 5 mm interpreted as re l ic t  pyroxenes. These may contain a few small inclusiom of 
sphene or some breakdown product thereof, reflecting some titanium content of the original mineral. 
There is  only 10- 15 % recognizable as probably rel ict  pyroxene but morst of the intergranular chlnr- 
i te  probably was originally fine grained pyroxene. Relict pyruxenes are usually ringed by s I pm r i m  
of oxide, presumably specularite. I n  most of the slide, sanidine crystals are relatively packed tqether 
wi th 3 0 - 4 0  % intergranular chlorite. However, i n  areas occupying about 15 53 of the slide, sn id ine  

;I crstals become widely spaced with chlorite increasing to 75-j90 X;. The cause is unclear; one may 
speculate thet these were a r m  of i n c r e m d  volcanic glass for whatever re&son. These area5 coincide 
wi th the occurrence; of included siltstone lens= plus possibly amyydaloidal l e n m  of chlur-ite and 
increased quartz "fragments" or amygdules as described below. 

There is  no primary quartz. Some discontinuous lines of quark  grains follow frac:ture: or weak 
shears along which carbonate occurs as veins. This may be vein quartz, but m a t  of the quartz =curs 
i n  subangular to rounded clots about 1.5-2 mm i n  size that someiimes: rewmble amygduler tjnd i n  
other cases look l ike fragments dragged i n  along zones of very weak shearing or flow. One such zone 
also contains two elliptical patches of pure chlorite up to 0.8 x 3 mm size that resemble st.retched 
amygdules. Along a similar zone are two lenticular patches of b e d ,  chlorit ic siltstone 0.3 x 2.5 rrim 
?hat also appear dragged i n  perhaps by a volcanic flowing actinn? 

Carbonate i n  the quartz masses arid some late hair l ine veinlets i s  clearly calcite. Carbonste id- 
lowing ill-defined veins i s  limonitized suggesting that i t  may be ankerite or ferruginouz dolomite. 

The majority of oxide that i s  relatively uniformly disseminated throughout the sli& i n  1 -50 urn 
very irregular. grains i s  the s h e  of grey of megnetite, but i t  shows strong white to amber internal 
reflection. This i s  tentatively identified as ru i i le ,  however anatase and pzudobrookite are similsr.  
Small grains of specul6 hematite are intergrown wi th 5- 10 % of the grains. In one large chlor-ite- 
quartz area, there are two 1 x 4 mm masses of specularite. I n  one, rather wormy to fibrous hematite 
constitutes 30-50 % with chlorite. The other i s  solid twinned specularite wi th i5 % inclusion., of 
chalco~jyrite at 1 -20 pm size. This i s  the only cMcop'yrl ie in the entire si ik. 

Uncommon irregular to wedge-shaped, 0 03-0.1 mm grains of arsenupyr i te occur incluRd in or 
near a couple of the quartz-calcite clots. 



Conclusions: 
-- 

1 This i s  a weakly porphyri t ic trachyte flow very similar to 02-35-92. The wnidine i s  cloudy due 
to weak clay alteration, while rel ict  pyroxenes interpreted from textural outlines are entirely altered 
to chlorite and minor sphene. Two small lenses of siltstone are interpreted to have been drsgged i n  by 
volcanic flow action. Two chlorite ell iptical areas are interpreted as stretched amygdulw, while 
various rounded to subangular 2 mrn patches of quartz, wi th or  without calcite and chlorite, are tents- 
t ively identified as amygdules wi th minor vein- l ike tendency for some. 

Irregular oxide grains throughout are interpreted as mostly ru t i le  wi th minor specularite, formed 
by oxidation of probably original sphene or ilmenite i n  the rock, none of which remains. A 1 x 4 mm 
mass of solid specularite i n  a chlorite area contains a few percent chalcopyrite inclusions. This i s  the 
only chalcopyrite i n  the entire section. It indicates that copper was moving i n  !he same metammatic 
solution that caused specularite precipation and apparently also chloritization. This may account for 
chlorite in a l l  these rocks being very pale green, indicating high mqrm iu rn  content, & mcd. uf t.he 
i ron i s  pulled out as specularite. 



FTS: 65-7-92 Siltstone & Claystone Breccia Silicified, l l l i t tzed and Hematized 

S~ec imen Descr W o n :  

Dark reddish breccia w i th  rounded to angular fragments up to 1.5 mm. The lergei t  fragments 
are ve ry  f ine, dark grey to black probable claystone w i t h  no K-staining. A var ie ty  of, smal ler,  l ighter 
grey, more s i l t y  fragments are var iably K-stained as i s  some of the matr ix ,  probably indicating 
potassium intrcduction both before and after brecciation. There are also l ight  p ink,  probably si l ice- 
ous fragments along one side. Fine specularite i n  the mat r i x  i s  occasionally coalesed i n  pockets. 

Quartz 75. % I l l i te/ser ic i te 10. S6 Speculwi te 3. X 
P lagioclsse (An 6 or  34) 4 Chlorite c S-S Kuti le 0.8 

Calcite 1 Carbon( 'T? ) 1 

Angular and rounded fragments of siltstone and claystone occupy 85-90 X; of the ~ l i d e .  Fame show 
some bedding as expressed by grain size variation. Amounts of transmitted l ight va r y  down to almost 
.none. Such fragments only contain about 1 % vis ible specularite. At a th in  edge of such a frsgment one 
can see almost submicroscopic opaque particles which are probably amorphoucj csrhon. A l l  the frag- 
ments contain some chlor i te,  but i t  i s  not major. I l l i t d s e r i c i t e  alteration var ies f rom fragment to 
fragment f rom zero to 15-20 W and locally up to 40-50 % i n  parts of the matr ix .  The grain size of 
the i l l i te /ser  ic i te also varies widely between fragments. I n  most i t  i s  i 4  Lirn ( i l l i t e )  hut i n  mme i t  i s  
i n  flake: up to 5 x 60 pm. 

Ouart7 i s  a major mat r i x  constituent w i th  highly variable grs in  size f rom 15 Urn to 0.7 mm. 
1 Albite also occurs sporadicly as 0 .05-0 .2  mm grains. Plagioclase probably also occurs amung the 

clastic s i l t  grains but twinning i s  ra re ly  s e n .  Pale green, high maym iu rn  ch lor i te  ~ m r - . s ; :  irrq- 
ular mat r i x  patches up to I x 3.5 mm of rather f ibrous-looking te>:ture. Calcite occurs as uccasionvl 
0.2 mm patches. Both quartz and chlor i te also m u r  as occasional veinlets cutt ing the r-ock fragments. 
I n  a few case5. a sl ight ly ear t ier generation of quartz veins was empiactxi i n  the i:-agrnents heiure 
brecciation, showing a more extended period of si l icif ication. 

Only 3-2  % very  f ine specularite i s  disseminated i n  the f rqments ,  but i t  i s  more abunhn? i n  the 
matr ix ,  often as curved, ve ry  th in  platlets 10- 100 Dm long. A few m i ~ c h  !arger crystals up to 0 .08  x 
1-2 r rm  occur i n  the mat r i x  and also show folding interpreted as sl ight continued k f o r r n a i i m  dur ing 
metasomatism (see photo). ~ O W S  of 5-50 Dm, i r regular  r u t i l e  grains m u r  EE a r i m  arour~d =me 
claystore f r a g ~ ~ e n t s ,  but not others, and & discontinuous l ines veining ~;ome f rqmer l ts .  It i s  c l e w l y  a 
product of metasomatic oxidation of some contained titarriuri~, but there i s  nu evidmce of the pr-ecclrs- 
sor t i tm iu rn  mineral. 

This i s  a hemtitized h r m i a  of clays!one and siltstone f ragrxntk  set i n  a mat r i x  cc~:i~pyinq i I5 W of 
the rock. Some quartz veining occurred Stfore brecciaiion but most i s  s i l ic i f icat ion of the matr ix .  
This metasomat-ic matr ix  also include chlnr i te and lessor calcite BE- wel l  es 3-6 W speculsritk. The 
latter i s  mostiy ve ry  fine grained but may m u r  i n  platelets or blades up to 1-2 mm long Both the 
coarse and f ine ones are often curved indicating some continued movement dur ing metasomatism, a: 
b k  - - -  - - I  .?..--A ..-- J L.. 7 - 1 - -  i- T L - - -  ' 

1.1 ~aji a1 e I IUL 1 1  CIC:IUI.~U uy 1aie1. IIIUYKIIIKII~>. I 11e1.t: i s  i i O  copper IT ~ i h e r  miiierelizaiiiin. 
t 
1 



FiS: 6s- 10-92 Siltstone h Claystone Metsomatised with K-Feldspar & Spscularite 

S~ecimen Descr i ~ t i o n :  

Very fine grained or aphanitic, bright orangish red rock wi th minor cream mloured mottling of 
calcite that may be aligned along a crude fracture pattern. Much of the slide may have been a faintly 
bedded siltstone, now 25-60 % affect by pcltassium metammatism. The rest appears to be quartz and 
specularite. The latter probably averages about 5 W i n  the specimen but i s  up to 30-40 X i n  lml ill 
defined ban& or zones. There is  0.5- 1 % disseminated chalcopyrite. 

Quartz 30. $ Pyr i te 0.2 .X Specularite 4. X 
K-feldspar ( adularia) 55 Chalmpyrite 0. I Pyrrhotite 0.2 
Chlorite - 

5 Chalcocite t r Rutile ti- 
Calcite 8 

Quartz and K-feldspar, presumably adularia, ccrrnpri.= an quigranuler m m i c  of 10- i 00 prn 
grains. K-feldspar comprises 40-50 % of the% areas. This alteration and recrystallizatiori ha5 
masked any evidence of pre-exis-!ing clas!ic texture. I n  the irregular calcite-rich arms, #-spar and 
to a lesser extent quartz, are reduced. The above area occupies about 2 5 - 3 0  ie of the slide and i s  i n  
fa i r l y  sharp to gradational contact wi th the finer grained remainder. The contact i s  usually r n ~ k e d  by 
a zone up to 2-3 mm wide of advanced carbonate replacement. Occasionally carbonate ha:; f i l led a 
cavity lined with euhedrally terminated quartz crystals. 

The rest of the slide has a clearly defined elastic texture preservmi In pert, grains are 5- 80 prn 
, arid in other parts they are a l l  1 m  than 5 or 10 urn, suggesting interbedded siltstone and clay3one. 

This meter ial i . j largely K-feldspar i n  which sparse clastic grain5 have twinning a b i t  l ike micracline. 
There i s  1 0- 1 5 % quartz i r ~  the silt-sized area and none i n  the finer grained area. The latter area has  
occasional rather irregular K-feldspars up to 0.4 s 0.8 mm. The% may a l ~  be metac~matic, but t h v  
make the finest area resemble a porphyri t ic volcanic, although this i s  probably impmsible ba=d on ti 
composition of almost pure K-feldspar. Although there i s  no apparent quart- in this fine grained rock., 
there are occasional replacement patches up to 1 mm wi th some euhedral quartz crystals up to 0.3 mm 
There are more common euhedral calcite crystals up to 1 mm scattered through this portion of rcck. 

Only about 1 % specularite i s  finely i n  the very fine grained rock and up to 15 X in parts of the 
quartz-calcite metasomatised rack. I t  occurs i n  a wide range of s i z a  up to 0.3 x 0.8 mm, often ha.- 
polysynthetic twinning. Many grains contain a few t iny pyrrhoti te inclusions suggesting that the rock 
originally contained p y r r  hoti te that has been replaced during an oxidising metasomatism. One comp- 
osite 0.8 mm grain contains about 60 % calcite, and 2 0  % each of pyr i te and chalcopyrite plus a 
couple percent rut i le. There are about five other 0. I - 0.3 mm grains of mostly pyr i te that may be cut 
by small chalcopyrite veinlets, plus two 0.05-0.2 mm grains of chalcopyrite rimmed and part ial ly 
replaced by cuprite. 

Conclusions: 

There is  claystone and siltstone that may be adjacent beds i n  the specimen. These are mmpmed 
almost totally of K-feldspar which, i f  metasomatic, has preserved textures remarkably. A 60:40 
m m i c  of quartz and i;-spsr re-,]m orre quarter of the s l id .  hicite, ,yei--tz and 3 -P--. . ]-  ~X;U t jr jte o a u r  E; 

3 coarser grained replacement areas, wi th a? least one quartz-lined cavity f i l led wi th calcite. Specular - 
i te grains often contain t iny pyrrhot i te inclusions suggesting i t  was the precursor  mineral later 
repleced by more oxidizing met~somatic fluids. Minor pyr i te and chalcopyrite were probably in t r  u- 
duced wi th the carbon at^ solutions. A b i t  of champyrite i s  replaced by supergene cuprite. 



PTS: 6S- 12-92 Chert wi th minor Chlorite and Tourmaline 

S~ecimen Desc r i~ t  ion: 

Light cream and grey colored cherty rock. Almost entirely quartz wi th minor banding of probable 
chlorite. The rock appears to have been fragmented by soft rock. deformation yielding fragments and 
1-2 x 10 mm tabular plates of chert i n  a more granular quartz matrix. There i s  5- 10 % of l ight 
pink calcite i n  1-2 mm clots. One of the freshly broken surfaces of the specimen has a h e a y  
dissemination of chalcopyrite and some cuprite( ?) with minor malachite along fractures. However, 
the rest of the specimen has no chalcopyrite and only 10.5 X of m t t e r d  pyr i te and of cuprite grains. 

Miner a lm i :  

Quartz 90. X Biotite 0.5 X Specular 1t.e 0.1 % 
Calcite 5 Tourmal ins 1 Ghal~tpyr i te 0.2 
Chlor ite 2 Pyr i te 0.3 Ooethite 0.5 
Rutile 0.1 Chalcocite 0.1 Cuprite 0.3 

I la lxhi t i :  0.1 

Quartz occurs as an interlocking mosaic of 5-35 t lm g r ~ i r r s  It becomes much mcrArser i n  end new 
areas o i  veining and remobilization. 

Some 30-50 gm calcite i s  disseminated i n  the fine quartz, t ~ u t  most o i  i t  occur5 as cmrse grains 
together with the veins and irregular clots of quartz. t-?ost of the latter was emplaced i n  open space:; 
up to 2 x 4 mm surrounded by inward pointing euhedral quartz crystals. 

Tourmaline occurs sparsely along some barids with fine inclurions, in  grains up to 40 x 100 g m  
': nnr. are but usually are < 10 x 40 pm sire. The largest nurntler oi grains along the5e zone2 of incltr-i- 

chlorite i n  blades or tablets less than 7 x 40 pm. Small portion of these arE biotite i n  addition to the 
tourmaline. Even finer grains of these three minerals occur throughout the rest of the chert as well. 
Grains are so much less than the thickness of the thin section, identification and estimation of amounts 
are difficult. One very discontinuous band 0.1 to 1 mrn wide mntainr; up to 15 W of thwe fine tour- 
maline grains (see photo). Another such band had 10- 15 W chlorite. When abundant they are not 
intermixed. 

Very irregular patches of colloform, orangish red, supergene mineral interpreted as goethite occur 
as occasional open space fi l l ings i n  areas of coarse quartz + calcite. Usually a 1 0-  1 5 pm thick layer 
of malachite parallels the r i m  at a distance of 10-20 Dm i n  from the edg~. In other locations, similar 
material i s  much redder i n  color and part ial ly replaced chalcopyrite remains at the c e r ~ t r w  (see 
photo). This i s  interpreted as cuprite, however mlour and the greater abundance of cracks perhaps 
due to shrinkage are the only differences from goethite. Minor malachite occurs i n  both. The original 
chalcopyrite grains would have been up to 0.8 mm. 

Pyr i te i s  sparse but occurs as euhedral dodecahedrons 1 0 pm to 0.1 mrn and up to about 3 Z very 
locally. More rare magnetite occurs i n  euhedral octahedra up to 0.25 mm. 

b n c l  usions: 

This is chert wi th  u'iscoiitinuous lamindions along which small perceni~qes of ctrioriie, iowmaii i ie 
and biotite may occur. There also minor dissemination.; of pyri te, specularite and rut i le .  
Chalcopyrite occurs as open space fi l l ings i n  coarse vein quartz + calcite areas. It is  part ial ly or 
completely replaced by supergene cuprite. Supergene goethite occupies other cavities. 



PTS: GS- 14-92 Adularia-Quartz-Chlorite-Calcite Metasomatic Rock 

) S~ec imen Descr i ~ t i o n :  

This ve ry  f ine grained, medium pink to red coloured rock i s  mottled w i t h  aboout 10 53 cream m l o r  
calcite and 10- 15 W dark green ch lor i te  in  i r regu la r  patches up to 1 cm. Steining indicates a K- 
minera l  content of 5 0 - 7 0  W .  There i s  1 - 2  W chalcopyrite disseminated throughout w i r regular  clots 
up to 1.5 mm ( b y  chance the PTS: has about double th i s  amount of chalcopyrite) and I1 53 specularite. 

Quartz 25. % Calcite 12. Z Chalmpyr i tr 3. 55 
K-feldspar (adularia) 4 5  Chlorite 14 Ruti le 1 
Flagioclase tr Limonite 0.1 

Adularian K-feldspar m u r s  throuyhol_rt es i r regu la r  grains w i t h  fuzzy outlines and usually 1e5.5 
than 0.1 mm size. Where included i n  more coarsely crystal l ized metammatic calcite + quart-. I ' t mn 
fo rm laths up to 0 .05  x 0.25 mm. Plagioclase i s  also introduced as sparse 40 urn grains. Ouartzt also 
i n  i r regular ,  i l l-defined 0 .03-0 .2  mm grains, occurs throughout. Excluding veins and c o a m r  area:, 
the wlu lar ia :  quartz ra t io  varies from 3 : 1 to I : 1 .  

Chlorite i s  widespread as flakes 1-25 p m  thick by 20- 100 pm long. The amam!, w r i e s  f ram 
minor  to 1-2 mm areas that have 4 0 - 5 0  % chlor i te,  the remainder being calcite. It i s  a i l  ve ry  pale 
green, presumably high magnesium chior ite. Rarely chlcrrile xcupies about 75 W of an 0.2 x 0.5 mrn 
area that may have been a replaced mafic crystal  i n  the precurssor rock. I n  cont rmt ,  chlor i te may be 
cornpistely atr%n! from m s i o n a i  0.5 x 1.2 mm a r ~ 3  tha i  may t w e  b m  feiiJ:z.pai c;ry:ziak, ria:! 

i ent i re l y  replaced by an adularia-quartz m ix tu re  a b i t  f iner  grained than the rest. 

The original rock must have coztained titanium. W i t h  the total metsc,omatim i t  is  a l l  mrive; ted to  
r u t i l e  w c u r r  ing as n.05-0.5 rnm i r r e y l s r  grairtrj wi th ocm iona l  euhedral terrr! ir~s!irm. Relict n ~ ? -  
l ines of sphene are occasionally preserved. A few grains occur as wicu iar  crystals up to 0.03 x 0.3 
XI Ti. 

Chalcopyrite occurs in l a r g ~  i rregular patches u p  to 2 m x .  There are a h  0.5 mm patches wtiii:h 
or ig ina l ly  may have contained ,!I 0 W chalcopyrite that are noiv rnwtly supergene limonite. 

This i s  an ent i rely metasoma!izeil rock. There are one o r  two faint outlines of p m i b l e  re l i c t  feid- 
spars 3rd mafic m inerak  s x h  as ;;yro:e-ie, plus tk:e i s  r e l i c t  r u t i l e  after sphene which i s  mmmo:; 
in  many aikaline rucks. So there is the pnssibi l i ty the r ~ k  war something l i ke  a trachyte but !hi? is 
almost total specula!ion. There i s  certainly no evidence of a sedimeniary ~ r i g i r r .  

Chalcopyri te was inir-oducd w with the later. i r regular  patches and pseuhveinc, of coerser. ~IJBT!Z and 
especially associated w i th  calcite. The rock appears to be surpr is ing ly  low i n  i ron. The ch lor i te  
appears to be high magnesium, low i ron ,  and the oxide i s  t i tanium oxide fe r u t i l e ,  not an i ron  oxide. 



PTS: 6s- 1 5-92 Siderite-Quartz-Adularia Rock from possible sediment 

Very f ine grained, medium reddish colour , faint suggestion of layering, about 10- 1 5 5g K-mineral  
shown by  staining, 0.5- ( 1 % disseminated chalcopyrite mostly as isolated grains along ha i r l i ne  quartz 
veinlets. 2- 3 mm layer of microbreccia preserved along one surface of the specimen. It i s  hematized 
w i t h  isolated blade- shaped specular i te  crystals. 

Quartz 36. % Siderite 48. % Chalcopyrite 1 .  X 
K-feldspar (adular iaj  I I Chlorite 0.5 Sp~cu la r  i te  3 A 

P lagioclase 0.5 Sgrjcjte 1 Pyrrhot i te  7:c~, ; 
Tourmaline 0.2 ku t i i e  0.1 Limonite 0. .? - 

Quartz and K-feldspar occur relat ively un i formly  throughout the slide as 0.05-0.25 mm , i r r q u -  
l a r  grains w i th  ill-defined boundaries. One band or  area i s  sl ight ly f iner gr a i n d  arid could be in ter -  
preted as having clast,ic texture, but mostly there i s  no evidence of the prezurssor- rock. 

Very i r regular  0. I - 0.4 mm carbonate grains are mixed throughout w i t h  the quartz and K-feldspa: . 
In  spite of i t s  abundance, I can get no carbonate reaction w i t h  HCI even w i t h  scratching, except ior 
minor calcite along one surface of the specimen. So i t  i s  tentatively interpreted as siderite. 

Sericite i s  widely scattered as wel l  crystall ized tablets up to 15 p m  thick by  150 p m  lcrng. Lers 
commonly chlor i te has developed especially % ir~clusionz iri s idw ite. Much f iner  grained .;er ic i te  
increases to 1 5 to 50 % i n  the sheared and breccia+& s t r i p  across the end of the r ,p~ i rnen .  
Sparse brown and occasion6lly bluish grey itour maline grains occur up to 30 x 50 pm. 

I n  addition to a lo! of ser ic i te,  the s t r i p  of microbreccia across the end of the sl i& contafns f r - q -  
ments of euhedral quartz, large carbonate grains that may or  may not be fragments, and ~ r a 5 i o r ~ a l  
rounded f r amen ts  of ve ry  f ine grained possible sediment that metammatized l i ke  the rest  of th i s  
specimen. Most of the f ine grained carbonate along th is  zone i s  heavily l imonite stained hut some lerqe 
grains are not, possibly reflecting two carbonate types? 

Specularite occurs i n  the breccia s t r i p  as sl ight ly curved tablets up to 0.3 x 0.8 mm that h6ve 
grown since the episode of brecciation. Elsewhere i n  the rock i t i s  disseminated as 5-50 prn i rreguiar.  
and tabular grains. Sparse t iny  pyr rhot i te  inclusions show that i t  was the i r o n  mineral  p r i o r  to the 
massive metasomatism. The specular i te amount varies from ( 1  to at least 8 56. Occa5ionaily i t  is  up 
to 50 % w i th  a few percent r u t i l e  along a short segment of a 50-75 p m  wide rehealed veinlet. 

Chalcopyrite occurs as scattered i rregular grains 0.02-0.4 mm w i t h  some l imoni t ic  aitkr&ior, A 
couple 5 Dm pyr i te  inclusions were contained in  orte chalcopyrite grain. 

Conclusions: 

This totally me tasma t i sd  rock di f fers from the others i n  that carbonate, probably siderite, i s  the 
major alteration product w i t h  lesser quartz and adularia. Small amounts of ser ic i te and t o~~ r rna l i ne  - - -  - I - -  A I I L  ---- 1  A L . . - A - - 1  A:---- : - - 1 - J  ----.. 1--:1- ------- 2 -  
MI .H G I X j  Ull lei t!l lk. AUUIIU~III UI~SVIII l l l i j t t x  Y ~ U I ~ I . I  lt: tlppcdl.% u E & f pTEi j i55di  

0 pyrrhot i te.  Minor r u t i l e  w i th in  a reheded specularite vein i s  the only t i tanium evident. I-1agnr:-ium 
.i, is  either ve ry  minor or  t ied up i n  the carbonate. Chalcopyrite and specularite appear til be par t  of the 

major metasomatism. There i s  only sl ight evidence of o r ig in  as a f ine clastic sediment. i n  which 
pyrrhot i te  was an ear ly constituent. There i s  no evidence of or ig in  as a carbonate rock sithough a!-+'- 
thing i s  possible. 



PTS: 65- 18-92 Siderite-Quartz-Adularia Rock after probable Siltstone 

Very fine grained, l ight buff coloured, hard, massive rock wi th faint 5-8 mm, possibly sediment- 
ary, banding visible on the sawed surface. Chalcopyrite i n  irregular grains up to 1 mm vary from ( 1 
to 2 Sg and usually associated with coarser, lighter coloured areas of carbonate, apparently dolomite. 
Abundant carbonate i n  the rest of the rock, as seen i n  th in section, does not reect wi th HCI and i s  
presumed to be siderite. There i s  15-25 W K-feldspar throughout. 

Mineralow: 

Quartz 38. % Siderite 38. X Rutile 0.5s 
K-  feldspar (adular ia) 1 6 Dolomite 3 L Chalcapyr ite 0.7 
Piagioclase 0.5 Ser ic i  te 1. Pyr i te 1.5 
Bioiite t r Chlorite 1 Ocethi?.e 0.1 
Tow ma line 0.6 Zircon t r 

This section i s  very similar to GS- 15-72. The rock i s  almost entire!y a fine mimic  of carbonate, 
quartz and K-feldspar wi th a only a few coarser, more vein-like segrqa!imc,. This slide d3es heve 
some systematic grain size variation from coarser to f iner, suggestive of re l ic t  bedding. Fur exampk? 
t h ?  range of quartz grain sizes is  usually 35- 1 50 prn but reduces to 1 5- IEIO urn i n  t.he finer ma:: , 
howeiw there i s  no suggestion of any clastic grain texture preserved. Minor piagiaclase a l w  m u i s .  

The minor occurrence of sericite i s  also very similar as well-formed table!s up to 1 C) x 90 pm. 
Chlorite occurs as t iny 5 pm thick plates and even finer radiating plates or blades, airnost always 

'I . / 

entirely included within sider ite grains. There are very ra re  ragged biotite grains. 

Brown to blue-grey tourmaline occurs throughout i n  stubby subhedi-a1 crystsls up tu 0.2 mrii long. 

Pyr i te occurs as irregular and tabular grains from 1-50 p m  end as occ%ional 1 -3  pm wide hair- 
l ine veinlets. There are occasional inclusions and associated grtiins of ru t i l e  up to 25 um. Surpris- 
ingly, this rock has no specularite, so the reddish w lour  of the specimen i s  due to  siderite. Rutile 
grains are concentrated up to about 5 % of the rock along a band about 0.2 mm wide. Some grains are 
sponge- l ike and others just a f ra i l  lattice or lamellae. These are interpreted E; rel icts after sphene 
and titaniferous magnetite, respectively, and this i s  interpreted as a re l ic t  bed of heavy minerals. 

Chalcopyrite m u r s  m two very irregular shaped 1.5 mm grains plus a few much smaller one. it 
commonly has a 2 pm r i m  of goethite and ra re  veinlets of similar size. C:helmpyrite alwey:~ m u r s  
wi th in the irregular patch6 of coarse dolomite that are interpreted as dolurnite baml  un the acid 
reaction. By contrast, the pyr i te i s  disseminated throughout and obviouAy mcornpanied the major 
stage of metasomatism while chalcopyrite and dolomite are a b i t  laier. 

Conclusions: 

This i s  a totally metasomatized rock, but i n  this case some moderately good evidence, besed on grain 
size variation and a re l ic t  bed of heavy minerals, of clastic sedimentary origin. I t  i s  very similar to 
GS- 1 5- 92 with slightly more tourmaline and more clearly visible fine chlorite representing the 
nlii,or mqi le j i "m a s ~ e i a i e i i  Erbon.ie mifierai siies, A 5ignifiwni ,jiffErenLe iis itie iron in 
GS- 15 was oxidized to specularite. In GS- 18 it i s  a l l  pyri te, ever1 though re l ic t  c l s t i c  grains of 
presumed magnetite and sphene are oxidized to rut i le. Adularia shows that the metammatising m lu t  ion 
was high pH but the rat io of oxygen to sulphur fugacities was slightly lower i n  05- 18 then i n  0.5- 15 
and most other rocks i n  this suite of samples. 



PTS: 85- 19-92 Chloritized Silty Claystone and an associated tlicrobreccia 

Soecimen D e c ~ r i ~ t i o n :  

Very fine, medium reddish grey, hard rock with faint lamination of probable sedimentary origin. A 
few irregular clots of pink dolomite and apparently calcite along late fractures. There is  1 - 2 X of 
irregular patches of finer chalcopyrite grains which are part ial ly altered to cuprite( ?) near one edge 
of the specimen. A breccia of 2-3 mm rounded fragments that are dark grey, pink, white plus one 8 
mm laminated chert fragment occurs along two surfaces on opposite sides of the specimen. About 8 m m  
of breccia crosses one end of the slide. There i s  no potassium mineral stain. 

Quartz 36. % Chlorite 50. Se Chalcopyrite I .5X 
Ser k i t e  4 Dolomite R siderite 2 Cha lm i  te 0.2 
Pyr i te 2 Limonite 0.3 Cuprite 3 i 

Tourmaline 0.1 Rutile( '?) 1 Malachite 0. r, 

Clastic quartz grains of sii! size range from 30 prn down to (4 pm and a11 the matrix was undoubt- 
edly i n  the clay size pr ior  to replacement. Sparse 30 pm tourmaline grains m y  also be ciastic'? 
Coarse, often eiihedral quartz grains occur irr 0.3- i .5 mm rounded clots with or without accorripsnyirig 
ccrdrse dolomite and masional ly  chalcopyrite. There are also 0.2 mm veins and dimntinuous vein- 
l i ke  cwur r  ences of quartz and a <O. 1 mrn late micite veinlet. 

Sericite i s  disseminated throughout i n  fine grains up to 8 x 50 pm and continuing down into the 
i l l i t e  size range. lrl the breccia portion at one eriif of the sli&! variable amounts of sericite ozur i n  

i the fragments, usually about 15 % and locally up ta >SCi X. 

Very i ine chlorite i n  the matrix i; ?he m j o r  reek wristituen!. 

Pyr i te m u r s  i n  i r r q u l a r  to rounded grains (5- 40 pm i n  size l c c s l l i r d  sas disserninatioris up to E 
percent along ill-defined bands up to 0.19 mm wick abd also throughout the slide. It uomional ly has 
t iry chakmite r ims.  Along these same z o m  are even more abundant semiopmue grains wi th iuzqf 
oiltiines and c;p to 50 pm i n  size that might be ru t i le  but reflectivity appears to be tijcl low. Fyr iie 
31% 2Zti:r.; 313ng some ?ate shear/veifi.z. fro;fi 20 gm to 6.25 mm ~ i i i f e  that include Esne brp<::.ci&$ 
rock gr ains and variable amounts from mosily pyri te i o  mostly limonite. 

The breccia Inctzder y j t l hd ra?  r:ry5:a? f r q n e n l s  ctf quartz ar;d ::i&rite up to 0.5 ;< 1 m n  arid 
various verv i ine grain& clastic. sedimentary fragments including one h mm round& f rgnen!  o i  
abcrut 95 % very fine serpentine-type chlorite antaining scattered quartz c1ast.j. 

This rock i s  a s i l ty  clqfstone where silt-size quartz grains are embedded i n  chlorite as ihe major 
rack constituent. Some faintly bedded concentrations of heavy minerals now contain pyr i te wi th 
sparse cha lm i te  r ims,  and a dark reddish semi-opaque resembling cassiterite, but i t  i s  probably 
rut i le .  Quartz and lesser dolomite form irregcllar replacement clots as does chalcopyrite wi th or 
without associated dolomite. Part of the chalcopyrite i s  altered to supergene, wl loform cuprite wi th 
as%-xiaig sj,aai&-,iie, Chaizpiiriie ciipr.jis also iii $ j ~ . j , i  mjcroijreja c\aSiS of 

;J 
subtiedrat quartz and siderite, and various sediments some with about 95 W chlorite. There seems tri * . be an earlier replacement pyr i te and some very late pyri te i n  weak shear-hosted veinlets. 

(no page 22) 
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PTS: 3A-35-92 A & B Breccia of Siltstone, Trachyte & Sulphide Fragments 

) S~ecirnen Dexriot ion: 

Dark reddish grey fine, heterolithic b r a i s  wi th very irregular 0.5-2 cm pods or intrusions of 
other very fine grain&, l ight green rock. This corresponds wi th section 0. Section A i s  cut parallel 
and 7 cm away i n  this large specimen. It i s  prejominantly the dark red breccia wi th minor whisps of 
the light green material. A 2 mm thick chalcopyrite vein wi th minor pyr i te that occurs along one 
surface of the specimen i s  not included i n  either thin section. A number of 0.5-2 mm fragments 
appear to be totally K-feldspar with 20 -35  % i n  the rest of the rock! except the light green material 
that appears to be 40- 50 % replaced. Very fine sp~:ularite i s  visible. 

Quartz 57. % Chlorite 3. % Chalcopyrite 0.4% 
K- Feldspar ( adularia) 35 5er i c i  te t r Pyr i te 0.2 
Plagixlase 1 Hutile R re l ic t  sphene LO. 1 Chalcncite 0. 1 
Nepheline( ?) 0.1 Specularite T ~ C  L . a-1 Cuprite 0.1 

. Tourmaline 0.3 I-lelachite 20.1 

C&diun A: 
The heteroli thic fragments include siltstone wi th well preserved quartz clasts 5- 30 p m  including 

sparse tourmaline clasts; many similar fragments where the texture i s  par t ly  masked by alteration; 
and very fine chlori t ic claystones rendered dark grey by about 2 W specularite inclusions. There are 
also round fragments of trachyte porphyry wi th very fine K-feldspar + chlorite matrix and euhedral 
tabular K-feldspar phenocrysts up to 0.3 x 1.5 mm. Similar fragments are common that have few or  

I no phenocrysts and are just a very fine grained mass of E-feldspar. There single crystal fragments of 
K-feldspar 0.25 x 0.4 mm and much smaller crystals of microcline and plagimlme. There are 0.2- 
0 . 4  mm euhedral pyroxene pseudomorphs that are now a1 l chlorite wi th minor included specular ite. 
One 3 mm rounded fragment i s  mostly very fine K-feldspar, some chlorite, a few percent e x h  of 
re l ic t  sphene and of 0.3 mrn phenocrysts tentatively identified as nepheline. 

The fragments also include round sulphide fragments 0.2-0.5 mm i n  size, bearing 551-60 W 
chalcopyrite, 1 0 -20  % each pyri te and chalmi te,  about 1 0 % cuprite and 5 % malachite. Chalmi te 
i s  a partial replacement of pyr i te inclusions i n  the chalcopyrite. Others are mot,tly chalcopyrite and 
pyr i te with minor rut.ile inclusions. 

The breccia i s  really clast-supported with most of what appears to be matr ix i s  mostly just finer 
mineral fragments of quartz and feldspars. What i s  metasomaticaliy introduced or at least recrystal- 
l i za j  i s  locally up to 25 % specularite as irregular grains and euhedral laths up to 0.1 x 0.7 mrrt. 
There is  also minor tourmaline that appears t@ have been introduced wi th the specular ite. Chior i te  is  
uncommon except at one location where i t  m u p i e s  an 0.3 x 1.3 mm a r m  and some smaller patche.3 
that are probably fragment remnants rather than metasornutic matrix. However minor amounts are 
also intergrown wi th specularite. One I mm a r m  contains ahout 75 % specular i te and i s  frsgment- 
like. It may have been an iron-r ich original cornposition such as pyrrhoti te that has recrystallized to 
specular ite. 

&?ion B: 
The large light green areas i n  specimen are siltstone wi th some graded bedding. The c l ~ k  are 

,,;J mmt ly  quartz and major K-feldspar wi th minor plagimlase and microcline, ( 1 % specularite, 0.5 W 
tourmaline and about 0.1 % sericite. 

There are some other differences from Section A. Occasional fragments are similar clastic di- 



ments but wi th about 3 W of specularite a l l  disseminated as < 1 Dm size particles thus renderinq the 
? whole fragment opaque to transmitted light. One unusual 1 x 2.4 mm fragment 1s almost a l l  dark green 

chlorite ( i n  contrast to the light green me t~omat i c  chlorite i n  many of the sections) that i s  charged 
wi th about 1 0 4 of ( 1 0 jim semiopaque fuzzy balls that may be some form of re l ic t  sphene or carbon- 
m a u s  material? There is no textural variation to suggest sedimentary or volcanic origin. A couple 
much smaller , similar fragments are brown reflecting somewhat different oxidation. While the coarse 
crystal fragments of K-feldspar also occur in this section, they and coarse quartz are much less 
common. 

There are also chalcopyrite-pyrite clots with chalcocite and cuprite alteration, the =me as Section 
A, but these are less abundant. Also there are a few of the 0.15 x 0.5 mm denxly packed areas of 
specularite grains that are interpreted t~ have been original pyr r hutitei 7 )  f rqments. While the 
portions that are l ight green i n  specimen have less disseminated specularite, perhaps 1 1  W , there is  
no apparent r e s o n  for the colour differenm 

Conclusions: 

This i s  a breccia wi th occasional siltstone fr,qments up to 2-3 cm, huwwer most frzgments are a 
few mill irnetres or less. Although some are highly angular. most f rqments are well rounded due to 
some sort of mi l l ing or diatreme action. 

Volcanic fragments comprise only 20- 30 % of the total. Thei/ show complete variation i n  texture 
from well developed phenocrysts of K-feldspar and chlorite rel icts after smaller pyroxene phenmry- 
sts, to small irregular phenocrysts to none at all,  i n  these rocks w m p d  of almost pure K-feldspar-. 
Although less abundant, there i s  considerable variation among the chlorite- r ich,  presumably ma% 

j vulcanic fragments. 

Thse are essentially clast-supported breccia wi th much less metaarnatim than shown by r r m t  
rocks i n  this sample suite. However, much of the mr.% specularite is  concentrated between the 
fragments reilecting solution movement and either i ron introduction or midation of some pre-existing 
iron. There are only ra re  small clumps of specularite crystals !hat look l ike they may have replaced a 
precurssor i ron mineral such as pyrrhdi te.  

There are a number of round 0.2- 0.5 mm fr.agrnents of opaques. While amounts v w y  they typical- 
ly mntain 50-60 % chalcopyrite, 15-20 % pyr i te and abogt 10 % wch xzondary c h a l w ~ i t e  and 
cuprite, and 5 % malachite. Again, i f  this i s  a diatreme as may be suggested by the round fragment 
shapes, these sulphide fragments may have tjeen transporkd quite a w q  from their original site of 
&p~sitictn. 



PTS: B8989 Brecciated, K-metasomatized Argillaceous Siltstone & Trachyte 

Specimen D e x r  iDtion: 

Drill chips up to 6 mm size mounted i n  epoxy. There is  one red, hematitic chip, about three quartz 
crystal chips and the rest are fine grained rock wi th variable K-staining from 20- 100 %. 

Mineralow: 

Quartz 37. % Car boriate 15. % Specular i te 2. % 
K- Feldspar ( adular ia) 45 Tourmaline 10.5 Pyr i te 0.4 
Plagioclase 0.1 Montmorillonite( ?) 0.1 Chalcopyrite 0.1 

Chalmi te 0.1 

Among the crystal chips are various piecxs of quartz, sparse K-feldspar and one complete subhedral 
0 1 2 x 0.2 rnm crystal of pyroxene. Chips of coarse carbonate crystals are common and one has fine 
grained laminated carbonate i n  contact with quartz crystals. 

Chips of very fine grained K-feldspar are cmmon. They may contain a few percent disseminated 
carbonate and up to 4 W diseminated specular-ite. Feldspar phenocrysts are small snd rare. These are 
interpreted as trachytic volcanic chips, but they could be some other fine grained rock completely 
metawmatized by K-feldspar. This rock is  a breccia as occasionally these trachyte fragments occur- i n  
compound chips together with matr ix enriched i n  specularite and quartz, as in JA 34-92 and other- 
breccia 

Chips wrrrposed of about equal amounts of q u w b  and K-feldspar wi th a few percent carbonate are 
relatively commune and interpreted as altered xdiinents. There really i s  a great variety af chlps, Sut 
the largest and probably the most common have K-feldspar and quartz in about 2: 1 ratio, 15-30 53 
tmbonate. 11 % tourmaline, sparse p l a g i ~ l m  and microcline plus 3-6 % specularite that i s  both 
well crystllized i n  plates or blades and as fine dust rendering parts of a chip almost opaque to trans- 
mitted light. These are interpreted as alter& clastic sediment chips. There i s  only occasional appear- 
ance of a r i ch  brown mineral wi th  radiating fib: ous habit, nonpleochroic - it i s  called montmoril- 
lonite( ?) for lack of a better name. I t  forms as an open space f i l l i n g  One expects some sericite and 
chlorite i n  such a ruck, but none i s  readily visible. 

Sulpt~ide m u r s  m chips also i n  sizes up !Q an 0.6 mm rounded cube of pyr i te wi th chalmpyri!e 
along orte edge. Smaller pyr i te euhedral gr sin;: included i n  breccia i r q n e n i s  are veined and r e p l a ~ d  
by chalmite. Less commonly, chalcopypi!e ye&-inates over pyr i te in  a fragment. Specslsri:? 
grains disseminated throughout the chips are g e w r d l y  less than 1 0 x 50 .u.m size but rarely attain 
0.15 x 0.4 ITIF, 5 1 ~ .  

Some chips are compound irdicaiiny the or igirral roc;!; was a br =cia sim i iar  to man;, others ir! ?his 
suite of specimens. The majority of chips are interpreted as derived from clastic sediments w i t h  
extensive K-fel&psr rnetasomatisrr: and I e v r  wrbomte, surprisingly with no chlorite nT serici!.?. 
Almost as abundant are very fine grained chips of almost pure K-feidspar which rare ly  are weakly 
po: phyritii; 3rd are interpreted .as trachyte. Mher principal chips are quartz and wrbclnaie crystals 
and a small am~un t  of sulphide both as separaie chips and included i n  larger rock chips. These show 
pyr i te  being replaced by supergene ch6 ia i t e .  They are unaffected by recrstallization ardior 
metasomatism of a l l  other i ron to spe:u?a-ite. 



PTS: 88995 Chloritized Trechyte Mineralized with Chalcopyrite, etc. 

D r i l l  chips up to 6 mrn size mounted i n  epoxy. The chips are fa i r l y  uniform, fine grained rock w i th  
30-50 % K-staining. There are a few quarb crystal chips and a few small sulphide chips. 

M i ner a loa :  

Quart; 5. % Chalcopyrite 3. % Specular i te 0.5% 
K-Fel&par (addlaria) 44 Rutile/leumxene 2 Chatmite 0.4 
Chlorite (antigorite?) 39 Pyr r t t d i  te tr Cuprite 0.2 
Carbonate 6 Pyr i te 0.1 Arsenopyrite( ?) LO. 1 

The chips are mostly trachyte with the very distinctive fine lath-shaped K-feldspars predominant. 
However they also mntain 30- 60 Zg intergranular chlorite that clearly has altered frnm an original 
ferromagnesian mineral, presumably titaniferoiis pyroxene. This chlorite i s  pale green, very low 
bireiringence, and i s  probably a serpentine variety of chlorite such antigorite. The rcck must alsc 
contain some segregated patches of this chlorite, as i t also forms monomineralic chips up to 1 mm. In 
addition these trachyte chips contain 1-5 X i r req i la r  masses of rutilefleucoxene material derived 
from sphene and usually a few percent but rare ly  up to 50 W of disseminate euhedral carbonate 
rhornbs that are interpreted as siderite as t h w  are a l l  altering to limonite around the edges. 

One chip i s  a composite of siltstone i n  sharp wntact with a very fine claystone and one b i t  of m r s e  

1 
quartz crystal. The chip i s  considerably metmmatised by both very fine carbonate and by chlorite. A 
few other chips are similar to the finer grained part of the above chip. Another unusual rounded, 1.8 
mm chip consists of a quartz mosaic, not the coarse single crystal type of quartz! as found el.jewhere ir, 
the slide. I t  i s  extensively embayed by chlorite around the edges. In  addition to the few quartz crystal 
chips, m r s e  crystall ine carbonate chips are relatively common. Occasionally they contain quare  and 
specular i te  inclusions. 

Chalcopyrite occurs i n  chips and the largest 2 rnm grain i s  enclosed i n  m r s e  carbonate wi th in a 
2.5 mrn vein i n  trachyte. Chalcopyrite also m u r s  r ight  i n  the altered trachyte chips and m s i o n a l l y  
i s  altered to cha lm i te  and lesser wl loform cuprite. Sparse subhedral 1 0- 80 p m  pyr i te inclusions 
occur i n  chalcopyrite and are occasionally replaced by chalcocite. The ru t i l e  and related alteration 
products of sphene show up as irregular 20 gm grains throughout the trachyte chips. One rounded 0.1 
mm chip looks l ike an arsenide mineral such as arsenopyrit, but I can't make a definitive identifica- 
tion. Specularite as clusters of bladed grains form chips up to 1 mm and rare ly retain a 5 urn 
inclusion of unreplaced pyrrhotite. 

Conclusions: 

The few chips of altered s i l ty  claystone probably represent down- the- hole contamination. The 
main rock type i s  nonporphyritic trachyte. The characteristic K-feldspar laths are relatively fresh 
but there i s  30-60 % chlorite presumably derived from alteration of pyroxene. It i s  pale green and 
appears to be a serpentine chlorite variety such as antigorite. An original sphene content of 1-5 % i s  
altered to ru t i le  and other products. Replacement si&r i te rhombs are usually 1-2 % but locally are 
up to 50 %. Coarse carbonate, probably dolomite, and some quartz m u r  in the rock as veins or 

:a irregular clots. Mineralization consists mainly of chalcopyrite that may be entirely enclosed i n  the 
coarse carbonate or as replacements i n  the trachyte. It contains sparse pyr i te inclusions that are 
par t ly  replaced by chalcocite. There i s  also specularitization of apparently precussor pyrrhotite. 
Parts of the chalcopyrite are replaced by supergene chalcocite, cuprite and there are tram of 
limonite and malachite. 



PTS: B9 166 Vein Quartz & Highly Chloritized Possible Trachyte with Chalcopyrite 

, -- 
S~ccirnm Oexr lotion: 

D r i l l  chips up to 4 mm size mounted i n  epoxy. White quartz comprises at least 50 Sg of the chips. 
On the remainder K-staining affects 0- 100 4% of various chips, averaging 10- 15 %. 1 here i s  one 
2-3 mm pyri te chip (not shown i n  the PTS) and 2-3 % fine sulphide chips, mostly chalcopyrite. 

Quartz 50 .X  Chalcopyrite 3. % Specular i te 0.5% 
K -  Feldspar (adularia) 15 Rutile/leucoxene 2 Cha lmi te  0 .2  
Chlorite (antigorite?) 25 Pyr r hotite tr Cuprite 0 .4  
Carbonate 0.5 Pyr i te 0.1 Goethite 0.2 
il i i te/sericite 2 Biotite 0.1 

Most quartz chips are of m r s e ,  unstrained crystal, but several chips up to 4 mm hwe mu!iipie 
grains of qi iart i  ilia: may be highly strained, perhaps showing two stages of quartz inirduct ion. 
kcasionaliy these chips contain major amounts of vein-like chlorite. Quartz also murs as rounckied 
20 -50  urn grains that appear to be a siltstone wi th 4 0  IF chlorite matr ix. Other chips mntcsin 
angular quartz grains up to 0.2 mm and some K-feldspar that may represent a microbreccia rim se: ir i  
a matrix of about 50 '8 chlorite plus minor vein chlorite, so the original rock texture i s  a b i t  masi:.ed. 
The latter chips contain 2-5 % very fine sericite or i l l i te .  

Other chips are almost entirely fine K-feldspar wi th 10-25% chlorite, a trace of biotite and 2-3 
% ol  re l ic t  rut i le ,  etc;. alter sphene. In some fain! re l i c t  texture i n d i c a t ~  altered and ref inst i -  

) t u t d  trachyte, but athers are just an irregular mosaic of K-feldspar wi th fringing q u a r t  of un&ter- 
mifled o r ig i r~ .  

Rounded and angtllar chips of the pale green, probably serpentine-type chlorite are common, or it 
may be attached to K-spar r i ch  chips. These are unlike veins but may be c w i t y  f i l l ings or massive 
replacements. Occasionally there i s  minor replacement of chlorite by biotite. Occasionally such chips 
are more than half replaced by very fine sericite or i l l i te .  

Chalcopyrite occurs as chips mostly ~ 0 . 5  mm. It is usually monomineraiic m i o n a l l y  is laced 
with 230 pm veinlets of colloform cuprite. There are occasional i rregular patches up to 0.4 mrrt 
consisting of about 30 W cuprite, 45-70 W goethite, 0-20 % chalcocite and 15 S6 malachite wi th o r  
without remnant cores of chalcopyrite. There are a few pyr i te chips up to 0.3 mm that may be pure or. 
are under major replacement by chalcocite. 

One chip had probably re l ic t  siltstone texture and others possible microbreccia of quartz and K- 
feldspar. Most of the chips are highly K-feldspar metammetized rock wi th major chlorite al!eration. 
some assx ia id  vein or.replacement quart- a id  minor ser icite. A ser pentinous type of chlor i te oi vein 
or replacement origin i s  the major constituent of many chips. It i s  estimated that the rcck dri l led my 
have beer1 mostly trachyte that i s  highly metsomatised wi th chlorite, K-feldspar and vein-type ql~artz. 
Most mineralization is  chalcopyrite, a small part of which i s  replaced by supergene cuprite. chalm- 
cite and some limonite + malachite. Rutile and related breakdown produds of presumed sphene i n  

%) 
trachyte i s  also wmmon. Pyr i te i s  much less common and i s  part ial ly rep lcad by supergene 
c t~a l~m i te .  



PTS: 89202 Altered Siltstone & Claystone with Chalcopyrite tlineralization 

) Soecimen Descr i~t ion:  

D r i l l  chips up to 4 mm size mounted i n  epoxy. There are about 20-25 W each of sulphide chips and 
of white quartz chips. Most other chips are very fine grained ranging in wlour from l ight grey to dark 
red, and K-stain varying from none on many chips, through 10- 1 5 % on several, and completely K -  
stained on about 1 O % of the chips. The PTS contains about t 5 % sulphide, almost a l l  chalcopyrite as 
discrete chips and occasiona!ly occurring as a vein cutting a rock chip. 

Mineralow: 

Quartz 35. W Chalcopyrite 15. W Specular i te 1 .  W 
K-Feldspar (adularia) 25 Pyr i te tr Chalmi te & digenite 1 
Chlorite 5 P y r r  hoti te tr Cove11 i te 0.3 
Carbonate ( siderite? 1 5 Montmorillonite(?) 0.5 Cuprite 0.1 
Il l l te/sericite 2 

1 he majority of chips ore  siltstone wi th closely packed 25-80 pm clastic quartz grains wi th 20- 
25 SS metasornatic K-feldspar. occurring as a matrix. There is  minor b&ing and occasional complete 
chips of f iner s i l ty  claystone. This has less quartz, 50 -75  % K-feldspar , about 5 % each of i l l i te /  
sericite and chlorite, and 2-3 56 of specularite. Others have 2 15 W each of i l l i t e  and sericite. There 
i s  a spectrum of sedimentary chips to a few that are totally opaque due probably to finely divided 
carbon. One of the more highly altered silts!one: chips hss a 0.25 mln vein along one: edge of unusual 
yellowish or golden brown fibrous mineral interpreted as a ferruginous clay such as montmorillonite 

1 
A few fragments ar? fine g ra ind  K-feldspar with 5- 15 W each of chlorite and specularite a r r w g -  

ei i n  cru& curved Smds. This i s  prob-ab:y a variety of trachyte withau! the char3cteristic li: :'e',2- 
spar laths which has flow banding - perhaps or?gina!!y i t  was a glassy rock? 

Coarse crystalline quai-2 and carbonate c h i ~ s  are common and occasionally m u r  wi th sulphide i n  
the same chip. Some carbonate chips have peripheral limonite alieration suggesting siderite. 

As no:& above, c!ia?ap.).r ile c f . i p  ?re ?3:in63n! anif mos?l\; free 05 inclusions or veining. Son? are 
cut by composite supergene veinlets up to 50 pm wide of cha lmi te  + digmite wi th s e l v m  of 
covellite. Rarely these supergene sulphides ciccui- as patches up to 0.25 mm i n  chalcopyrite. Also 
separate small chips of bo!h chalcocite and of cuprite are observed m i o n a l l y .  Specularite occurs i i :  
some chips but not all,  and i s  much less abundant than other rocks. A trace of pyrrhotite persists as 
cores i n  some grains. 

The rock chips are mostly siltstone and finer sediments that are occasionally clouded by carbon. 
Crys!sl fragments of quartz and carbonate, probably siderite, are a l s ~  abundant. There are sparse 
chips interpretEd as altered trachyte. They are without the characteristic K-feldspar lath-shaped 
crystals and have curved banding possibly indicating a glassy flow rock. 

Chalcopyrite chlps are abundant indicat~ng a lot of mineralization i n  the dri l led rock. There are 

(j only traces of pyr i te  and pyrrhotite, the latter having been mostly replaced by specularite at the 
metasornatic stage. Potassium metasomatism i s  variable with adulx ia and some Il l i te/sericite i n  
amounts varying greatly from chip to chip, plus chlorite alteration. There i s  some supergene altera- 
tion of chalcopyrite to composite colloform veinlets of chalacite, digenite, cwel l i te  and minor cupri te 



PTS 89203 S i l t y  Claystone & Carbonate Rock plus Vein Siderite,  
Quartz h Chalcopyrite 

I 

5p~: : lmen Descr 1pt.m 

Or i l l  chips up to 4 mm size mounted i n  epoxy. Very fine grained, l ight to dark grey, bedded sedi- 
mentary rock chips predominate. Most have l i t t le  or no K-staining but a half dozen are €10-80 W 
stained. There i s  about 10 % of white quartz chips and another 15 % of red quark. There i s  ; l % 
sulphide chips. 

Quartz $0. ';" 
,% Chalspyr it; 1.  W i%aiachite 0.1% 

K-FelGspar (adillaria) 6 Pyri te 0. 1 Chalcx! te 0. ! 
Chlorite 12 Rutile 0.3 Ckxthite (0. 1 
Carbonate ( siderite?) 40 Cuprite <<O. 1 Limonite 0.2 

7' r tiere must be some down- h i e  mixing, as this sample is  quite hetercger~mus. The chips are appra- 
1 Ili,V.i.. - \ i j ~ + ' y  45 ,% altered s i l t y  claystone, 5 X altered t m h y t e ,  1 0 S quartz crystal, 1 5 3 carbonate 
c r y ~ t a i ,  and 25 % finer grained carbonate rock. The Ia?ter chips are composed mosily of i rregular 
0.32-0.1 mm grains of carbonate with or without up to 10 % quartz and m s i o n a l l y  a l i t t le  dark 
dusting of possible carbon. These chips appear to represent crystalline limestone or dolostone, and are 
the i ~ r s t  evidence of any carbonate rocks i n  the suite. 

The fine grained clastic sediment chips are similar to those i n  many previous samples with var i -  
able amounts of silt-sired quartz grains i n  finer matrix and m s i o n a l l y  dxkened with minor pre- 

1 

I sumed carbon. The fine matrix is not well resolved. It appears to contain major chlorite wi th or 
without carbonate that almost forms a gradaiion to the carbonate rock i n  a few chips. 

The crystal chips are interpreted as broken vein or segregation type quark  and carbonate. A few of 
the carbonate grains have prominent limonite slteration which i s  usually diagnostic o i  siderite. 

The interpreted trachyte chips are mostly fine grained K-feldspar wi th some chlorite alteration 
and bits of r utileileumxene after presumed sphene. 

Most chalcopyrite chips are small but one i s  1 x 3 mm. Many are relatively pure chalcopyrite, 
while others have irregular 50 pm veinlets of goethite and limonite usually wi th a selvages and 
inclusions of malachite. This supergene alteration i s  br ight orange colour as opposed to the red of 
cuprite which occurs i n  minor amount elsewhere i n  the section. I t  may comprise entire chips as 
shown i n  the photo where the limonite i s  about 20 % goethite and 80 W limonite. Sparse chalcopyrite 
chips have 25 pm partial r ims  of chalcccite which i n  tu rn  has a narrcw l immi te  rirc. T h n  are 
sparse specks of pyri te disseminated i n  some sediment chips, one rounded 50 pm chip of pyri te, and a 
60 urn subhedral grain with a cha lmi te  r im.  In one chip, t iny pyr i te grains are included i n  a highly 
limonitized siderite grain. 

Aitered s i l ty  claystcrr~e chips are the most common, but for the f i r s t  time, there are alsa chips 
interpreted as carbonate rock. Altered trachyte comprises only about 5 % of the chips. Quartz and 

\ 
*-: J 

siderite crystal chips are also common plus about i % of chalcopyrite chips. These plus minor pyr i te 
have undergone limited chalcocite alteration and a trace of cuprite plus more common goethite, 
limonite and malachite alteration. 



PTS: 89206 Metasomatized and Hineralized Siltstone & Claystone 

,; S~ec imen Descr i ~ ?  ion: 

D r i l l  chips up to 4 mm size mounted i n  epoxy. A few of the ve ry  f ine grained chips are l ight grey, 
however most have 25-75 % K-staining. There i s  about 1 % sulphide chips. 

Minera low:  

Quartz 45. % Ser i c i  te 1 .  % Cuprite 1.55 
K- Feldspar (adularia) 30 Biot i te 0.3 Covellite 0. ! 
Plagioclase (albite?) < 1 Chalcopyrite 1.5 Malachite 0.5 
Chlor i te 15 Pyr i te  0. : @:hi te G. 1 
Carbonate (side+t??) 2 Chalcoci te 0.5 Limonite 0. ! 

Almost a l l  chips are siltstone or  f iner claystone w i th  and withoc? variable amounts of si l t-sized 
quartz grains. The finest grained portions are var iably replaced by K-  feldspar, lesser chlor i te;  and 
occasionally patches of limonitizecj carbonate, probably siderite. Some chips h w e  minor  metamnai ic  
plagioclase, prohably albite, in  addition to K-feidspar and sil icif ication. Some chips are 50 X i(- 

feldspar, whi le  others w e  69-75 53 chlor i te wit-h only the larger quartz clasts remaining. i:i some 
the ch lor i te  i s  par t l y  replaced by biot i te that i s  par t l y  of clay grain size so i t  may be montinoril im- 
i t e i  ?) Chlor i te may also form ra re  radiating bundles, also par t ia l l y  biot-itized. 

There i s  11 % quartz crystal  chips and i t  % carbonate crystal  chips. There i s  also 15 W of ve r y  
smal l  t rachyte chips. 

Chalcopyrite chips are usually fresh, but some show major replacement b y  chalcocite and by  
/ 

cupr i te  and radiating malachite crystals at a distance, suggesting that the latter two supergene aitera- 
:ions supercde the ear l ier chalcocite replacement. Probably digenite i s  also as-aiated w i t h  the 
chalcocite as wel l  as ve ry  narrow fringes of covellite. As i n  89203, sparse subhedral py r i t e  grains 
up to 0.1 mm are par t ia l ly  r e p l a c d  by  chalnxite. Large cupr i te  areas have a 2 p m  gwth i te  r i m  w i t h  
diffuse l imonite in  the surrounding rock. 

Conclusions: 

Aside f rom a few percent of ve ry  small trachyte chips that may represent down- hole contamination 
altered siltstone and s i l t y  claystone chips predominate. Some show major adularia replacernen!, whi le  
others are highly chloritized. There i s  even some si l ic i f icat ion an:! minor albitization. Miner quartz 
and carbonate crystal  chips may also be contamination or  r e f l e d  minor veins. 

Chalcopyrite and i t s  supergene products cha lm i te ,  cupr i te  and malachite are much more common 
than i n  other samples. 



PTS: 892 13 fletasomatized Siltstone with Vein Quartz, Carbonate & Chalcopyrite 

D r i l l  chips up to 3 mm size mounted i n  epoxy. Most o i  these rather small grey chips are un i form 
and f ine grained w i t h  10- 35 % K-staining. There i s  11 0 % l ight  grey, nonstained chips and 2 10 % 
of dark red, ferruginous chips. There i s  about 7 % sulphide chips. 

Mineralow: 

Quartz 50. % Ser i c i  te 1.5 X Cuprite 4 I . L ~ I ~  I=C6 

K-Feldspar (adularia) 3 1 Montmori l loni tei  '?) 0.7 Specular i te  2.5 
Carbonate ( siderite? 1 2 Chalcopyrite 7 Malachite 0.8 
Chlorite ? Py r i t e  0.5 Chalcocite 1.5 

Most of the chips are a mosaic of 50- I00 prn quartz grains w i t h  20-40 % of metammatic K-feld- 
spar iri betwee? The quartz  rains have grown an3 resha@ due to z i l i c i i im t ion  so the origina? 
presumed clastic texture ir lost-. A small proport ion of these chips s t i l l  preserve a fine subsi l t  size of 
particles. These f iner grained chips may have about 5 S seric i te and may be almost opaque d w  to a 
dusting of possible carbon. They also have a highly variable specularit-e content from 1 to 7 W. Whi le  
chlor i te i s  absent i n  almost a i l  chips, there is orte large and t! couple t i n y  altered sediment chips w i t h  
about 15 % quartz c!as!s ii; a foliated mat r i x  of ve ry  fme chlori!? and about 50 % of brown, possibty 
montmoril ionite. 

Coarse quartz crystal  chips comprise about 10 S of the slide and carbonate 12 X .  There i s  a r a r e  
tourmaline crystal  up to 8.1 rnm long em bedded in  the altered sei-limen! clasts. 

j 
Chalcopyrite occupies chips up t ~ ?  2 mrr: mi! ~ s y  c~~~?z : I !  ve ry  few rounl&d py r i t e  cubes i50 9.m. 

The latter are often par t ia l ly  or completely re;,laced by chalcacite. Chdccciie 8 1 s  io rms  compcsi'le 
vein!ets w l th  cupri te that cr iss  cross cha1copy"ite arir! ma), have a malchite core. Some chalmpyri:? 
chips are exi.er!sively replcced by these three sur?eryr!e minerais. Whi le  most of the sulphicki  OXN 

as free chips, ra re ly  they occur w i th  coarse qliartz as a par t ia l  vein in  a rock chip. 



T S :  892 14 Diorite, Chloritized and Carbonatized with Vein-type Chalcopyrite 

D r i l l  chips up to 3 mm size mounted in  epoxy. T-lost of these rather small chips are grey or b lu ish 
grey, unifnr m and f ine grained wit? a few percent K-statning i:! onty one chip. There i s  5-7 % each cf 
quartz crystal  chips and sulphiclf chips. 

Qcartz 5. % Ser ic i te / i l? i te  I .  A> cF Specular i te  1 .  % 
P la@oclase ( A n  4 o r  36) 45 Chlorite 2 5 Rllt.i!e 1.5 
K -  Feldspar (adularia) i Chalcopyrite 6 Cupr i t z  0.3 
Car bctnate ( siderite?) 1 3 Pyr i te  0.6 Cha lm i t e  0.2 

Malachite <O. 1 

Most chips contain coarse plagicrclase i n  0.3-C.8 r +\iri I-&'- clrii> - of p res i lmd  andesine compwitiori. Also 
these chips contain 2 0 - 4 0  X pale green chlorite, or carbonate - usually not both, but some chips 
nave both. There may elso be a few perceni of i r regular  oxides which w e  probebly sphene or  r u t i l e  
and other breakdown products. There appears to be no p r ima ry  quartz i n  these chips. Whi le  polysyn- 
thetic twinning predominates i n  the feldspar, one c h i p  hed a ?c! of Carlsbad twinning, so th is  may be e 
st ray chip w i th  some orthoclase. 

Also relat ively mmmon are rounded chips up to 2.5 mrn of mostly pale green chlorite, often w i t h  
penii ini ie extinction. Some of thes c ~ n t a i n  5- 15 % of fine seric i te or i l l i t e  and also some re l i c t  

/ sphere These chips are intenpreted to derive from large rnafic crystals, p ~ s i  b!y phenovysts, of 
~ o m e i t i r q  i i ke  t i taniferaus pyroxene. 

Quartz does m u r  i n  the sample, often as I n i e rg rm ths  w i th  some of the large chlor i te patches, z r  
as separate i rregular grains. Carbonate crystal  fragments are common. One unusual rock chip has 
quartz and c h r o r i t ~  distributed i:; a p a t t ~ r r t  siiggestive of trachyte in  which the K-fe!&par has a? See? 
re9laced hy q~~ar tz .  This mzy reflect s m e  rock type higher in  the hole. 

Fy: i te  occurs as a few chips up t:? 0.5 mrn w i th  oniy m i l e  chalsa i te  alteration. kcasiona! roundei! 
masses of chalcmite up to 0.25 rnm sre ir;!erpre?ed as total ly replaced py r i t e  sites. Chalcopyrite 
chips a re  usiiaily (0 .6  n;m S G ?  occasiorialiy up tu  1 x 4 m n .  They are generally fresh but may show 
up to severs! perce?! :.':pergene veinkt: of cupri te w i th  minor chalcrxite and malachite. 

Specalarite forms grains up 0.3 mrn w%ch are irregular, as are ?he smaller grains, atypical of 
specularite i n  th is  suite of rocks. I t  i s  possible that some of these specularite patches are derived by  
the breakdown of original magnetite. By  contrast, r u t i l e  often shows well-formed pr isms up to 0. I 
mm long. It also occurs as ve ry  i r regular,  sponge-like masses up to 0.3 mm accross in areas of 
ch lor i te ,  where i t  represents the residual breakdown product of t i tanium i n  the precurssor mineral ,  
whether as T i  i n  pyroxene or sphene? 

Conclusions: 

This i s  a plutonic rock of dior i te composition probably without p r ima ry  quartz or  fel&pathoids. 

'J A l l  mafic minerals are altered to chlor i te and/or carbonate w i th  minor ser ic i te/ i l l i te.  Possible 
magnetite i s  now a l l  specularite and titanium in pyroxene or  sphene is now a l l  ru t i le .  Crystal chips of 
quartz and carbonate indicate vein mineralization w i th  6- 7 56 chalcopyrite and minor pyr i te.  There 
is  l im i ted  supergene alteration to cupri te and chalcocite. 



PTS: 89244 Highly Silicified b Chloritized Possible Andesite with Chalcopyrite 
--. 

I 
I SDecimen DescriDtion: 

D r i l l  chips up to 3 mm size mounted i n  epoxy. Most of these rather small chips are grey or bluish 
grey, uniform and fine grained wi th no K-staining. There are about 3 % sulphide chips. 

Mineralow: 

Quar !z 40. % Carbonate (siderite?) 2. W Specularite 2. X 
Plagioclase (An 5 or 34) 15 Chalcopyrite 3 Rutile 0. ? 
Chlor i t k  3 0 Cuprite 0.2 Chalcocite t r  

tlagneti te( '?) t r Cove1 li te (0.1 

Many chips are mosaics of 40- 100 pm quartz grains, sometimes wi th a few percent matr ix car- 
bonate, and termed quartzite as a descriptive name. Some chips also wntain plagioclase as irregular-, 
indistinct grains which may comprise up to 60 % as a sort of matr ix for the quartz grains, or more 
commonly as an irregular 0.3 mm patch of plagioclase grains enclosed i n  a quartzite chip. The p l g i o -  
clase is  somewha: clouded bl;t not otherwfse altered. The distribution and clouded nature are suggest- 
ive of 6n original rock. composea essentially of fine grained plagioclase, bui  some of the occur r e n m  
wi th metasomatic quartz appear to be introduced. 

Pale green chlorite, often i n  radiating bundles, occ.urs: through a l l  chips andassociated wi th a l l  ths 
other minerals. I t  i s  clearly metasomatic h i  i s  probably at least part ly a replacement of some 
precurssor mafic minerals. Limited carbonate may occur i n  chlorite areas or as polycrystalline 

\ 
i aggregates up to 1 mrn with some limonite alteration suggestive of siderite. 

Mostly chalcopyrite occurs as discrete chips, but i t  i s  also intergrown wi th the metasorna!ized ruck 
chips. Some rxk chips contain up to 15 % of irregular to rounded 10- 100 p m  grains of spezularite. 
These also occur as inclusicnc, in some chalcopyrite areas as daes quartz and occasional radiating 
bundles of chlorite. This indicates tha: the oxidizing metasomatic p r o m s  was earlier than the intro- 
duction of chalcopyrite. A trace of possible magnetite remains as inciusions i n  a couple grains of 
specularite. Supergene alteration i s  usually minor but may be up to  50 % of a chip and consists of 
cuprite wi th or without a fringe of covellite but l i t t le  or no cha lm i te  or malachite. 

Although there i s  no K-metasmatism, the rocks have suffered strong silicificat.ion, chlor iiization, 
and mitior car bonatization plus the introduction of a few perce.nt chalcopyrite. The dis!ributiori of 
plagicclase i n  the chips is  partly consistent wi th a metasomatic origin, but a tendency to mur as 
clusters of grains is  interpreted as remnants of some precurssor rock of possibly andesitic compxi-  
tion. 

Because chalcopyrite usually occurs i n  monomineralic chips, i t  must occur in the rock as re lat~ve- 
ly coarse, vein-like masses. Supergene alteration i s  almost exclusively cuprite wi th a l i t t l e  covellite 
and i s  usually minor but i s  locally up to 50 W of a chip. There i s  no pyrite. Textural evidence 
indicates chalcopyrite introduction was after the main metasomatic conversion of a l l  i ron to specular- 
i te  and the extensive chloritization. There i s  tentative evidence that the precurssor i ron mineral was 

*k> 

magnetite. 



PTS: B 1 1 1 55 Quartz-K-Feldspar-Carbonate tletsomat ized Rock with Chalcopyrite 

D r i l l  chips up to  6 mm size mounted i n  epoxy. Almost a l l  the chips are uni form, f ine grained and 
w i t h  50-75 % K-staining that masks other featurec, of the chips. There are about 2 % sulphide chips. 

Quartz 40. % Carbonate ( siderite?) 1 0. Sg Chalcocite 0.4% 
K-feldspar (adularia) 40 Chalcopyrite 3 Cuprite (0.1 
P lagioclase (0.5 Tor~rmal ine 0.2 Rut i le (0. I 
Chbr i t e  5 F y r  i te 0.4 

inspite of apparent un i fo rm i ty  i n  the off-cut, the chips are quite variable. There i s  a mmplete 
grai;a!ion f rom chips that are alrnos! 1 OC % very  f ine grained K-feldspar through increasing amounts 
of quartz to almost 100 % of quartz grains of 50-80 urn size. There are occasional plagioclase grains 
and some chips have up to 20 W carbonate i n  i r regu la r  patches. These minerals are a l l  c lear ly  
metasomatic as i s  chlorite. Although most chips have no chlorite, i t  occasionally m u r s  as i r regular  
patches up to 0.4 mm often showing ti laminar o r  f ibrous texture w i th  curved fibres. Often i t  in te r -  
laminated w i th  a colorless mineral  that appears to be another var iety of chlorite. Sparse brown 
tourmal ine occurs i n  grains up to 50 pm. 

There are a few percent of quartz crystal  chips and more of carbonate crystal  chips, some of which 
are considerably altered by  l imonite indicating probably siderite. 

Chalcopyrite chips are either fresh or part ia! ly altered w i th  10 p~ v e i ~ k t s  and r i m s  of cha lm i?e .  
Cupri te also occurs but orily rare ly .  Py r i t e  grains occasionally up to 75 pm but mostly less than 3C! 
urn may be fresh but are mostly par t ia l jy  to almost completely r e p l a d  by  supergene chslcocite. 
Rut i le  grains are also ve r y  sparse and specularite i s  absent. 

The rock chips are compleieiy metasomatized by  si l ica, adularia, siderite and chlor i te w i t h  no 
evidence as to the natlrre of the or icjins? rock. The rock i s  also unusual i n  that i t  escaped the oxidirinc: 
phase of meCasoma!ism, o r  at less1 there i s  no specularite. There i s  minor. r u t i l e  reflecting only s 
smal l  t i tanium content, so the p rex r sso r  rock was probably a sediment rather than t r x h y t e  or other 
igneou: rocks. As i n  marly rocks of th is  suite, minor  boron seems to accompany majx- potasslim 
metasomatism. The i r on  content i s  surpr is ing ly  low i n  th i s  rock. 

Chalcopyrite usua!ly occurs i n  moncmineratic chips, 3 number of which are par t ia l ly  replac.& by 
chalcocite and very  minor cuprite. The minor mntent of smali py r i te  gi-siris show more ext.ensive 
chalcocite p r  eplacernen!. 





89035 Specularite-rich 2 mm bed in jasperoid or clay ironstone cut by a quartz vein that mayl be 
a remobilized chert? Reflected light, width of field 3 mm. 

86s- 12-92 A portion of a chert bed that is unusuatty enriched in tourmaline of probably 
exhditive origin. The grains ere i 1 0 Urn diameter. Transmitted tight, width of field i mm. 



8C-39-92 Lath-shaped K-feldspar (sanicfine?) often with chlorite alteration along the axial twin 
plane; specularite after magmatic mqnetite at left, md circles at right are interprettiti re1 ic t  
pyroxenes with specularite r ims andchlorite cores. Reflected and transmitted light, width of 
field t mm. 

03-3-92 Trachyte porphyry with sanidine phenocrysts at left, chlorite after pyroxene ( r igM) 
and introduced quartz (top); feldspar cloudiness due to week clg/ dteration; small white grains 
are specularite. Reflected and transmitted light, width of f ie ld 3 mm. 



6C-40-92 I)abbro with magmatic magnetite f left) bwtring hematite and spinel/hercynite emlu- 
tions, chlorite after olivine (right), augite crystals at top, three small pyrite grains, and the 
rest of the view is illitited ptapioclase laths i n  chlorite matrix. Reflectid and transmitted light, 
width of field 3 mm. 

8S- 12-92 Cuprite (red) surrounding chalcopyrite C bleck) i n  a coarse quartz-siderite(?) vein 
area of a chert specimen. There is selective replacement of the carbonate by limonite along twin 
tmellae. Transmitted light, field of view 3 mm. 



BS- 19-92 Colioform cuprite around small core of chalcopyrite ( black) with malachite ( left) in a 
breccia d quartz and siderite. Transmitted light, width of field t mm. 

89202 Vein-type chalmpyrite cut by supergene veinlets of chalmite and digenite fringed by 
cwel l i te in contact with altered, slightly limonitized siltstone. Orey crystals in chdcopyr ite 
are quartz. Transmitted and reflected light, width of field 1 mm. 



09203 A chip of goethite, limonite and malachite is an alteration of chalcopyrite as seen elsewhere 
in the slide; a chip of alteredclastic sediment at top. Transmitted light, width of field 1 mm. 

8921 3 Chalcopyrite bearing cuprite veinlets with cha lmi te  cores and malchlte a! upper left, 
pyr i te cubes ere partially or completely replaced by chatcoclte (around chip IS epoxy) 
Transmitted and reflected light, width of field 1 mrn. 



APPENDIX 11 

LAB ANALYSIS SHEETS 

FOR THE 

ROCK GEOCHEMICAL SURVEY 



SAMPLE 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProiecWenture: V8 10 Geol : G SHEVCHENKO Date Received: JULY 27, 1992 Page 1 of 2 . - 
Arm: BLACKSTONE 116814 Lab Project Na : E459  Date Completed: AUGUST25. 1992 A& G SHWCHENKO 
Remarks: 
Au - 10.0 g sample digested with Aqua Regh and determined by Giaphite Furnace k A  (D.L 1 PPB) 
ICP - 0.5 g sample digested with 4 ml Aqm Regh at 100 Deg C for 2 hours. 
N.R The major oxide elements Ba. Be, Cr. La and W are tarely dissolved completely with thisacid dissolution method 

J KOWALCHUK 



SAMPLE 
Na 

88997 
09 162 
09163 
09 164 
09165 

89166 
89 167 
89168 
B92 16 
B9216. 

B92 17 
B92 18 
092 19 
BSZLO 
89221 

09222 
89223 
88224 
88225 
89225. 

39244 
39245 
311126 
311127 
31 1128 

311129 
311151 
311 152 
311153 
STD-SPK-PI 

311154 
311155 
31 1156 
31 1157 
311158 

311159 
311160 
311161 
311162 
311162. 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProjecWenture: V8 10 Ged: G SHEVCHENKO 
Area : BLACKSTONE 116814 lab Project Na : m459 
Remarks: 
Au - 10.0 g sample digested with Aqm Regs and determined by Gmphite Furnace k A  (D.L 1 PPB) 
ICP - 0.5 g sample digested with 4 ml Aqm Regia at 100 Deg C for 2 hour& 
N.B. The major oxide elemerRs, Ba, Be, Cr, la and W are rarely dissolved completely with thiiacid dissolution method 

Date Received: JULY 27. 1992 k g e  2 of 2 
Date Completed: AUGUST25. 1992 Ann: G SHEVCHENKO 

J KOWALCHUK 
E KIMURA 



SAMPLE 
No. 

88876 

ProjecWenture: V810 
Arm : BLACKSTONE 116614 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

Geol : G SHEVCHENKO Date Received: JULY 20, 1992 Paae 1 of 3 
Lab Project Na: I2433 Date Completed: AUG 4, 1992 

Remarks: 
Au - 10.0 g sample digested with Aqua Reg& and determined by Gmphite Furnace AA (DL 1 PPB) 
ICP - 0.5 g sample digested with 4 ml Aqla Reg& at 100 Deg C for 2 hours. 
N.B. The m j o r  oxide elements. Ba, 8% Cr, La and W are rarely dissolved completely with thisacid dissolution method 

A&: G SHEVCHENKO 
J KOWALCHUK 
E Kl MURA 



SAMPLE 
No. 

88958 
88959 
88960 
8896 1 
88962 

88963 
88964 
88965 
88966 
88966 

88967 
88968 
88969 
88970 
8897 1 

88972 
06973 
88974 
88975 
88975. 

89151 
89152 
89 153 
89154 

89 156 
89157 
59 158 
89159 
STD-NP1-PI 

B9 160 
59161 
59201 
89202 
39203 

39204 
39205 
39206 
39207 
39237. 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

Geol : G SHNCHENKO Date Received: JULY 20. 1992 Page 2 of 3 
A& : BLACKSTONE 116014 Lab Project Na: a2433 Date Completed: AUG 4, 1992 
Remarks: 
Au - 10.0 g mrnple digested with Aqua Regh and determined by Graphite Furnace AA (0.L 1 PPB) 
ICP - 0.5 g mrnp4e digested with 4 ml Aqla Regh at 100 Deg C for 2 hours. 
N.B The mjor oxide element& Ba. Ba Cr. La and W are rarely dssdved ccrnpletely with thisacid dissolution method 

A& G SHEVCHENKO 
J KOWALCHUK 

- 
Na 
% - 

0.0' 
0.0 
0.0: 

<o. 0 
0.0; 

<O.O' 
<o. 0 ' 

0.0' 
0.0' 
0.0' 

4 . 0 '  
0.0' 
0.0' 

<O.O' 
0.01 

0.G 
4 . 0 '  
<O.O' 
4 . 0 '  
<O.O' 

0.01 
0.01 
0.01 
0.01 
0.02 

<0.01 
<o. 0 1 
4 . 0 1  
<o. 0 1 

0.06 

co.0 1 
<o. 0 1 

0.01 
co. 0 1 
0.01 

d .01  
c0.01 
d .01  
0.02 
0.02 

- 



PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProjecWenture: V810 Geol : G SHNCHENKO Date Received: JULY 20, 1992 Page 3 of 3 
Arm : BLACKSTONE 1 16814 Lab Project Na: 12433 Date Completed: AUG 4. 1992 Ann: G SHEVCHENKO 
Remarks: J KOWALCHUK 
Au - 10.0 g sample digested with Aqua Regia and determined by Graphite Furrace AA (D.L 1 PPB) E KIMURA 
ICP - 0.5 g sample digested with 4 rnl Aqm Regia at 100 Deg C for 2 houm 
N.R The major oxide element& Ba, Be, Cr, La and W are rarely dssdved completely with thisacid dissolution method 



SAMPLE # 

Activation Laboratories Ltd. Work Order: 4912 Report: 4886B 

MnO 

% 

0.10 
0.14 
0.12 
0.22 
0.40 
0.47 
0.30 
0.46 
0.08 
0.22 
0.08 
0.02 
0.14 
0.10 
0.18 
0.10 

<0.02 
0.10 
0.04 
0.06 
0.03 
0.26 
0.26 
0.98 
1.34 
1.26 
1-00 
0.08 
0.48 
0.18 
0.10 
0.46 
0.32 
0.06 
0.98 
1.18 
1.08 
1.46 
0.30 
1.50 
0.92 
0.84 
1.18 
0.69 
0.64 
0.44 
0.64 
0.18 
0.70 
0.54 
0.51 
0.44 
0.68 
0.82 
0.20 

CaO 

a 

6.51 
8.72 
6.94 
14.16 
19.00 
22.48 
8.92 
13.21 
0.82 
4.30 
0.57 
0.32 
1.04 
0.86 
1.50 
0.64 
0.14 
0.36 
0.04 
0.34 
0.12 
2.96 
5.82 
7.56 
11.40 
9.66 
11.70 
0.24 

29.64 
1.74 
1.44 
6.12 
3.82 
0.76 
8.06 
9.36 
8.15 
10.96 
1.74 

10.66 
8.28 
5.54 
8.02 
5.13 

23.04 
10.12 
12.76 
1.64 
9.86 
10.36 
8.50 
6.46 
10.40 
19.70 

LO1 TOTAL 
a % 



SAMPLE # 

Activation Laboratories Ltd. Work 

CaO 

% 

10.24 
1.08 
3.00 
6.78 
3.44 
0.67 
2.58 
6.16 
0.84 
5.28 
11.90 
1.68 
0.34 
0.74 
6.22 
0.12 
6.70 
19.14 
1-46 
0.94 
1.24 
1.62 
5.78 
0.12 
1.76 
4.39 
2.18 
5.56 
5.52 

20.42 
7.56 
19.30 
19.58 
3.64 
7.12 
1.60 

18.68 
6.12 
3.76 
4.70 
16.06 
1.76 
2.32 
1.90 
1.10 
2.32 
0.78 
11.42 
0.92 
1.20 
5.28 
0.12 
0.28 
7.38 
8.06 

Order: 4912 Report: 48868 

LO1 TOTAL 
0 % 



Activation Laboratories Ltd. Work Order: 4912 Report: 4886B 

SAMPLE # MnO 
% 

0.24 
0.60 
0.32 
0.32 
0.04 
1.98 
0.40 
0.30 
0.58 
0.64 
0.12 
0.08 
0.16 
0.08 
0.04 
0.14 
0.14 
0.06 
0.12 
0.46 
0.60 
0.06 
0.18 
0.76 
0.08 
0.30 
0.70 
0.56 
1.32 
1.24 
0.38 
0.12 
0.78 
0.40 
0.16 
0.12 
0.10 
0.42 
0.32 
0.36 
0.38 
0.56 

CaO Na20 K20 P205 
8 8 8 % 

TOTAL 
8 

85.98 
99.80 
98.78 
97.66 
97.58 
98.54 
97.72 
92.32 
98.96 
98.56 
98.90 
92.42 
97.82 
98.62 
97.78 
99.56 
99.44 
98.56 
99.82 
98.28 
97.76 
98.72 
99.46 
98.68 
98.48 
100.02 
97.76 
98.04 
98.60 
99.26 
99.18 
98.94 
97.56 
97.50 
97.68 
97.82 
97.66 
99.14 
98.50 
98.38 
99.22 
97.98 



Activation Laboratories Ltd. Work Order: 4912 Report: 4886 

Sample description SC SE SR TA TH U LA CE ND SM EU TB YB LU Mass 
PPM PPM % PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM g 



Activation Laboratories Ltd. Work Order: 4912 Report: 4886 

Sample description SC SE SR TA TH U LA CE ND SM EU TB YB LU Mass 

PPM PPM % PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPN g 

B8952 3.8 <3 <0.05 <1 0.9 0.5 <0.5 0.7 0.09 2.352 



Activation Laboratories Ltd. Work Order: 4912 Report: 4886 

Sample description SC SE SR TA TH U LA CE ND SM EU TB YB LU Mass 

PPM PPM U PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM g 



Activation Laboratories Ltd. Work Order: 4912 Report: 4886 

Sample d e s c r i p t i o n  S C  SE SR TA TH U LA CE ND SM EU TB YB LU Mass 

PPM PPM $ PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM PPM g 

B9245 16 <3 ~0.05 <1 14 



P D I  GEOCHEM SYSTEM: Data From: V810 Blackstone 

GRID SAMPLE PROJECT 

116B14 
116B14 
116B14 
116B14 

" 116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
test 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 

DUP B8884 

- 

B8911 
DUP B8911 

B8915 
B8926 
B8927 
B8928 
B8929 

DUP B8 
B8 

B8948 
B8949 
B8950 
B8951 

DUP B8951 
B8952 
B8953 
B8954 
B8955 
B8956 

F 
PPM 

530 
580 
560 
660 
600 
660 
650 
540 
360 
380 
340 
460 
340 
580 
660 
480 
620 
106 
210 
210 
600 
700 
880 
980 
740 
420 
500 
350 
360 
340 
470 
100 
270 
900 
580 
680 
840 
620 
480 
760 
460 
460 
450 
250 
164 
174 
290 
150 
176 
188 
146 
420 
400 
940 
680 

W 
PPM 



PDI GEOCHEM SYSTEM: Data From: V810 Blackstone P- 2 

GRID SAMPLE PROJECT 

116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
test 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
test 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 

I 116B14 
' 116B14 

. 

DUP B8960 

- - -  - 

DUP B8978 

- .  

DUP B8987 

- 

B9158 
DUP B9158 

F 
PPM 

800 
1080 
560 
220 
220 
430 
196 
450 
530 
250 
134 
290 
330 
390 
720 
740 
660 
460 
390 
620 
620 
900 
630 
520 
510 
300 
380 
520 
560 
340 
350 
290 
340 
156 
152 
450 
120 
12 4 
148 
460 
620 
640 
320 
340 
700 
880 
740 
1200 
840 
820 
520 
580 
490 
460 
420 

W 
PPM 

-2 
2 
-2 
-2 
-2 
-2 
-2 
6 
3 

-2 
2 
49 
2 

-2 
33 
5 
6 

-2 
4 
11 
6 
4 
13 
4 
4 
3 
4 
5 
4 
3 
4 
10 
3 
5 
5 
4 
3 
2 

-2 
-2 
2 
2 
4 
-2 
36 
6 
2 
4 
5 
4 

-2 
5 
3 
4 
4 



PDI GEOCHEM SYSTEM: Data From: V810 Blackstone P* 3 

GRID 

116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
test 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 
116B14 

1 

SAMPLE PROJECT 

B9166 
B9167 

DUP B9167 

B9216 
B9217 

DUP B9217 
B9218 
B9219 
B9220 
B9221 
B9222 
B9223 
B9224 
B9225 
B9244 

DUP B9244 

DUP B11154 
B11155 
B11156 
B11157 
B11158 

F 
PPM 

440 
640 
370 
410 
880 
650 
350 
540 
420 
410 
220 
490 
440 
350 
550 
400 
480 
192 
130 
680 
69 

114 
380 
980 
540 
350 
640 
720 
720 
760 
900 
860 
840 
700 
184 
700 
640 
1240 
410 
390 
420 
1100 
1200 
760 
300 
440 
360 
116 
250 
260 
220 
700 
520 
660 
780 

W 
PPM 

12 
5 

-2 
2 
5 
2 
8 
3 

- 2 
-2 
-2 
3 
7 

-2 
-2 
3 
2 

-2 
-2 
43 
-2 
-2 
2 
2 
7 
7 
3 
6 
6 
5 
2 
7 
5 
3 

-2 
5 
2 
6 
5 
4 

-2 
5 
7 
3 

-2 
3 
4 

-2 
-2 
-2 
-2 
4 

-2 
4 
2 



PDI GEOCHEM SYSTEM: Data From: V810 Blackstone P* 4 

GRID SAMPLE PROJECT F W 
PPM PPM 

* 116B14 B11160 3002 620 4 
116B14 B11161 3002 800 -2 
116B14 B11162 3002 144 -2 
116B14 DUP B11162 3002 144 -2 
test STD-F 3002 580 

END OF LISTING - 170 RECORDS PRINTED Run on: 93:02:26 at 11:42:34 



Histogram: Ag (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade 

- 
L .  

-- 

3 Placer Dome lnc - Exploration Wed ~ p r  28 14:14:03 1993 

/data/expl/olympidgchm 
Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 12:44:33 1993 

Histogram: Au (ppb) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quafiile 
median 
lower quartile 
minimum 

grade /data/expcpVolympidgchm 
Data File: rodsoly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 14:38:17 1993 

Histogram: Ba (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quariile 
median 
lower quartile 
minimum 

grade /data/expcpVolympidgchm 
Data File: rodtsoly 

Figure 



3 Placer Dome Inc - Exploration Wed ~ p r  28 17:14:22 1993 

Histogram: 

Number of Data 
mean 
std. dev. 
coef. of var 

grade 

maximum 
upper quartile 
median 
lower quartile 
minimum 

/data/eqVolympic/gchm 
Data File: rocksoly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 14:0&14 1993 

Histogram: Cu (ppm) 

Number of Data 152 
mean 4028.2896 
std. dev. 20449.8379 
coef. of var 5.0766 
maximum 230000.0000 
upper quartile 1239.7500 
median 187.0000 
lower quartile 62.0000 
minimum 0.0000 

I 
0 1000 2000 3000 

grade /datalexpUolympidgchm 
Data File: ro&s.oly 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:29:43 1993 

Litho Geochemistry: Eu (ppm) 

Number of Data 152 

grade 

mean 0.9757 
std. dev. 0.4753 
coef. of var 0.4872 
maximum 3.8000 
upper quartile 1.2000 
median 0.9000 
lower quartile 0.7000 
minimum 0.1000 

/data/eqVolympic/gchm 
Data File: rock-ree.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 1411 7:02 1993 

Histogram: F (ppm) 

Number of Data 
mean 
std. dev. 
coef . of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

500 
grade /datalexpVolympidgchm 

Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration wed ~ p r  28 1 7:18:36 1993 

Histogram: La (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

0.10 

0.0 
0 50 100 150 200 

grade /data/expUolympiclgchm 
Data File: rocksoly 

Figure 



3 Placer Dome lnc - Exploration Sun May 23 15:32:18 1993 

Litho Geochemistry: Lo (ppm) 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/exp~olyrnpidgchm 
Data File: rod-ree.oly 

Figure 



3 Placer Dome lnc - Exploration Sun May 23 15:28:21 1993 

Litho Geochemistry: 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expVolympic/gchm 
Data File: rod-ree.01~ 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:22:47 1993 

Litho Geochemistry: Sc (ppm) 

grade 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

/data/e~Volympic/gchm 
Data File: rodc_ree.dy 

Figure 



3 Placer Dome Inc - Exploration sun May 23 15:25:15 1993 

Litho Geochemistry: Se (ppm) 

grade 

Figure 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

/datalexpI/olympidgchm 
Data File: rock-ree.oly 



3 Placer Dome inc - Exploration Sun May 23 15:29:02 1993 

Litho Geochemistry: Sm (ppm) 
0.25 - 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expUolympic/gchm 
Data File: rock-ree.oly 

Figure 



3 Placer Dome lnc - Exploration wed Apr 28 17:08:15 1993 

Histogram: Sr (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /datalexpl!olympidgchm 
Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration sun May 23 15:27:06 1993 

Litho Geochemistry: Ta (ppm) 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/e~cpVolympic/gchm 
Data File: rodc_ree.oly 

Figure 



Placer Dome I ~ c  - Exploration Sun May 23 15:30:31 1993 

Litho Geochemistry: 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/exp<pVolympic/gchrn 
Data File: rock-reedy 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 17:22:45 1993 

Histogram: Th (ppm) 

Number of Data 150 
number trimmed 2 
mean 7.9800 
std. dev. 4.1202 
coef. of var 0.51 63 
maximum 16.0000 
upper quartile 11.0000 

8.7000 
4.2250 
0.5000 

5.0 10 15 

grade /data/expUolympidgchm 
Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 17:27:411993 

Histogram: U (ppm) 

Number of Data 
number trimmed 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expVolympic/gchm 
Data File: rocksoly 

Figure 



3 Placer Dome I~ IC - Exploration Sun May 23 15:16:15 1993 

Litho Geochemistry: W (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/e~Uolympic/gchm 
Data File: rod-fw.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr28 17:11:35 1993 

Histogram: Y (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expVolyrnpiclgchrn 
Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:31:25 1993 

Litho Geochemistry: Yb (ppm) 

Number of Data 
number trimmed 

grade 

mean 
std. dev. 
coef. of var 
maximum 
upper quatile 
median 
lower quariile 
minimum 

/data/expVolympic/gchm 
Data File: ro&-ree.oly 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:38:42 1993 

Litho Geochemistry: Zr (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

1 00 200 

grade Idat JexpVolympiclgchm 
Data File: rock-whole.oly 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:35:13 1993 

Litho Geochemistry: A1203 (%) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum ......... 

...... ....... ....... ....... ....... ...... ....... upper quarlile 
....... ....... ............. ....... ...... median ....... 

grade /data/expUolympic/gchrn 
Data File: rock-whole.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 14:30:28 1993 

Histogram: CaO (%) 

grade 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

/data/expVolympic/gchm 
Data File: rocks.oly 

Figure 



3 Placer Dome Inc - Exploration wed ~ p r  28 14:27:44 1993 

Histogram: Fe203 (Oh) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade WatalexpVolyrnpiclgchm 
Data File: ro&s.oly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 14:35:50 1993 

Histogram: K20 (Oh) 

Number of Data 
mean 
std. dev. 
coef . of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expUolympidgchm 
Data File: ro&s.oly 

Figure 



3 Placer Dome Inc - Exploration Sun May 23 15:37:00 1993 

Litho Geochemistry: MgO (Oh) 

Number of Data 

grade 

mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

/datalexpUolympidgchm 
Data File: ro&-whole.oly 

Figure 



3 Placer Dome lnc - Exploration Sun May 23 15:36:09 1993 

Litho Geochemistry: 

grade 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

MatalexpUolympidgchm 
Data File: rod-whole-oly 

Figure 



3 Placer Dome Inc - Exploration Wed ~ p r  28 14:32:23 1993 

Histogram: Na20 (%) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/e~cpVolympic/gchm 
Data File: rodtsoly 

Figure 



3 Placer Dome IIIC - Exploration Sun May 23 15:37:58 1993 

Litho Geochemistry: 

Number of Data 

grade 

mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

ldatale~UolympicJgchm 
Data File: rodc_whole.oly 

Figure 



3 Placer Dome lnc - Exploration Wed M r  28 14:21:28 1993 

Histogram: Si02 (%) 

1 R 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 

..... 

/data/e~Volympic/gchm 
Data File: rocksoly 

Figure 



3 Placer Dome Inc - Exploration Wed Apr 28 14:24:38 1993 

Histogram: Ti02 (77) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade MatdexpUoIympidgchm 
Data File: rocks.oly 

Figure 



3 Placer Dome lnc - Exploration Sun May 23 15:39:30 1993 

Litho Geochemistry: 

Number of Data 

grade 

mean 
std. dev. 
coef . of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

/data/e~cpVolympic/gchm 
Data File: rock-whole.oly 

Figure 



LAB ANALYSIS SHEETS 

FOR THE 

SILT GEOCHEMICAL SURVEY 



SAMPLE 
N a  

889 12 
88913 
88914 
889 16 
889 l 7  

89232 
89233 
89234 
89235 
89235. 

89236 
59237 
89238 
69239 
89240 

5924 1 
59242 
59243 
STD-SPK-P1 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProiecWenture: V8 10 Geol : G SHEVCHENKO Date Received: JULY 27, 1992 Page 1 of 1 
~ r & :  BLACKSTONE 116014 Lab Project N a  : I2460 Date Completed: AUGUSTPI. 1992 A&: G SHEVCHENKO 
Remarks: 
Au - 10.0 g sample digested with Aqua Regh and determined by Gmphite Furmce AA (D.L 1 PPB) 
ICP - 0.5 g sample digested with 4 ml Aqla Regh at 100 Deg C for 2 hours. 
N.B. The major oxide elements, @a. Be, Cr. La and W are rarely dissolved oornpletely with thisacid dissolution method 

- 

J KOWALCHUK 



3 Placer Dome /IIC - Exploration Sun May 16 09:59:59 1993 

Silt Samples - Ag (ppm) 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/expcpVolympiclmaps 
Data File: siltsarnp.oly 

Figure 



3 Placer Dome I~IC - Exploration Sun May 16 09:59:11 1993 

Silt Samples - Au (ppb) 
1 

Number of Data 
mean 
std. dev. 
coef. of var 
maximum 
upper quartile 
median 
lower quartile 
minimum 

grade /data/e~Uolympic/maps 
Data File: siltsamp.oly 

Figure 



3 Placer Dome I ~ c  - Exploration Sun May 16 09:58:02 1993 

Silt Samples - 

grade 

Number of Data 17 
mean 1 1 1.7647 
std. dev. 53.3882 
coef. of var 0.4777 
maximum 227.0000 
upper quartile 139.0000 
median 90.0000 
lower quartile 76.0000 
minimum 37.0000 

/data/expVoly mpiclmaps 
Data File: siltsamp.oly 

Figure 



APPENDIX IV 

LAB ANALYSIS SHEETS 

FOR THE 

SOIL GEOCHEMICAL SURVEY 



PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

SAMPLE 
Na 

88893 
88894 
88895 
88896 
88897 

88898 
88899 
88900 
88901 
STD-SPK-PI 

88902 
B8903 
88904 
88905 
88906 

88907 
B890B 
88909 
889 10 
089 10' 

89174 
89175 
09176 
09177 
09178 

89179 
59180 
59181 
59 185 
88182' 

59 183 
88 184 
59185 
59 186 
88187 

39 188 
39189 
39 190 
39191 
39191' 

ProjecWenture: V8 10 Geol : G SHEVCHENKO 
Area : BLACKSTONE 116814 Lab Project Na: I2454 
Rermrks: 
Au - 10.0 g sample digested with Aqua Regh and detenined by Gmphite Furrace A.A (D.L 1 PPB) 
ICP - 0.5 g sample digested with 4 ml Aqca Regs at 100 Deg C for 2 hcurs. 
N.R The m i o r  oxide elements, Ba, 8 4  Cr, La and Ware rarely dissolved completely with this acid dissolution method 

Date Received: JULY27, 1992 Page 1 d 5 
Date Completed: AUG 20, 1992 Attn: G SHWCHENKO 

J KOWALCHUK 



PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProiecWenture: V8 10 Geol : G SHEVCHENKO Date Received: JULY 27, 1992 Page 2 of 5 

SAMPLE 
Na 

89192 
88193 
88 194 
88 1% 
69196 

88 197 
88 198 
88 199 
89200 
89200' 

89226 
89227 
89228 
89229 
88230 

8823 1 
STD-SPK-PI 
88246 
88247 
88248 

88249 
89250 
8925 1 
89252 
B9253 

89254 
m54* 
38255 
39256 
39257 

39258 
39259 
39260 
38261 
39262 

39263 
39263. 
39264 
i9265 
39266 

A&: BLACKSTONE 116014 Lab Project No.: tR454 Date Completed: AUG 20. 1992 Ann: G SHEVCHENKO 
Rermrks: 
Au - 10.0 g mmple digested with Aqua Regm and determined by Graphite Furmce AA (D.L 1 PPB) 
ICP - 0.5 g mmple digested with 4 ml A q ~ a  Regh at 100 Deg C for 2 hours. 
N.R The major oxide elernerts, @a. Be, Cr. La and W are mrely dssolved completely with thisacid dissolution method 

J KOWALCHUK 



PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

SAMPLE 
Na 

89267 
89268 
89289 
B9801 
89802 

89803 
89803' 
88804 
89805 
B9808 

m 7  
89808 
89809 
BQ8 10 
89811 

898 12 
88812' 
398 13 
398 14 
39815 

398 16 
39817 
398 18 
398 19 
39820 

Be21 
ITD-SPK-PI 
39822 
39823 
39624 

Be25 
kg626 
19827 
)9828 
)9829 

BE30 
)9830' 
w 1  
09832 
Be33 

ProjecWenture: V8 10 G d :  G SHEVCHENKO Date Received: JULY 27, 1992 Fage 3 of 5 
Area: BLACKSTONE 116814 LabProjeotNa: Ce454 Date Completed: AUG 20, 1992 Attn: Q SHWCHENKO 

J KOWALCHUK Remarks: 
Au - 10.0 g mrnple digested with Aqua Regh and determined by Glaphite Furmce k A  (D.L 1 PPB) 
ICP - 0.5 g mrnple digested with 4 ml Aqm Regh at 100 Deg C for 2 houm 
N.B. The major oxide elements, Ba, Be+ Cr, La and Wan, tardy dissolved armpletely with this acid dissolution method 



PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

SAMPLE 
Na 

89834 
89835 
88836 
89837 
89838 

89839 
89839' 
89840 
89841 
89842 

59643 
89844 
BM45 
B9846 
89847 

89&48 
W' 
B9649 
39850 
3985 1 

39852 
39853 
311130 
311131 
311132 

31 1133 
311133' 
31 1134 
31 1135 
311136 

311137 
311138 
311139 
311140 
311141 

111142 
KD-SPK- P I  
11 1143 
311144 
311145 

ProjecWenture: V8 10 
Area : BLACKSTONE 116814 

Geol : G SHEVCHENKO Date Received: JULY 27. 1992 Page 4 d 5 
Lab Project Na: E 4 5 4  Date Completed: AUG 20. 1992 Attn: G SHWCHENKO 

Remarks: 
Au - 10.0 g sample digested with Aqua Regis and determined by Graphite Furnace k A  (D.L 1 PPB) 
ICP - 0.5 g sample digested with 4 mi Aqm Regis at 100 Deg C for 2 houm 
N.a The m j o r  oxide elemerta Ba. Be, Cr, La and W are mrely dssohred completely with thisacid diseolution method 

J KOWALCHUK 



SAMPLE 
Na 

811146 
811147 
811 148 
81 1149 
811150 

PLACER DOME RESEARCH CENTRE 
Geochemical Analysis 

ProjecWenture: V8 10 Geol : G SHEVCHENKO Date Received: JULY 27, 1992 Page 5 of 5 
Area : BLACKSTONE 116814 Lab Project Na: Ce454 Date Completed: AUG 20, 1992 Attn: G SHEVCHENKO 
Rerm rks : J KOWALCHUK 
Au - 10.0 g sample digested with Aqla Regis and determined by Garphiie Fumce A.A (D.L 1 PPB) E KIMURA 
ICP - 0.5 g sample digested with 4 ml Aqm Regis at 100 Deg C for 2 hours. 
N.R The major oxide elements, Ba. 8% Cr. la and W are rarely dissohrsd completely with thisacid dissolution method 
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APPENDIX V 

ROCK SAMPLE DESCRIPTION SHEETS 



TYPE SAMP 
NO. 

LOCATION & DESCRIPTION WIDTH 
(MI 

5 (JA,CG) Light colored grey breccia with 
malachi telchalcopyrite mineralization. 

(JA,CG) Same as B8876. 

Chip 

Chip 
- - -- 

(JA,CG) Red green breccia, with dolomitic veining. 
No mineralization visible. 

Chip 

(JA,CG) Same as B8878. Chip 

Chip (JA,CG) Red green hematitic breccia with 3-5 % 
disseminated sulphides (pyrite). 

(JA,CG) Same as B8880. 
- - 

Chip 

(CG) Red green breccia with disseminated (up to 
5 %) chalcopyrite in both veins and matrix. 

(CG) Same as B8882, but 20 m along apparent 
strike. 

Chip 

Chip 

(CG) Medium grained, dark, greyish green 
intrusive. Quartz veining, with disseminated 
(1 -3 %) sulphides. 

(CG) As above, but containing reddish (hematite 
stained feldspar?) irregular crystals. Beside linear 
recessive structure. 

Chip 

Grab 

(CG) Medium grained intrusive, as above, contains 
more sulphides, (up to 5 % )  and shows malachite 
staining. 

(CG) As above, 20 m up slope, across apparent 
strike. 

Chip 

Grab 



TYPE WIDTH ; LOCATION & DESCRIPTION 

(CG) Red-green breccia, taken across jointing, 
beside linear recessive feature. High hematite 
matrix and quartz veining. Contiguous to B9157. 

(CG) As above, with minor malachite staining. 
Continuous to B8888. 

Chip 

Chip 

Chip 

(CG) As above. Contiguous to B8889. 

(CG) Red breccia, across jointing. Some large 
siltstonelshale clasts. 

(CG) Very hematite rich zone in reh breccia. 

5 

Grab I 

1 

Grab I (CG) Siliceous siltstone, some sulphides, from float 
in northern creek valley. 

(CG) Cherty siltstone, from talus, northern creek. 

(GC) Red green breccia, trace chalcopyrite in 
veinlets. 5 % hematite, some biotite flakes. 

I I 

(GC) Green breccia, < 1 % chalcopyrite. 5% 

Grab 1 < 1 

I hematite. chloritic. minor quartz and carbonate 
Grab 15 

I pyrite < 1 % . hematite 1-3 % . chalco~vrite < 1 % 

B8928 

(GC) Calcareous green breccia, < 1 % chalcopyrite 
along fractures. Pyrite < 1 % , very siliceous. 

stringers with copper minekilization. 

(GC) Calcareous green breccia, chalcopyrite in 
quartz-carbonate stringers. Weak crackle texture. 

(GC) Calcareous green breccia, < 1 % chalcopyrite 
along fractures. Pyrite < 1 % . very siliceous. 



B8931 ( (GC) Calcareous green breccia, with a quartz- I Grab 

SAMP 
NO. 

LOCATION & DESCRIPTION 

B8932 

TYPE 

B8933 

carbonate matrix. Malachite staining, 1% pyrite. 

(GC) Green to grey calcareous breccia. Minor 

B8934 

B8935 

B8936 

Grab 

Grab 
hematite in matrix, trace chalcopyrite in veinlets. 

(GC) Red siltstone, with chalcopyrite 1-2 % in 
quartz-carbonate veinlets. 

B8937 

B8938 Grab 

Grab 

(GC) Monzonitic dyke - green breccia contact. 1 % 
chalcopyrite, minor quartz veinlets. 

(GC) Brecciated siliceous dolomite, with calcareous 
matrix. Bleached area. 

(GC) Green breccia, with trace chalcopyrite. Quartz 
veinlets. 

(GC) Red breccia, with quartz-carbonate veinlets. 
Trace chalcopyrite blebs, and minor specular 
hematite. Some jasperoid fragments. 

(GC) Chloritic calcareous green breccia, with quartz 
carbonate veinlets, cherty dolomite and siltstone 
fragments, and moderate quartz crackle texture. 
Hematite < 1 % , 1 % chalcopyrite. . 

Grab 

Grab 

Grab 

Grab B8939 (GC) Jasperoid cherty dolomite with quartz 
carbonate veinlets + chalcopyrite(1 %) . Mild 
crackle texture. 

WIDTH 
(MI 

B8940 (GC) Red-green breccia, with siltstone fragments, 
and a chloritic, calcareous matrix. some specular 
hematite. 

Grab 



SAMP 
NO. 

TYPE WIDTH 
(MI 

LOCATION & DESCRIPTION 

(GC) Highly fractured green breccia. 1 % 
chalcopyrite in quartz carbonate veinlets. 

Chip 

(GC) same as above Chip 

Chip (GC) same as above 

(GC) same as above 

(GC) Green breccia, highly fractured. 5-8% 
chalcopyrite. 1-2 % pyrite. 

(GC) Green breccia and cherty dolomite contact. 

(GC) Cherty dolomite breccia with a calcareous 
matrix. 1-2 % chalcopyrite. 

(GC) Cherty dolomite. Calcite + chalcopyrite 
(< 1%). 

Chip 

Grab 

Chip 

Grab 

Chip 

(GC) Cherty dolomite, with calcite quartz veinlets. 
< 1 % chalcopyrite + trace pyrite. 

(GC) same as above 

(GC) Silicwus dolomite, minor hematite, minor 
calcite veining. Chalcopyrite 1 % . 
(GC) Silicwus dolomite with red dolomitic veinlets. 
Crosscutting veinlets of quartz and dolomite. 
Mineralization is disseminated and vein controlled. 
Chalcopyrite 1 % , pyrite < 1 %, hematite 1 %. 

Chip 

Chip 

Grab 

Grab 

(GC) GreenJGrey breccia 

(GC) Green breccia. 10- 15 % hematite. < 1 % 
chalcopyrite. trace calcocite. 

Chip 

Chip 



LOCATION & DESCRIPTION TYPE WIDTH 
(MI 

2.7 (GC) Contact between breccia and interbedded 
argillite and siltstone. Calcite veinlets along 
fractures control mineralization. Chalcopyrite 
< 1 % , hematite 1-3 % , pyrite < 1 % . Pervasive 
hematization. 

Chip 

(GC) Red breccia crosscut by quartz-carbonate 
veinlets. 

Chip 

(GC) Green and red breccias. Quartz and carbonate 
veinlets control mineralization. chalcopyrite < 1 % . 
(GC) same as above, and contiguous with B8957. 

(GC) same as above, and contiguous with B8958. 

Chip 

Chip 

Chip 

Grab (GC) Cherty dolomite. < 1 % pyrite, trace 
chalcopyrite. 

(GC) Red breccia with small calcite veinlets. 5 %  
hematite, malachite staining with trace chalcopyrite. 

(GC) Red breccia with quartz-carbonate veinlets, 
and veinlets of hematite. 

(GC) Red breccia with quartz veinlets. Specular 
hematite 5-10%. 

(GC) Mafic dyke, with trace chalcopyrite. 

(GC) Red breccia with small quartz stringers. 
10-15 % hematite. 

Grab 

Grab 

Grab 

Grab 

Grab 

(GC) Red breccia with quartz veinlets. Specular 
hematite in matrix. 

Grab 

(GC) Red breccia, massive hematite. Grab 



LOCATION & DESCRIPTION TYPE WIDTH + (GC) Red breccia, shows intense hematization and 
minor quartz-carbonate veinlets. Trace malachite 
staining. 

(GC) Red breccia, intense hematization, minor 
pyrite. 

(GC) Red breccia, intense hematization. 

Grab 1 
(GC) Green breccia, with quartz-carbonate veinlets, 
and minor chalcopyrite. 

(GC) Red breccia. 

Grab I 
Grab I 

(GC) Dark green breccia, chloritic, with quartz 
veinlets. chalcopyrite < 1 % . 
(GC) Red breccia, minor malachite staining. 

(GC) Mafic dyke carbonate veinlets crosscut. 
chalcopyrite < 1 % . 

- 

GS-2-92: Outcrop on north side of creek at 4450 
asl. Grey siltstone breccia with subangular to 
subrounded clasts ranging from 0.1 to 1.0 cm. 1 % 
disseminated very fine grained chalcopyrite in 
matrix. 

GS-4-92: Red breccia with 5 % specularite and 1 % 
pyrite disseminated in a hematitic matrix. 

- - 

GS-5-92: Hematitic siltstone clasts set in a grey 
very fine grained matrix. 3 % specularite and weak 
carbonate along fractures. 

Float, fractured grey dolomite with 5% hematite 
veins and 3 to 5 % quartz veins carrying 1 % pyrite. Grab 



LOCATION & DESCRIPTION SAMP 
NO. 

Grey breccia float - hematitic siltstone clasts set in a 
grey fine grained matrix - 5 to 15 % fine grained 
specularite disseminated in matrix. 

I GS-6-92: Float, syenite or monzonite with a weak 
breccia texture - 3 % pyrite, 3 % limonite and trace 
malachite along fractures. 

I 

Float, siltstone clasts set in a syenitic fine grained 
matrix - disseminated and fracture controlled 
specularite (5 %) and limonite (1 %) in matrix. 

GS-9-92: Outcrop located along ridge, gabbroic 
I dyke with occassional epidote and 1 % pyrite along 

fractures. 

1 Float located along ridge - weathered massive 
sulphide with 30% malachite. 

188983 

- - -- -- 

1 Float located along ridge - Syenitelgranite with 3% 
malachite and 1 to 2 % pyrite along fractures 

GS-8-92: Intrusive breccia, pink felsic clasts set in 
a very fine grained granitic matrix with 3 to 5% 
specularite and 2 % limonite. 

- - -- - -- 

Float located in gully - Monzonitic breccia with 5 %  
specularitelcalcite veinlets and 2 % pyrite along 
fractures. 

Outcrop located in the north bank of creek - Mafic 
dyke cut by 5 % calcite veinlets carrying 1 to 2 % 
chalcopyrite. 



LOCATION & DESCRIPTION TYPE WIDTH 
(MI 

5 Chip GS- 1 1-92: Intrusive breccia outcrop, monzonitic 
clasts set in a hematitic matrix - occasional calcite 
veins, occasional pyrite and malachite along 
fractures. 

Contiguous with sample B8989. Same as above. 

GS- 13-92: Area of float, dolomitic breccia, 
dolomite clasts set in a fine to medium grained 
calcite matrix. Occasional chalcopyrite occurs with 
the calcite. 

Chip 

Grab 

GS-15-92: Float, recrystallized siltstone with 1 to 
2% chalcopyrite along fractures and as 
disseminations. 

Grab 

-- 

Outcrop - Siliceous dolomite with local very fine 
grained chalcopyrite and calcite along fractures. 

Chip 

Chip As above and contiguous 

GS-17-92: Float in creek bed. Appears to be a 
monzonite with 3 to 5 % chalcopyrite along fractures 
with calcite. 

Grab 

GS-18-92: Angular float - Very fine grained 
feldspathic arenite, 2 % chalcopyrite along fractures 
and as disseminations. 

Grab 

GS-19-92: Angular float - Sedimentary breccia with 
trace to 2% chalcopyrite along fractures in matrix. 

Grab 

Chip (JA) Grey green breccia, (chalco?)pyrite blebs 
through out matrix 3-4 % . 



WIDTH 
(MI 

11 B9152 ( (JA) Light colored quartzitic breccia with 

TYPE SAMP 
NO. 

disseminated sulphides, (pyrite, minor chalcopyrite) I 2 4 %  

LOCATION & DESCRIPTION 

B9153 (JA) Red green breccia with disseminated Chip 
chalcopyrite blebs 2-3 % . 

B9154 (JA) Red hematitic shale with chalcopyrite in quartz Chip 
veins. 

B9155 

Chip B9156 

(JA) Greenlgrey breccia (possibly siltstone) with 
fine grained disseminated chalcopyrite and surface 
malachite staining. 

(JA) Red hematitic breccia, no mineralization 
visible. Contiguous sample series B9 156, 57, 
B8888, 89, 90, B9158. 

II B9160 I (JA) Green breccia with trace chalcopyrite and 
malachite. 

Grab 

B9157 

B9158 

B9159 

(JA) Same as above, contiguous to B9156. 

(JA) Same as above, contiguous to B8890. 

(JA) Green breccia grading into red shale across a 
sheared zone, (fault?) with a minor chalcopyrite 
vein in the fault. 

B9 161 

B9162 

Chip 

Chip 

Chip 

B9163 

(JA) Red breccia with trace malachite staining 
present. 

(JA) Grey green breccia with trace chalcopyrite 
mineralization. 

Chip 

Chip 

(JA) Red breccia with specular hematite, no visible 
copper mineralization. 

Chip 



LOCATION & DESCRIPTION TYPE WIDTH 
(MI 

SAMP 
NO. 

B9 164 

B9 165 

B9 166 

B9 167 

B9 168 

B92O 1 

B9202 

B9203 

B9204 

B9205 

B9206 

(JA) Red breccia with disseminated chalcopyrite in 
veins and matrix up to 5 % . 

Chip 

(JA) Sandy dolomite with pervasive quartz veining, 
chalcopyrite up to 15% in fractures. 

Grab 

(JA) Green mafic dyke with chalcopyrite 
mineralization in veins. 

Grab 

(JA) Green breccia with chalcopyrite mineralization 
in veins. 

Chip 

(JA) Black green-grey shales and interbedded jasper 
bands with trace chalcopyrite mineralization in 
fractures. 

Grab 

--- -- 

(ML) Red breccia with abundant specular and 
massive hematite (directly below Cu mineralized 
area sampled by B9202). 

(ML) Red breccia with Cu mineralization along 
pervasive dolomitic veins, also along fractures (later 
estimate 5 % chalcopyrite in sample). 

(ML) RedIGreen breccia directly above Cu 
mineralized zone, visibly dead (no copper 
mineralization ). 

Chip 

Chip 

Chip 

Grab (ML) Greenlgrey dolomitic siltstone with calcareous 
veins carrying chalcopyrite (veins are 2% of rock). 

Grab (ML) Redlgreen dolomitic breccia with disseminated 
chalcopyrite and malachite coatings. 

(ML) Redgreen breccia with dolomite stringers and 
fractures carrying chalcopyrite. 

Grab 



LOCATION & DESCRIPTION SAMP 
NO. 

B9207 

B9208 

B9209 

B9210 

B92 1 1 

B9212 

B92 13 

B9214 

B9215 

B9216 

B92 17 

B92 18 

B9219 

(ML) Greenlgrey dolomitic siltstone with dark rust 
surface weathering. 

(ML) Highly silicified red breccia with minor sparse 
mineralization. 

Grab < 1 

Grab 1 

(ML) Redlgreen highly siliceous breccia with 
massive pyrite veins. 

(ML) Red Breccia with siliceous veining and rusty 
surface weathering. 

(ML) Contact between red breccia and greenlbuff 
shales with galena visible along fractures. 

Grab < 1 

Grab 

(ML) As per B9211 but with Chalcopyrite dominant 
mineralization. 

(ML) Red Breccia with abundant dolomitic veining Chip 
carrying chalcopyrite and malachite staining. 

(ML) Mafic dyke with high copper mineralization Chip 
along fractures. 

(ML) Intrusive looking breccia with disseminated Grab 
blebs of chalcopyrite (subcrop). 

(ML) Green Breccia. I Chip 
I 

(ML) Red hematitic breccia, high cleavage, with no 
visible mineralization. 

Chip 

(ML) Redlgreen breccia with Cu mineralization. 

(ML) Redlgreen breccia with abundant Cu 
mineralization. 

C h i p  5 1 4 



NO. 
SAMP 

(ML) Greylgreen breccia, no visible Cu 
mineralization. I C h i p I  
LOCATION & DESCRIPTION 

(ML) across faulted (?) red breccia. Chip 5 

(ML) Very coarse redlgreen breccia, no apparent 
Cu mineralization. 

(ML) Siliceous green breccia with disseminated 
chalcopyrite (2 %) and black octahedral mineral. 

(ML) Redlgreen breccia with minor disseminated 

(ML) Red breccia (20m continuous chip with 9225, 
11 126, '27, '28). 

TYPE 

Chip 

Grab 

Chip 

(ML) Green breccia with disseminated Cu 
mineralization. 

sulfides. Across fault zone. 

Chip 

1.56% 

Ag WIDTH 

B9245 

B11126 

B11127 

(ML) Contact of redlgreen breccia and dyke with 
Cu mineralization present along fractures and veins. 

(ML) Red breccia, contiguous with B92225. 

(ML) As above, contiguous with B11126. 

Au 

Chip 

Cu 

Chip I 5 

quartz lenses and quartz carbonate veinlets. 
chalcopyrite < 1 % . 

5 

(ML) As above, contiguous with B11127. 

(ML) Red breccia (intrusive looking). 

(GC) Fine grained green intrusive. Chloritic, with 

(GC) Green breccia with red siltstone fragments, 
crosscut by pyrite = chalcopyrite veinlets. 
Moderate crackle texture. 

I I I I 

1 

1 

Chip 

Chip 

Grab 

112 

140 

0.3 

5 

5.0 

0.1 

< 1 

< 1 

1 

65 

37 

569 

<0.1 

< 0.1 

0.1 



SAMP 
NO. 

Bl l l53  

B11154 

B11155 

Bl l l56  

B11157 

Bl l l58  

Bl l l59 

Blll6O 

B l l l 6 l  

LOCATION & DESCRIPTION 

(GC) Siliceous dolomite, with crosscutting quartz 
carbonate veinlets. Minor chalcopyrite along 
fractures. Showing "F" . 
(GC) Siliceous dolomite with calcite quartz veinlets. 
chalcopyrite 3 % . 
(GC) Siliceous dolomite. Chloritic. Chalcopyrite 
1-2 % in quartz carbonate veinlets. Showing "DM & 
"E". 

(GC) Green breccia. 1-3 % chalcopyrite. Showing 
"D" & "E". 

(GC) Green breccia, with 1-3% chalcopyrite, 
diseminated and veinlet controlled. 

- - -- - 

(GC) Dolomitic siltstone, with disseminated and 
veinlet controlled chalcopyrite & pyrite (< 1 %). 

(GC) Siliceous dolomite to muddy limestone. 
Dolomite and quartz veinlets crosscut bedding. 
Trace chalcopyrite along veinlets and disseminated. 

(GC) same as above 

(GC) same as above 

Au TYPE 

Chip 

1 Chip 

WIDTH 

Grab 

Chip 1 2.0 1 < 1 

2.1 

1 

< 1 

Chip I 2.1 < 1 



APPENDIX VI 

ANALYTICAL PROCEDURES 



2 7 Element I.  C. P. : 
A 0.5 gm portion of the -80 mesh soil, sediment or -100 mesh pulverized rock 

is placed in numbered test tubes. Approximately every tenth sample is a duplicate or 
internal reference standard. Four millilitres of aqua regia is added to the sample 12 
hours before digestion. It is then digested for 2 hours at 95" C. The sample is 
cooled and brought up to the 10 ml mark with H20 and then centrifuged. A 3 ml 
aliquot of the sample solution is taken and placed in an autosampler tube and 4.5 ml 
of H,O is added. The sample is analyzed on a Leeman Labs Inductively Coupled 
Plasma model PS 3000 using matrix matched calibration standards. Only silver is 
determined by Atomic Absorption using a Perkin Elmer model 3100 AA, analyzing 
the original sample solution. Background correction is used for this determination. 

Gold by Atomic Absorption: 
A 10 gm sample is put into a Coors 07 crucible and heated in a muffle furnace 

for 4 hours at 600' C. The sample is cooled and transferred to a glass beaker and 30 
ml of Aqua Regia is added. The sample is digested at just off the boil for 2 hours 
and then cooled and bulked up to 110 ml and left to settle overnight. Fifty millilitres 
of the sample is decanted into a screw cap test tube, 7.0 ml MIBK is added and then 
the tube is turned upside down at least 25 times. The gold is determined by reading 
the organic layer on atomic absorption. 

Rare Earth Analysis: 
All elements were determined by INAA. Sample weight as noted on the report 

was weighed into polyethylene vials and irradiated together with MRG-1 (CANMET 
certified standard reference material) and flux wires at a thermal neutron flux of 
7x 1012n.cm2. s-' at the McMASTER nuclear reactor. After a 7 day decay, samples 
were counted on a high purity Ge detector with resolution of 1.67 KeV for Co-60 
(1332 KeV) [12.4% efficient]. All elements were corrected for decay and compared 
to a standard calibration developed from approximately 100 standard reference 
materials. The standard present was used solely as a check on the procedure. 

Whole Rock Analysis: 
Major and trace elements were determined by fusion (lithium metaborate- 

lithium tetraborate mixture) and by using a combination Jarrell Ash simultaneous- 
sequential ICP on dissolved fusion bead. Loss on ignition was determined at 95WC. 



APPENDIX VII 

STATEMENT OF COSTS 



I 

STATEMENT OF COST - OLYMPIC PROPERTY 1992/93 

GEOLOGICAL & F'RosPEC~ING SURVEY 

G. Shevchenko 4 mandays @ $400/day 
G. Couture 15 mandays @ $340/day 
M. Lamb 7 mandays @ $225/day 
C. Green 7 mandays @ $225/day 
Field Supplies 

SubTotal 

GEOCHEMICAL SURVEY 

M. Lamb 8 mandays @ $225/day 
C. Green 8 mandays @ $225/day 
J. Ali 15 mandays @ $225/day 
Analyses (soil & silt) 166 samples @ $10.90/sample 
Analyses (rock) 152 samples @ $67.25/sample 
Field Supplies 

sub-Total 

LOG- 
Room & Board 
Helicopter 
Communication 

MOBDE~IOB 
G. Shevchenko 
G. Couture 
M. Lamb 
C. Green 
J. Ali 
Helicopter 
Vehicle Costs 
Travel & Accommodation 

8.6 hours @ $550/hr 

-Total 

1 manday 0 $400lday 
2 mandays @ $3401day 
2 mandays @ $225/day 
2 mandays @ $225/day 
2 mandays @ $225/day 

10 hours @ $550/hr 

Ch-HER 

Petrographic Studies 
Sample Preparation min Sections) 

Report and Compilation 
Sub-Total 

GRAND TOTAL 



v 

DETAILED ANALYTICAL COSTS 

Son. & SILT SAMPLES 

Sample preparation 
Au by A.A. 
27-element ICP 

Total Cost per Sample 

Sample Preparation 
Au by A.A. 
27-element ICP 
W 
F 
Rare Earth & Actinide Elements 
Major Oxides, Ba, Sc, Sr, Y & Zr 

Total Cost per Sample 



APPENDIX vm 

STATEMENT OF QUALIFICATIONS 



STATEMENT OF QUALWICATIONS 

I, Glenn Shevchenko, residing at 44 Ketza Road, Whitehorse, Yukon, do hereby 
certify that: 

1. I am a graduate of Concordia University where I received a B.Sc. in Geology 
in May 1982. 

2. I have practised my profession part-time since 1977, and full-time since 1984. 

3. I am a member in good standing with the Geological Association of Canada. 

4. I am currently employed by Placer Dome Exploration Limited and was 
responsible for the field exploration conducted on the Olympic Property. 
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P!am Dome Exploration Limited 
103 Platinum Road 
Whitchorsc, Yukon 
Y1A 5M3 

G .  Shevcheiiku (Project Gwlogist) 

May 31, 1993 
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OLYMPIC 1-168 CLAIMS 

(Record Nos. YB40925-YB41092) 

DAWSON MINING DISTRICT, YUKON TERRITORY 

Latitude: 64" 54'N Longitude: 139' 

PI liajor GcneraI R~::.;ntni-ces I.M. 
1 0 ~  Floor, 
i>OO West Hastings St. 
"l:'mcouver, B. C . 
k'6C 1E5 

Placer Dome Exploration Limited 
103 Platinum Road 
Wh.itehorse, Yukon 
'3' :I. A 5bf3 

May 3 1, 1993 
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