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COLUMBIA PROJECT 

PROSPECTING,,GEOLOGICAL, LITHOGEOCHEMICAL 
AND TRENCHING REPORT 

HUNGER t BIGHORN GROUPS I 

SUMMARY 

The Hunger Lake group and Bighorn claims are located in the 
Hunger Lake/Cabin Creek area of the Rocky Mountains, Fort 
Steele Mining Division, southeastern British Columbia. The 
claims are approximately 45 kilometres south-southeast of 
the town of Fernie, B.C. and are accessed via an extensive 
network of logging roads. 

The Hunger Lake group consists of the Hunger 1 through 12 
claims, totalling 53 units. The Bighorn group consists of 
two two-post claims. The claims are 100% owned and operated 
by Formosa Resources Corporation. Boundary Drilling Inc. 
was enlisted to carry out the exploration program. 

The claims were staked as part of the Columbia Project, 
whose primary objective was to evaluate the grade and 
continuity of the basal Fernie phosphate horizon in terms of 
establishing its potential as a large tonnage P2O5-Y 
resource. In 1989, about $82,635 were spent on 
reconnaissance and detailed geological mapping, hand 
trenching, sampling, backhoe trenching and assaying for the 
entire Columbia Project. On the Hunger claims, a total of 
159 samples were collected (including 6 bulk samples) from 8 
hand trenches, 9 back-hoe trenches, and outcrop. A total of 
10 samples were taken on the Bighorn claims. Samples were 
analyzed for P2O5 (gravimetric), Y (XRF), and 34 trace 
elements (INAA). Approximately $32,227 were spent on the 
Hunger group, and $3,307 on the Bighorn group. 

The properties are predominantly underlain by a sequence of 
Late Paleozoic to Mesozoic strata (Permian to Jurassic) that 
were deposited in the Alberta Trough under marine conditions 
and were subsequently deformed during the Late Cretaceous. 
Phosphatic rocks occur in a number of stratigraphic 
intervals within this sequence; however, the thickest and 
most continuous phosphate horizon was developed at the base 
of the Jurassic Fernie Group and is the focus of this 
project. The basal Fernie phosphatic strata are generally 
one to two metres thick and contain unusually high 
concentrations of yttrium. 
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Preliminary results are encouraging. Many intersections 
containing in excess of 27% P2O5 and 750 ppm yttrium were 
encountered. Average grades are 21 per cent P2O5 and 620 
ppm yttrium across slightly more than one metre and, in some 
areas, slightly higher average grades and thicknesses were 
found . 
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1. INTRODUCTION PERSPECTIVES ON THE PHOSPHATE INDUSTRY 

Canada imported 2.39 million tonnes of phosphorite in 1986, 
approximately 80 per cent of which was used in the 
production of fertilizer. Other products which require the 
use of phosphorus include organic and inorganic chemicals, 
soaps and detergents, pesticides, insecticides, alloys, 
animal food supplements, ceramics, beverages, catalysts, 
motor lubricants, photographic materials and dental and 
silicate cements (Barry, 1987). To date, there are no mines 
producing phosphate rock in Canada; approximately 55 million 
tonnes per annum are produced in the United States 
(Stowasser, 1989). Approximately 50 per cent of the 
phosphate rock imported into western Canada comes from 
Florida, the remainder being supplied from the Western U . S .  
(Barry, 1987). The majority of phosphate rock imported into 
eastern Canada is also from Florida; minor amounts have been 
imported from Togo, Tunisia and Morocco. Resources in 
Florida are rapidly being depleted (Stowasser, 1988); some 
experts feel that the western U.S. sources will not be able 
to meet the demand when Florida becomes exhausted, which 
suggests a possible niche for a new producer. 

Phosphate rock produced in the U.S. is classified as acid or 
fertilizer grade, more than 31 per cent P2O5; furnace grade, 
24 to 31 per cent P2O5; and beneficiation grade, 18 to 24 
per cent P2O5. Acid grade rock is used directly in 
fertilizer plants, furnace grade rock is charged to electric 
furnaces and beneficiation grade rock is upgraded to acid or 
furnace feed (Stowasser, 1985). 

Phosphate rock mined in the western United States (Idaho, 
Montana, Wyoming, Utah) is from the Retort and Meade Peak 
members of the Permian Phosphoria Formation. 
of mines are strip mining operations with ore zones ranging 
from 9 to 18 metres thick, with an average grade of 21.3 per 
cent P2O5. Overburden thickness is commonly 5 to 10 metres 
(Fantel et al., 1984). Cominco American operates an 
underground phosphate mine in Montana in which the phosphate 
horizon is 1 to 1.2 metres thick and has an average grade of 
>31 per cent P2O5. Most western U.S. phosphate ore is 
beneficiated by crushing, washing, classifying and drying 
(Stowasser, 1985). Phosphates mined in Florida and south 
Carolina are from the Miocene Hawthorne Formation and the 
younger, reworked deposits of the Bone Valley Formation. 
Ore thickness ranges from 3 to 8 metres, with overburden of 
3 to 10 metres. Average grade is 7 per cent P2O5. 
Flotation processes are used to beneficiate the ores. 
Phosphates mined in Tennessee have a minimum cutoff grade of 
16 to 17.2 per cent P2O5 and a minimum thickness of 0.6 to 
1.2 metres (Fantel et al., 1984). 

The majority 
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Currently, there is no byproduct recovery of yttrium from 
any of the U.S. operations. Phosphoria Formation 
phosphorites from the western phosphate field contain an 
average of 300 ppm Y) phosphorites from North Carolina and 
Florida contain an average of 235-300 ppm Y; and 
phosphorites from Tennessee contain an average of 63 ppm Y 
(Altschuler, 1980). The worldwide average yttrium value in 
phosphorites is 260 ppm (Altschuler, 1980). 

The phosphorite beds in the Jurassic Fernie Group are thin 
(less than 2 metres, Butrenchuk, 1987a) relative to most 
phosphorites mined in the United States. As with most 
phosphate ores mined in the United States, Fernie 
phosphorites would require beneficiation to produce an acid 
grade product. The Fernie phosphorites have anomalous 
yttrium concentrations with respect to most other 
sedimentary phosphate deposits. If it proves feasible to 
recover yttrium during the production of phosphoric acid 
(see Appendix 4) as has been suggested by some researchers 
(Altschuler et al., 1967) the economics of exploiting the 
Fernie Group basal phosphorite horizon will become 
significantly more attractive. 

2 .  PROPERTY DESCRIPTION 

2.1 LOCATION, ACCESS AND PHYSIOGRAPHY 

The Hunger and Bighorn claims are located in the Hunger Lake - Bighorn Creek area, Fort Steele Mining Division, about 45 
kilometres southeast of the town of Fernie in southeastern 
B.C. The claims can be reached from Fernie by taking 
Highway 3 south for 12.5 kilometres to the Morrissey 
turnoff. Morrissey Road is followed for 5 kilometres to the 
River Road. River Road is then taken for 1.5 kilometres to 
the Lodgepole Main Haul Road, which is then followed south 
and easterly for 8 kilometres to the next fork. The south 
(right) fork, Ram Road, is followed for 32 kilometres to a 
little-used fork to the south which crosses Bighorn Creek 
and, in about 2 kilometres, leads on to the Bighorn claims. 
The Hunger Lake claim group is reached by continuing along 
the main Ram Road for 500 metres to the next fork; the north 
(left) Ram Road leads to the Hunger Lake claim group after 4 
kilometres. From that point the numerous roads and trails 
are accessable only by good four-wheel drive or all-terrain 
vehicles. 
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Elevations on the claims range from 1675 metres (5500 feet) 
to 2135 metres (7000 feet). Large areas have recently been 
clearcut; grasses, small plants, fireweed and stumps 
characterize these areas. 
stands of spruce and fir. 

Unlogged parts of the claims host 

2.2 CLAIMS 

The Hunger Lake Group consists of the Hunger 1 to 12 claims, 
53 contiguous two-post and metric four-post claim units 
(Figure 2), as follows: 

CLAIM NAME UNITS RECORD NO. EXPIRY+ 
(D/M/Y) 

Hunger 
Hunger 
Hunger 
Hunger 
Hunger 
Hunger 
Hunger 
Hunger 0 Hunger 
Hunger 
Hunger 
Hunger 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

~~ ~~~ 

18 
18 
1 
1 
1 
1 
1 
1 
1 
1 
8 
1 

3400 
3412 
3413 
3414 
3415 
3516 
3517 
3528 
3518 
3519 
3520 
3529 

~ ~~~~ 

13/04/1993 
14/04/1993 
14/04/1993 
14/04/1993 
14/04/1993 
02/07/1993 
02/07/1993 
08/ 07/ 19 9 3 
03/07/1993 
03/07/1993 
03/07/1993 
08/07/1993 

The Bighorn group consists of two two-post claims as 
follows : 

CLAIM NAME UNITS RECORD NO. EXPIRY* 
( D / W Y  1 

Bighorn 1 1 3530 09/07/1993 
Bighorn 2 1 3531 09/ 07/ 19 9 3 

Formosa Resources Corp. holds 100 per cent interest in these 
claims subject to a 5% Net Profit Royalty. As the operator, 
Formosa enlisted Boundary Drilling Inc. to undertake the 
exploration program. 

*upon acceptance of this report 
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Phosphatic horizons at the base of the Jurassic Fernie Group 
in southeastern British Columbia were discovered in 1925 
(Telfer, 1933) and have been the subject of periodic 
exploration by Cominco (Kenny, 1977) and others since that 
time. Phosphate strata in the Hunger Lake/Cabin Creek area 
were most recently (in the late 1970's and early 1980's) 
explored by Imperial Oil Limited (Van Fraassen, 1978) and 
First Nuclear Corporation Limited (Hartley, 1982). The 
phosphate potential of the area was also addressed in a 
number of recent academic and government studies 
(Butrenchuk, 1987a; 1987b; Macdonald, 1985; 1987; Marcille- 
Kerslake, 1990). 

Most previous work solely addressed the phosphate potential 
of the basal Fernie Group. First Nuclear Corporation 
(Hartley, 1982) briefly addressed the potential for trace 
element by-product recovery, concentrating on uranium and 
vanadium. 
present in the phosphorites in amounts less than 100 ppm and 
vanadium values were generally less than 200 ppm. In the 
course of their work, First Nuclear Corp. discovered 
anomalous yttrium values (the average of five samples 
containing in excess of 1% P2O5 was 570 ppm yttrium, 
Hartley, 1982). Later government analytical work confirmed 
the highly anomalous yttrium concentrations of the basal 
Fernie phosphorites (Butrenchuk, pers. comm., 1989; and in 

It was discovered that uranium is generally 

prep* 1 

Formosa Resources Corporation began exploration for yttrium 
and phosphate in the area in the spring of 1989 and staked a 
number of claims, including the Hunger Group and Bighorn 
claims, as part of the Columbia Project. The primary 
objective of this project was to evaluate the grade and 
continuity of the basal Fernie phosphate horizon in terms of 
establishing its potential as a large tonnage P2O5-Y 
resource. 

30 GEOLOGY 

3 . 1  REGIONAL GEOLOGY 

The Hunger Lake/Cabin Creek area is underlain by a series of 
predominantly marine strata which range in age from Devonian 
to Jurassic, and non-marine fluvio-deltaic sediments of late 
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Jurassic to Cretaceous age. Reconnaissance geological 
mapping in the region (Newmarch, 1953; Price, 1965; 1964; 
1962; 1961) has shown that these strata are now exposed in a 
broad, doubly plunging synclinorium, commonly referred to as 
the Fernie Basin. This synclinorium is broadly delineated 
by the distribution of the Jurassic Fernie Group in 
southeastern British Columbia (Figure 3); the structure is 
complicated by second order folds and later faults, both 
easterly directed thrusts and west-side-down normal faults. 

Phosphatic horizons (Figure 4 )  are known to occur at a 
number of intervals within the stratigraphic section 
(Butrenchuk, 1987a; Kenny, 1977; Macdonald, 1987; Telfer, 
1933). Phosphatic strata at the base of the Fernie Group 
are considered to have the best potential (Butrenchuk, 
1987a; Macdonald, 1987). 

3.1.1 Regional Stratigraphy 

Upper Devonian s tra ta  exposed i n  the  v i c i n i t y  of the  Fernie 
Basin consist of massive, grey, fine-grained, cliff forming 
limestones of the Palliser Formation. These limestones are 
commonly mottled and locally interbedded with brown 
dolostones. They are overlain by the Devono-Mississippian 
Exshaw Formation, which predominantly consists of black, 
fissile shale, cherty shale, siltstone and minor limestone 
(Kenny, 1977). The Exshaw Formation is generally 6 to 30 
metres in thickness (Figure 4). Four phosphatic horizons 
exist within the Exshaw Formation: the lowest is less than 
50 cm thick and has grades of less than 9 per cent P2O5; the 
middle two horizons are both around one metre thick, have 
grades of up to 10 per cent P2O5 and are separated by 
approximately two metres of shale; and the uppermost 
phosphatic zone, which has very limited extent, contains 
grades which always exceed 15 per cent P2O5 and is always 
less than 15 cm thick (Macdonald, 1987). 

The Mississippian Banff Formation has a gradational contact 
with the underlying Exshaw Formation. It is 2 8 0  to 430 
metres thick and consists of dark grey, fissile shale, and 
bands of argillaceous limestone that grade upwards into dark 
grey, massive, finely crystalline limestone and dolostone. 
The Rundle Group, also Mississippian in age, conformably 
overlies the Banff Formation and attains a thickness of 
approximately 700 metres. It consists of a series of 
resistant, thick-bedded crinoidal limestones, grey and black 
finely crystalline limestones, dark, argillaceous 
limestones, dolostones, and minor black and green shale 
(Butrenchuk, 1987a; Kenny, 1977). 
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FIGURE 4: STRATIGRAPHIC SUMMARY INCLUDING PHOSPHATE-BEARING HORIZONS I N  SOUTHEASTERN B R I T I S H  COLUMBIA 
(modified from Butrenchuk, 1987a). Thickness not t o  scale. 
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Conformably overlying the Mississippian carbonates are 
Pennsylvanian strata of the Spray Lakes Group which consist 
of a lower unit, the Tunnel Mountain Formation and an upper 
unit, the Kananaskis Formation. The Tunnel Mountain 
Formation comprises a monotonous sequence of reddish-brown 
weathering dolomitic sandstone and siltstone that attains a 
maximum thickness of 500 metres at its western margin, near 
the Elk River. The Tunnel Mountain Formation is 
disconformably overlain by the Kananaskis Formation which 
consists of light grey, silty dolostones and dolomitic 
siltstones and is generally around 55 metres thick. Chert 
nodules and intraformational chert breccias are found in the 
upper part of the section. Slightly phosphatic horizons, 
containing up to 9 per cent P2O5, are reported as rare 
occurrences within the Kananaskis Formation (Macdonald, 
1987). 

The Kananaskis Formation of the Spray Lakes Group is 
unconformably overlain by Permian strata of the Ishbel 
Group. Together, the Spray Lake Group and the Ishbel Group 
comprise the Rocky Mountain Supergroup (Figure 4 ) .  The 
Ishbel Group, which has been correlated with the Phosphoria 
Formation in the western United States, consists of the 
Johnston Canyon, Telford, Ross Creek and Ranger Canyon 
formations, from oldest to youngest respectively. 

The Johnston Canyon Formation comprises a series of 
recessive weathering, thin- to medium-bedded siltstones, 
silty carbonate rocks and sandstones, with minor shale and 
chert. It varies from 1 to 60 metres in thickness and 
commonly contains phosphatic rocks. Thin, intraformational, 
phosphate-pebble conglomerate beds are common throughout the 
formation and, locally, mark its base. Phosphate is present 
as black nodules in distinct horizons within the siltstones, 
locally cements siltstone beds, and locally occurs in 
pelletal siltstone or pelletal silty phosphorite beds which 
are slightly greater than 1 metre in thickness (Butrenchuk, 
1987a; Macdonald, 1987). The pelletal phosphorites can 
contain up to 21 per cent P2O5, but are of limited 
distribution; the basal conglomerate is less than 50 
centimetres thick and generally contains 3-4 per cent P2O5, 
only; the nodular and phosphate pebble-conglomerate beds can 
have cumulate thicknesses of up to 22 metres, but grades 
rarely exceed 10 per cent P2O5 over a few 10’s of 
centimetres. 

The Telford and Ross Creek Formations, which attain 
thicknesses of 210-225 and 90-150 metres respectively, are 
of limited distribution, exposed only in the Telford Thrust, 
west of the Elk Valley in the Sparwood region. The Telford 
Formation consists of resistant-weathering, thick-bedded, 
sandy, oolitic and fossiliferous rocks. Rarely, slightly 
phosphatic horizons are present, with grades commonly around 
11 per cent P2O5 across 30 centimetres. The Ross Creek 
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Formation is composed of recessive, thin-bedded siltstone, 
argillaceous siltstone, minor carbonate and chert. Nodular 
phosphate horizons are present throughout this unit and are 
best developed in the upper portions. Locally, phosphatic 
coquinoid beds are also present. Reported phosphate grades 
are only 1.7 to 6 per cent P2O5 (Butrenchuk, 1987a; 
Macdonald, 1987). 

The Ranger Canyon Formation, which can be up to 60 metres 
thick, paraconformably to disconformably overlies the Ross 
Creek Formation. It predominantly consists of resistant, 
cliff-forming, thick-bedded, blue-grey cherts, cherty 
sandstones, siltstones, fine sandstones and conglomerates. 
Minor gypsum and dolomite are also present. The base of the 
formation is marked by thin, phosphate-cemented, chert- 
pebble conglomerates that locally contain massive, 
phosphatic intraclasts. Phosphate also occurs as nodules in 
brownish weathering sandstone beds in the upper part of the 
formation. With the exception of phosphatic strata near the 
Fernie ski hill, most of the horizons are reportedly low 
grade; the highest values reported are 13.3 per cent P2O5 
across 0.5 metres (Butrenchuk, 1987a; Macdonald, 1987). 

Permian strata are unconformably overlain by the Triassic 
Sulphur Mountain Formation of the Spray River Group. The 
Sulphur Mountain Formation is between 100 and 496 metres 
thick and typically consists of rusty brown weathering, 
medium-bedded siltstones, calcareous and dolomitic 
siltstones, silty dolostones and limestones and minor shale. 
Locally, the Sulphur Mountain Formation is overlain by pale 
weathering, variegated dolostones, limestones, sandstones 
and intraformational breccias of the Whitehorse Formation. 
The Whitehorse Formation, which can be from 6 to 418 metres 
in thickness, is middle to upper Triassic in age and is the 
upper member of the Spray River Group. It is not present in 
most areas (Butrenchuk, 1987a). 

0 

The Jurassic Fernie Group unconformably overlies the 
Triassic strata. It consists of a lower zone of dark grey 
to black shales, dark brown shales, phosphates and minor 
limestones, siltstones and sandstones (the basal phosphate 
zone and equivalent Nordegg Member, Poker Chip Shales and 
the Rock Creek Member), a middle unit of light grey shale, 
calcareous sandstone and sandy limestone (the Grey Beds) and 
an upper unit of yellowish-grey to pale brown or dark grey 
weathering glauconitic sandstone and shale grading upwards 
into interbedded fine-grained sandstone, siltstone and black 
shales (the Green and Passage beds). In southeastern 
British Columbia, the Fernie Group is 70 to 376 metres in 
thickness and generally thickens to the west (Freebold, 
1957; Kenny, 1977; Macdonald, 1987; Price, 1965). 

The base of the Fernie Group is marked by a persistent 
pelletal phosphorite horizon that is 1 to 2 metres in 
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thickness and generally contains greater than 15 per cent 
P2O5; grades up to 30 per cent P2O5 have been found. It 
commonly consists of two pelletal phosphorite beds separated 
by a thin, chocolate brown to black phosphatic shale bed. 
The basal phosphorite rests either directly on Triassic 
strata or is separated from the underlying rocks by a thin 
phosphatic conglomerate. Phosphatic shales of variable 
thickness, generally less than 3 metres, overlie the 
phosphorites. The top of this sequence is locally marked by 
a yellow-orange bentonite bed. This part of the formation 
is Sinemurian in age and generally considered to be a 
lateral facies of the Nordegg Member and Nordegg equivalent 
beds. A second phosphatic horizon is present in the 
Bajocian Rock Creek Member, approximately 60 metres above 
the base of the Fernie Group. This zone is extremely low 
grade, generally containing less than 1 per cent P2O5 and is 
often associated with belemnite-bearing calcareous sandstone 
beds (Butrenchuk, 1987a; Freebold, 1957; Macdonald, 1987). 

The Kootenay Formation, of upper Jurassic to Cretaceous age, 
overlies rocks of the Fernie Group. It consists of dark 
grey carbonaceous sandstone, gritty to conglomeratic 
sandstone, siltstone, shale and coal and can be from 150 to 
520 metres thick (Price, 1965). 

i 
3 2 PFOPERTY GEOLOGY 

\ 
The Hubger Lake - Bighorn Creek area is underlain by a 
sequence of sedimentary rocks which range from Mississippian 
to Lower Cretaceous in age (Figure 5). Geological mapping 
(using topographic base map and altimeter with air photo 
control) at a scale of 1:12,500 (Figure 6 )  concentrated on 
locating the basal Fernie Group phosphorite horizon, which 
marks the Triassic/Jurassic boundary in this region. 

3.2.1 Stratigraphy 

The Hunger and Bighorn claims are predominantly underlain by 
strata correlative with the Ranger Canyon Formation of the 
Permian Ishbel Group, the Sulphur Mountain Formation of the 
Triassic Spray River Group and the Jurassic Fernie Group 
(Figures 5, 6 ) .  Mississippian Rundle Group limestones are 
exposed to the north and northeast of the claims and 
sandstones and siltstones of the Late Jurassic to Cretaceous 
Kootenay Formation are exposed on ridge-crests to the south 
of the claims. 
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Rocks assigned to the Ranger Canyon Formation on the 
properties are predominantly massive, medium-bedded white, 
grey or cream weathering, very fine-grained quartzose 
sandstones, siltstones and dolomitic siltstones. Phosphatic 
strata were noted within this formation in two localities; 
west of Bighorn Creek, northwest of the Bighorn claims (Stn. 
PRR89-1, Fig. 6 )  and near the eastern margin of the Hunger 
claims, south of Leslie Creek (Stn. HGR89-32, Fig. 6 ) .  West 
of Bighorn Creek, a roadcut exposes dark grey phosphatic 
siltstone layers up to 20 cm thick, which form the base of 
thicker beds and conglomerate layers up to 30 cm thick, with 
chert and phosphate cobbles in a phosphatic matrix. The 
highest grade encountered from this location was 21.49% P2O5 
and 105 ppm Y across 20 cm (Appendix 1). These rocks are 
probably correlative with strata from the lower part of the 
Ranger Canyon Formation. 

Adjacent to the eastern margin of the Hunger claims, 
phosphatic horizons in the Ranger Canyon Formation occur 
near its top, not far from the basal Triassic beds. In this 
area, phosphate occurs as nodules within cream, buff or 
brown weathering, calcareous siltstone to fine-grained 
sandstone beds. In places, the phosphate nodules can 
comprise as much as 30 to 35 per cent of the rock across 10 
to 20 cm. A representative sample of the nodules contained 
24.70% P2O5 and 190 ppm Y (Appendix 1); the grade of the bed 
would be much lower. This phosphatic horizon is underlain 
by a bed of distinctive, light grey weathering, finely 
fragmented, sandy carbonate rock that contains abundant 
disseminated black bitumen. 

Rocks correlative with the Triassic Spray River Group in the 
area are predominantly medium- to thin-bedded, light 
yellowish-brown to medium brown weathering siltstones, and 
calcareous or dolomitic light grey siltstones. Pyrite or 
marcasite concretions are developed locally. In some areas, 
fine sandy beds are present within the siltstones; in 
others, dark brown shales and silty shales occur. Locally, 
the top of the Triassic is marked by a light grey weathering 
silty limestone. 

Fernie Group rocks are recessive weathering and, for the 
most part, not well exposed. Where exposed, the base of the 
Fernie is marked by a phosphorite horizon of Sinemurian age 
that can be in excess of 1.5 m in thickness. It generally 
consists of two gritty, pelletal phosphorite horizons 
separated by 5 to 25 cm of chocolate shale. In the outcrops 
and sections examined, the upper contact of the phosphorite 
horizon is often eroded away or mixed, by glaciation or 
other surface phenomenon, with shale or shale and till. The 
phosphorite layers are usually very poorly consolidated and 
can be sampled with a trowel or shovel; occasionally, 
however, well indurated layers were encountered. Overlying 
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a the basal phosphorite and comprising the greatest part of 
the Fernie Group observed in the area, are monotonous 
fissile black shales. Much further up in the sequence, 
cream to light grey weathering siltstones and silty 
limestones as well as shales and silty shales are present. 
Near the southeastern corner of the Hunger claims (Figure 
6), buff weathering, fossiliferous calcareous sandstone and 
sandy limestone beds are present within the black shales. 
Brachiopods and belemnites both occur within these beds 
which are probably correlative with the belemnite beds of 
the Bajocian Rock Creek Member of the Fernie Group. 

3 . 2.2 Structure 

The structure in the Hunger Lake - Bighorn Creek area is 
dominated by a series of northwest-southeast trending folds 
and thrust faults (Figures 5, 6 ) .  The western margin of the 
area examined is marked by the MacDonald Thrust, a major 

the MacDonald Thrust, are underlain by a small 
anticline/syncline pair outlined by the basal Fernie 
phosphorite, which are parasitic on the southwest limb of a 
larger anticlinal structure. The northeast limb of this 
major anticline is faulted; the Storm Creek thrust, which is 
a relatively local structure, juxtaposes it against the 
adjacent major syncline to the northeast. The Hunger claims 
are along the northeastern limb of this major syncline; 
small second order parasitic folds complicate the outcrop 
pattern. 
another small thrust truncates the phosphorite horizon and 
places Fernie shales over Triassic and Permian strata 
(Figures 5, 6). 

regional structure. The Bighorn claims, immediately east of 

Along the eastern margin of the Hunger claims, 

Stereonet analysis of structural measurements taken from the 
area indicates that the folds are conical rather than 
cylindrical in nature (Appendix 2). The folds are best 
defined by a cone axis plunging approximately 30' towards 
the southeast (135O) and a half apical angle of 72O. The 
stereonet pattern suggests that the synclinal structures 
open in a'n up-plunge direction (to the northwest) and that 
anticlinal structures open in a down plunge direction (to 
the southeast). There is a significant clustering of 
bedding data, resulting from the fact that most of the 
measurements were taken from the northeast limb of the major 
synclinal structure on the Hunger claims; in this region the 
average bedding orientation is 121/18 (Appendix 2). 
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4. TRENCHING AIND ASSAY RESULTS 

The Fernie Group rocks are poorly exposed; in order to 
measure sections through the basal phosphorite horizon it 
was necessary to dig trenches or pits. In the course of 
evaluating the economic potential of this horizon, 159 
samples (including 6 bulk samples) were collected from 8 
hand trenches, 9 backhoe trenches and 3 outcrops on the 
Hunger claims, and 10 samples from the Bighorn claims 
(Figure 6, *, *, *, and Appendix 1). Samples were analyzed 
for P2O5 using a gravimetric assay method, for yttrium using 
X-ray fluorescence (XRF) and for 34 trace elements, 
including some of the rare earths, using induced neutron 
activation analysis (INAA) . 
Hand trenches were dug with a pick and shovel; in most cases 
they involved digging into a bank and removing earth and 
slumped material to provide a well exposed section. One 
hand trench (Stn. HGR89-l), dug on relatively flat ground, 
was approximately 40 cm wide, 40 cm deep and 2 metres long. 
In most cases, hand trenched areas were revisited with a 
John Deere 555 backhoe and enlarged to give more complete 
sections. CQntinuous samples across measured intervals were 
collected. Maximum depth attainable by the backhoe was 4 
metres; all samples collected may have been affected to some 
degree by surface weathering. Phosphate and yttrium results 
from measured sections are summarized as follows: 

Summary of Measured Sections, Hunger Claims ............................................................ 
SECTION TRUE THICKNESS WEIGHTED AVERAGES* 

METRES p2°5 % Y PPM 

HAND TRENCHES 
HGR89-1 
HGR89 -19 
HGR89-21(1) 
HGR89-21(2) 
HGR89-24 (1) 
HGR89-24 (2) 
HGR8 9 -2 8 
BACKHOE TRENCHES 
TR8 9 -1-1 
TR8 9 - 1-2 
TR8 9 - 1-3 
TR89-1-4 
TR8 9 - 1-5 
TR8 9 -2 -1 
TR89-2 -2 
TR8 9 -2 -3 

( CONTAINS 

1.32 
1.13 
1.06 
1.10 
0.66 
0.98 
0.59 

1.44 
1.22 
1.98 
1.06 
0.78 
0.90 
0.91 
0.77 
0.84 

14.25 
25.16 
19.44 
23.76 
30.05 
25.07 
14.13 

21.95 
23.02 
14.95 
21.17 
14.53 
21.26 
19.15 
18.90 
16.01 

399 
722 
545 
605 
825 
701 
327 

665 
679 
526 
589) 
409 
655 
526 
550 
531 
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TR8 9 -3 -1 
TR8 9-3 -2 
TR89 -3 -3 

TR89 -4 -1 
TR8 9 -4 -2 
TR8 9-5-1 
TR8 9 -5 -2 
TR8 9 -5 -3 

TR8 9 -5 -4 
TR8 9 -5 -5 

TR8 9 -5-6 
TR8 9 -5 -7 
TR8 9 -6-1 
TR8 9 - 6-2 
TR8 9 -7-1 

TR89 -8 -1 
TR8 9 -9-1 

(CONTAINS 

(CONTAINS 

( CONTAINS 

( CONTAINS 

( CONTAINS 

1.42 
1.39 
2.18 
1.18 
0.77 
0.78 
1.66 
0.82 
1.28 
1.06 
1.24 
1.10 
0.71 
0.40 
1.02 
1.00 
0.96 
1.20 
0.97 
0.46 
1.08 
0.52 

21.88 
22.44 
21.21 
26.16 
25.89 
19.22 
24.52 
23.66 
21.70 
23.15 
27.21 
21.89 
23.76 
26.82 
13.75 
21.16 
19.17 
16.25 
17.89 
22.36 
17.25 
22.47 

628 
621 
649 
791) 
717 
588 
669 
661 
521 
605) 
887 
629 
751) 
796 
520 
581 
474 
508 
558) 
665 
559 
684) 

*Measured sections are generally composed of a number of 
smaller interval samples; weighted averages, based on 
proportional sample thicknesses, were calculated to 
represent the yttrium and phosphate content of the entire 
section. 

On the Hunger claims, measured sections average 21.31 per 
cent P2O5 and 621 ppm yttrium across an average thickness of 
1.06 metres. The values range from 2.4 per cent P2O5 and 
140 ppm yttrium in shale layers within the phosphorite 
section to 30.5 per cent P2O5 and 970 pprn yttrium (Appendix 
1). Phosphorite beds on the Bighorn claims were not 
examined in detail; however, in the outcrops examined the 
phosphorite seems to be thinner and/or lower grade than on 
the Hunger claims. 
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There is a direct relationship between yttrium and phosphate 
values in the basal Fernie Group strata (Figures 7a, 7b). 
It can be crudely expressed as a line with the equation: 

Y(ppm) = 22.78487P205(%) + 135.238758 (Figure 7A) ; 

however, an exponential equation gives a much better fit and 
more accurately describes the relationship between yttrium 
and phosphate. The exponential equation is: 

Y(ppm) = EXP[O.O53911P205(%)] * 180.002222 (Figure 7B). 

In the simplest of terms, as the phosphate content of the 
rock increases, so does the yttrium. 

4 . 1  BACKHOE TRENCH SECTIONS 

Nine trenches were dug using a John Deere 555 Backhoe 
(Figure 6, 8a to 8c); they ranged from 8 to 32 metres in 
length, 1 to 3 metres in width and up to 4 metres in depth. 
The dimensions of individual trenches are summarized as 
follows : 

TRENCH LENGTH WIDTH DEPTH MATERIAL3 
(METRES) (METRES) (METRES) MOVED (m ) 

I 
89-1 28.2 
89-2 27 
89-3 10.2 
89-4 12.5 
89-5(A) 32 
89-5(B) 9.6 
89-6 10 
89-7 8 
89-8 11.6 
89-9 8.7 

1.75 
1 
3 
1 
1 
1 
1 
1 
1 
1 

0-4 
0-4 
2.5-4 
1.85-4 
1.5 
1.5-4 
0.75-2.25 
3 
0-2 
2-4 

TOTAL VOLUME OF MATERIAL MOVED 

98.7 
54 
99.5 
36.6 
48 
36.4 
15 
24 
11.6 
26.1 

449.9 m3 

In most of the trenches the stratigraphy of the phosphorite 
horizons was similar: a bipartite division consisting of a 
pelletal phosphorite to phosphatic shale horizon, 25 to 84 
cm thick, sitting either directly on hard Triassic 
siltstones or on a weathered, clay-rich Triassic base mixed 
with some phosphate, and overlain by 5 to 23 cm of chocolate 
to black shale which is in turn overlain by a second 
pelletal, or in some cases, nodular phosphorite which is 
generally between 18 and 77 cm thick. The upper phosphorite 
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horizon is overlain by slightly phosphatic black or brown 
shales that grade upwards into non-phosphatic rocks. This 
bipartite stratigraphy is exhibited in TR89-1, sections 1-3, 
TR89-4, sections 1 t 2, TR89-5, sections 3-7, TR89-6, 7 and 
9 (Figures 8a to 8c). In some cases, the stratigraphy 
differs. The section may be incomplete due to the top of 
the section being removed by erosion or mixed with shale and 
glacial till (see sections TR89-5-1 and TR89-8-1, Figure 
8c). In other cases, it is difficult to determine the 
reason for the apparent differences; mixing and disruption 
during glaciation or simply, original stratigraphic 
variations may account for the observed stratigraphy (see 
TR89-1, section 5, TR98-2, 3, and TR89-5, section 2, Figures 
8a to 8c). In trenches TR89-1 and 2, the phosphatic horizon 
seems to thin and decrease somewhat in grade with depth; 
however, even at the maximum depth reached by the hoe, 
surface processes can affect the stratigraphy and this 
apparent thinning is difficult to evaluate. 

Phosphorites exposed in backhoe trenches on the Hunger 
claims averaged approximately 1 metre thick, with grades of 
around 21 per cent P2O5 and 620 ppm yttrium. The highest 
grade intersections encountered were along a 1.7 kilometre 
stretch, in trenches TR89-3, 4 and 5, near the headwaters of 
Leslie Creek (Figures 6, 8a, 8b); values of 30 per cent P2O5 
and 940 ppm yttrium across 40 cm were returned (Appendix 1). 
Average thickness and grade of the phosphorite horizon in 
these trenches is 22.52 per cent P2O5 and 657 ppm yttrium 
across 1.17 metres. In that region, the phosphorite strata 
dip, in a downslope direction, slightly steeper than the 
hillside. 

4.2 BULK SAMPLING 

Bulk samples of good pelletal phosphorite were collected 
from two trenches (TR89-3 and TR89-5). Two splits and one 
washed sample from each were analyzed for phosphate, yttrium 
and trace elements (as above). One split and the washed 
sample were also analyzed for major element oxides (direct 
coupled plasma emission analysis) and fluorine (distillation 
assay, Appendix 3). Results are summarized as follows: 
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SAMPLE p2°5 % y PPm CaO/ R2O3**/ MgO % 
p2°5 p2°5 I ........................................................... 

TR89-3-B1 29.83 740 1.44 0.18 0.39 
(SPLIT 1) 
TR8 9 -3 -B2 29.69 770 
(SPLIT 2) 
TR8 9 -3 -BP 32.83 810 1.37 0.10 0.29 
(WASHED) 
TR89-5-B1 28.80 830 
(SPLIT 1) 
TR8 9 -5-B2 29.39 860 1.36 0.19 0.39 
(SPLIT 2) 
TR8 9 -5 -BP 33.66 1000 1.36 0.10 0.25 
(WASHED) 

-- -- -- 

-- -- -- 

** R2O3 = A1203 + MgO + Fez03 

Splits from the bulk samples are internally consistent; the 
variance in phosphate values was approximately 0.5 to 2 
relative per cent and the variance in yttrium content was 
3.5 to 4 relative per cent. A simple washing procedure 
(removing silts by crude panning) resulted in an increase in 
both phosphate and yttrium values by 9-13.5 relative per 
cent and 7-15.5 relative per cent, respectively. The 
samples meet industry specifications for major element 
concentrations, with the exception of the R2O3/P2O5 values 
(see Appendix 4 ) .  In the unwashed samples the R203/P205 
values are higher than desired; however, the washed samples 
meet cutoff specifications (0.1). Additional material from 
the bulk samples (approximately 30 kg from TR89-3 and 50 kg 
from TR89-5) have been submitted for mineralogical and 
preliminary metallurgical tests. 

5. CONCLUSIONS 

'The Hunger and Bighorn claims, which can be reached by road 
from Fernie, B.C., are underlain by a series of Upper 
Paleozoic and Mesozoic strata that were deposited off the 
western margin of North America between the Permian and late 
Jurassic. In the vicinity of the claims, phosphatic 
horizons occur within the Permian Ranger Canyon Formation of 
the Ishbel Group and at the base of the Jurassic Fernie 
Group. The thickest and most continuous phosphorite horizon 
is the one at the base of the Fernie Group and in addition 
to P2O5, it contains anomalous concentrations of yttrium, 
averaging around 600-650 ppm Y, versus 260 ppm, which is the 
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worldwide phosphorite average. The basal Fernie phosphorite 
was the focus of this project, the main conclusions of which 
may be summarized as follows: 

1. 
continuous, average slightly over 1 metre in thickness 
and contain, on average, 21 per cent P2O5 and 620 ppm 
yttrium. Some slightly thicker and higher grade 
sections have been located, but their lateral 
continuity has not been established. Thicknesses 
and/or grade on the Bighorn claims does not appear to 
be as high as on the Hunger claims. 

On 'the Hunger claims, the phosphatic strata are 

2. Yttrium and phosphate concentrations increase 
proportionally. 

3. Simple washing tests were able to upgrade material 
from bulk samples to a product which would be 
acceptable to industry; however, proper beneficiation 
tests are still required. 

Based solely on the phosphate content and thickness, the 
basal Fernie phosphorites are currently subeconomic, as 
previous workers decided; however, significant amounts of 
yttrium are present in these rocks and if this is feasible 
to extract at a reasonable cost, it could change the status 
from subeconomic to economically exploitable. To date, the 
work done has been preliminary and has not addressed 
questions such as the effects of surface weathering and the 
potential of changes in grade with depth. As well, it will 
be necessary to examine the reality of extracting yttrium 
during phosphoric acid process before a final assessment can 
be made. 

a 

a 
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0 
8. STATEMENT OF COSTS 

COLUMBIA PROJECT 1989 

Wages and Professional Fees* 

Field work (May 26-July 26, 1989) 
Benefits @ 25% 

Disbursements: 

Truck Rental 
Gas 
Meals 
Accomodation 
Helicopter charter 
Assays 
Miscellaneous rentals 
Backhoe rental** 
Expendible supplies 

Compilation and reports 

TOTAL ALL CLAIMS + 

CLAIM BLOCK ALLOCATION OF EXPENDITURES: 

-> Hunger Group 
-> Bighorn Group 

Cabin Creek Group 
Cabin East Group 
Highrock Group 
Regional 

TOTAL 

39% 
4% 
26% 
7% 
6% 
18% 

$32 , 073 
8,018 

$40 , 091 

2,409 
1,584 
3,845 
1,464 
5,923 

15 , 528 
4,076 
1,200 

1,515 

5,000 

$42,544 

$82,635 

$32,227 
$ 3,307 
$21,485 
$ 5,784 
$ 4,958 
$14,874 

$82,635 

*Breakdown showing pay rates and days worked follows. 
**Breakdown showing trench work distribution follows. 
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OF QUALIFICATION8 

Pell, of 3011 Quadra Street, Victoria, 
British Columbia, do hereby certify that: ~ 

1. 

2. 

3. 

4 .  

5. 

6. 

7 .  

8 .  

I was in the field in the Fernie area from late May 
until late July, 1989 and personally supervised the 
exploration on the Hunger and Bighorn claims. 

I am a graduate of the University of Ottawa with a 
Bachelor of Science Honours degree in Geology, 1979. 

I am a graduate of the University of Calgary with a 
Doctorate of Philosophy degree in Geology, 1984. 

I am a Fellow of the Geological Association of Canada. 

I was employed as an Assistant Professor in the 
Department of Geology, University of Windsor, teaching 
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ANALYTICAL RESULTS,_HUNGER CLAIHS 

SANPLE NO. PJJ, Y CE La T DESCR I P 1 I ON 
x PPd PPH PPn n 

_-----I-- --I_- _----I_-- 

, .  

HGR89-1A 
H6R89-1R 
HGR89-IC 
HGR89-ID 
HGR89-1E 
H6R89-IF 

HGR89-196 
H6R89-196 
HGR89-I9C 
HGRB9-19D 

HGR89-2111 
HGR89-21B 
HGR89-21C 
HGR89-2ID 
HGR89-21E 
HGh'B9-21F 
HGR89-2lG 

HGR89-23 

HGHBP-24-IA 

HGFi89-24-211 
HGR09-24-2b 
HGR89-24-2C 
HGR89-24-?D 
HGR89-24-2E 
HGfi89-24-2F 

HGW-2811 
HGR89-28B 
HGRBP-28C 
HGR89-28D 

TR89-I-lA 
TRB9-l-IB 
Tfi89-1-1C 
TRB9-I- 1D 
TRBP-1-1E 

TR89-1-2A 
TR89-!-2P 
TR89-1-2C 
TR89-1-20 
TR89-1-2E 
TR89-1-2F 
TR89-1-2G 

2.30 57 
16.33 430 
14.60 480 
6.61 140 

17.09 405 
4.42 2U0 

20.83 595 . 
27.98 810 
24.34 6P5 
10.09 320 

14.23 490 
15.54 370 
26.75 790 
20.29 415 
21.82 540 
28.83 835 
16.89 335 

29.41 665 

30.65 825 

27.43 620 

5.61 190 
21.60 540 
26.93 800 

6.20 175 

10.32 305 
15.45 335 
2.40 140 

16.92 540 

19.39 631 
25.06 675 
10.21 420 
28.56 911) 
18.90 5;s 

20.56 650 
29.13 880 
13.53 460 
14.87 359 
21.?0 475 

4.89 440 
1.W 140 

20.88 075 

15 40 0.58 
160 160 0.24 
170 190 0.55 

85 87 0.21 
269 220 0.32 
170 130 0.63 

240 250 0.18 
260 550 0.42 
250 300 0.53 
160 150 0.44 

210 200 '0.18 
140 140 '0.49 
230 310 '0.39 
240 180 '0.30 
180 200 '0.43 
290 370 '9.37 
130 140 GRAB 

170 250 6RAB 

271) 350 0.66 

220 280 0.17 
310 400 0.36 
130 190 0.08 
180 210 0.17 
270 320 0.20 
140 96 0.36 

150 120 0.14 
130 140 0.40 
120 73 0.30 
170 190 GRAB 

I60 190 0.38 
189 270 0.24 
169 160 0.05 
740 330 0.33 
210 230 0.44 

190 230 0.41 
220 340 0.47 
150 170 0.08 
150 150 0.10 
220 200 0.16 
280 189 0.13 
110 77 0.68 

WEATHERED, RUSTY BROWN SILTSTOttE 
BROIINISH, G R I T T Y  PHOSPHATIC SHALE 
G R I T T Y ,  PELLETAL PHOSPHATE & SHALE 
DARK CHOCOLATE SHALE 
G R I T T Y ,  PELLETAL PHOSPHATE 
BLACK SHALE 

HIXED WEATHERED SILTSTONE 6 P205 
PELLElAL PHOSPHATE 
PHOSPHATE, HI RlNOR INlERfilXED SHALE 
WEATHERED SHALE 

RlXED PZO5 LIGHT BROWN CLAY 
GRITTY PHOSPHATE, WEATHERED 
G R I T T Y  PHOSPHATE 
SHALEY TO GRITTY PHOSPHATE 
VERY BLACK, PELLElAL PHOSPHATE 
G R l l T Y ,  BLACK, WEATIIERED PHOSPHATE 
FRESH, HARD PHOSPHATE 

VERY BLACK, PELLETAL PHOSPHATE 

BLACK, G R I ~ T Y  PHOSPHATE 

PURE, G R I T T Y  PHOSPHATE 
PURE PHOSPHATE 
CHOCOLATE SHALE 
NIXED PHOSPHATE l lNO SHALE 
HIXED PHOSPHATE AflD SHALE ' 

SHALE 

SILTSTONE, HINOR INTERHIXED P205 
FISSILE, PELLETAL PHOSPHllTE 
HIGHLY KEATHERED PHOSPHATE & SHALE 
WEATHERED PHOSPHATE 

dlXED WEATllEDiD BfiDNfl CLAY 6 P205 
GRITTY FHOSPHATE 
BLACK SHALE 
GRITTY P205, SORE OISTINCT NODULES 
HIXED SHALE AND PHOSPHATE ( &  TILL?)  

WEATHERED BROW# SILTSTONE 6 P205 
G R I T T Y  PHOSPHATE 
SHALE WlSONE PHOSPHATE 
THIN N O N L R f i  OR LENTICULAR PHOSPHATE 
HIXED PHOSPHATE Af lD SHALE 
SHALE 4 ?SOME PHOSPHATE 
BLACK SHALE 



TR89-1-SA 
TR89-1-3B 
TA89-1-3C 
TR89-1-3D 
TH89-1-3E 
TR99-1-3F 

26.92 535 140 200 0.22 MIXED WEATHERED SILTSTOHE k PZ05 
22.95 715 200 260 0.52 GOOD GRllTY P205, SOHE SHALE 
IR.44 420 170 180 0.32 PZO5 WlSHALEY H A l R l X  L CALCIIE VEINS 

12.10 305 220 150 0.27 HIXED SHALE h FRA6HENTS OF GRITTY P205 
2.96 140 130 e 2  0.23 CHOCOLATE SHALE 

7.65 720 500 350 0.42 SHRLE FRAGHENTS WSOHE PHOSPHATE 

TR89-1-48 
TRB9-1-48 
TRB9-1-4C 

18.3s a25 190 200 0.36 PHOSPHATE, BLACK 
11.28 310 130 120 0.42 FHO”JHA1E ”ME SHALE 
0.72  22 34 24 0.45 CHOCOLATE SHALE 

TR89-1-511 
TR89-I-5b 
TR89-I-5C 
1189-1-5D 
TR89-1-5E 

24.86 705 210 290 0.68 GRITTY, OILY SHELLING P205, CALCllE VEINS 
10,12 360 IB0 150 0.22 NIXED PHOSPHATE AHD SHALE 

3.83 35s zoo 156 0.18 SHALE! WITH nittoR PHOSPHATE 
3.76 330 210 150 0.36  WEATHERED SHALE 
4.59 415 270 210 0.27 WEAlHERED SHALE 

TRB9-2-1A 
TR89-2-18 
TR89-2-IC 
TR89-2-1D 
Tfi89-2-1E 

22.93 65tI 200 260 0.29 HIXED WEATHERED SILTSTONE & P205 
20.51 380 i s 0  170 0.26 PHOSPHATE WITH NODULES 
17.W 480 200 190 0.23 PHOSPHATE Y I T H  HlHOR CLAY 
10.22 620 370 280 0.13 PHOSPHAlE 
2.88 205 130 98 0.18 SHALE 

TR89-2-211 
TRB9-2-2B 
TR89-2-2C 
TRB9-2-2D 

16.13 435 130 160 0.06 HIXED PHOSPHATE k SILTSTONE 
20.97 690 170 240 0.42 6 R I T T Y ,  RASSIVE PHOSPHATE 
16.47 376 130 140 0.29 GRITTY, HASSIVE PHOSPHATE 

4.26 200 I60 120 0.12 CHOCOLATE SHALE 

Tfi8P-2-3A 
TR89-2-3 
TRBP-2-3C 
TR99-2-3D 

18.05 505 IS0 170 0.09 WEATHERED Sl lTSTOf lE  AND PHOSPHATE 
22.80 805 210 270 0.26 WEATHERED P205 FRAGHENTS I N  CLAYEY HATRIX 
12.04 390 ISO 140 0.49 WEATHERED PHOSPHATE 11110 SHALE 
2.56 100 70 37 0.S4 SHALE 

TR89-3-IA 
TR89-3-lB 
TR89-3-IC 
TR89-3-lD 

TR89-3-IF 
TRW-3-IE 

16.54 495 120 160 0.26 SHALEY P205 
27.93 805 210 290 0.31 GRITTY, VERY FISSILE P205 
23.95 810 260 300 0.21 SLIGHTLY HORE HASSIVE P205 
16.52 545 140 170 0.13 CLAY-RICH P205 
24.76 590 130 210 0.31 FISSILE, DISRUPTED, BRECCIATED P205 
16.31 450 I60 150 0.20 CLAYEY P205 (HIXED WlTlLL ?) 

21.33 515 130 180 0.54 CLAYEY OR SHALEY PHOSPHATE 
29.34 900 .ZOO 340 0.2R G R I T T Y ,  FISSILE PHOSPHATE 
28.59 775 220 300 0.14 GRITIY, FISSILE P205, SHALEY A T  THE TOP 
19.48 530 140 1PO 0.26 DISRUPTED PHOSPHATE, HIXED, CLAYEY 
14.10 510 180 180 0.17  DISRUPTED SHALE AND PHOSPHATE 

Tfi89-3-3A. 
TA89-3-38 
Tfi89-3-3C 
TR89-3-50 
Tfi89-3-3E 
1R89-3-3F 

17.80 be0 196 210 0.23  CLAYEY K O 5  (?#/SOHE SILTSTOIIE?) 
14.41 405 100 120 0.24 SHALEY PHOSPHATE 
29.78 750 200 260 0.32 FISSILE, G R I T T Y  FHDSPHATE 
25,95 855 220 270 0.55 FISSILE, GRITTY PHOSPHATE 

14.75 400 120 120 0.53 DISRUPTED P205, HIIEO WISHALE-CLAY 
22.78 720 210 260 0.31 DISRUPTED PZOS, BRECCIATED a CLAYEY 



TRE9-3-4 14.64 730 190 240 GRAB G R I  1TY PHOSPHAT IC SlLTSlONE 

TR89-4-1A 
TR89-4-18 
TR89-4-IC 
TRE9-4-ID 
TR89-4-1E 
TR89-4-IF 

23.00 639 I60 210 0.29 
29.97 9 7 0  240 380 0.20 
29.16 765 220 339 0.09 
22.28 560 220 220 0.07 
25.75 560 279 270 . 0.12 

4.9E 370 250 170 0.32 

G R I T T Y ,  PLACK PHOSPHATE 
G R I T T Y ,  BLACK PHOSPHATE 
PHOSPHATE, HOT 
BROWN SHALE 
PHOSPHATE 
BROWN SHALE 

TREP-4-211 
TH89-4-2B 
TR89-4-2C 
TRE9-4-20 
TR89-4-2E 
TRE9-4-2F 
TREP-4-2G 

15.11 510 I 4 0  170 0.22 

23.25 805 219 309 0.12 
6.51 345 110 110 0.13 

26.32 650 250 270 0.04 
23.84 515 250 240 0.14 

5.40 325 190 140 0.25 

2e.oo 620 220 339 0.13 
GRITTY P205, HIXED HARD & SOFT 
BLACK, GRITTY PHOSPHATE 
GRITTY @LACK PHOSPHATE 
DARK BROWN SHALE 
PLfiCK PHOSPHATE 
G R I T T Y  BLACK P205, WIRItlOR CLAY 
CHOCOLATE BROUN TO BLACK SHALE 

TH8P-S-lA 
TR89-5-lB 
TRE9-5-lC 

28.25 985 260 360 0.31 
24.94 779 210 289 0.71 
22.24 405 IS0 140 0.64 

G R I T T Y ,  BLACK PHOSPHATE 
MIXED P205 AND @AOUN SILTSTONE FRAGMEIITS 
P205 & PROWN SILTSTONE C SHALE FRAGMENTS 

TRE9-5-211 
TR89-5-2P 
TREP-5-2C 
TR89-5-2D 

19.41 345 149 129 0.20 
15.31 545 170 IS0 0.13 
29.23 790 290 309 0.33 
25.94 885 240 349 0.16 

MIXED P205 & 0ROWll CLAY 
WEATHERED h FRAGtIENTAL P205 
MASSIVE PHOSPHATE 
SHALEY PHOSPHATE 

Tfi89-5-3A 
Th'e9-5-3B 
TR81-5-3C 
TR89-5-3D 
TR89-5-3E 

18.67 225 I I O  I N  0 . 2 2  
15.99 420 130 140 0.46 
14.43 360 96 120 0 ,98  
29.07 160 230 290 0.52 
10.00 34U 160 130 0.33 

MIXED NEATHERED SILTSTONE P205 
SHALEY P205, FRAGflENIllL PZ05 I N  SHALE 

SHALE 
GRITTY P205, SOFT @BASE, HARD @TOP 
FRAGMEHTAL, HIXED PRONH SHALE & PZ05 

G R I T T Y ,  BLACK P205 
BROWNISH-BLACK, GRITTY P205 
CHOCOLATE SHALE 
MIXEO, PROWNISH, CLAYEY PZ05 
G R I T T Y  T O  PHOSPHATIC SHALE 

~ ~ e 9 - 5 - 4 ~  
TR89-5-48 
Th'E9-5-4C 
TRE9-5-40 
TRE9-5-4E 

29.45 939 220 359 9.24 
26.52 999 250 330 0.18 

7.23 229 140 110 0.14 
29.45 990 290 370 0.35 
22.5P . 760 259 2EO 0.33 

TR89-5-511 
TREP-5-50 
TREY-5% 
lfi69-5-50 
TRE9-5-5E 

15.33 590 130 160 0.31 

30.50 959 249 350 9.24 
10.32 395 I60 140 0,12 
22.11 410 I 9 0  I 9 0  0.27 

29.96 940 . 210 330 0.16 
PROWlllSH P205 M I X E D  W CLAY 
SOFT, G R I T T Y ,  BLACK PZD5 
HARO, GRITTY, HASSIVE P205 
BROWN SHRLE 
MIXED GRANULAR P205 WlSHALE 

TRE9-5-6A 
TR89-5-6B 

20.94 515 140 189 9.10 
28.78 I 8'30 200 320 0,30 

9.60 245 110 110 0.25 
15.91 880 560 450 0.28 
9.64 675 420 310 0.10 
1.65 120 139 72 9.13 

20.15 420 190 1E0 0.25 
13.88 370 140 150 0.26 

Ml lED BROWN SlLlSTDflEICLAY k PZOS 
NASSIVE, BLACK, GRITTY P205 

M I  XEB BROWfl SILISTONEICLAY & P205 
SHALEY OR CLAYEY P205 
HlXEb SHALE AND P105 
BRONN SHALE 
FRAGMENTllLLY MIXED SHALE k P205 
MIXED SHALE AMD P205 

TRB9-5-711 
TR89-5-78 
TRP9-5-7C 
TRE9-5-70 
TR89-5-7E 
TR89-5-7F 

. .  . 
. .  , 

r 

. .  
b 



TR89-6-IA. 
TfiE9-6-1P 
TRP9-6-IC 
TRR9-b-ID 
TRE9-6-1E 

TR89-6-2A 
TR89-6-2B 
TRE9-6-2C 
TR89-6-2D 

TRE9-7-IA 
TR89-7-1R 
TR89-7-IC 
TR89-7-ID 

TRET-B-IA 
. TREP-E-IB 

TRE9-9-IA 
TR89-9-18 
TR89-9-IC 
TR89-9-ID 
TRE9-9-1E 
TR89-9-6 

SAnPLE 110. 

INV89-lA 
INVBP-IB 

1NVB9-211 
1NV89-28 

INVE9-2D 
I WV89-2E 
INV89-2F 
1 HVB9-2G 
IllVBP-ZH 

I t i v a 9 - 2 ~  

‘ ‘ I  

14.47 645 
15.27 320 
29.20 865 
10,97 385 
25.69 430 

14.23 340 

5.04 175 
19.95 350 

9.35 300 
15.42 630 
12.87 320 
19.48 600 

18.52 510 
28.33 905 

15.57 420 
28.98 E90 
24.67 905 
10.26 210 
15.97 E30 
13.39 I300 

28.87 770- 

110 230 0.99 
78 120 0.24 

140 320 0.38 
160 140 0.16 
130 180 0.13 

82 120 0.25 
130 210 0.36 

E7 81 0.17 
150 170 0.18 

. 9 0  110 0.23 
120 230 0.12 
110 110 0.16 
130 200 0.69 

55 IbO 0 . 2 8  
150 310 0.18 

86 130 0.23 
150 330 0.22 
I60 340 0.07 
120 110 0.35 
340 390 0.21 
830 691 NA 

HIXED BROWN SILTSTONE AND P205 
HARD, BLACK PHOSPHATE 
HIIRD, BLACK PHDSPHATE 
PROWN SHALE 
GRANULAR, SOFT MIXED P2OS & SHALE 

PLACK, SOFT PHOSPHATE 
BLACK, HARD PHOSPHATE 
BROHN SHRLE 
HIXED PHOSPHATE h SHALE 

HIXED PROHN CLAY AND PHOSPHATE 
HAM PHOSPHATE 
SOFT BLACK PHOSPHATE 
RI IED PHOSPHATE AND SHALE 

MIXED P205 & BROHll SILTSTONE 
P205, LOCALLY NODULAR 6 FiUSTY 

P205, MINOR INTERMIXED SlLlSTONE 
HARD PHOSPHATE 
SOFT, BLACK PHOSPHATE 
SHALE k CLAY, SOME PHOSPHATE 
PHOSPHATE UIYELLOU-ORANGE SlAlH 
RUST-STAINED PHDSPHATE 

-- z PPI( PPR PPM n 

17.87 
12.93 

20.11 
21.92 
23.74 

7.82 
3.96 
3.07 
3.22 
1.38 

555 
710 
690 
170 
365 
250 
220 
130 

100 
110 
130 
92 
160 
140 
160 
85 

230 
270 
281  

99 
150 
130 
140 
69 

0. 60 UllHEATHERED PELLETAL PHOSPHAIE 
0.50 WEATHERED PELLETAL PHOSPHAIE 

GRAB 
GRAB 
0.51 
0.14 
0.15 
0.16 
0.19 
0.30 

HAfiD PHOSPHATE, CANNOT D I G  THROUGH 
WEATHERED, SOFT PHOSPHAlE 
PHOSPHATE 
BHOUtl SHALE 
H l lED PHOSPHATE & SHALE 
HIXED SHALE k PHOSPHATE 
HIKED SHALE h PHOSPHATE 
BLACK SHALE 
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X ?  ilCI1-8'I-lA 2.30 
X? IIGH-89-1H 16.31 
X? llGIt-89-1C 14.40 
X? IIGH-8')-lD 6.61 
x2 llCI{-8V It  17.07 

Xi' HGU-89-1r 4.42 
x7 HCH-8V-lYll 20.81 
X2 llCf(-89-198 21.98 
x i  iicR-89-19c 24.34 
$2 llCk-89-1VD 10.09 

X2 IlGR-87-211 14.21 
x2 IlGU-89-218 15.51 
X? llGT(-87-71C 26.75 
x7 IIGIi 8') 210 20.27 
XZ llGH-89-21E 21.82 

X i  tICR-89-21F a 28.83 
X? llGR-89-21G 16.89 
x7 IIGH-8')-7J 29.41 
x7 l lCN - 8Y- 24 - i n  XI. 05 
x7 llGH-89-24-iil 27.41 

~ 

X2 HCR-87-24-28 28.88 
X 2  IlGU-89-24-2C 5.61 
X2 IlCR-89-24-20 21.60 
X 2  llCU-89-14-2E 26.23 
x? H C N - ~ Y - ~ ~ - X  6.20 

x i  m - a < ) - 2 8 n  10.32 
XZ 11G13-89-28[1 15.43 
X2 IIGR-89-2EC 2.40 
X2 I I G H - 8 V - B D  16.92 

I I 
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X2 HGR-89-IF 12 <5 12 49n 2 <lo 1711 I1 zyn I 5 3.Y ’ 
X Z  HGR-89-191 t5 <s 313 (231 i t i n  240 t i n  220 2 8 1.9 
X2 HGR-89-19R ts ts 2s (2311 ti <io 268 <io 230 1 12 1.0 
X2 HGR-89-19C c5 (5 26 c2zn 1 16 2sn t i n  211 3 to  1.2 
X2 HGR-89-19n 9 ts 32 170 3 ii i 6 n  tin 230 7 s 2.2 

X2 HGR-89-211 ts ts 22 170 2 <in 2 i n  <in 2211 4 I 1.1 
X2 HGR-89-210 <5 <5 24 178 z <io 140 <io 180 3 4 1.5 

3 11 1.1 X2 HGR-89-21C ts ts i 9  c ion ti  <in  2311 t i n  251 
X2 HGR-89-21D io  ts 68 <28n 2 <io 2411 <io 160 2 6 2.3 
X2 HGR-89-21F. ts (5 22 <inn t t i n  ien <in 190 2 7 1.2 
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D l I E  PRlNIED: 21-Jffl.49 
REPwIl: V89-113b51.1 m1: 1111 twt in 

snmE ELEnENT l u  hg (Is 8a Br Cd Ce co Cr cs tu  to 
NUHfiER UNIIS PPn ppn PPI Ppn PPI ppn PPI PPI PPI PPI PPI PCI 

X2 HGR-89-ll ts t 5  33 78n 4 t i n  75 ( in i i n  j t z  1.6 
X2 HGR-89-10 t s  cs 3n t iun i (10 i 6 n  <io 2311 3 5 1.6 

6 2.0 X2 HGR-89-IC 9 ts 24 inn i t in  1711 t tn  2211 4 
X2 HGR-89-10 8 ts 28 23n 2 ( in  8s tin 211 7 4 3.4 
X2 HGR-89-lE 22 (5 8n 57n 4 <io 2611 ii 1711 2 7 2.9 

1 

X2 HGR-89-21F (5 cs 23 t21n t i  <io 2911 <io  19fl t i  10 1.2 
X2 HGR-89-216 t s  ts 2s (inn (i t i n  i 3 n  t i n  isn 2 3 1.4 
X2 llGR-89-21 t s  (5 23 t24n ti ti11 1x1 ( in  zun 1 1 0.6 
X2 HGR-89-24-14 ts ts 23 om <i t i n  2711 t i n  2511 t i  10 1.2 
x2 HGR-B~-Z~-?L cs ts 19 c n n  i t i n  zzn (10 2311 2 I 1.2 

X2 HGR-89-3-28 <s ts ii <22n 2 <tn 311 <tn Z4ll <l I J  l.u 
X? IlGR-89-24-2C i n  ts 32 221 4 <io 331 cio 220 8 3 2.5 
X2 HGR-89-24-2D 9 ts 21 <inn t t i n  ien < in  t i n  3 4 1.2 
X2 IlGR-89-24-2F <s ts 20 a n  t i  <in 270 t i n  2111 2 11 1.0 
X2 HGR-89-24-2F (5 ts 3s isn 3 t i n  iu 2n t2n  9 3 3.1 

X2 HGR-89-281 <5 c5 41 (210 3 till isn (10 zun 1 5 1.6 

X2 HGR-89-288 t s  ts i 9  t4n ti  t i n  i 3 n  t tn  1611 3 2 1.4 
X2 HGR-89-28C ts t s  23 n n  4 <io 1211 16 121 7 2 3.3 
X2 HGR-89-28D i n  ts is <inn i tin 170 tin i 9 n  2 5 1.2 

. .  
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SPWLE FIFNFNI H f  Ir l a  I U  no Ha H i  Rb Sb sc SI3 S I  
NUnBER UNIlS P P I  PPE PPN PPN PPN PCI P P I  PPI  P P I  PPN PPI  PPH 

X2 IIGR-89-1L 13 tlU11 4f l  (n.5 iz 11.61 
X2 HGR-89-18 i n  cinn i 6 n  (0.5 32 11.24 
X2 HGR-89-1C 9 t iun 1911 c0.5 38 0.44 is0 2.0 24.n 38.9 
X2 HGR-69-10 i n  <inn 87 (0.5 i 4n  0.58 3211 121 2.3 19.0 <in 17.0 
X2 HGR-89-1E 6 <lUII 220 dl.5 1Un n.32 540 54 9.2 26.0 (10 43.3 

X2 HGR-89-1F 3 c inn 1311 c o s  in 0.411 6nn izn 4.1 Z6.U <1u L I . 3  

X2 HGR-89-19P 6 ciun 250 a . 5  31 0.8 258 57 3.3 3n.0 <io 46.3 

X2 IlGR-89-19C 4 ciun 3un tn.5 31 0 . 8  inn 34 2.9 35.n < in  61.3 
X2 HGR-89-110 / 4 <inn isn t0.5 inn n.42 44n inn 2.5 27.0 <io 31.3 

X2 HGR-89-198 3 <inn 351 (0.5 6 0.19 85 51 3.1 40.0 Cl0 69.4 

X2 HGR-89-2111 5 ciun ztin cn.5 33 11.45 i 6 n  99 
X2 HGR-89-21E i n  <inn i4n  cn.5 36 n.37 i3n 79 2.1 23.0 (10 22.1 
X? IIGR-89-2lC 6 c i i i i i  3111 cn.5 6 n.15 9n r) 1.6 35.n <in 55.3 
x7 llGR-89-21D 4 <inn Ian tn.5 81 11.25 6811 si 4 . 1  z5.n <in 36.u 
XZ llGR-89-21F 7 ciitn ztin cn.5 28 11.31 iun 48 1.8 28.11 c iu  34.3  

X2 HGR-89-21G ii ciuii i4n c11.5 3n 11.34 88 en 2.2 z2.n tin 20.5 
X2 HGR-89-23 I <inn z5n a . 5  cz 0.21 74 u 1.3 35.11 <in 42.1 
XZ HGR-89-24-iP 5 cittn 3511 cn.5 c z  11.14 110 28 1.5 35.n <io  71.6 
x2 IK;R-89-24-2n 6 ttnn 281 cn.5 t 8  0.18 t i n  24 1.4 32.11 <io 44.5 

X2 HGR-89-21-20 s c iun 4 1 s  cn.5 c2 n.15 93 4n 1.1 39.n (10 80.6 
X2 HGR-89-24-2C 8 <inn inn tn.5 t i n  0.61 znn i t n  2.1 28.0 (10 22.8 
x2 1 (~~-89 -24 -2n  6 ciun 210 cn.5 28 n.24 93 ss 1.3 29.11 <io 34.4 
X2 HCR-89-24-?E 6 cion 320 (0.5 t z  0.18 98 44 1.3 34.0 <in 60.6 

1.8 29.11 c1u JY.5 

X Z  HGR-89-21F 5 cion 378 n.9 a n.27 91 21 1.9 39.0 <lo 72.3 

X2 HGR-89-24-2F 5 <tu0 96 (n.5 51 0.33 310 100 3.1 18.n <lo 19.0 

x2 w - 8 9 - 2 8 n  9 <inn i z n  (0.5 7 0.26 78 42 1.3 12.0 (10 25.U 
X2 HGR-89-280 i o  ciun i 4 n  (0.5 19 n.36 (50 66 1.3 2i .n < in  21.0 
XZ IlGR-89-28C 5 c inn 73 t o . 5  33 0.411 z i n  140 1.9 15.0 cio 16.0 
X2 HGR-89-28D 9 c iun 1911 to.5 5 0.311 57 32 1.0 22.0 <io 36.5 

. .  



! 

‘-@KGR&E~-III cznn 1 2 <21 8.2 22.1 <2 <5 261 B4U 31 

X2 HGR-89-10 t21111 (1 6 <211 10.0 50.4 (2 21  t2nn <Sflo 430 

X2 IIGR-89-10 t2un 1 3 an 9.2 n.n t 2  11 39n tsnn 140 

X2 HGR-89-IF <21m 1 5 t2n 14.1 30.n (2 14 
X2 HGR-89-1911 <21n <I  9 (20 12.1 68.3 <2 32 261 t5111 595 
X2 HGR-89-lPO cziin <i 14 a n  14.0 69.0 <2 47 t211n l i u o  810 
X2 HGR-89-19C <2nn <t 12 (211 13.n 67.2 t Z  42 <2011 (51111 695 
X2 HGR-89-19n <21111 <l 6 czn 1i.n 39.n <2 19 83r1 tsno 3x1 

27 <2IM X2 HGR-89-2111 ctnn <t 7 (20 12.n 38.n <2 aiu 49u 
X2 HGR-89-210 c21m <i s t2n 13.n 33.11 (2 2n tzim t w o  370 
X2 HGR-89-21C cznn t i  11 . (20 11.1 57.t t 2  42 2211 890 790 

X2 HGR-89-21E <20n <I  7 t2n 1n.n 55.6 (2 28 <2On t51111 540 

X2 HGR-89-IC <2on <I 8 <211 12.0 39.0 <2 23 261 <501 480 

X2 HGR-89-1E t2nn < I  7 (211 111.0 8fl.11 t Z  24 460 <5nO 405 

X2 IlGR-89-21D <21111 ti 7 (20 1O.lI 85.1 <2 21 37fl t5110 415 

Bondar-Ckgp. & Company Ltd. 
I30 I’emhnon Aw. 
Nun11 VUICOUVLY. U.C. 
VlP ZR5 
(604) 985-0681 Tela 04-352667 
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OIIlE PRINIEO: 21-JUL-89 
REPORI : U89-llXSl. 1 PROJFCI: 110 PAGE I C  

snwLE ELEnENl Sn la Tb le Ih U U Yb Ln i r  Y 
NUtlBER UNITS wn Ppn PPI PPI PPI Ppn PPI Ppn Ppn Ppn PPI 

1 

X2 HGR-89-21F <211n <1 15 (211 13.n 61.8 (2 52 t2111 940 835 
X2 HGR-89-21G t2nn (1 5 c2n 12.11 311.11 <2 21 c2nn 7811 335 

X2 HGR-89-21 ~ZIIII <I i o  t2n 7.6 72.11 (2 38 <2nn tsno 665 
X2 HGR-89-24-111 (21111 <I  15 <20 12.0 64.7 <2 4I t2n11 t5llfl 825 

xz HGR-89-24-211 C Z I S  <l 10 (20 7.6 68.0 <2 39 <2llll 6110 620 

X2 HGR-89-24-28 490 t i  16 <20 14.11 65.3 t 2  51 <201 (5111 8 I 5  

X2 HGR-89-24-2D c20n <l 7 <20 8.2 56.6 <2 27 <2n1 <Sn1 540 
X2 HGR-89-24-2F <2flfl <l 13 <20 11.0 60.5 (2 43 <21111 970 800 
X2 HGR-89-24-ZF <2nn <l 3 <20 10.0 26.1 <2 11 330 6 1 0  175 

x2 HGR-W-Z~R c211n <i 5 <2n 8.3 63.4 <2 12 (21111 n u  jus 

X2 HGR-89-28B <2nn <l 5 <20 13.0 311.0 <2 19 <2NI t51111 335 

X2 HGR-89-28C ann 1 3 <20 11.0 17.0 (2 8 2711 <sno 140 

X2 HGR-89-28D <2nn <l 8 <21 9.3 58.1 t 2  26 <21n <5n1 540 

X2 HGR-89-24-2C c211n 1 4 a n  12.0 23.0 a 14 33n <son 190 

. .  

... . .  . . . 
. . .  
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REPORT: U89-n3651.1 ( CONPLEIE 1 

CLIENT: OOUNDIlRY ORIll ING 110. 
PROJECT: lln OIllE PRINIEO: 21-JUL-89 

1 REF- INFO: smmmn w-j 

. .  

NUHUIR OF LOUER 
ORDER ELLnENT ANAI.YSES OElECTlON L I n I l  EXIRRCIION nETHw 

5 PPn NOT IlPPI JCROl r I ns t .  Neutron Activ. 1 Pu Gold 29 
2 Ilg Si l ve r  29 s PPI NOI PPLIcnBLE Inst .  Neutron k t i v .  I 
3 Re Arsenic 29 i wn NO1 m t  ln6t .  NEUtTbn R C t  I V .  

29 lnll PPI NO1 WPLICRBLE Innt. Neutron I lc t lv .  4 Ba Barium 
5 Br nroaine 29 i prn  NOI mi JCRDIF Infit. Neutron I lc t lv .  

29 in ppn NOI wLIcnRLF: Innt. Neutron k t i v .  b Cd Cadilum 
7 Ce Cerium 29 io ppn NDI PPIICAOIF Inst .  Neutron I lc t iv .  

Inst .  Neutron Rct iv .  
9 C r  Chromium 29 so ppn NOT mi JCABI F I ns t .  Neutron k t i v .  

1 ppn NOI APPLICRBLE Inst .  Neutron I l c t i v .  10 Ce Cefiiiim 29 
11 Eu Furoplum 29 2 PPn NO1 WPl JCRBIF Inst .  Neiitron I lc t iv .  

29 0.5 PCI NO1 WPLICABLE Inst .  Neutron k t l v .  12 Fe I r o n  

9 L k  9 

~ ~ ~ ~- ~~ ~ 

29 2 PPI NOT Appl RAD1 F Innt .  Neutron I lc t iv .  13 H f  Hafnium 
29 inn PPB NOT APPLICABLE Inet .  Neutron k t i v .  14 Ir l r i d i u a  

15 La Lanthanum 29 5 PPn 1101 A p P i ~ c A o i ~  Inst .  Neutron I lc t lv .  
16 Lu Lutetium 29 0.5 PPI NOT WPLICIIBLE Ins t .  Neutron k t l v .  
17 no nolybdenum 29 2 ppn NOI mi ICRDI F I ns t .  Neutron Activ. . .  . .  . . .  

~ 

18 Na Sodium 29 0.05 Pcl NO1 iiFKfCRBLE Inst .  Neutron Rct iv .  
19 M i  Nickel  29 50 ppn NOT WPI JCROIF Inst .  Neutron Actlv. 
20 Rb Rubldium 29 in Ppn NOI APPLICABLE Inst .  Neutron k t l v .  
21 Sb Ilntimony 23 0.2 ppn NOI PPI ICI~OI F Inst. Neutron k t i v .  
22 Sc Scandium 29 0.5 PPH NO1 WPLICIBLE Ins t .  Neutron Actlv. 

23 Se Sslrtnium 29 io ppn NOT t Inf i t .  Neutron k t i v .  
29 n.i  ppn NOI APPLICABLE Innt .  Neutron k t l v .  24 Sa Sanarium 

25 Sn l i n  29 ziin PPI NOI WPI ICIOI I Inst .  Neutron I l c t i v .  
t PPI NO1 APPLICABLE Ins t .  Neutron Activ. 26 l a  lantalum 29 

27 l b  le rb iua  29 1 Ppn NOI WPI ICROI F I ns t .  Neutron I lc t iv .  

29 zn ppn NO1 APKIC&iLt Inst .  Neutron w t i v .  28 le Tellurium 
29 Th lhorium 29 a.5 Ppn NOT ~ p p l  ICRD~ r I ns t .  Heutron k t i v .  

29 0.5 ppn NOI w p i i c r w  Innt. Neutron I lc t iv .  30 U Uranium 
29 z ppn NOI mi Icnoi F l na t .  Neutron I lc t iv .  31 U lungaten 

32 Yb Ytterbium 29 5 PPI NO1 APPLICRBLE Inst. Neutron k t l v .  

33 2n 2 i  nc 29 mi1 wn NO1 WmXmrn 

X-lpy Fluorescence 
34 Zr Zirconlilm 23 ,no ppn NOT AptucnsiE 
35 Y Yttr ium 29 5 ppn 

. .  
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PAGE i n  I 

BONDAR-CLEGG 

32 15 X2 HGR-89-lR 1.5 42 102 t0.5 3 1 71 
X2 HGR-89-10 tn.2 28 1Ul (0.5 6 t l  110 3 133 29 t2 
X2 HGR-89-1C t0.2 25 112 to.5 5 1 125 5 139 63 5 
X2 HGR-69-10 1.2 30 135 (0.5 3 5 8n 8 142 98 14 
X2 HGR-89-1E 0.5 81 699 tO.S 9 4 21s 7 I f  E? 4 

17 X2 HGR-89-1F 3.0 41 337 (n.5 7 9 144  
X2 HGR-89-19R <0.2 36 18fl tO.S 7 3 157 4 126 SS (2 
X2 HGR-89-198 15.9 49 208 (0.5 33 4 251 5 162 62 110 
X 2  HGR-89-19C t0.2 3s 188 (0.5 8 3 195 3 140 53 (2 
X2 HGR-89-19D 1.4 39 234 t0.5 I 9 140 8 159 129 9 

7 114 

9 163 229 

6 7 131 66 X2 HGR-89-21A (0.2 21 189 t0.5 6 1 144 
4 111 43 (2 2 103 X2 HGR-89-210 to.2 21 155 (0.5 6 
3 160 43 (2 X2 HGR-89-21C t0.2 16 202 (0.5 7 1 177 

X2 HGR-89-2lD 1 t0.2 72 166 (0.5 8 2 173 9 106 89 t 2  
4 141 43 t2 9 t l  128 X2 HGR-89-21E t0.2 25 146 t0.5 

3 167 38 t 2  X2 IlGR-89-21F t0.2 24 142 t0.5 8 1 213 

X2 HGR-89-23 tn.2 21 127 (0.5 8 1 142 2 163 4b (2 
X2 HGR-89-24-1P t0.2 17 146 t0.5 7 1 211 2 177 41 (2 
X2 HGR-89-24-2R tfl.2 21 131 t0.5 8 ti 147 3 169 43 t 2  

X2 HGR-89-21G , t0.2 22 175 (0.5 6 <I 112 3 118 35 t2 

X2 HGR-89-24-2B tn.2 14 128 tn.5 7 t i  245 2 159 40 (2 
X2 HGR-89-24-2C 1.5 33 86 t0.5 4 3 9 1  9 143 106 15 
X2 HGR-69-24-20 tn.2 2s 127 tn.5 7 2 144 5 122 58 t 2  
X2 HGR-89-24-ZE tn.2 22 121 tn.5 7 2 19n 3 144 40 t2 
X2 HGR-89-24-8 1.5 52 82 tn.5 5 4 In5 18 74 96 11 

X2 HGR-89-28A 1.9 37 68 tn.5 6 t i  74 2 112 15 15 
X2 HGR-89-28B tn.2 23 115 (0.5 6 ti 108 4 109 31 3 
X2 HGR-89-28C tn.2 31 152 (0.5 4 2 70 14 55 70 15 
XZ HCR-89-28D (0.2 20 123 (0.5 6 t l  142 4 140 29 (2 
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--. . - _. ... . 
FLFNENI Ln L I  No Nb H I  Pb Rb Sb Sc Sn 

w i s  PPN PPN PPN PPN ppn ppn ppn ppn PPI AN PPN 

XZ HGR-83-14 38 19 17 5 168 15 60 6 
X2 HGR-89-18 149 16 42 21 61 16 93 8 12 
X2 HGR-89-1C 171 27 5 1  20 118 14 122 8 17 (20 
XZ HGR-69-10 75 38 151 11 212 13 64 7 12 t20 
X2 HGR-89-1E 200 23 125 21 329 22 102 17 20 (20 331 

121 31 166 10 467 21 40 10 2fl (20 
13 22 (20 

X 2  HGR-89-IF 
X2 HGR-89-196 218 20 44 25 159 23 9 1  
X2 HGR-89-198 346 22 31 13 1S4 63 442 44 36 t20 
X2 HGR-89-19C 285 19 50 30 141 22 84 14 29 (20 490 
X2 "3-89-190 145 39 126 18 337 22 98 12 20 (20 314 

X2 HGR-89-2111 185 32 48 19 124 19 69 

X2 llGR-89-21C 277 l b  27 29 83 17 126 14 27 (20 
X2 HGR-89-210 119 18 93 24 478 22 108 15 20 (20 438 
X2 HGR-89-21F 194 20 40 26 82 21 58 14 23 t20 501 

X 2  IlGR-89-218 132 21 45 20 7s 20 14 
. .  ' 

X2 HGR-89-21F 336 I S  27 32 93 20 111 12 29 (20 595- 
X2 HGR-89-216 145 20 39 23 59 21 142 12 17 (20 452 
XZ HGR-89-23 239 14 14 33 62 21 77 14 27 (20 634 
X2 HGR-89-24-16 332 14 11 33 71 20 71 14 28 t20 144 
x2 HCR-89-24-ZR 244 ii 28 311 ion  21 78 12 25 (20 609 

X2 HGR-E9-24-20 362 16 20 33 73 21 69 14 30 (20 615 
X2 HGR-89-24-2C 89 45 132. 11 156 17 98 7 21 (20 189 
XZ HGR-89-24-ZD 2fl3 2s 4 1  21 11s 20 84 13 21 (20 598 

X2 HGR-89-24-2F 85 42 65 11 263 25 93 11 14 t20 218 
X2 HGR-89-24-2E 28s 17 17 30 89 20 55 is 21 (20 650 

X2 HGR-89-286 en 12 8 15 33 15 80 7 
X2 HGR-89-280 131 19 29 21 40 19 137 11 15 (20 
X 2  HGR-89-28C 58 23 39 6 131 24 58 7 1n <?O 
X2 HGR-89-280 193 17 18 23 56 11 9 1  11 20 (20 422 
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I SdHPLE ELEtlENT la le U U Y Zn lr 
NUnBER UNITS ppn PPN ppn PPI PPN ppn ppn 

X2 llGR-89-ll < l o  < in  65 <LO 46 278 13 
X2 HGR-89-1B <10 19 56 (10 306 135 6 
X2 HGR-89-1C t i 0  17 89 (10 331 251 5 
XZ HGR-89-10 (10 (10 104 (10 121 369 5 
X 2  HGR-89-1E (10 19 123 < l o  308 492 6 

X2 IlGR-89-1F < l o  < i o  220 (10 185 1251 7 
X2 HGR-89-1911 < l 0  24 90 <10 438 223 1 
X2 HGR-89-190 11 53 96 25 734 266 20 
XZ HGR-89-19C < l 0  31 90 < l 0  572 203 10 
X2 HGR-89-190 (10 12 196 <10 254 796 6 

X2 HGR-89-21R (10 11 87 t i 0  353 192 7 
X2 HGR-89-210 (10 17 62 (10 258 129 8 
X2 HGR-89-21C <in 31 75 <in 561 137 15 
x2 I I G R - B ~ - ~ ~ D  <LO 24 79 (10 305 313 9 
X2 HGR-89-21E <in 20 77 < in  414 l i s  10 

X2 HGR-89-21F < in  35 711 (10 660 131 13 
X2 HGR-89-216 < l f l  23 52 (10 281 92 7 
X2 IIGR-89-23 (10 37 81 < i o  483 101 14 
X 2  HGR-89-24-10 < l 0  37 80 (10 649 128 14 
X2 HGR-89-24-24 (10 32 87 (10 492 130 8 

X 2  HGR-69-24-28 t i 0  37 73 (10 687 130 12 
X2 HGR-89-24-2C (10 < I O  117 (10 114 247 6 
X2 HGR-89-26-20 (10 28 89 (10 419 190 6 
X2 HGR-89-24-2F (10 33 77 (10 558 149 10 
X2 HGR-89-24-ZF 110 <U 112 < l o  138 386 8 

~ ~ ~ ~ ~~ ~~ 

X2 HGR-89-288 (10 11 44 (10 139 62 5 
X2 HGR-83-288 <to 20 43 <ia 259 77 7 
X2 HGR-89-28C (10 (10 83 (10 105 261 8 
X2 HGR-89-280 <10 22 68 (10 423 93 12 

. .  . .  . .  
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I 

23 l a  Tantalum 29 10 PPI "03-HCL HOT FXlR Ind. Coupled Plasma 
24 le l e l l u r i u m  29 10 PPI! "03-HCL H O I  EXIR Ind. Coupled Plasma 
25 U Vanadium 29 1 PPI "03-HCL HOT EXlR Ind. Coupled Plasma 
26 U lungfiten 29 10 PPI HN03-HCL HOI E X I R  Ind. Coupled Plasma 
27 Y Yt t r ium 29 1 PPI! "03-HCL NO1 EXIR Ind. Coupled Plasma 

28 Zn Zinc 29 1 PPI "03-HCL H O I  E X l R  Ind. Coupled Plasma 
29 Zr Zirconium 29 1 PPI "03-HCI H O I  FXIR I d .  Coupled Plasma 

_. 
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REFERENCE INFO: SNIPIENI 189-3 

C I  IFNI: BOUNDARY DRILLING LID. SUDIIlIED BY: J. PFLI 
PROJECT: 110 DlllE PRINIED: 4-JUL-E9 

NUMFR OF LOUER 
ORDER ELEIENI ANLLYSES OElEClION LIIIl EXlRAClION IEINOD 

1 llg S i l v e r  23 0.2 PPI "03-HCI HOI EXIR I d .  Coupled Plasma 
2 As l l reenic 29 5 PPH "03-IICL H01 E X l R  Id. Coupled Plasma 

3 Ba Bariun 29 1 PPI "03-HCI H01 FXlR Ind. Coupled Plasma 
4 Be Bery l l lum 29 0.5 PPI "03-HCL HOT EXlR Ind. Coupled Plasma 
5 B i  Oismuth 29 2 PPI "03-HCL HOT FXlR Ind. Coupled Plasma 
6 Cd Cadmium 29 1 PPI "03-NCL HOI E X l R  Ind. Coupled Plasaa 
7 Ce Cerius 29 5 PPI "03-HCI H O I  EXIR Ind. Coupled Plasma 

8 Co Cobalt 29 1 PPI HNO3-HCL HOT EXIR Ind. Coupled Plasma 
9 C r  Chromium 29 1 PPI "03-HCI HOI FXlR Ind. Coupled Plasma 

10 Cu Copper 29 1 PPI "03-HCL H O I  EXlR Ind. Coupled Plasaa 
11 Ga Gall ium 29 2 PPI "03-HCI HO1 EXlR Ind. Coupled Plasma 
12 La Lanthanum 29 1 PPI "03-HCL H O I  EXlR Ind. Coupled Plasma 

13 L i  I it.liium 
11 Io Iolybdonum 
15 Nb Niobium 
16 Ni  Nickel  

29 1 PPI "03-HCI H01 F X l R  Ind. Coupled Plasma 
29 1 PPI IIN03-IICL 1101 E X l R  Ind. Coupled Pionma 
29 1 PPI "03-IICL H01 F X l R  Ind. Coupled Plasma 
29 1 PPI "03-HCL HOI E X l R  Ind. Coupled Plasma 

I 

. . . 

. .  
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Certificale 
of Analysis 

BONOAR-CLEGG 
AUlVlSlOYOl lNCl lCAPCIMPL~l IONAlLSI IN( ,SI  Y V I ( I \  

i REPORT: V89-03151.4 PAGE 1 

SBWLE ELEHENT P205 
NUtlRER UNIlS PCT 

A 2  COH89-1 22.21 
RZ con89-2 34.12 
~2 conw-3 32.15 
mz corn-4 21.60 
H2 COH89-5 29.81 

R2 COH89-6 32.48 
R2 COH89-7 26.08 
R2 COH89-8 33.06 
HZ con89-9 33.16 
R2 COH89-101 36.32 

A 2  CO189-108 32.68 
R2 COH87-lOC 20.31 
R Z  con89-11~ 24.58 
m2 c o n ~ 9 - i i ~  0.81 
R2 COH89-llC 30.20 

R7 COtl89-12 38.34 
H2 llGH89-3211 24.70 

R2 llGR89-32C 4.42 
R2 101189-1 35.23 

m2 i i ~ ~ 8 9 - m  

R2 IUR89-2A 20.11 
w 1 u ~ e 9 - 2 ~  21.92 
~2 1vm89-2c 23.74 
R2 IUR89-20 
R2 IVH89-2E 3.96 

R 2  IUR89-2F 
R2 1UH89-26 
R2 IVR89-2H 
R2 HON89-1A 

3.07 
3.22 
1 . 3 c  
0.04 

R2 HON89-1B 32.23 

R2 ilON89-lC 35.41 

1 

RZ n 0 ~ 8 9 - i o  37.83 
16.81 
2 1 . 4 9 2  'u R2 PRR89-1U 

RZ f ~ r n ~ 9 - 1 ~  
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Geochemical 
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OATF PRINTFD: 11-JUI -89 
1 PROJECI: i i n  PhGE 1 1 

I 1 1 1 

ShllPCE FlEnENl Y 
NUHQER UNITS Ppn 

172 cones-t 350 
R2 COH89-2 480 
~2 con89-3 385 
R Z  conn-4 mu 
~2 con89-5 4311 

RZ con89-6 370 
n2 c o n ~ 9 - i  315 
R Z  con89-8 610 
~2 cones-9 490 
~7 con8' I -m 3Y 0 

HZ conw-11x1 
~2 c o n ~ 9 - i o c  
~7 c o n ~ 9 - t t a  
R Z  c o n 8 9 - i i ~  
HZ con119-11~ 

595 
545 
4511 

86 
540 

I ~7 con89-12 495 

l \ O t 4 Q W  
215 

. .  . H2 llGR89-32R 
RZ HGHB9-328 
R2 llGR89-3X 

I R2 IDHB9-1 150- I 
~2 1 ~ 8 9 - 2 n  5 5 5 7  
R2 1UH89-?B 710 
H2 IUR89-2C 
R2  IUHBY-ZD 
K2 IUR89-ZE 365 

014+40FLh\ 
1 

R2 IUR89-2F 
H2 IUR89-ZG 
R2 IW89-2H 
RZ n 0 ~ 8 9 - i n  
RZ n 0 ~ 8 9 - i ~  1 inn 

R2 NON89-1C 700 
R2 llONB9-1D 130 
R2 PRRB9-lP 
R2  PRRB1-1R 
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NUIIDFR OF LOUER 
OHDER ELEMENT LNLLYSES DETECIION L M I T  EXlRLClION NETHOD 

1 Y Y t t r i u a  34 5 ppn X-Ray Fluorescence 

HFPORI COPIFS TO: nA. DOUG lF I t l l lON 
I%. J. PLLl  I INUOICF 10: MR. DOUG I FIGllION 

I I ’  



. .  
. .  
::. . , 

. .  

, 

. .  

I 

i f7 cona'1-1 cs ( 5  7'14 (7111 3 <Ill (111 (111 7311 < I  5 11.1. 
117 coria'/-? <5 t 5  lhS tllll 1 (111 12 (111 2311 (1 4 tll.!, 
ai conati.3 t S  (5  9111 ('I111 7 (111 (111 < In  3111 < I  3 (I. 'I 
I I~ COIIEY-4 111 t5 269 141111 2 (111 (111 t111 9Yll 111 1 2.7 
1 0  con8c/-s 17 ( 5  74 71111 t i  t i n  ?i t i n  1611 9 5 t l1 .S 

:I 11.6 if7 conaY-6 t 5  t S  57 (lid (1 (111 311 (111 11111 (1 
r(7 con8y-7 t S  (5  175 t2711 1 < l n  35 < I n  3911 < I  4 1.7 
IO c m c - 8  t s  ts  81 (4611 1 (111 19 (111 3611 t1 I, t11.s 
io COn89-9 t 5  t5 87 (1711 < I  ( ln  411 t l 8  9411 (1 L tn.5 
IO conaY-t11(1 ts  ts  11 t3SIl <1 <Ill 31 (111 3111 1 4 co.5 
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A DIVISION OF INCHCAPE INSPECllON & T€STlNGSERVIC€S 

e" 

rncF. 1n 

ts e5 61 tun  t i  tin 55 t in  a n  (1 1 t n . 5  

(5 ts 32 t lnn (1 ti11 4 3  c i n  7611 t i  6 I .I1 
4 t 7  1.1 t 5  t5  22 5711 t1 tlU 46 IU 91 

( 5  ts  1 3  4811 t i  t i n  48 t i n  6nn 1 6 (11.5 

( 5  t5  1117 <l?n 1 (111 62 (111 12118 16 5 n.8 
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2411 (11.5 t 2  11.11 (511 < l n  111.11 7.11 <lfl 7li.b 
1411 (11.S t7  (11.n5 t5n 17 4.8 1 .3  <In 77.1,  It7 HCR89-32b 

It7 HCH87-320 &,J$J~CR. 4 tlllll 1211 (11.5 t 2  t11.115 <SI1 (111 lB.3 1.4 (111 71.3  
It2 RCH8Y-3ZC ' 8 t1111I Ih l l  (11.5 t 7  11.115 56 14 7 . 9  7 . 1  <I l l  311.1, 

n7 cona9-12 

(2  <I1111 85 t11.S (2 11.31 In (111 1.1 1.2 ( I I I  8 . h  
n7 tnti89-1 3 

3 <inn 7311 t11.s t 7  n.17 t511 17 1.5 i8.n t i n  4 8 . 3  
4 ti1111 2711 t11.s (2 11.12 <=,I1 78 1 .7  77.11 t l n  !A. I 

31, 7.1 25.11 c1n 51.11 3 <inn 7811 t11.5 711 11.16 z?n 
H ? T U R 8 9 - 2 1 ) & ~ ~ ~  0 ~11111 99 cl1.S 119 11.SS 171111 98 5 .2  71.11 (Ill 18.11 
It7 IUHBY-ZF 4 < l M  1\11 (11.5 8711 n.58 35511 89 . 46./1 , 75.11 74 3 1 . 7  

H7 IUH89-2F 
H7 1UH8Y-7G 1 
H7 IUR8Y-7H 
It7 IIONBY-10 
n7 notr8?-tu 

It7 llON89-1C (7 <11111 3111 (11.5 t 7  ll.ll6 tSn 13 11.7 6.7 (111 47.4 
It7 IlONW-lD (2 t11111 3hll tfl.5 t 2  (11.115 t5fl (111 ll.S 4 . 2  < l n  h 1 . l  

A 2  F ' R R b - l ~ & f i & ~ ~  1 <11lfl 811 ttl.5 ( 2  <l1.115 (50 tlfl 11.7 1.11 (111 12.11 
u7 Y U H B Y - I ~  5 t1nn 77 (11.5 ( 2  ti1.115 tsn 21 11.7 1.5 < i n  14.11 

. .  
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n7 r u ~ e 9 - 2 ~  (21111 i . s t211 t1.n 98 .8  ( 2  9 ~IIIIII tsiin 7511 
U7 lUK89-2G t71111 < I  6 t2n i1.n 117.11 t z  1 2  371111 t w n  7711 

t21111 1 1 t2ll 1ll.n 7 1 . 4  (2 7 Z~IIII twn i i i i  
n7 n o w - i n  
ICJ now)- iu t21111 (1 19 ai 111.11 3 ~ 1 1  t z  si I,IIII tsiin i i n n  

t71111 < I  t i  011 1.2 n.7 2 ts cmn (snn 37 

J 
U7 IUH89-7H 

cone~~-inr i  t7llll t i  9 o n  3.4 1na.n tz 73 711 (snn sss 
n7 c o n 8 s - i ~ ~  t21111 (1 6 a i  6.3 96.2 (2 21 3 w  s7n 54s  
R7 COfl81-llA t71111 < I  7 (711 3.4 57.3 3 1 7  < i n n  twn 4511 
IV convl-iiu <‘11111 < I  (1 (211 b.7 3.4 <z t5  <mi t w n  80 
I(? cone9-11c t71111 t l  7 t211 6.4 511.8 tz 71 tznn twn 540 

n7 cone9-12 t21111 . < I  s t211 11.7 127.11 t z  19 2111 tsnn 49s 
H7 llGH89-G’A t71111 (1 3 (711 7.7 117.11 (7 7 onii twn isn 

1(7 liGH89-32C t71111 (1 S t711 7.6 31.11 3 8 o n i i  , tsnn 71s 
t11111 (1 2 0 1 1  11.7 91.9 (2 s 4311 tsiin isn 

I(? i i ~ r ~ w - w i  NU4J4CR t7i111 <I  3 (211 2.1, 117.11 ( 2  8 t?llll tslln 1811 

K7 ID118Y-1 3 

I I 
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I I )P lF  fwtiim: ?~-.IuI -87 Pr<o.IFcI: 1111 - 
NllIUt R OF lOUfK 

O H N R  FLFIENI RIIRL YSES DE TECT 1011 L I  R l 1  E X  IHIlC I ION IETllOD 

1 A i l  Cold 14 5 wn NOT R w i  i c m  r Ins t .  l lai i tron Act iv .  
7 Rg !,iluar 34 5 YlVl  N O T  APPLICPHLF Ins t .  Nniitron Rrt iv .  

1 Rs R r w n i r  1 4  1 P P I  N O T  RFPI ICRDl F Inst.. l lei i tron I lc t iv .  
4 Ha Hari i iu 14 11111 Pl'R , NO1 RFPLICAHLF I n s t .  Neiirron Rrt.iv. 
5 Br  l l rnnina 14 1 w n  iw RI'FI rc~iiir 1n:;t.. Nri i tron Act i v .  
h Cd Cadluiiim '14 1 1 1  w n  NOI nrw mrii r Infit.. Naiitron Rrt i v .  
I CH Crriiicl 14 111 w n  NOT RIW TCPDI r Tn!;l.. t lwt.ron I lc t iv .  

8 Co Cnhdli. 
9 C r  Clirnmiiin 

111 Cs CeIiiiiu 
l i  1.1, I i t r n p i i i i  
17 Fe I r on  

14 111 Y l ' I  N O T  APPLJCARI F I ns t .  Nniitron R r t i v .  
34 SII FPD ti01 mi irna r In!;). Nuiitron nc t i v .  
34 1 w n  NOI n i w  icnii i  F l n s t .  Naiitron Ar t  iv .  
14 2 Pl 'R NO1 Rl't'l TtR:ll r h l .  Ilmitron Act.iv. 
34 11.5 I ' C I  NOT IlI'PL1CIIHI.F Ins t .  Naiit.ron Rc t i v .  

I7 Ilf I l r f n i i i u  7 4  2 PPn NOI RrPi I ~ A O I  r Tn!;l. tluiirron Rct iv .  
14 Ir J r id i i i a  34 11111 YI'R NOI n i w I C w i L F  Inst .  Neiitron Rct iv .  
15 La Iant l tanui  34 s P P I  NOI wt-1 TCROI r Jnsl. Hr i i t ron Rctiv. 
1h tu  l.iit.etiiia 34 11.5 Pl'R NOT RYPLICPHLF Ins t .  Nmrt.ron I l c t i v .  
1 /  no nolybdeniii 34 z w n  NnT wi TCROI r 1ni;I. Nuiitron n c t i v .  

18 tla !;odiiio 
19 N i  t l i rkHI  
7n Hb Hubidiun 
71 5b Rntiflnny 
77 Sc ficandiiin 

34 Il.n5 PCl NO1 WPLICRHLF I n s t .  Npiitron A r t i v .  
3.5 5n w n  NOI nrPi ICRDI r Inqt .  Neutron Rctiv. 
34 111 w n  NOT RPYLICRHLF Ins t .  Neutron I l c t i v .  
74 11.2 P P I  NOT wi i c m  r I nh t .  Naiitron Rct iv .  
34 n.s w n  NOI f iPYticmtE lns t .  NPiitron Art i v .  

71 S e  % I w i i i m  ' 74 i n  PPn t lo i  RPYI~CRLIIF I ns t .  Nuiit.ron Act iv .  
7 4  Sa Samariiim 34 0.1 P P I  NO1 RPYLICRHLF Ins t .  Nmitron l lc t  iv .  
75 Sn Tin 34 Zl l l l  F F I  NOT IlFFl ICI lDl  F 1nr.t. tlaiit.ron I lct iv .  
76 l a  Tantalum 34 I PFR NO1 RPPLICRRLE I n s t .  Neiitron Rr t i v .  
71 l b  h " i u s  34 t PPII #or RTPI ICRUI r Inst.. Nrnt.ron k t i v .  

70 le Tellurium 34 711 PPI NOT IlPFLlCARLF I n s t .  Neutron Act.iv. 
79 Tli ' I l i o r i i i r  74  11.5 w n  Nor nwl  i c m  r 1n::t.. Nuiitron n c t i v .  
111 U IUraniiim 34 11.5 w n  NOT RPPLICAHI F Infit,. Nciit.ron b r t i v .  
'I1 U Tiirig:.tun 34 z PPR t m i  RWI icnni r I n s t .  tleiit.ron Act iv .  
17 Yb 'Yt.tnrbitim 34 5 i vn ti01 R I ' m i c n w  Inst.. Neutron R r t i v .  

'1'1 7n .Z inc 14 ZIM PPII Nni firpi icani r h . 1 .  t lw i i ron Act iv .  
14 /r ' l i r ron i i im  14 WI rvn ttoi niw icnii i  F Inni.. NHiitron A r t i v .  
'I5 Y Y t t r i i i u  14 5 F Y I  X-llay I' Iiiorearsnra 
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REPOAI: V89-03804.1 PROJECT: 110 PbCE 1 

R2 1R89-1-2F 4.89 
n2 TREY-1-26 1.90 
H2 IRES-1-10 20.92 
H? IH89-1-36 22.95 
nz IMY-I-IC 18.44 

H2 1R89-1-18 25.06 R 2  1R89-3-1C 23.95 
R2 IH89-1-IC 1 10.21 R2 IH89-3-10 16.52 
H? IR89-1-1D 28.56 R2 IR89-3-1E 24.76 
H Z  in8Y-i-iE 10.90 ~2 ine.9-3-IF 16.31 

R2 TR89-1-28 20.56 R2 1R89-3-28 21.33 
n2 1~89-1-20 29.13 R2 1R89-3-20 29.34 
n2 11189-1-2t 13.53 A Z  IHW-3-zc 28.59 
it2 1 ~ 8 9 - i - 2 ~  14.87 n2 1~89-3-211 19.48 
n2 ~ ~ 8 9 - I - Z E  21 .20 R 2  IR89-3-2E 14.10 

A2 lR89-3-3A 17.80 
R2 lR89-3-3B 14.41 
R2 1R89-3-3C 29.78 
R 2  1R89-3-30 25.95 
R2 1R89-3-3E 22.78 

H2 1H89-1-4C 0.72 R 2  lR89-4-1D 22.28 
n? IIW-1-511 24.86 R? 1H89-4-1E 25.75 
H2 1R89-1-56 10.12 R2 IR89-4-1F 4.98 
H? IK89-1-SC 3.83 R? 1~89-4-26 15.11 
~2 TREY-1-SD 3.76 R 2  IR89-4-2B 28.00 

~7 1n89- i - s~  4.58 R 2  1R89-4-2C 23.25 
H2 1R89-2-lA 22.93 A2 lR89-4-20 6.51 
n2 1 ~ a 9 - 2 - i ~  20.51 R 2  1R89-4-?E 26.32 
H2 lR89-2-1C 17.90 R2 1R89-4-2F 23.84 
H2 IR89-2-1D 10.22 R 2  1R89-4-2G 5.40 

i 

L 1 

R2 TR89-1-3D 2.96 R2 1H89-3-3F 14.15 
112 MY-1-IE 12.10 
~2 1 ~ ~ 9 - 1 - 3 ~  7.65 
nz THEY-1-4~  18.35 
H i !  1R89-1-46 11.28 

132 wa9-3-4 14.64 
R 2  IH89-4-lll 23. OU 
R2  1189-4-18 29.97 
R 2  1R89-4-1C 29.16 

HZ 1ne9-2-i~ 2.88 n2 1 ~ 8 9 - 5 - i ~  28.25 
H2 lR89-2-2ll 16.13 R2 1R89-5-1B 24.94 
rt7 1 ~ 8 9 - 2 - z ~  20.97 R 2  IR89-5-1C 22.24 
n2 11v~9-2 -2~  16.41 ~2 1~89-s-zn 19.41 

4.26 R2 1R89-5-2B 15.31 

18.05 HZ in119-5-2~ 29.21 
22.80 n2 I H B Y - ~ - Z I I  25.94 
12.04 R? 1R89-5-36 18.81 

n2 1~89-2-10 2.56 R2 1R89-5-3B 15.9Y 
' R Z  TAW-3-LA 16.54 R2 lR89-5-3C 14.43 
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OdlFpIUbllFn . ?I  -. 1111 - RP 
PHOJECI: 110 PAGE 2 1 

SAMPLE ELEMENT P205 SAMPLE ELEnENT P205 
NUllIlER UNIlS PCI NUnflER UNIIB PCI  

ru I H E Y - S - ~  29.07 
.H2 IR89-5-3E 10.00 
~2 iu89-5-4i1 29.45 
H? 11{89-5-6U 28.52 
H2 IH89-S-4C 7 . 2 3  

A2 lR89-5-4D 29.45 
H2 TH8Y-5-4E 22.59 
R2 IR89-5-511 15.33 
H2 1H89-5-58 2Y .V8 
H2 IR89-5-5C 30.5D 

H2 1H89-5-9 10.32 
H2 IH89-5-5E 22.11 
H2 1H89-5-6A 20.94 
HZ 1R89-5-68 28 .18  
142 THEY-5-6C 14.51 

n2 1~89-5-7n 9.60 
It2 IH89-5-7U 15.01 
H2 1U87-5-IC 9.64 
U2 [HEY-5-70 1.65 
H2 lR89-5-IE 20.15 

H2 1H89-5-7F 13.88 

. .  
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NUABER OF LOVER 
ORDER ECEHENT ANALYSES DEIECIION LINII EXlRAClION HElHW 

1 P205 Phosphorous 101 0.01 PCI Gravimetric 

SLWLE PREPAflDIIONS NUlBER 

PREP 101 

nS. J. PEL1 
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1 [PORI: 1189-1138114.11 J PROJECI: 1111 P4GE 1 

R2 lR89-1-3D 1411 R2 IR89-3-3 400 
R? IR89-1-3F 3115 R2 II(89-3-4 7 30 
R 2  1R89-1-3 7211 R Z  IR87-4-14 6311 
H Z  1~89-1-48 525 R2 1R89-4-111 9 IU 
H2 1R89-1-4R 3111 R? 1R87-4-1C 765 

R2 IR89-1-IC 22 R2 lH89-4-10 560 
R 2  lR89-1-54 711s R2 IR89-4-1E 560 
It2 1R89-1-50 361 R2 11189-4-1F 370 
R2 1R89-1-5C 355 R Z  lR89-4-24 510 
H2 1R89-1-3 3311 R2 1R89-4-20 820 

RZ lR89-1-5E 415 R2 IR89-4-ZC 805 
R2 IR89-2-14 65fl R2 II(89-4-2D 345 
R2 1R89-2-1B 3811 R2 IR89-4-2E 650 
H2 1R89-2-it 4an R2 lR89-4-2F 515 
RZ lR89-2-1D 6211 R Z  lR89-4-26 325 

R2 lR89-2-1F 2115 ~2 i ~ 8 9 - 5 - i n  985 
~7 i r i89-z -7~ 4 35 R2 lH89-5-1B 7 10 
H? 1lt87-2-2U 6‘/11 R Z  i n a 9 - s - i ~  4115 
H7 IH87-2-2C 3111 R2 IRU9-5-21? 345 
H2 IR89-2-2D 21111 R2 1889-5-20 545 

__ 
R7 lR89-2-311 5115 R2 IR89-5-X 790 
l(7 llW-?-’Itl 8115 R Z  11W-5-20 88‘1 
N2 IH89-2-3C 3711 R2 lH89-5-34 225 
K2 lR89-2-30 lull R2 1R89-5-30 420 
RZ 1R89-3-14 495 R Z  IR89-5-3C 360 
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REPORT: ue9-113~w.n PROJECI: lln PAGE 2 

S I W l E  FlFflFNT Y s w i  r FLrnrNl Y 
NUnHER UNIIS ppn NUNRER UNIIS PPfl 

nATf PRINIFD: 24-JUL-89 

1 

_____. - 
H? 1183-5-6 340 
R2 1R89-5-3E 760 
H? lR89-5-44 930 
n7 1~89-5-48 900 
RZ 1R89-5-4C 220 

RZ 1 ~ a 9 - 5 - 4 ~  990 
A2 1R89-5-IF 760 
~7 1~89-5-511 500 
H2 11189-5-50 94u 
A2 1889-5-X 950 

RZ TR89-5-50 395 
R 2  lR89-5-5E ' 410 
R2 1R89-5-6A 515 
R7 1R89-5-6H ' 890 
H2 1R89-5-6C 350 

~ ~ ~ 

R2 1189-5-7(\ 245 
1(2 TR89-5-70 880 
R 2  IR89-5-7C 675 
R2 TR89-5-IO 120 
R2  lR89-5-1E 420 

. .. 
. .  
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I REPORT: U89-1138R4.fl 

Ceocliemieal 
Lab Report 

I PROJFCI: 110 PACE 16 

BONOAR-CLEGG 

L I I 
- snm ELEHENI A i l  Ag An Ba Br Cd Ce Co Cr Cn Eli Fe 

NUNfJER UNllS PPR PPI PPI PPI PPI PPI PPI PPI PPI PPI  PPH PCI 

RZ 1 ~ 8 9 - i - z ~  <S t S  35 t211n 1 (111 1911 <111 1911 3 6 1.6 
H? IR89-1-2R t S  ( 5  23 tin11 1 t1n 2211 c1n 7411 2 12 (0.5 
R 2  lR89-1-2C <S <s 311 2111 2 <Il l  lSl l  < I n  1911 S 5 2.2 
R2 1R89-1-211 <S <S 73 I311 < I  tlll 1511 <Il l  1711 1 4 0.9 
R2 IR89-1-21 13 t S  78 t3111 3 16 2211 11 1711 3 8 2.5 

RZ IR89-1-2F 17 <s 34 2nn 3 15 2811 I 1  3111 ill 7 2.7 
R 2  1R89-1-26 13 d 18 2511 3 ti l l  11n 21 1sn 11 2 3.2 
R Z  1~89-i-3n <5 t5 3h (2211 7. tlfl 1411 tlll 17ll 2 6  2.0 
R2 IK89-1-31 <S <5 72 <1111\ ? <I11 2UU <Ill 7311 2 a 0.9 
R 2  1R89-1-3C t5 (5 3n <inn ti  tin 1711 ttn iin <i 5 0.9 

A2 lR89-1-UI 7 ts 78 7x1  1 tlfl 13fl 1h 1411 
RZ 1R89-1-3 16 <S 76 (2611 1 15 7211 15 I911 
H2 1R89-1-3F 15 CS 53 (2611 2 17 51111 11 2711 6 11 1.9 
R2 1R89-1-4R t5 (5  22 <I1111 (1 tlll 19n <Ill 1211 2 6 1.2 
A2 IR89-1-40 t s  t5 32 1211 1 tin 131 (10 110 4 3 1.5 

- 

: %\ 

:.. 
: 

R 2  1&9-1-lh 6  (5  37 tiin I <11 161 (11 131 
12 1189-1-ID t5 t5 29 <22n ti  (10 1811 12 1611 2 
R2 1R89-1-1C I n  t5 34 1nn 3 t in  1611 <in 271 7 4 
H7 1R89-1-10 <5 t5 19 t2211 (1 (111 24fl (10 2611 2 9 (0.5 

F, ( 5  4n t74n  7 tin 2in 14 1911 4 5 2.0 r R2 IR89-I-lT 

R? 1~89-2-3n d <s 411 t250 t <l11 15fl <l11 1311 3 7 2.3 
H7 11~89-?-11l ts <S 711 t11111 < I  (111 7111 Ill 1811 7 E I1.Y 
A7 IH87-Z-.'IC t5  <s 22 7111 I <Ill 1511 (111 1411 3 4 1.6 
RZ 1~89-2-3n 6 t5 24 271 < I  t111 711 15 63 7 t 2  2.5 
12 1~89-3-in t S  <S 23 1511 <l <l11 1211 (111 1311 2 3 1.5 

R2  1R89-1-4C <5 t5 21 1911 < I  tlfl 34 19 65 8 t 2  2.3 
RZ 1~89-1-511 ( 5  (5  ?I cllln 1 <lo 2111 (10 1411 1 8 t0.5 
R 2  1R89-1-5R ( 5  t5 31 ti1111 t1 13 18ll <l11 1311 3 4 1.7 
H2 IR89-1-K 11 6 29 3511 ti  12 2ll11 tlfl 2511 7 5 2.3 
R Z  lR89-1-!dl 13 t5 29 2111 2 14 211 <ill 1711 8 6 1.9 

R2 lR89-1-5F 14 ts 38 ciun ti tin 27n < i n  23n 9 8 2.1 
1 2  1189-2-111 t5 ts 28 < i n n  ti tin 71111 tin 1711 3 7 1.7 
H2 1189-2-10 9 t5 46 <11l11 i <iii i n n  iu iin 3 4 1.7 

6  2.1 RZ 1R89-2-1C 14 ts 62 t74n 7 13 71111 16 1511 2 
12 1189-2-10 15 <5 58 <2611 2 <in 370 15 2311 4 8 2.1 

R2 lR89-2-1F 17 6 27 7911 1 t l l l  1311 tlfl 2411 111 3 2.1 
R? 1 ~ 8 9 - 2 - z ~  <5 (5  111 t72fl <I (111 1311 <I11 92 3 4 1.7 
A? 1R89-2-2R t5  (5  27 <inn <I  t i n  1711 ttn 1411 7 1 1.1 
H2 IR89-2-2C t 5  (5  36 t11111 <1 (111 1311 (111 1211 2 3 1.5 
A 2  1R89-2-20 111 t 5  36 t l n n  7 tlll 1611 <111 71111 6  5 2.1 
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I I 1 

FIrnFHl Hf l r  l a  l u  no Ha H i  Rb Sb Sr Se SI 

111 win i y i i  (n.5 33 11.28 i7n 69 3.4 i9.n (10 34.7 
7 <inn 7711 tn.5 311 n.25 96 67 2.1 78.11 <in 47.8  
6 <11111 1611 (11.5 56 n.34 361 96 1.11 26.11 (10 33.0 

R2 TR89-1-ln 8 clfln 33n tn.5 21 n.21 t54 41 1.5 33.n c1n 60.8 
HZ IR89-1-11 5 <11111 2311 (11.5 49 11.31 2311 47 2.5 75.11 (10 44.7 

RZ i~89-1-2a  6 <lnll 73ll tn.5 36 11.26 1711 47 2.8 75.n <lfl 40.5 
H2 IR89-1-2fl 0 t11111 3411 t11.5 12 0.19 t53  (22 2.3 32.11 (10 65.7 
R2 1R89-1-2C 8 <lflll 17n tll.5 tln ll.47 4311 95 7.7 26.n <Ill 34.0 
H7 lR89-1-2D 5 <1110 15n (11.5 23 n.3n t5ll 36 1.3 21.11 (111 26.4 

N U l E R  UNllS PPN PPB PPI PPI PPll PCl PPI PPI PPH PPI PPI PPH 
__ 

I- H? 1H89-1-2F 4 c l l ln 7nll cn.5 87 n.7n 7711 37 4.7 19.n (10 35.6 

A UIVISIONOb INCllCAPt INSI’LCTlONk TLSlINb SLKVK I F 
DR1E PRINTED: 4-AUG-89 

I REPORT: un9-1138n4.n I PROJECT: lln PffiE 1B 

A 2  lR89-1-2F 3 (11111 inn (11.5 nn 11.29 410 i 3n  4.9 29.n (10 43.1 
R2 TR89-1-2G 3 <inn 71  a . 5  31 n.31 2711 isn 3.1 17.11 t i n  17.0 
R2 lR89-1-3A 8 w r i  ZIIII tn.5 3s 11.27 1911 43 3.6 22.1 (10 31.9 
R2 1R89-1-3H 5 <lflfl 2611 (n.5 18 n.18 79 38 7.4 79.n c1n 50.8 
RZ TR89-1-X I 3 <11111 1811 t11.5 25 11.11 261 <1U 1.4 22.1 (10 34.9 

R2 1R89-1-3D 3 <inn 87 (0.5 52 n.19 8nfl 81 2.6 13.n (10 20.0 
RZ 1R89-1-3F 4 <lUII  15fl cn.5 110 n.17 l3 l l l l  39 4.6 16.n (10 32.8 

R Z  1~89-1-411 3 <lull 21111 4 l .5  311 (1.211 15n 36 1.4 22.n <10 42.5 
R 2  1R89-1-3 5 a n n  3511 (n.5 14n 0.16 Bin 58 7.7 31.0 t i n  79.9 

R2 1R89-1-4R 4 <inn izn tn.5 48 n.21 340 66 2.1 1s.n ( i o  26.8 

RZ 1~89-i-SR 6 <inn 2911 tn.5 77 0.19 a n  31 2.6 3n.n t i n  54.7 
H2 lR89-1-YI 5 (iun 1511 tn.5 62 11.23 zzn 72 2.5 2n.n t i n  31.9 
R2 lR89-1% 4 <inn isn  tn.5 74 11.26 3411 i i n  3.8 2z.n <io  36.2 

R2 IR89-1-SF 3 ann  7tn tn.5 78 11.19 3411 94 4.n 74.11 a n  49.7 

__ - _ _  
R 2 T R 8 9 - 1 - 4 C  3 <lllfl 24 tn.5 10 n.17 72 lln 1.9 8 . 3  (10 5.2 

R2 IR89-1-31 5 <11111 15fl (11.5 64 n.25 29ll 91 3.2 211.11 (10 35.8 

H Z  1~89-2-ta 5 <llNI 2611 (1.2 27 11.22 1311 46 2.2 24.11 (10 49.7 
R 2  lR89-2-1R 5 <tnn 170 (n.5 54 11.27 4311 48 2.7 7fl.n t l n  30.6 
R2 1R89-2-1C 3 <11111 1911 (11.5 81 1.19 6511 42 4.11 19.11 (10 36.4 
R2 1R89-2-10 5 <inn 7811 (1.7 1411 n.7n 548 69 6.4 27.n t i n  60.7 

R2 lR89-2-11 3 win 98 tn.s 58 1-38 iiin wn 2.7 z2.n <IO 23.4 ’ 
RZ 1189-2-20 4 tii in 2411 t1.n 1 7  n.zn MI 24 1.9 26.11 (10 47.3  
R 2  TR89-2-2C 4 <inn 1411 a . 5  39 11.21 37n 47 1 . 8  19.11 t i n  24.6 

R2 lR89-2-3R 8 <inn t w  tn.5 37 11.78 i w  57 7.6 17.11 <in 31.7 

R2 lR89-2-2h 7 <lllll l6f l  (n.5 78 11.311 2111 48 2.7 16.n <ln 29.6 

H2 1R89-2-2D 3 t11111 1211 t11.S 84 11.24 45ll 86 3.6 19.11 (10 28.8 

~7 i w - 2 - 3 1  5 t11111 2711 (1.1 14 11.19 tSf l  45 1.6 26.11 < l n  56.1 
R2 IR89-2-3C 5 C l f l l l  1411 tfl.5 37 n.3n 1Sn 56 1.5 19.n (10 26.7 
R2 1R89-2-30 3 < l U l l  37 tn.5 16 fl.27 12fl 97 1.8 ln.11 t10  1.0 
R Z  1 ~ 8 9 - 3 - i a  i n  <inn 1611 tn.5 29 11.33 tsn 67 1.8 2z.n t i n  26.6 
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9 tzn 1i.n 73.2 cz 32 531 950 535 

nz ~ ~ 8 9 - i - i n  t71111 d 9 tzn 1n.n 68.1 tz 2s tnin tsiin 
R2 lR89-1-18 <inn ti i t  t i n  1t.n 66.9 t z  37 tznn i i n n  
R2 1R89-1-iC t21111 ti 7 a n  13.n 37.11 t z  zn 76n tsnn 
R Z  1~89- i - in  tinii ti 14 tzn 1i.n 67.8 t z  49 tznn t m  910 
R2 TR89-1-IF t21111 I 

I I 

R Z  ~ ~ 8 9 - i - n  <inn tt 9 czn tn.n 63.3 t z  32 a n n  tsnn 650 
RZ 1189-1-20 t21111 <1 is tzn 1i.n 61.5 c z  si 371 twn  880 
A 2  1R89-1-2C <inn <I  8 t i n  1n.n 39.11 tz 76 34n t m  460 

R 2  1R89-1-ZF. tznn <t 7 tzn 8.1 95.8 c2 23 i i n n  tsnn 475 
A 2  TR89-1-20 t21111 ti 6 t2I1 6.4 2 9 3  t 2  21 21111 t5nn 350 

t21111 ti 8 tzn 1s.n 36.n tz  19 i31in tsno 440 . .  ' R2 TR89-i-ZF 
' ,  R2 lR89-1-2G tznn 1 3 tzn i2 .n 1s.n t z  9 5411 570 140 

RZ 1~89-i-3n <21111 ti 8 tzn 9.1 67.1 t z  n 2311 7so 53s 
..' A2 IMP-1-38 tznn ti  i z  tzn 1i.n 53.8 t z  38 2411 tsnn 71s 

.': RZ TR89-1-3D a n n  ti 4 tzn 8.7 z7.n cz 8 9411 tsnn 140 
.' R2 TR89-1-3F tziin ti  7 tzn 7.3 81.1 t z  17 i411n tsnn 305 
'. RZ lR89-1-3 cznn <I  is czn t4.n 79.7 cz 35 13811 tsnn 720 

RZ 1 ~ w - i - 4 n  t211n ti 9 tzn io.n 48.n tz 27 2311 tsnn 52s 
,. R2 lR89-1-48 a n n  ti  6 tzn 8.1 39.11 tz t1 3311 ann 310 

R2 TR89-14 c m n  ti ti tzn 6.9 6.n tz  ts tziin <snn 22 
. .  ' ,  RZ 11389-1-5b tznn t i  13 czn 1n.n 58.5 t z  47 tznn tsnn 70s 

(1 6 (211 8.8 4ll.n (2 17 inn tsnn 360 
R2 IR89-1-X mn <t 7 czn 1z.n 31.11 cz 16 iinn 6sn 355 

. ' ' RZ IR89-1-91 tmn <i 6 t2n i1.n 32.11 t 2  14 9211 tsno 330 

,. R2 lR89-1-5F: tznn ti  . 9 0 0  t4.n 49.n t z  . 22 8411 tsnn 415 
RZ 1~89-2-in a i n  ti i i  tzn 1n.n 61.2 t z  39 2611 9311 650 

,' ' R2 lR89-2-iB tznn t i  7 tzn 7.3 61.1 t z  23 4711 tsnn 380 
R2 TR89-2-IC m n  ti  8 tzn 7.8 73.2 tz  z i  9111 tsnn 480 
R2 IR89-2-10 tznn  t i i  tzn 13.0 78.5 tz  29 innn  tsnn 620 

R2 11389-2-1F tmn t i  4 tzn i3.n 17.n tz  i n  8111 tsnn 
RZ TREY-2-zn tznn t i  7 tzn 9.1 66.1 
R2 TR89-2-20 tziin ti ii tzn 9.5 51.7 (2 34 tmn tsno 
R2 lR89-2-2C a n  ti  s t zn  5.0 37.n t z  17 snn tsnn 370 
A2 IR89-2-20 tziin ti' 6 czn 1z.n 39.n t z  13 iuiin t5no 200 

R Z  1~89-2-3n tznn t i  8 tzii 9.1 77.9 tz 21 3411 t5nn 505 
A2 TR89-2-XI ~ZIIII ti i z  a n  ii.n 6n.s t z  38 tmn t511o 80s 
R 2  lR89-2-3C ' tznn i t  s tzn 8.1 35.n tz  17 371 tsnn 390 
R 2  TR89-2-3 l tzsn ti  i tzo 7.5 i1.n t z  ts 310 tsno io0 
R2 1889-3-11 tmn 1 6 13.11 35.n t z  2s a n n  innn 495 

.: RZ IR89-1-3C tziin t i  7 <ZI l  6.9 41.0 <Z 25 4411 <Sflo 420 
.- . . 

. A 2  lR89-1-!dl tz1111 

.. ___ -. . . - 
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REPORT: V89-li38114.11 PROJFCl: 1111 PLGF 7h 

sanw F l ~ l l l N T  1111 Lg Iln na flr Cd Cn Co Cr Ch Fu Fe 
NUHBER UNITS PPB P P I  PPH PPH P P I  PPN PPI P P I  PPN PPI PPN PCI 

4 
5 1.2 
3 1.5 

R2 1R89-3-10 t5  t5 19 tiis 1 <I11 710 < I n  2211 2 
R2 1R89-3-1C ts t5 18 <inn I t i n  7611 t i n  7311 2 
R2 lR89-3-iD t5  ( 5  z i  ci i in t i  tin 1411 t i n  1x1 3 
R 2  TR89-3-iF ts 711 <inn ti  t i n  1311 t i n  1911 2 
R2 IR89-3-1F ’ :: t5 $9 tiun i t i n  MI <io 1411 1 

Ikinh-C& & Cumpany Ud. 
I30 Pmbcrton Avc. 
North Vanouver. B.C. 
V7P 2R5 
(Sar) 985-0681 Tcla 04-352667 
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. .  

- 
~2 1~89-3-211 t 5  ts 27 <inn i t i n  1311 t i n  161 4 4 0.8 
R2 1189-3-20 t s  t5  17 ciiin i <io  288 <IO zin i 8 to.5 
R2 IR89-3-2C (5  ts  is o n  ti 18 228 t i n  71111 1 11 1.0 
H2 1189-3-20 t 5  (5 2n ci i in t i  t i n  14n t i n  1711 3 5 n.7 
R2 1R89-3-2F t 5  ts 16 znn ti t i n  inn i t  i6f l  5 6 1.9 

R2 lR89-3-31 ( 5  t 5  39 t211n 1 <io  19n <io  isn 2 6 0.9 
A 2  lR89-3-3R (5 ts 23 <inn t i  t i n  inn t i n  17n 3 4 1.5 
R2 1R89-3-’3(: t5  t5 2n tzio ti <ID ztin <io 1811 ti  6 t0.5 
R2 1R89-3-3D (5 t5 27 tlnn 7 t i n  2711 t i n  2 i n  2 7 0.6 
A2 TR89-3-3 <5 t5 18 <lUn t i  (10 210 t i 0  19fl 3 6 1.3 

t5 <5 77 <Inn ti tin 17n till 131 2 3 1.3 
10 1.4 R2 1189-3-4 t s  t5  71 tiiin ti t i n  i9n <in isn 1 

RZ TRW-4-18 (5 t5 19 <inn ti  t i n  1611 t i n  tsn 2 6 0.5 
R2 TR89-4-10 ( 5  t5 17 t21111 < I  ti11 24n (10 lRll <1 12 (0.5 
R2 lR89-4-IC ts t5 is (7911 ti  t i n  z7n t in  ? i n  1 i n  0.1 

R2 lR89-4-10 t5 ( 5  37 (2311 1 tlfl 1211 <In I l f l  4 4 1.1 
R2 1R89-4-1F 711 tr a5 o n n  3 14 ?111 t4  1711 (1 1 2.6 
RZ i ~ 8 9 - 4 - i r  11  t5  45 11111 4 titi 2x1 i n  zYn 9 s 2.7 
RZ 1189-4-211 (s <s 29 <inn (1 t i n  1411 <in isn 3 4 1.4 

6 0.6 RZ IR89-1-20 t5  ts 21 tz im ti  t i n  2zn t i n  ?sn 2 

i n  
5 2.0 
4 2.4 

R 2  1R89-4-2C t5 ts 71 <inn t i  t i n  7 i n  < in  7 ~ n  3 
R2 1R89-4-20 8 t5 26 241 1 tlll 110 (10 2111 6 
R2 1R89-4-2F ts t s  78 <inn 7 t i n  2511 t i n  1411 3 
RZ IR89-4-ZF t5 t5 sn a n  1 (111 251 till 171 2 
R2 TR89-4-2G Zn ts 59 <inn 7 t i n  1911 2n znn 5 

R2 IR89-5-1A ts t 5  16 tiun ti <IO 2611 <io 1911 ti 
R2 TR89-5-18 t5 t s  19 <inn ti t i n  211 t in  z3n 2 
R2 lR89-5-1C t S  6 42 t2Un 2 <io isn <io 1311 2 
R2 1R89-5-2R 8 ts 92 t37n 3 t i n  1411 <in i z n  ti 3 3.8 
R2 IR89-5-20 ts t 5  18 t i u n  1 t i 0  118 (10 171 2 5 1.2 

.~ 
(5  t5 18 (2211 z tin mn t in  zin 2 8 tn.5- 

R2 lR89-5-2D t s  t5 17 ei in ti <IO 7411 <io zin 2 9 0.5 
R Z  1~89-5-311 7 6 98 (3711 3 t i n  iin t i n  i 4 n  ti  t 2  3.0 
R2 lR89-5-Jl t 5  (5  2n <lull 1 <ill 1311 t i 0  1311 1 2 0.6 
R2 IR89-5-3C ts (5  33 <inn 7 till 96 <in 17n 4 4 2.0 
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s n n m  FlrnFNl Ilf Jr l a  l u  no Ha H I  Rb Sb Sr Se SI 
- 

NUnIIER UNIIS PPH PPB PPH ppn Ppn pcr PPH ppn ppn PPI wn ppn 

R2 lR89-3-10 6 < l U f l  291 <1.5 25 fl.19 <5fl 44 1.6 33.11 (10 50%- 
RZ lR89-3-1C 6 <lflfl 301 (1.4 7fl fl.23 t5fl 46 1.3 34.0 (10 60.5 
A 2  TR89-3-10 1U <lllfl 1711 (11.5 27 11.28 t5fl 58 1.8 21.11 (10 29.7 
R 2  1R89-3-1E I 7 <lflfl tlfl tl.1 24 fl.25 78 29 1.7 27.n (10 32.5 
A 2  IR89-3-1F 111 < l U f l  15fl (fl.5 27 fl.34 <SO 72 1.6 211.11 <10 23.4 

R2 1R89-3-21 9 <lflfl 18fl (fl.5 27 0.27 (511 51 1.8 24.n (10 27.6 

R 2  lR89-3-2C 3 <inn 31111 (1.6 5 fl.15 611 22 1.0 34.0 (10 57.9 
R2 lR89-3-20 7 <tun I811 tn.5 28 11.29 <5ll 45 1.9 25.n (10 31.4 
R2 1R89-3-2E 5 c1nn 18II a . 5  8 0.47 lflfl 72 1.4 23.n (10 37.4 

A2 IR89-3-20 8 <iim 341 1.7 13 11.15 tsn 2s 1.5 34.11 < io  62.0 

'8 Ilohdar-CIeg & Company Ud. 
130 Pembenon Aw . North Vancouver, B.C. 
V7P 2RS 

' (604)985-0681 Tela 04-352667 
cz 
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A DIVISION 01 INCHCAPE lNSPLCllDNLTtSTlffiSERVlCl % 
flllIf PfllNltfl: 4-1UG-89 

I R I :  U89-fl38fl4.fl I I PROJECI: llfl PllGr2R-1 

R2 TR89-3-34 11 <Ill11 2111 <I.II 13 11.29 <5fl 49 1.7 2fl.11 <10 41.4 
RZ lR89-3-3R 8 <lflfl 17fl tfl.5 38 fl.33 73 77 2.n 19.n <ill 20.0 

A2 lR89-3-30 7 Clflfl 7711 (1.2 21 fl.711 <5fl 78 1.7 31.0 <lfl 51.2 
R2 iR89-3-3F 6 <Ill11 2611 (1.1 I 9  11.27 76 511 1.5 29.11 (10 53.5 

R 2  lR89-3-3F 8 <lnfl 17fl (fl.5 34 fl.29 73 77 1.9 17.0 tlfl 21.5 

R Z  1~89-4-in 8 Wlfl 21fl <l.fl 17 fl.25 C V  33 1.3 74.n (10 33.6 
R2 lR89-4-10 5 <11111 3811 2.4 6 11.13 (53 28 1.1 35.11 <10 74.5 
A2 lR89-4-IC 4 <lflfl 33fl <1.8 (6 fl.14 <5fl 39 fl.9 32.n <lfl 64.2 

R2 IR69-4-1D 7 <111fl 22fl < l . l  52 fl.22 lllfl 66 1.8 25.n ti0 42.6 
35 4.5 27.n <Ill  51.9 

R2 lR89-3-K 7 ciiin 2611 <i.z 11 n.is <sn 34 1.6 31.11 <io 44.6 

R2 lR89-3-4 14 ciim 2411 a . 5  14 11.31 (517 53 1.9 19.11 <io 50.4 

R Z  1 ~ e 9 - 4 - i ~  6 cion 7711 (1.3 iin 11-17 sin 
HZ TR89-4-1F 3 < i u n  1711 <n.s 99 11.24 urn 110 4.n 28.n <io  40.3 
R2 IR89-4-20 9 <inn i a  a . 5  23 fl.25 51 711 1.7 21.11 30.4 
R2 IR89-4-20 6 <lllll 330 1.7 17 11.17 <5fl 33 1.5 33.11 t i0  60.4 

R2 TR89-4-2C 6 <lflfl 3011 (1.3 35 0.27 (511 38 1.4 34.0 <10 58.5 
H2 lR89-4-20 8 <lll11 llfl (11.5 lull  fl.48 210 lull 1.7 24.n <10 22.5 
R2 lR89-4-2F 3 <lflfl 7711 (1.7 37 0.19 lflfl 34 1.6 25.n < l 0  52.0 
A2 IR89-4-2F 4 <lull  24fl (1.1 67 fl.19 3711 27 3.1 26.11 (10 47.3 
R2 1R89-4-X 3 tlflfl 14fl <fl.5 7fl fl.18 5811 8fl 4.1 20.11 < in  30.5 

. --- 
8 <ll l f l  3611 2.3 6 fl.15 <52 31 1.2 35.11 

R2 1R89-5-38 7 <lflfl 2811 (1.3 16 fl.21 67 41 1.4 29.n {ii !\q 
A 2  IR89-5-1C 6 <11111 1411 <11.5 42 n.23 171 45 2.2 17.11 

A2 lR89-5-20 11 tlllfl 1811 <fl.5 14 11.32 (511 611 1.3 18.n (10 34.6 
7 (inn 1211 cn.5 22 11.17 97 78 1.9 i3.n t u  20.2 

-_._- __- - -. -. 
RZ 1R89-5-2C 5 <lflfl 311l1 (1.6 7 11.15 < s i ~  31 1.3 31.11 <in 55.1 
R2 1R89-5-2D 5 <11111 34fl 1.7 7 11.111 csfl 53 1.2 36.11 <IO 72.6 
R2 1R89-5-3R 7 <Mfl llfl (fl.5 75 11.16 82 21 2.1 13.n <tfl 16.0 
R2 IR89-5-3n 9 <lllfl 1411 <11.5 21 fl.34 <'ill 54 1.3 211.11 <10 23.3 
R2 IR89-5-3C 8 <lflfl 1211 Cfl.5 39 fl.33 lflfl 63 1.9 17.n <lfl 20.0 
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' R Z  1~89-5-111 <mn <I 15 a n  i2.n 54.2 (2 vi <sno 985 

R 2  1R89-5-lC <21111 <l 6 <ZII 7.1 61.2 (2 18 260 <5no 405 

H2 lR89-5-2U <21111 <1 8 tzn 12.n 42.11 (2 28 ~IIII 750 545 

A2 lH87-5-1R <71111 <I  I 7  t7fl 9.4 56.8 t 7  45 261 <5llfl 770 

RZ 1~89-5-zn <71111 <l 5 <7n 5.7 113.n (7 17 (21111 <'inn 345 

Geochemical 
Lab Report 

RZ 1R89-3-10 <21111 C l  12 (20 8.0 61.1 <2 46 (21111 <5nO 805 
R 2  lR89-3-1C <7nn 2 13 (28 17.11 58.4 t 2  48 a n n  tsnn 810 
H2 lR89-3-1D <21111 <I 7 a n  14.11 37.11 (2 27 m n  670 545 
A2 1R89-3-IF on11 1 8 c7n 8.5 52.7 tz 33 <?on c u n  590 
H7 1R89-1-1F <21111 <l s tzn 1i.n 37.11 <z 22 <ZIIII t w o  450 

~2 1~89-3-zn <inn ct 7 <zn 9.n 47.n <7 29 cznn onn  515 
R2 TR89-3-20 t21111 <l 1 4  a n  1o.n 58.4 cz 54 czrin <=inn 900 
R2 1H89-3-2C c n i i  <t 17 a n  1n.n 87.6 <7 45 331 <wn 775 
R 2  1R89-3-20 <?I111 <1 8 tin 11.11 511.9 <z 29 <ZIIII t5iin 5311 
It2 1H89-3-2F <71111 < I  8 c7n 11.11 37.11 (7 25 xn < w n  510 

RZ 1%9-3-311 <71111 <1 In <?ll 11.n 61.6 (2 34 <?llfl <5Nl 680 
R2 lR89-3-30 t7nll 1 5 <7fl 14.n 32.n <7 18 <2llfl /ill 405 
RZ IR89-3-X <ZIIII <t it <2n 7.5 65.1 (2 4 1  <21111 <5110 750 
R 2  1R89-3-30 <21111 <l 17 c7n 1n.n 57.n t7 47 z8n c u n  85s 
R2 TR89-3-3F t21111 <l 1 2  an 12.11 54.7 (2 M <zim t w o  720 

R2 lR89-3-3F <inn <t 5 c7n 14.11 36.11 ti 17 c n n  790 400 
H Z  1189-3-4 <?I111 <I  12 a n  12.11 43.11 (2 35 a i n  940 730 
R Z  i ~ 8 9 - 1 - 1 ~  <7nn <l 8 (211 7.5 6n.4 (7 31 <2nn <41111 630 
H2 lR89-4-10 <21111 <l 17 (211 12.11 61.2 <2 611 <21111 12110 970 
R2 1R89-4-1C <21111 <l 14 <2n 11.n 88.5 (2 49 310 870 765 - 
R2 IR89-4-10 <ziin c i  9 c2n 1o.n 69.5 (2 32 26n c w o  560 

It2 1R89-4-1F <21111 1 7 o n  16.11 39.11 (2 17 iuiin m n  371 
it2 1~119-4-2n (71111 <t 7 a n  13.11 44.n <z 27 2311 <5nn 510 
H2 1189-4-20 <ZIIII <t 14 <zn 1o.n 6z.n <2 st <ZIIII <snn 820 

R2 lR89-4-2C < i n n  < I  13 o n  1t.n 57.7 (2 45 a n n  <5nn 805 

R2  1R89-4-2F c n n  <I  i n  (711 i1.n 511.7 (2 37 a n  < w n  650 
RZ TR89-4-2F <?1111 <1 in a n  9.3 75.3 <z 33 728 cine 51s 
R? lR89-4-2G on11 <t 6 t7n 9.4 43.11 (2 14 t4nn (51111 325 

R2 lR89-4-IF <inn t i  ill <2ll 8.9 92.7 <Z 37 6611 t5nn 560 

R2 IR89-4-20 <21111 1 5 (211 1l .n 25.0 (2 14 23n 630 345 

. .  

R2 lR89-5-2C <7nn <I 13 <711 9.7 66.4 t7 48 t2Illl <5flfl 790 
R7 1H87-5-2fl <71111 < I  15 t7ll  11.11 bl.l (2 53 01111 9zn 

If2 TR89-5-YI <?1111 <l 6 <211 111.11 36.n (2 23 <21111 11UO 420 
R2 1R89-5-3C <711n < I  5 (70 9.3 57.5 t 7  19 2611 <\Ill 360 

R2 1H89-5-311 <71111 < I  4 (711 4.6 114.11 t 7  14 <znn <,nn 225 

, 



. .  

R2 1R89-5-51] <S <S 76 t111l1 2 < i o  161 t i n  Ian 6 5 1.6 
R2 1R89-5-5E t5 t5 55 t22n 2 tin 1911 t i n  inn 3 5 2.2 
R2 IR89-5-61 t5 t 5  37 (2411 1 (10 1411 10 161 2 4 2.1 
R2 1R89-5-6fl ci ts 18 0311 I t i n  2nn tin n n  t i  9 to.5 
HZ 1R89-5-bC 1u t5 43 t2211 2 tln 17fl (10 21111 4 4 2.3 

~2 1~89-5-7n 1n ( 5  33 t1nn 2 t i n  t i n  12 tsn 5 3 2.1 
H2 lR89-5-7fl 39 <5 126 6611 5 t10 561 22 26fl 3 18 4.4 
R2 1R89-5-7C 26 t5 82 <361 4 t i n  4211 2s 2911 4 10 3.3 
R2 lR89-5-fll 11 6 45 1511 3 (10 1311 24 98 10 3 3.7 
R2 1R89-5-7E (5 t5 4n <?no 2 tln 190 tl11 15n 2 5 1.9 

a 
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i 

, 

ZZ 
BONDAR-CLLGG 

Geochemical 
Lab Report 

A DIVISION Ob INCHCAPE IMPECllONB TCZTINGSERW'LS nnir PRINwn: 4-LUG-89 
I RFPORI: U89-ll38114.ll I PROJECI: lln PLGE 3L 1 

I 1 

S M N E  FlrnFNl nu llg llfi na nr Cd CE CO C r  Cfi FU Fe 
NUIIBER UNIIS PPB PPI PPI( ppn PPI PPI PPI PPI PPI PPI PPI PCI 

(5 <s 19 <z7n <I <in  2311 t i n  ZII 2 1 to.5 

~2 1~89-5-411 t S  CS 17 <11111 i t i n  7211 t i n  771 ti 10 t0.5 
R2 lR89-5-3F ts ts 36 <inn 7 t i n  1611 i n  7711 6 5 2.3 

R? 1R89-5-4R (5 t5 16 t74n 7 t i n  2511 cin 1911 ti 8 t0.5 
HZ i ~ s 9 - 5 - i ~  (5  t S  76 7111 1 (10 1411 (111 1911 6 3 1.8 

~2 1~89-5-4n t s  t5 18 t27n t i  t i n  2911 t i n  z in  2 11 to.5 
H2 1R89-5-4F 12 t S  78 t21n 7 tin 751 12 21111 7 1 1.6 
A2 1R89-5-5A ts t s  19 a n n  tt t i n  1311 t i n  1411 3 5 1.4 
R 2  11389-5-511 <S t5 18 t71111 (1 tl11 7111 (111 1YlI 1 9 t0.5 
R2 "9-5-X t5 <5 16 (278 t tin 2411 t i n  ten ti 6 <0.5 

R2 1R89-S-lF <5 <5 51 C2211 2 <lo l4n <lo 16ll 5 3 2.2 

L 1 

I 
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I ~2 1~89-5-3n 6 <111 291 C1.4 12 1.18 <S1 <11 1.3 32.fl <l1 51.0 I 
If2 1R89-5-T 1 tiiin i m  (11.5 i i n  ii.411 3811 99 3.7 z5.n t i n  27.2 

H2 1H89-5-4C 9 <inn i t n  tn.5 t i n  11.57 95 i t n  2.11 72.11 cin 21.9 

RZ 1~89-s-r ir  5 <inn 7811 t i . ?  73 11.27 1711 53 1.7 31.11 t i n  56.3 
HZ TRW-5-511 (I tiiiri 1611 cn.5 21 11.32 tsn 62 1.3 19.11 <io 21.4 

RZ 1 ~ 8 9 - 5 - u  6 <inn 3 U  2.7 ln 1.10 C U  35 1.1 32.fl e l 1  66.7 
H2 lR89-5-4ll 4 t i im 3311 (1 .7  8 11.16 611 33 n.9 311.11 (10 67.6 

H2 T R 8 9 - 5 4  1 e11111 3111 1.5 t 5  11.15 (51 37 1.2 31.n e10 13.7 

R2 lR89-5-58 7 t lnn 331 Cl.5 t 4  fl.14 tYl 0 1  1.1 33.n tlfl 64.1 
H2 1R89;5-5C 6 t1UII 3511 (1.7 t 5  fl.16 <54 36 1.n 33.n C10 11.4 

R2 1R89-5-bD 1 <inn i4n  tn.5 77 11.41 i n n  82 1.9 25.n < i n  30.8 

R Z  i u89 -s -6~  7 <inn i 8 n  tn.5 2s 11.24 izn 49 1.8 z2.n tin 30.9 
HZ IR89-5-5F 5 t1Un 19n (11.5 31 11.28 1611 29 2.3 26.n (10 33.2 

H2 IR81-5-6n 6 <11111 3211 (1.7 i n  n.16 t5n 25 1.2 31.n (10 63.1 
R2 1R89-5-6C 6 tlflfl 1411 t0.5 110 n.31 4611 68 3.2 25.0 (10 28.4 

RZ TREY-5-in 8 c i u i  i i n  tn.5 iun 11.48 3511 86 2.1 2i.n t i n  21.2 

A2 1R89-5-7O 4 <inn 77 t11.5 45 n.19 180 1311 4 . 1  i8.n cin 16.0 

A2 1R89-5-1B 3 tlnn 4 Y l  (1.n 773 fl.16 7n11Il 68 1l.n 38.0 70 83.5 
HZ 1R89-5-1C 6 tlllfl 310 (t.6 1611 n.23 141111 86 7.5 31.n 13 61.5 

H2 1R89-5-lF 6 tt1111 1811 (11.5 56 11.29 3211 53 1.9 28.11 (10 33.0 

A2 1R89-5-7F 6 t lnn 1V (0.5 8fl fl.35 48n 87 2.6 25.1 till 78.fl 



Ihmdx-CIiX1: & Company Ud. 
130 Pemknon Ave. 
Nonh V;lncouver. B.C. 
V71' ?R5 
(UW YLIS-Mll I  T& 04-352667 

REPORT: U89-1118IU.Il 

. .  

PROJECT: ltll PbGF X 

. .  

. .  , . .  

: :  ' .' . '  

BONDAR-CLEGG 

Geochemical 
Lab Report 

, 

R2 1R89-5-3E tznn <t 6 (211 1n.n 48.n (2 17 7411 <Snn 760 

R2 1R89-5-4R <2flll <t 14 t2fl  1n.n 72.4 (2 48 29n tSnn 900 
R2 IR89-5-4C <21111 <I 5 (28 1U.n 28.1 <2 17 261 570 220 

RZ lR89-5-4L t21i11 ti . 1s tzn i2 .n 57.2 cz 54 t21m c5no 930 

R2 TR89-5-40 tznn <t 16 t2n 12.0 65.7 t z  59 t2nn w i n  990 
A2 IR89-5-4F tziiii t i  ii <2n 12.n 63.8 (2 4 2  3in <sno 760 

R2 1R89-5-91 <21m c i  14 t2n 1o.n 61.3 (2 5 1  m n  <sno 940 
R2 1R89-5-5E t2nn (1 1s (211 12.11 83.n <2 52 a n n  <snn 950 

R2 IR89-5-54 tznn t i  6 (211 12.n 36.n t 2  26 <2nn tSflfl 5flO 

R2 1889-5-51) t21111 1 7 (211 l1.n 38.n <2 19 298 t5n0 395 
R2 1R89-5-5E t2nn (1 7 t2n 7.7 65.2 <2 25 271 <SNI 410 

H2 1R89-5-6R ttnll <l  I 4  <211 1n.n 711.6 (2 5ll <Znn 9311 890 
HZ IR89-5-6C ' t2rn <I 6 <211 9.1 65.7 (2 XI 520 t5llll 350 

H2 IR89-5-6ll <21111 <1 7 a n  8.n 73.9 (2 n <211n tsno 51s 

R2 lR89-5-7R t7nn 1 4 o n  9.1 42.11 <2 1s 34n tsnn 245 
H2 1R89-5-W tllln <1 18 t2n i 4 . n  167.11 t z  38 isiiri tsnn 880 
A2 1R89-5-7C c a n  t i  13 tm 14.11 11-17.11 <2 311 16nn chon 675 
R2 lR89-5-21) <?llll <I 3 t7n 1n.n 22.n (2 8 9.51 tsnn 120 
R2 lR89-5-7E t21111 t t  7 <XI 8.n 61.3 tt 25 3411 thnn 420 

. .  . . .  . .  

R2 TR89-5-7F <mi <I 6 c2n 8.2 64.9 <2 19 538 tssn 371 
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REFCRENCF INFO: SHIPnCNT (89-5 

CLIENT: IIOUt4UMY DI(I1 I lt4G I 10. stuinmtn ny: J. PFII 
PROJECI: 1111 DIIIF PRINIFD: 4-AUG-89 _____ 

NUIUItR OF LOUER 
ORDER ELrnENl MAI YSES DETECIION LInIr EXIRACIION nElNOD 

1 Au Gold 1111 s ppn NOT nPPiicAoir Jnrit. Neutron Act iv .  
2 hg S i l v e r  ini s ppn NOI WPLICARLF Innt .  Neutron Act lv .  

3 As Arsenic l U 1  1 PPI! NO1 APPI JCAOl I I ns t .  Neutron Activ. 
4 Ra Barium tni tnii ppn NOT APPLICABLE Inf i t .  Neutron Act iv .  
5 Rr  n r m i n e  1111 i ppn NOI APPIIC~~DIF Infit. Neutron Activ. 
6 Cd Cadmium 1ni i n  ppn NOT APPLICABLE ln-it. Neutron Act iv .  
1 Ce Cericim ' 1Ul  i o  ppn NOT APPI ICWI r Infit. Neutron Activ. 

~ 

8 Co Cobalt t n i  i n  ppn NOT w w c n m  Innt .  Neutron Act iv .  
9 C r  Ctiroi iua 1111 sn ppn NOT APPI m o i  F l ns t .  Neutron Activ. 

10 Cs Cefiitim 101 1 ppn NOT wPLicnmF: Innt .  Neiitron Act iv .  
11 Eu Furopium 1111 2 PPN NOI nrpi icnoi r Inf i t .  Neutron hc t i v .  
12 Fe I r o n  tn i  n.s PCI ti01 APPLICABLE I n r t .  Neirtron Rct iv .  

~ ~~ ~~ ~~ ~~~ ~ 

23 Se Selenium 1111 io ppn NOT nppi JCADI r Infit. Neutron Activ. 
24 SI Satiariiim to1 n.1 ppn NOT APPLICARLE Innt .  Neutron Activ. 
25 Sn Tin 1 u1 ziin ppn NOT APPI JCAOIF Inri t .  Neutron Actlv. 
26 l a  lantal i im tn i  t ppn NOT wPi icnRiE Innt .  Neutron Act iv .  
27 Tb Terbium 1 ut i ppn NOI PPI ICAUI r Innt .  Neutron Activ. 

28 l e  l e l l u r i um 1n1 2n PPH NOT n P P L I c w  Inf i t .  Neiitron Act iv .  
ZY 111 lhorium l U 1  n.5 ppn NOI APPI rcnoi r Innt .  Nnutron nc t i v .  
30 U Uraniiim i n i  n.5 ppn NOT mwcnBLE Infit. Neutron Act iv .  
11 U lungr.tun 1111 2 ppn NOI nwi icnoi F lnf i t .  Neutron Activ. 
32 Yb Ytterbiiim tn i  s ppn NOI APPLICABLE In f i t .  Neutron k t i v .  

33 Zn Zinr tu1 ziin ppn NOT nppi JCAOI F Infit. Neutron Activ. 
34 f r  Z l r r o n i i i i  I n1  bnn ppn NOI wPi icnntE Innt .  Neutron Activ. 
35 Y Yttr ium 1111 s w n  X-Ray F1uorer;rence 

~ 

13 H f  Hnfniiim 1111 2 ppn NOT llp~iic~oir Jnct. Neutron Rctiv. 
14 Ir I r i d ium In1  inn PPB NOI wPLicnRi E In f i t .  Neutron Act iv .  
15 La thnthanum 1111 s PPN NOI APPI icaw r In(.(. Neutron Activ. 
16 Lu Lutet i l im I n 1  n.s ppn NOI APPLICnALF Infit. Neutron Act iv .  
11 no tlolybdenum 1111 2 ppn NOT CPI JCAOI F Jnst. Nnutron k t i v .  

18 Na Sodiiim tnt n.n5 PCI NOT wPLic(u1LE Infit. Neutron Act iv .  
19 Ni  N i t k e I  1111 sn ppn NOT nrP11cAoir Jncl. Neutron Act iv .  
20 Rb Rubidiiim tni  in ppn NOT APPLICARLF Innt .  Neutron Act iv .  
21 Sb Antimony 1111 (1.2 ppn NOT APPI ICAOI F Jnfit. Neutron Activ. 
22 Sc Scandium In1 0.5 ppn NOI m L i c A m  Infit. Neutron Act iv .  
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IW IHB'I-I,-II. 410 
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DAIF W w n .  . 8 - AUI :- 87 
F'ko.Irc1: tlll PAGE in 1 

n7 c r t c - a w  ts ( 5  16 tiiiii t i  cin 1511 tin 7nn 2 in tn.5 
H7 CAC-89-I l l - l l l  18 t 5  17 t7llll 2 t111 1311 <111 1211 2 6 1.1 
Id7 CK-89- IH 41 l b  ts ts 18 iin t i  tin 1x1 t i n  1911 3 8 1.7 
~7 C I I C - ~ ~ - I I :  h i in  <5 t 5  19 ~2111 t i  <ti1 1611 t in  i d n  1 4 1.1 
1 0  1K89-6-3117 t5 t 5  23 140 7 tin i i i i  t i n  7111 3 6 1.6 

( 5  t 5  24 1RlI 2 (111 78 t111 1611 1 3 1.6 
6 t 5  19 t2711 i tin v , n  tin 7nn ? 1 0.6 

7 t 5  21 1411 i <tu tiin tin ibn S 5 1.8 
11 t5  65 t7911 3 (111 1311 ti11 1711 1 1, 7 . 4  
( 5  < 5  21 1211 (1 (111 82 (111 1411 1 2 1.7 

4 7.1 
H7 IR89-6-ZC 7 t 5  22 3111 1 till 87 12 210 b I ru in87-6-2n \ko*1qcg 9 t5  56 t7ln 3 t in  i5n tin 1411 2 

12 tn.5 
2 1.5 

n7 1 ~ 8 9 - i n - 1 ~  ( 5  t 5  19 2211 (1 (111 1211 <I11 2111 2 
it7 i w - i n - 1 8  (5 t 5  711 a n n  i t in  170 tin 711n 2 
H? lR89-10-IC t S  t 5  15 2611 2 13 91 till 15fl 5 

I 9 . t5 46 <inn 3 tin i 5 n  t i i i  1511 1 

- .. . . . . . . ..... . . - - 
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5 <11111 1111 1.11 13 11.13 <SI1 24 3.1 32.11 (10 67.7 

' 7 <11111 1111 (11.5 lU 11.44 21111 8 6 '  2.5 21.11 <ill 19.11 
<inn 3911 t3.n 357 n.18 2511 44 34.8 32.n 14 79.4 

I <11111 691 (1.7 824 (11.83 4YII 5fl 67.2 511.9 21 1511.0 

5 ciiin 3411 (1 .5  17 n.74 <5n 53 2.1 34.n < in  u . 7  

A UIVISION 01. INCHCAPE INSI'ECTIONb lESl lNG SERVICES 
new p r m .  . _ _  8 AUC e9 

itwoiti : UB'I .w,v .II PH0,IECI: 11n F'CF 1R 

r(? CHC-BY-12 5 (tiiii 3~ ( 1 . 2  t'i 11.12 <VI 14 2.4 1i.n ciu 7y.9 

111 CRC-89-Ill-61 Ill 9 (11111 a n  (1.2 18 1-1.19 tiin 47 1.3 3n.n <to 52.1 
it7 crtc-89-iH 0 1 1 ~  6 <inn l6f l  (11.5 56 11.311 2511 43 1.3 23.n < in  21 .1  

1 0  C H C - ~ V - I H - I ~  5 <inn 2711 (1.1 I 9  n.76 Inn  36 7.8 28.n (10 5 1 . 4  

11 <11111 21n (11.5 (2 11.34 (50 57 1.n 17.11 (10 47.1 

111 <llM 17n tn.5 3fl n.35 63 56 1.5 19.n (10 18.11 

1 c 1 n n  1 4 n  (11.5 73 n . 4 1  78fl 1In 1.6 72.11 <In 79.1 
4 <11111 1811 (11.5 61 11.22 5111 14 2.6 22.11 (111 17.5 
7 <11111 I7n (11.5 33 11.35 58 84 1.7  17.11 < I n  18.11 

L1 <11111 120 (1.4 11.11 (511 4 4  1.1, 33.11 < i n  !,/.a 

7 (11111 1111 (11.5 77 11.33 75 69 1.6 l 8 . n  < ln  17.0  

8 <lllll I 6 n  (11.5 23 11.76 1111 55 2.1 21.11 <In 74.4 
5 <11111 3111 (1.3 b 11.15 <SI1 36 1.7 311.11 <1U 67.9 

I,  mi1 .~IIII tn.5 3s I I . ~  tun 4 7  1.1 24.11 (10 'I(,.!, 

7 (11111 1311 (11.5 34 11.27 11 67 7.6 i3.n < in  21.1 

it7 i r t89- in- in ' III < i n n  i i n  tn.5 8 fl.27 <5fl 56 1.4 19.n (111 79.9 
N? 11t89-10-111 5 <1111J 3M 1.1 (4 11.13 <Sn 27 1.3 34.11 (111 66.4 

RZ iR8Y-iii-m b <11111 tW (n.5 37 0.26 2711 48 1.9 24.11 (111 29.8 
"7 l l t89- ln - lc  : 4 <inn 98 tn.5. 711 n.34 isn 62 1.7 i 7 . n  (111 11.11 J 

. .  
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I17 TR89-6-1U 

n7 iu~9-6-11) 
117 lH89-b-lF 
U7 IHS9-6-2P 

117 lk89.6-lC 
<71N <1 4 ai t1.u 14.11 <z 1 8  2111 t5nn 32n 

<71111 7 7 ai 1n.n x.11 (2 22 3511 6211 385 
<71111 <I 1 <7n 7.4 83.9 (7 74 3411 c v n  410 
<~1111 <1 4 ai 12.11 12.11 (2 1 7  WII e40 310 

<71111 <I 11 <2n 111.11 66.8 <7 45 <7nn <5nn 865 

H? TH89-7-1C 
117 11189-7-11) 
IO i u a 9 - 8 - 1 ~  
112 IH89-8-1H 
H? lR89-9-111 

<2Illl <1 4 ai i i . r i  27.11 <z t i  zw t w n  370 
<71111 <l 9 (711 9.1 511.9 7 i n  c7nn 73n 6110 
<21111 <1 (r <Zn 7.4 77.1 ( 2  25 cziin m n  5111 
<211n <1 14 c7n 11.11 56.8 <z 44 <znn <5nn YII~ 
<21111 <1 5 ai 9.n sn.ii (2 18 2211 570 4211 
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REFEHENCF INFO: !IHIPilFNI 187-6 

#Un:ltR OF LOUrR 
ORDFR F L F ~ F N I  IlNAl YGES DFlECllON LllllT EXIHACTION ilETllOD 

1 Ai l  t o l d  79 s wn NOI w p i  m o l  r Jnnl. Nmilron Act iv .  
7 ng ! i i I v w  27 5 t"l NU1 IIPYLlCIIHLF Ins t .  Neutron n c t i v .  I 
1 hn Arwnic. 
4 11.1 llilriiim 
*I R r  l l r m i n e  
6 Cd Cadmium 
7 Ce Ceri i iu 

19 1 wn ti01 ArPi i c m  r 1w.l . Nent.ron nc t  i v ,  
77 11111 I't'll NO1 hPPtICnH1 E Inst .  Neulron Rct iv .  
79 1 Prn tdoi RrYi T C L ~ I  r 1nl:l. Neutron n c t i v .  
77  111 rw t io i  IPIIICAI(I r Ins).. Neutron n r t i v .  
27 t i1  FPn NOI LIW i c m  r 1n::I. Neulron Act iv .  

8 Co Cobalt 27 111 PFV NOT w t I cnH i .E  I n s t .  Nnut.ron I l c t i v .  
9 Cr Chromium 29 sri PPn NOI wt-1 ICROI r 1ni;t. NRuLron I l c t i v .  

10 Cs Cesiua 27 i w n  NOI APPLICI\HIF: I ns t .  Neutron k l i v .  
11 tu Furopium 29 2 PYn NOI RIW TCIOI r Inn t .  Neut.ron Actiu. 
17 Fo I r o n  27 ll.5 PCT NOT LPYLICRRLF. Ins t .  Neutron Rc t i v .  

tl IIf Hafnica 29 2 PFR NOT AFFl TCROl F Inst.. Nr.ut.ron Act iv .  
14 Ir I r i d i i im  27 lnlt YY8 1401 RPPLICRIILE I n s t .  Neutron I l c t i u .  
15 l a  Iantlmniim 29 s Prn NOI III'FI icnui F 1nr.t. NHulrOn nc t i u .  
l h  t u  Lut.etiltm 27 ll.5 PPI( NO1 RPPLICnRtE Infit. Neiilron Ac t i v .  
17 no tlolybdenum 29 2 w n  NOT AYPI ICDI r I n s t .  Neutron k t i v .  

18 tla Sodium 27 ll.05 PCI NO1 RPPLlCnRLE Ins t .  Neutron k t i v .  
17 Ni  N i r k n l  29 sn PPn No1 wi TCI~DI r Ins t .  Nwut.ron hc t i v .  
711 Hb Rubidium 27 i n  w n  tior RPrJiicmiE I n s t .  Neutron b c i i u .  
11 Sb Ant.iclony 29 11.2 Ppn NOT ArPi ICAOI r Inst.. Neut.ron a c i i v .  
77 Sc Scandium 27 n.s w n  NOI APPLICRRLE Ins t .  Neutron n c t i v .  

. .  

73 !3 !(l?lt?niua 
71 So Sanariiia 
75 Sn Tin 
26 l a  Tantdliim 
iY Ib I e rb iuu  

19 iii w n  NOI AI'FI TCNJ r Ins t .  Neutron h c t i v .  
27 n.1 w n  NOT fiPPticnRLE Ins t .  Neiitron I l c t i v .  
29 ZIIII PPn NOT RrPi m o l  r Inct .  Neutron Act iu. 
27 I ppn NOT nPPt IcnRi~ I n z t .  Nuutron I l c t i v .  
19 i wn NOT WI TCROI r 1nr:t. Neutron k t i v .  

78 l e  l e 1  I i i r i im  27 711 PPn NOT npf'ticnRtF Ins t .  Noutron n c t i v .  
77 11) l l in r i i ia  77 11.5 Prim tdoi mi TCADI r Tnsl. Neutron n c l i v .  
.Ill u Ul.dllill0 27 11.5 t w  NOI I IyPLicnf i t~  Ins t .  Neiitron I l c t i v .  
31 U I i inpstnn 77 2 Pion NOI mi ICACI r 1ni:t. NeuLron Act iv .  
17 Yb Ytterbium 77 5 Pt'n NOT APYl.1CIIHI.F Ins t .  Neiit.ron Act.iv. 

?3 Zn Zin( 
14 I r  l i r ron ium 
35 Y Yttr ium 

29 ~ I I I I  FFH NOT firpi i c m  r InGI. Neutron Rctiu. 
77 ~ I I I  iron tdoi ~~'PLIC~I~I F I ns t .  N w l r o n  I l r t i v .  
27 5 w n  X-Ray F I i i o r ~ ~ r e n r e  
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Nlltf:llR OF LOUFR 
OHDCR ri r n w  RNhlYSES UElFCTlON L l n I T  EXlHRCTlON nE IllOD 

1 Y Yttrium 29 5 ppn X-Ray f I i ior~fici~nrii 

1- nh 1 1 1  Hd Hr Ld I P  l o  Lr Cs hi re HI lr l a  1 1 1  na 1I.i H i  

Rh Sb Sc SR ha Sn Ta Ib TR 111 U U Yb Zn Zr 

w o R r  cor’iis IO: nR. uniir, i r~~i i int i  INVOICF TO: nit. nnuc I r i G i i i o t 4  
ns. JENNIFER pri I 
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Dll lE ORINIED: 26-JUI.-89 
~ ( i r ~ o n i :  UB? 01859.4 I'HOJtCl: 110 I'M 1 

5hIlI'l E EIEIIENI P205 

i 
NUflIICI~ UNITS r'ci 

I ( /  CltC-8'l-J2 29.44 
n Z  ctic-8y-in-iA 22.21 
H2 CftC-89-IR-6111 23.38 
n? C ~ C - ~ ~ - T H - L I I B  11.86 
n2  inav-6-ifi 14. 

H? lR89-6-1B 15.27 
K1 IMY-6 1 C  29.20 
H? lk89-6-10 10.91 
R? IHBY-6-lt 25.69 
K7 11i89-6.211 14.23 

HI 11~89.l-lC 12.81 
IU inw-7-10 19.48 
H? IH89-8.lll 18.52 
It2 in8Y-8-lH 2 8 . 3 3  
Hl IH89-9-lll 15.51 

R Z  1~89-9-IH 28.98 
H2 TR89-9-1C 24.61 
H2 lH8Y-9-10 10.26 
H? lH89-9-1E 15.9 1 
u2 IHBY-Y-G 13.1Y 

n2 I H B Y - I O - ~ ~  14.89 
1(7 IH89-l(l-lB 21.01 
nz i n 8 ~ - i o - i c  8.03 
u2 1~89- io - ID  20.74 
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1 P205 Phosphorous 29 0.01 PCI  Gravimetric I I 

K)II 

ns. JENNIFER PELL 

I 
I 1 

. .  



APPENDIX 2 

STRUCTURAL ANALYSIS 



HUNGER LAKE BEDDING 
Nor th  

\ 
A \ 

A /6 A 

/ ,A -I- 
A /' 
"/ 
/ 

/ 
d A I 

/ I 
I 
6 
I 
/ A  

13/30 B 
/ a 

0 

' EQUAL AREA PROJECTION 

HUNGER LAKE BEDDING 
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58 P o i n t s  A 

58 P o i n t s  T o t a l  SPLOT by Dirton Software 
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HUNGER LAKE BEDDING 
Nor th  

58 P o i n t s  
LEGEND ( f o r  f i r s t  9 i n t e r v a l s )  

1- 2 Fa 11- 12 Contour Method: Schmidt (1925)  
E 3- 4 Q 13- 14 Counting Area: 0.010 
BI 5- 6 a 15- 16 Contour I n t e r v a l :  2% P o i n t s  per  1% Area 
El 7- 8 17- 18 MaKlmUm Contour8 26 
E3 9- 10 

NOTE: Contour Pat te rns  Repeat  Every 9 I n t e r v a l s  
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HUNGER LAKE BEDDING 
North  

1-1 1 1 ' -  - / 

' I I I I I I I I "  / 

rn 1- 1 
E 2- 2 

3- 3 
83 4- 4 
w 5- 5 

50 Points  
LEGEND ( f o r  f i r s t  9 i n t e r v a l s )  

Rl 6- 6 Contour Method: Schmidt (1925)  
El 7- 7 Counting Area: 0.010 
El 0- 0 Contour I n t e r v a l :  1% P o i n t s  per 1% Area 
P 9- 9 Maximum Contour: 26 

NOTE: Contour Pat te rns  Repeat Every 9 I n t e r v a l s  

. .  . 
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I 

8 <lIIfl 35fl (1.6 6 n.18 tw 35 1.3 33.11 (10 65.0 
7 cu1n 36O (1.5 a 0.17 tsn (2s 1.2 34.0 c u  (,is 

L r ----I 



. .  

HrPoni: u89-11p.54 3. n 

Udiidar-Ckpg & Company Lid. 
110 Peniknon Ave. 
Nonh \fancower, H.C. 
V7P 2K5 
(W) YB5-0681 Telex 04-352667 

IwxiFci :  i i n  f ' IGE 1c 

BOtUDAR-CLEGG 

. . .  . 

I 

I 

Geochemical 
Lab Report 



Certificate 
of Analysis 

BONDAR-CLEGG 
A DIVISION 01: INCHCAPE INSPECTION& TESlINti SERVICES 

REPORI: U81-08543.4 I COHPLETE ) 1 Im 

CLIENT: EOUt!PARY BRILLIHG LID. “ ~ T T E I I  BY: J. PELL 
PHOJECT: 110 DAIE PRIIIIEU: 7-UEC-89 

NUl lHtX Ut LUYtK 
ORBEW ELEHEHI ANALYSES DEIECTIO!~ LinIi EXIRACTION HEIHOD 

1 P205 Phosphorous 12 0.01 PCT Gravinelr ic 
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Certificate 
of Analysis 

A DIVISION OF INCHCAPE lNSPECrlONd~INGSERVICESDATE PRINTEB: 1-BEC-89 
REYOHI : U81-08543.4 PROJECT: 110 PAGE 1 

SAHFLE ELEMENT PZO5 
NUtlBEX UNITS PCT 

2J.47 
12.12 
7.GZ 

21.93 
28.58 

KL UHlD J J . J l  

X2 IX89-3-PP 32.83 
K2 IK8'3-3-Bl 29.83 
X2 TR81-3-PZ 29.69 
W2 IK81-5-BP 33.66 

K A  IKSY 5 H I  _ _  L8.W 
H2 IW89-5-B2 29.39 
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8 Co Cobalt I ?  I n  PPII t lOT RPFllCRRLE I n s t .  Neutron h c t i v .  
Y Cr ~ C l w n a i i i u  12 5n FFn NOT NY’l I C R I l l  F Inst.. Neutron nc t i v .  

111 Cs Cesiiin 12 1 PPR NO1 IIPPLJC[IRLF Ins t .  Neiilron n r t i v .  
I I  [i i  Fiiropi i i r  12 2 w n  NOI n i w  icn[ii F I ns l .  lli!iitron n c t i v .  
17 Fe I r o n  17 n.s ITI NOI PPPLICRIILF I n s t .  Neutron Rct iv .  

1 

A DIVISION OF INCHCAPE INSPECTIOX d TESTING SERVICES 

REF t RF NCF INF 0 : 

c L w :  nnumnw n r u  I I t i G  I in. SU:lMlTTFU nY: $1. FFI I 

_- i m i i c i :  1111 D R I f  YHItI IED:  28-nFC-89 

tiunom OF i o u m  
OROER F I  EnENl ~INIILYSES DEIECTION t In iT EXIHRCIION I lE I l lOD 

1 hii Gold 
7 Ag S i l v e r  I 12 5 PPR NOI n w i  icnm F I n s t .  t ku t ron  Rcl iv .  

12 5 Yl’n 1401 RPPLICOHLE Ins t .  Neutron n r t i v .  

3 A:; Rrsenic 12 1 FPH NOT A N ”  ICRBl E I ns t .  1ieut.ron hc t i v .  
4 Ila I lar i i iu  12 i n n  PPn 1101 nrw .mntE  Ins t .  Neutron Rct iv .  
I, Hr Icromine 12 1 FPM NOT RPPl ICAUI F Inst.. Neutron Rct iv .  
h Cd Cadmium 12 i n  Pi’n t io i  WPLICRHLE I n s t .  Neutron n c t i v .  
~ C H  C w i i i m  12 i n  wn NOT IPPI IC~UI F I ns t .  Nwl.ron nc t i v .  

11 Hf Hafni i iu 12 2 PPn NO1 PI’FI TCPUl F I ns t .  Neutron n c t i v .  
1 4  Ir I r i d i i i h  17 i n n  ITR ti01 m t i c n H i F  Innt.. Hniitron Rct iv .  
15 l a  I a n t l m u n  12 5 PPn M O T  RPPI Icnrii F l n s l .  Neul.ron nc t i v .  
I h  t u  LIII.HtillD 12 n.5 w n  NOT LPPL1CIIRI.F I n s t .  Neuiron n c t i v .  
I7 no Ilolybdemir 12 2 FW NOT nrPi ICWI F I n s l .  Neutron Rct iv .  

18 #a Sodium 
11 N i  Hir.keI 
2U Hb Rubidium 
71 6b Rntivnny 
21 Sc Scandiiim 

12 n.ns I’CI NOT RPPLICRRI.F I ns t .  Nniit.ron bct i v .  
12 5n w n  NOT w P i  I C ~ I  F Inat.. Neutron ( Ic t iv .  
12 l n  YFtl NO1 RPFLICORLE Ins t .  Neutron I l c t i v .  
12 n.2 w n  tior m i  ICROI F Inst.. Nrurron nc t i v .  
12 n.5 w n  ti01 PPPLICORLE I n s t .  Neutron Rct iv .  

71 Sn Snlnni im 12 10 FFn NO1 RPPl ICRnl F Insl.. Neutron hc t i v .  
24 So Sarari i in 12 n.1 w n  NOI R rP t i cw tF  Ins t .  Neutron n c t i v .  
25 Sn Tin 12 ziin PPI NOT IIPPI ICRUI F I ns t .  N w t r o n  nc t i v .  
76 l a  lanta l i ia  12 1 Ppn No1 IYPLIC~RLE Ins t .  Neutron R r t i v .  
77 Ib I w b i r i u  12 i P P I  NOT LPPI ICAIJI F Inst.. Neut.ron f ic t iv .  

70 Te Tel luri i im 
7‘1 111 Ihori i im 
111 U Uranium 
11 U l i ingstnn 
17 Yb Yt tnrb i i ia  

12 2n PPn NOI PPPLIC~RI.E I ns t .  Neutron I l c t i v .  
12 n.5 I’FR NO1 &PPI IChUl E Insl.. Neul.ron n c t i v .  
12 n.s w n  1101 n iwicnHtE I n s t .  Neutron net i v .  
12 2 PPIl NO1 APPl IChUlF Inst.. Neutron nc t i v .  
12 s w n  im n w t i c m t ~  I n s t .  Neutron Oci iv .  

3 3  2n Zinr  12 znn r w  NOT nrw ic!arii F I ns t .  N w I r o n  t ic t iv .  
.14 Zr Zirconium 12 wn w n  NOI a i w I c w ~ E  I n s t .  Neutron n c t i v .  
1 5 Y  Y t t r i i i r  12 s w n  X-rhy F IiiorI?srnnce 
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lh)ndar-Clqg 1 Ciimpny Ltd. 
130 Pcinknon Avc. 
Noah Vmvouver. B.C. 
V71'2HS 
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A DIVISION OF INCHCAPE INSPECTION d. TESTING SERVICES 

REPORI: U89-ll8543.1 ( COWIFIF ) REFERENCE INFO: 

ClIFNI: 1IOIINI)IUIY MJI I INC I In. 
PROJECI: 1111 

\ 
siuinmn IIV: J. PFII 
DniF PRINTED: ~ - F E R - ~ I I  

NllMll It OF LOUER 
ORDER EI.EHENI ANRI.YSES DEIKIION LlHll EXIRKIION HElHOD 

1 41203 Alumina (11703) 4 n.111 Wl HF-HN03-HCIM-HCI IK: Planin F i i s e l o n  
2 CaO C a l c l u i  (CaO) 4 11.01 PCI  HF-IlN03-llC104-tKl DC Plnnmn Emission 
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12 l o t a l s  h o l e  Rock l o t * I n  4 n.ni PCI 
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BACKGROUND ON THE PHOSPHATE INDUSTRY 

The majority of phosphate ores mined (approximately 90%) is 
used in the production of fertilizers; some also goes into 
the production of detergents, animal feed supplements, food 
preservatives, water treatment substances, anticorrosion 
agents, cosmetics and fungicides; and minor amounts are used 
in the metallurgy and ceramics industries. Phosphorus is 
present in the earths crust in concentrations averaging 0.10 
to 0.12 per cent and is the eleventh element in order of 
crustal abundance. Phosphate is concentrated in three main 
environments: marine sediments deposited in mid- 
paleolatitudes within restricted basins where there is 
upwelling of cold currents from great depths; in basic and 
ultrabasic alkaline igneous rocks: and in deposits of guano. 
Marine sedimentary ores account for approximately 80 per 
cent of the worlds phosphate reserves, igneous deposits f o r  
around 18 per cent and the remaining 2 per cent, from guano 
deposits (Krauss et al., 1984; Russell, 1987). 

Sedimentary phosphate ores are commonly referred to as 
phosDhorites. They are nondescript, white to dark greyish- 
brown to black, shaley to sandy rocks and can contain 
structureless pellets or have a nodular texture. A bluish- 
grey ttphosphate bloomll may be present on weathered surfaces. 
Deposits are mined which contain between 4 and 38 per cent 
P2O5. In most cases, ores mined are beneficiated to produce 
a phosphate concentrate which is often referred to 
commercially as phosphate rock. Phosphate concentrates 
commonly contain 29 to 40 per cent P2O5. The phosphorus 
content of ores and concentrates is often referred to, in 
the industry, as bone phosphate of lime (BPL) or tricalcium 
phosphate (TCP), which refers to the apatite content or 
Ca3(P04)2 rather than weight per cent P2O5 (Christie, 1978; 
Krauss et al:, 1984). Conversion between the various 
expressions is as follows: 

P p205 BPL (or TCP) 
1.0% P 1.0 2.2974 5.0072 
1.0% P2O5 0.4364 1.0 2.1852 
1.0% BPL (or TCP) 0.1997 0.4576 1.0 

Nearly 88 per cent of the phosphate rock produced in market 
economy countries is recovered by surface mining techniques, 
with strip mining and open pit mining the most commonly used 
techniques. Commonly, between 2 and 7 tonnes of overburden 
and waste are moved per tonne of ore mined. Run-of-mine ore 
production capacity is 0.6 to 1.0 million tonnes per annum 
in small operations, 1 to 8 million tonnes per annum in 
medium-sized operations and 8 to 25 million tonnes per annum 



in large operations. In almost all cases, the run-of-mine 
phosphate material has to be beneficiated. The basic 
beneficiation methods employed are sizing, washing, 
flotation, calcining and calcining with leaching. A 
phosphate beneficiation plant may use one or more of these 
techniques to produce a marketable product (Fantel et al., 
1984; Krauss et al., 1984). 

Most commercial fertilizer plants use a wet acidulation 
process in the initial stage of fertilizer production. The 
initial phosphoric acid produced by this process contains 
between 27 and 29 per cent P2O5; it is then evaporated until 
it contains 52 to 54 per cent P2O5 or becomes 
superphosphoric acid with 68 to 72 per cent P2O5. Phosphate 
rock to be used in fertilizer plants must meet the following 
specifications: 

*P2O5 content: 27 to 42 % 
*CaO/P205 ratio: 1.32 to 1.6 
*(A1203 + Fez03 + MgO)/P205: < 0.1 
*MgO content: < 1.0 % 
*c1: < 0.2 % 
*BPL/MGO ratio:170 or greater 

Fe3.03) ratio: 20 or greater 

undesirable (but can be removed by calcining), as are trace 
elements such as cadmium, lead, mercury, arsenic and 
chromium (Butrenchuk, 1987a; Krauss et al., 1984). 

The wet acidulation fertilizer production process involves: 

Starting materials: 3.5 tonnes, phosphate concentrate 
1 tonne, sulphur 
(or 3 tonnes H2SO4) 

Products: 1 tonne of P2O5 in the form of H3PO4 
5 to 5.5 tonnes of hydrated calcium sulfate* 
a maximum of 81 kg of fluorine as HF 
(or 102.5 kg of H2SiF6 of which 36 kg are 
recoverable) 

*The hydrated calcium sulphate, or phosphogypsum, is 
generally considered a waste product as it cannot compete 
with other commercial sources of gypsum due to its fine 
grain size and numerous impurities (Krauss et al., 1984). 

In North Carolina, phosphogypsum has been mixed with 
flocculated colloidal clays produced in washing plants and 
used to backfill mined-out excavations; research is also 
underway to determine if it could be used as a compacted 
sub-base for highways, secondary roads and parking lots. 
The economics of calcining phosphogypsum to produce a 



cement-type clinker and sulphur dioxide, from which 
elemental sulphur could be recovered, are also being 
examined (Stowasser, 1988). 

The principal world phosphate producing countries in 1988, 
as in previous years, were the United States, the U.S.S.R., 
Morocco and China, in that order (Figure Al). Tunisia, 
Jordan, Brazil, Israel, Togo, South Africa and Syria also 
produced significant amounts of phosphate rock (Stowasser, 
1988; 1985). More than 50 per cent of the phosphate rock 
produced in the United States is exported, placing it second 
to Morocco in exporting countries (Figure A2). Israel, 
Jordan, the U.S.S.R., the Pacific Islands, and west Africa 
are also major exporting regions. Western Europe, eastern 
Europe, Asia, Canada, and Australia are the major phosphate 
importing regions of the world (Figure A3). Most of 
Canada's phosphate rock come from the United States (Figure 
A4) and Canada is the largest importer of U.S. phosphates, 
followed by Korea and Japan. France, the Netherlands, 
Poland, Germany, Mexico and Italy are also major importers 
of U.S. phosphate rock (Figure A5). In recent years, Canada 
has begun to import phosphate rock from west Africa in 
increasing amounts. This trend is likely to continue unless 
new sources, either local or foreign, are found, as experts 
predict that by the year 2000 the demand on U.S. phosphates 
will far exceed the capacity (Figure A6, approximately by 
the predicted amount of phosphate rock exports). This will 
also have an effect on the other major importers of U.S. 
phosphate rock, Japan and Korea. 



PHOSPHATE ROCK: WORLD PRODUCTION 
MAJOR PRODUCERS, 1988 

OTHERS 

SYRIA 
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........_._......_....._._.......... 

INA 15000 

SREAL 3479 
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2850 

IN THOUSANDS OF METRIC TONNES 



PRINCIPAL PHOSPHATE EXPORTING COUNTRIES 
AND DESTINATIONS 

Exporting Country 

1, United States 

2. Morocco 
3. Algeria 8 Tunisia 
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PRINCIPAL PHOSPHATE IMPORTING REGIONS 
BY COUNTRY OF ORIGIN 
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US EXPORTS OF PHOSPHATE ROCK 
1988 
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US. PHOSPHATE ROCK SUPPLY-DEMAND 

FORECAST 1983-2000 
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COLUMBIA PROJECT 

PAYROLL DISTRIBUTION FOR ASSESSMENT 

1989 Field Work 

PURPOSES Jennifer Pel1 - JP (3 $275/daY 
Ray Morris - RM @ $175/day 
Randy Lowery - RL 8 $150/daY 



I .  

Page 2 of 8 



. .  ,. . . 

Page '3 of 8 



a 
Page 4 of 8 

. 



. Page 5 o f  8 



Page 6 of 8 



Page i o f  8 



Page 8 of 8 

. 



TRENCHING RECLAMATION 
W/JD SS5 BACKHOE 

TIME SHEET SUMMARY 

Year 1989 














