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1.0 SUMMARY 

The Max project area overlies 203 contiguous four post claim units located in south- 
central British Columbia. The claims are owned by Eagle Plains Resources Ltd. and are 
currently under option to Amarc Resources Ltd. The claims are underlain by a 
Ordovician to Devonian volcanic arc know as the Eagle Bay Assemblage. Supracrustal 
rocks are intruded by Devonian age gneisses and by Cretaceous-Jurassic intrusions. 

Silver, gold, copper, lead, zinc and barite mineralization is associated with stratiform 
massive sulphide-sulphate horizons which are forming at, or near, a felsic volcanic, fine 
grained clastic sedimentary contact. 

Exploration by Amarc Resources Ltd., between January 21 and April 20, 2005 has 
included: 

1. 

1 1 .  

The completion of 13 diamond drill holes totaling 2,728 m, testing 
massive sulphide and barite lenses near the Homestake Mine. 
Development o f a  1:2500 geological map base which integrates the results 
of the 2005 drill program with archival 1987 drillholes which were cored 
over broad stratigraphic and structural intervals within the Homestake 
Mine, Sin Claim, area. 
The development of a lithogeochemical data base and the examination of 
base metal zonation patterns both proximally and distally to the 
Homestake Mine. 

.. 

iii. 

Only the results of (ii.) and (iii.) are outlined in the present report. 

Geological mapping clearly demonstrates that massive sulphide and barite lenses at the 
Homestake mine develop near the structural footwall contact of a sequence of quartz 
porphyritic felsic tuffs with a fine grained cherty tuff, or fine grained pyritic siltite, 
horizon. Multiple sulphide or barite lenses may be noted near this contact. The lenses 
have a strike of approximately 130" - 140" and dip 30" to the northeast. The lenses have 
east to northeast direct plunges at 25"-30". 

The westerly surface strike extension, of the mineralized quartz porphyritic tuffs and 
cherty-pyritic siltites, is truncated by a shallow northeast dipping thrust fault, the Road 
Thrust. The down-dip extension of the sulphide lenses will be preserved beneath this 
thrust which has a shallower dip than the dip of lithology. The easterly strike extension of 
the Homestake lenses are truncated by a west side down extension fault, the 2250 Fault. 
Movement on the 2250 Fault pre-dates movement on the Road Thrust as this flat lying 
fault does not appear to be offset by the 2250 Fault. 

Base metal and barium zonation patterns strongly suggest that the stratigraphic package 
at the Homestake Mine is upright. Changes in base metal chemistry are clearly noted 
across the trace of the 2250 Fault and the Road Thrust. Base metal zonation patterns 
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provide insights into the location of permissive stratigraphy within this significantly 
deformed rock package. 

Recommendations for subsequent drilling east of the Homestake Mine are outlined. The 
proposed drill program is designed to intersect the polymetallic massive sulphide and 
barite lenses east of the 2250 Fault. 

2. INTRODUCTION AND TERMS OF REFERENCE 

This report has been commissioned by the management of Amarc Resources Ltd. The 
report documents the results of geological mapping and lithogeochemical sampling 
conducted on Amarc Resources SIN mineral claims during January 21 to April 20 of 
2005. All work performed on this property was conducted under Mine Permit Work 
Number MX-4-375 in accordance with the guidelines of the Mines Act of British 
Columbia. 

This report is based on an extensive review and compilation of private corporate reports 
and documents as well as publicly available geological and scientific papers. This report 
is also based on the authors personal knowledge of the property obtained during the 
recently completed drilling program near the Homestake Mine (January to March, 2005), 
from detailed mapping undertaken in April 2005, from sampling of archival drill core 
completed during April 2005 and from regional mapping completed for Esso Minerals in 
1986 and 1987. 

’ 

Some of the information compiled in this assessment report is obtained from drillholes 
collared within the historic crown grants of the Homestake Mine, in particular DDH’s 
Kam 25,26,29 and MX5-01. The cost of acquiring this data is not been compiled against 
the cost of the overall program conducted on the SIN claims. 

Throughout these time-frames, the author was directly involved with the mapping 
programs, sampling and interpretation of 1987 Esso Drill core, logging and interpretation 
of the 2005 diamond drill core. and detailed mapping within the Homestake Mine and 
SIN claim area. 

3.0 DISCLAIMER 

The author has compiled both archival and new data in the present report. The 
combination of technologies separated by nearly twenty years time frame does pose 
significant challenges. In particular, the location of archival, 1987, drill holes, the “Kam 
22 to Kam 30” series is based largely on archival data. No collar markers for these 
drillholes were located in the field and the boreholes appear to have been tied to an 
idealized grid. There may be significant margins of error in the real versus idealized 
location of these drillholes. Many of the boxes of the 1987 drillholes are in very fragile 



condition and some core is missing from these drillholes. The condition of the core did 
impact on the sampling protocols and the intervals available for sampling. 

Drillholes for the 2005 program do have accurately surveyed collars, and down-hole 
surveys. Their position is known to a high level of accuracy. 

No other obvious errors or omissions were identified by the author. 

4.0 PROPERTY DESCRIPTION AND LOCATION 

Amarc Resources Ltd. Max project is located in the Kamloops Mining Division of south- 
central British Columbia. Access to the property is via paved roads, the Yellowhead 
Route (Highway 5) for 45 km north of Kamloops turning off on the paved Agate Bay 
Road at Louis Creek and traveling northeast for 21 km to the site of the Homestake Mine, 
Figure 1. The Homestake Mine, a former producer of silver, gold and lead-zinc, is located 
approximately 3 km west from Agate Bay on Adams lake on the northeast side of the 
Sinmax Valley. 

This region of the province forms part of the interior plateau or Adams Lake Plateau. 
Valley hottoms, such as the Sinmax Valley, are located at an elevation of 500 to 550 m. 
Topography rises rapidly, across steep to sub-vertical rock faces, to elevations over 2200 
m at the top of the Adams Plateau. 

Access to most o f  the claim block is possible through a series of excellent secondary 
logging roads and also via the Johnson Lake and Samatosum mine road. Forest cover 
ranges from open dryland ponderous pine near the valley bottoms to spruce and fir at 
higher elevations. Precipitation in either the form of snow or rain is strongly elevation 
dependent with snow accumulations greater than 2.5 m common in the upper plateau 
regions and less than 25 cm in the lower valleys. Geological fieldwork is possible over 
much the property from early April to late October. 



Location Map 

NTS W M I M  BCGS W M W l  W2.011012 w e  1 a m 0  

Date July13.Mo5 Plottedby GMD 

W l o a m w W O R  
(UTMNAD83 Zmell) Figure 1 

Paved road 
Gravel road 



The property includes 203 MGS claims which are under option from Eagle Plains 
Resources to Amarc Resources Ltd., Figure 2. The nature of the option agreements are 
available in the public filings of either company. 

Tenure data for the SIN claims is complied in Table 1. 

Table 1: SIN Claims 

Eagle Plains Resources 
Max (Acacia) Property Claims 

Tenure Number 
376027 
376026 
376037 
376038 
376039 
376040 
376041 
376042 
376043 
376984 
376985 
376986 

Claim Name 
SIN 1 
SIN 2 
SIN 3 
SIN 4 
SIN 5 
SIN 6 
SIN 7 
SIN 6 
SIN 9 
SIN 10 
SIN 11 
SIN 12 

Owner 
136073 (100%) 
138073 (100%) 
136073 (100%) 
138073 (100%) 
136073 (102%) 
138073 (103%) 
138073 (100%) 
138073 (100%) 
138073 (100%) 
138073 (100%) 
138073 (102%) 
138073 (100%) 

Map Number 
062M012 
062M012 
062M011 
062MOl’l 
082MOll 
082M011 
062M012 
OBPMWI 
062M001 
082M011 
062MOll 
OB2MO11 

Good To Date 
20ffi/APR/22 
20ffi/APR/22 
20ffi/APW22 
20061APRIP 
2008/APR/22 
20ffi/APR/22 
20ffi/APR/22 
2M)B/APR/23 
20ffi/APRQ3 
20ffi/APR/Z 
20061APR122 
20ffi/APR/23 

status 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 
GOOD 

Mining Division 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 
KAMLOOPS 

Area 
500 0 

500 0 
500 0 

100 0 

5000 
500 0 
500 0 
400 0 
400 0 

500 0 
300 0 
375 0 

Tag Number 
217505 
217506 
217507 
217508 
217509 
217510 
217511 
217512 
217513 
220707 
220708 
220709 
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6.0 HISTORY 

Amarc Resources Ltd., initiated a program of exploration for polymetallic volcanic 
hosted massive sulphides, the Max Project, on mineral claims which overlie the former 
Homestake Mine in south-central British Columbia. The mineral claims have had a long 
history of exploration and development. This activity has been well summarized by 
Downie (2001) and the following synopsis is based on his summary. 

Earliest history of work within the claim area occurred during 1893 -1894 when the 
exploration interest in the outcropping barite and massive sulphide lenses occurred was 
initiated. These mineralized zones would form the nucleus of the Homestake Mine. 
Ultimately, this led to 2770 tons of production during 1926 and 1927 followed by the 
erection of a 30 ton per day mill in 1935. Between 1935 and 1936,3000 tons of massive 
sulphides and barite ore were processed. 

The property was essentially dormant until 1970 when Kamad Silver Ltd., acquired both 
the crown grants and surrounding mineral claims. This group expanded the underground 
workings on the 2250 level in an attempt to explore three silver-lead-zinc-barite lenses. 
Canadian Reserve Oil and Gas acquired the claims in the early 1980’s and completed the 
development of an 800 m drift on the 1750 level which was connected to the 2250 level 
workings by single raise collared from near the northeast terminus of the 1750 drift. 
Detailed underground sampling and mapping was carried out and 2,072 m of 
underground drilling was completed, along with 2993 m of surface drilling. Canadian 
Reserve Oil and Gas terminated their exploration of the property circa 1982. The mine 
was re-opened during the winter of 1983/1984 and massive barite and sulphide ore was 
shipped to the Trail smelter during this time frame. 

The discovery of the Rea Gold massive sulphide lens by A. Hilton in 1983 resulted in a 
dramatic increase in the exploration of the Adams Plateau. In 1985 Esso Minerals 
optioned the Kamad claims, which were the “forerunners” of the SIN group from Kamad 
Silver Ltd. In 1986, Esso Minerals conducted extensive geological, geochemical and 
geophysical surveys across both the Homestake and Rea Horizons. 

Esso Minerals conducted a significant exploration program on these claims from 1986 to 
1989. Their program utilized 1 :5,000 and 1,2,500 scale geological maps, 
lithogeochemical surveys, soil geochemistry and 1899 m of diamond drilling (Heberlein, 
1987) within the highly altered rocks of the Homestake schist package. Significant 
massive sulphide intersections were not encountered in any of the 9 holes (Kam 22 to 30) 
drilled along the Homestake Bluffs and Esso Minerals shifted their exploration focus to 
other portions of the Kamad ground. 

As part of their 1987 program of exploration, several mineral occurrences on the south- 
west side of the Sinmax valley were identified. The occurrences were historically known 
as the Acacia showings and consisted of zinc rich massive sulphides and galena- 
sphalerite-calcite veins located at a contact between altered mafic volcanics and argillites. 
Work on the Acacia area in 1988 by Esso was designed to outline the nature and extent of 
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the mineralization historically noted in this area. A 29 km blaze and flagged grid was 
established and the area was mapped at a scale of 1 :2500, soil sampled and tested with 
VLF geophysical surveys. The technical surveys suggested that the Acacia showing area 
was geochemically anomalous and that in some areas mineralization occurred along a 
felsic - mafic volcanic contact. The contact was mapped for a total distance of 
approximately 2 km. The contact appeared to localize lenses of bedded massive sulphides 
associated with pyrite, sphalerite and galena. Calcite veins and stringers were associated 
with sphalerite and galena. 

Portions of the SIN claims, the SIN 2 claims, also underlie the Twin Mountain 
occurrence located in the north-central portions of the Max project area. Twin Mountain 
is a vein occurrence hosted by a structural zone within strongly iron carbonate mafic 
volcanics. The occurrence has been explored since 1936. Underground development in 
1953, on the Twin vein structure, permitted the vein to be drifted on for a length of 60 m. 
The principle showing is a 0.6 to 6.0 m wide Ag-Pb-Zn quartz dolomite vein. The 
average of 30 grab samples collected from the Twin Mountain vein zones was 0.894 pit 
Au, 28.89 g/t Ag, 6.72% Pb and 3.0% Zn (Carmichael, 1991). No widths were recorded 
for these grab samples. 

Apex Energy held the ground in 198 1 during which time Neven-Sadler-Brown-Godbrand 
completed a program of soil sampling, trenching and geological mapping. This program 
extended the strike of the Twin Mountain mineralization east of the historical 
occurrences. The discovery of the Rea massive sulphide occurrence, to the northwest of 
the Twin Mountain occurrence, renewed interest in this property. The claims were 
optioned to Lincoln Resources Ltd who entered into an option agreement with 
Corporation Falconbridge Copper. The latter group conducted geological mapping in 
conjunction with Max-Min 11 and VLF-EM surveys. Surface geochemical targets were 
tested with two diamond drill holes AAI and AA2 but the results of these drillholes were 
negative and Corporation Falconbridge Copper terminated their option agreement. 

In 1986 Lincoln Resources conducted further geochemical and geophysical surveys on 
the Twin Claims. An additional 15.5 km of new grid was established, geologically 
mapped, sampled and trenched. Trenching indicated that the Rea massive sulphide 
horizons passed through the northwest portion of the claim area. The claims were 
optioned to Esso Minerals in 1986 and the targets developed by Lincoln Resources drill 
tested in 1987 by 2269 m of drilling. This resulted in the discovery of a small massive 
sulphide barite lens on the Twin 3 claim. Esso continued their exploration in 1988 with 
an additional 1278 m of drilling in 8 diamond drillholes but significant mineralized 
intersections were not obtained. 

Homestake Canada Ltd. assumed interest in Esso Minerals mineral properties in 1989 
and continued exploration in the Twin Mountain area. Following trenching of the Twin 
Mountain zone in 1989, 4017 m of diamond drilling was completed in 9 drillholes and 
2235 m of downhole Pulse EM was completed in six of nine boreholes. Their exploration 
continued in 1991 with 4069 m ofNQ diamond drilling. Homestake geologists believed 
that these deeper drillholes were successful in intersecting the southeastern strike 



extensions of the Silver Zone. This mineralized zone was the host to the Samatosum Vein 
occurrence. On the Twin ground, the Silver Zone had a maximum width of 75 rn’s and 
consisted of strongly pyritized siltstones and chert pebble conglomerates. Their best 
intersection from this zone was a 20 cm wide stratiform massive sulphide which ran 9.46 
g/t Au. 

With the down-turn in the mineral exploration in B.C. in the late 1990’s the Kamad and 
Twin claims were allowed to lapse. These claims were re-staked by Eagle Plains 
Resources in 1999. Their claims covered the Twin Mountain, Inferno and Acacia 
showing areas in addition to the potential strike extensions ofthe Rea and Silver Zone 
stratigraphy. During the 2000 exploration season, Eagle Plains Resources conducted 
geochemical surveys over the Acacia occurrences and collected 5 18 soil samples from 
both soil geochemical grids and contour soil sampling. 

The SIN claims were optioned to Amarc Resources Ltd. in December of 2004. Amarc 
initiated field programs on this property between January and April, 2005. 

7.0 GEOLOGICAL SETTING 

7.1 Regional Geology 

The Adams Plateau overlies a sequence of Paleozoic rocks known as the Eagle Bay 
Assemblage. The Eagle Bay Assemblage is a sequence of Lower Cambrian to 
Mississippian bi-modal volcanic and sedimentary rocks which are inferred to have been 
deposited along the pericratonic margin of western North America. This assemblage 
forms part of the larger Kootenay Terrane. The Eagle Bay Assemblage was divided by 
Schiarizza and Preto (1987) and Preto (1981) into three principle elements including: 

1. A Lower Cambrian package including the Tshinakin limestone and associated 
mafic metavolcanic rocks (unit EBG) and underlying quartzitic schists (unit 
EBH). 
A middle package dominated by gritty clastic metasediments and related 
carbonate and metavolcanic rocks (unit EBS, EBL, EBK and EBM). 
The top of the Eagle Bay assemblage comprises Devono-Mississippian felsic 
to mafic metavolcanic rocks and intercalated coarse grained sediments (units 
EBA, EBF and EBP). 

.. 
11. 

111. 
... 

In a similar vein, Bailey et al. (2001) suggested that the Eagle Bay assemblage is 
composed of two principle lithotectonic elements including an Upper Devonian mafic 
and felsic volcanic package and a Lower Cambrian mafic volcanic succession. Upper 
Devonian bimodal successions are alkalic with the older Cambrian components having 
sub-alkaline signatures. Supracrustal rocks are generally southwest facing with modest 
25 - 35 degree southwest dips. 
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Several significant mineral occurrences are identified within the western Adams Lake 
region, including polymetallic veins at Samatosum, Twin Mountain and Acacia, mafic 
volcanic hosted massive sulphides, the Rea and K7 lenses, and bi-modal volcanic hosted 
massive sulphide and barite lenses at the Homestake Mine, Figure 3. 

The section is locally repeated and disrupted through the action of 4 thrust faults which 
stacks slices and components of the Eagle Bay rocks on top of each other. Axial traces of 
tight to recumbent folds locally mirrors the orientation of regional thrusts. Most early 
folds are also southwest verging. 

Metamorphic grades west of Adams lake are middle Greenschist. East of Adams Lake 
lower Amphibolite metamorphic grades are common. All rocks have a pronounced 
schistocity formed by the alignment of white micas, chlorite, and or biotite. At least two 
penetrative frabrics are identified regionally and most of the primary foliation surfaces 
are likely to be S2 fabrics. Earliest S1 fabrics are seldom preserved. Primary textural 
preservation within many of these units and particularly with unit EBA, the “Homestake 
Schist” is limited. In many cases the identification of rocks protoliths is problematic. 

The section is also cut by generally north-northeast trending extension faults. Offsets 
across several of these structures are locally significant and both west side down and east 
side down offsets are noted. 

Supracrustal rocks are intruded by Late Devonian orthogneisses which are noted in the 
core of the Nikwikwaia Syncline on the eastern side of Adams Lake and by Jurassic to 
Cretaceous granodiorites. The largest of these is Baldy Batholith. Youngest intrusive 
rocks are Early Tertiary quartz feldspar porphyritic dykes. 
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7.2 Property Geology: Lithology 

Details of the geology near the Homestake Mine are shown at the 1:1,2500 scale on 
Figure 4. Development of this map base has been achieved by: 

1. 

ii. 
iii. 
iv. 

Conducting a series of vertical traverses from the top of the steep cliffs 
overlooking the Homestake Mine. 
Mapping all possible road exposures. 
Integrating recent and archival borehole data in the geological base. 
Preparing more than 100 polished petrographic sections in order to better 
identify primary lithologic features within this highly strained rock mass. 
Comparing field and petrographic observations with the data available from 
more than 100 whole rock lithogeochemical samples collected from the same 
rocks from which thin sections were prepared. 

. 

Plate 1. Homestake Creek Geological Section. The top ofthe steep cliffs near the slo, line are exclusively 
mafic flows and fiagmmtals (unit EB-M). The bleached yellow cream weathering rocks form a part of the 
Homestake Schist package. Primary textural preservation in these rocks (unit EB-S) is limited. The 
succession becomes increasingly clastic dominant at lower topographic elevations. Rocks near the tree line 
at the edge of the hay field are dominated by strained, highly foliated quartz rich sediments, lithic to quartz 
wackes (unit EB - QL). Vertical relief in this photograph is approximately 800 m. 



Two significant problems are encountered in the construction of this plan map: 

1. Strong penetrative deformation, and potent hydrothermal alteration overprints. 
make the identification of rock protoliths extremely challenging. These 
problems are partly overcome by cutting abundant petrographic sections for 
the samples utilized in this study and through the application of whole rock 
and trace element geochemical techniques. 

The location of the archival, 1987 Esso Mineral, drillholes has some 
limitations. The boreholes appear never to have had accurate transit surveys of 
their drill collars. The Esso drillholes were tied to an on-the-ground idealized 
grid, which in this area of very steep topography, may introduce very 
significant errors in the location of the drill collars. Conflicting information is 
also noted in the drill log collar and elevation locations as is reported and 
plotted within the same maps that accompany Heberlein’s (1987) report. 

.. 
I I .  

Irrespective of these difficulties, the detailed geological map for this area outlines several 
key lithologic and structural elements in the immediate vicinity of the Homestake Mine. 
Five principle rock packages are exposed in the steep cliffs and in drill core of this area. 
One major thrust fault is also identified. Relative age relations between these strongly 
deformed rock units, which locally have structural contacts, cannot be conclusively 
identified. For this reason, the structural position of the rocks may not reflect their 
stratigraphic position, ie. older rocks may overlie younger rocks. 

The major lithologic packages outlined on Figure 4 include: 

EB-M: Eagle Bay Mafic Assemblage Including: 
Mafic Volcanics (Flows MVil) and (Fragmentals MVlp). 

Light to medium green, locally calcareous mafic volcanics. These units have moderately 
developed foliation surfaces and typically form tough, competent resistive cliffs. Rare 
lapilli sized fragments may be identified. Pillowed flows (MVP) are occasionally noted. 
Well defined, narrow argillite beds (A) usually less than 10 m in thickness are locally 
identified. This rock package appears to conformably overlie the underlying package of 
clastic dominant phyllites. More competent ribbon banded intermediate volcanics may 
form close to the base of the section (RbIV). A weakly foliated mafic intrusion, 
compositionally a gabbro-diorite (Md), is mapped as part of this package. It is located in 
the extreme Southeastern comer of the map area. 



EB-VC: Eagle Bay Volcaniclastics: 
Ankeritic Phyllites (AP), Sideritic Phyllites (SAP) Intermediate Volcaniclastics 
(RbIV) and Aqillites (A) 

This rock package appears most likely to be dominated by clastic sediments and 
volcaniclastics. The unit is significantly more schistose than the overlying mafic 
volcanic rocks and frequently contains elevated iron carbonates, ankerite or 
siderite, within the rock matrix, as well as identifiable lithic fragments. Wispy 
argillite lenses are also present. Tracing of more massive argillite units suggests that 
southwest verging overturned recumbent folds are present in this section. 

This package is in structural, the “Road Thrust”, contact with the underlying 
Homestake Schist. 

Plate 2. Ankeritie Voleaniclastics. The matrix of the thin section is crowded with small sub-mm quartz 
grains, and light brownish buff iron carbonates. Good clast rotation is noted in the quartz grain in the centre 
of the field of vim. All ofthe larger quartz grains demonstrate polygonal sutures. Kam 28 @ 46.0 m. 25X, 
field of view: 5.3 mm, transmitted light, crossed polars. 



.. . . .  

EB-Ftq: Eagle Bay Quartz Porphyritic Felsic Tuffs 

'I'hese rocks form the immediate hangingwall to cherty tuffs and the massive 
sulphide barite lenses at the Homestake Mine. The unit has abundant igneous 
quartz grains which commonly display well developed embayment structures. The 
rock contains an early S1 cleavage within darker grey tuffaceous fragments. This 
fabric is seldom preserved as it is strongly overprinted by the younger regional S2 
fabric which forms the dominant schistocity in this area. Geochemically these rocks 
have very low base metal and barium contents. They appear to belong to a 
stratigraphic, as well as structural hangingwall, position to the main barite and 
sulphide lenses. 

Plate 3. Quartz Porphyritic Tuff. The mm scale quartz phenocryst in the right centre field of view 
exhibits classic embayment features which are diagnostic of igneous quartz grains formed either in flow or 
tuffaceous rock environments. The fabric in the dark grains in the upper left field of view is an early S1 
fabric which is truncated by the dominate S2 fabrics noted throughout the rock matrix. DDH MX5-01 @ 
28.6 m, 25X, field of view 5.3 mm, crossed polars. 

EB-Ct: Eagle Bay Cherty Tuffs and Pyritic Siltites. 

This rock mass is the immediate proximal lithology to massive sulphide mineralized 
zones. It is characterized by an exceptionally talcose foliation surface, very high, 
often greater than 10% fine grained pyrite contents, and is locally cut by abundant 
sphalerite-galena stringers. Both base metals and barium values are strongly 
enriched within this rock. Increases in matrix silica content may shift the unit into a 
cherty tuffaceous volcanic field. 



Mineralization within the Homestake Mine area is characterized by exceptionally 
well laminated barite lenses. The largest of these has a surface outcrop expression of 
approximately 150 rn in strike length and is up to 8 m in thickness. The lenses have 
been identified in two horizons. The upper lens is located near the structural 
hangingwall with the overlying quartz porphyritic tuffaceous contact and the lower 
lens near the structural footwall of the cherty tuff contact. These sulphide 
accumulations are likely zoned. Base and precious metals enrichment occurs near 
the base of the lens with a shift to higher barite contents at the hangingwall contact. 

EB-S Eagle Bay Schist “ Homestake Schist” 

This rock unit is a complei amalgamation of several tuffaceous and clastic 
lithologies. Primary textural preservation within this unit is poor as the rock has 
experienced significant hydrothermal alteration, re-crystallization and flattening 
strain. In general, cock nomenclature is tied to bulk mineralogy, quartz sericite 
schists (QSS), chlorite schists (CS), pyritic quartz sericite schists (PyQSS) and 
sideritic to ankeritic schists and phyllites (SAP, SdP). Quartz porphyritic rocks (Ftq 
or IQeFl) either tuffs or flows are sometimes noted. 

Plate 4. Enmestake Schist (unit EB-S). Although the rock sample exhiiits strong evidence of re- 
crystallization primary plagioclase phenocrysts are still noted, near the centre ofthe field of view. 
Disseminated, euhedral pyrite is the sole sulphide phase. Sample Kam 22 @ 232 m, 25 X mag, crossed 
polars, field of view 5.3 mm. 



EB-QL Eagle Bay Schistose Lithic Quartzites to Chloritic Schists 

The structural base of the deformed rock mass mapped in the vicinity of the 
Homestake Mine area is characterized by its buff to brown resistive weathering 
nature and locally by minor chlorite streaks and stringers. The yellow cream quartz 
sericite schists of the Homestake Schist package are generally absent. Most 
significantly, the rock contains an abundance of quartz rich lithic fragments. These 
fragments always display polysutured textures and never demonstrate primary 
embayments which were diagnostic of the felsic tuffs noted up section. 

. 

Plate 5. Foliated Quartz Rich Ltihics (unit EEQL). Deeper portions of the stratigraphic package near 
Homestake Creek become increasingly dominated by mm scale polysutured quartz-lithic fragments. In 
comparison, note the absence of sutured textures in the igneous derived quartz grains show in Plate 3. 
Sample Kam 30 @ 86.9 m, 25x magnification, field of view 5.3 mm, crossed polars. 

73 Property Geology: Structure 

The 2500 scale geological map of this area clearly demonstrates several critical 
structural elements. Two exceptionally important faults are identified on this map. 
These include: 

1. The Road Thrust: This fault is spectacularly exposed in the re-developed 
drill road immediately above the Homestake Mine workings. The thrust 
has a strike of 120' and dips 15"-25" to the northwest. This fault is often 



localized within a thin black clastic horizon. Net movement across this 
fault is in-determinant but it is likely significant. The Road thrust stacks 
"older?" volcaniclastic sediments (EB-VC) over the Homestake Schist 
Package. 

The 2250 Fault. This important fault is named after its initial 
identification within the 2250 level of the Homestake Mine. The fault 
terminates the easterly outcrop expression, not only of the main sulphide 
lenses, but also truncates the cherty tuffs and quartz porphyritic tuffs 
which are closely associated with mineralization. The orientation of very 
large extensional veins in the westerly hangingwall to this fault, as well as 
the nature of lithologic offsets, assist in defining west side down 
movements acrqss the 2250 Fault. 

ii. 

The 2250 Fault does not appear to offset the Road Thrust and it is possible that 
movement along the Road.Thrust post-dates offset along the 2250 Fault. 

Ti The intense foliation development within the Homestake schist is definitively an S2 
fabric. Several of the units, particularly quartz porphyritic tuffs display a preserved 
S1 fabric within small preserved clastic or tuffaceous fragments. In general, S2 
fabrics appear to be co-planar with bedding or compositional layering. The data for 
159 S2 fabrics are displayed on Steronet 1 and la. The nets have a well developed 

relevant to note that this fabric, which is coplanar to bedding, is sub-parallel to the 
strike of the Road Fault but on average 10" steeper. 

r 
r 

f- 
\ single pole position with a dip direction of 036"/34O or a strike dip of 126V34" N. It is 
/- 

Steronet 1 and la: Poles to S2 Foliation. 

Steronet 1. Steronet la. 



lineation is developed. Intersection lineations were noted at 18 locations. As is shown on 
Steronet 2 linear fabric elements are widely dispersed. This dispersion and rotation is 
likely occurring across fold axis which post-date the formation of S2 cleavages. In a 
general sense, shallow east to southeast plunges are dominant. Most significantly, 
plunges within the main sulphide and barite lenses are consistently east to northeast, ie: 
26" 3 069", Steronet 2. 

Steronet 2. Linear Fabric 

Near the Homestake Mine, deformed argillite lenses within unit EB-VC are folded into 
southwest verging tight to recumbent synforms and antiforms. Plunges within these folds 
most likely conform to the east - southeast plunges noted within Steronet 2. 

8.0 DEPOSIT TYPES and MINERALIZATION 

Within the Adams Plateau district at least four principle deposit types are identified 
These include: 

1. 

The Rea Gold massive sulphide body, along with the K7 lens are excellent examples 
of stratiform massive sulphides developing at a well defined volcanic sediment 
contact. Both the Rea Gold and K7 occurrences are found within a structurally 
inverted panel of rock at the contact between sericitized and ankeritically altered 
mafic fragmentals and an underlying strongly pyritic, fine grained clastic sediment. 
The Rea Lens is estimated to contain 120,000 tonnes of 18.2 g/t Au, 141.2 git Ag, 
0.85% Cu, 4.1 1% Zn and 3.67 % Pb (White, 1985; Hoy and Goutier, 1986). The host 
mafic rocks to these occurrences have petrochemical affinities of akalic, within plate, 
mafic sequences. 

Mafic Volcanic Hosted Massive Sulphide Lenses. 
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Unlike the host stratigraphy to the Rea massive sulphide lenses. units with felsic 
affinities, quartz porphyritic tuffs and quartz porphyritic intrusions form in very close 
proximity to the polymetallic Homestake massive sulphide and barite lenses. 
Definitive quartz pophyritic felsic tuffs form the immediate structural hangingwall to 
these lenses. Hoy and Goutier (1986) have also identified the felsic affinity for the 
occurrences within the Homestake Mine area. 

Bimodal Volcanic Hosted Massive Sulphide Lenses. 

iii. Structurally Controlled Veins 

Both the Samatosum deposit, Twin Mountain and most of the Acacia occurrences are 
structurally controlled veins. By far the best of these was the Samatosum deposit 
contained 634,984 tons of 1035 g/t Ag, 1.2% Cu, 1.7% Pb, 3,6% Zn and 1.9 g/t Au 
(Bailey et al., 2000). The deposit was quartz vein system which appears to have been 
localized within a thrust fault at the contact between structurally overlying mafic 
volcanic rocks and under-lying fine grained and locally very pyritic clastic sediments 

iv. Stratabound Lead-Zinc-Silver Deposits Hosted by Sedimentary and Carbonate 
Rocks. 

Due east of Adams Lake, several lead-zinc silver deposits are associated with 
calc-silicate rocks which have formed in close association with thin impure 
limestones, calcareous phyllites and cal silicate gneisses. These would include 
Mosquito King, Spar, Lucky Coon and Elsie (Hoy, 1999). 

The SIN claims include occurrences that are either bimodal volcanic hosted massive 
sulphides (ie. Homestake) or structurally controlled veins (Acacia). The Homestake 
massive sulphide and barite lens has been demonstrated by recent drilling to occupy two 
stratigraphic horizons, to have a down dip extension of greater than 200 m and strike 
length of greater than 150 m, prior to its termination by the 2250 Fault. 

The Acacia Zone consists of both 10 - 30 cm quartz ankerite stringers and veins which 
are dominated by significant values in lead-zinc-silver and plus or minus copper. The 
strike length of these veins is unknown. Massive sulphide pods up to 2 m thick are 
dominated by pyritic sulphides with low base and precious metal values. Smaller 15 cm 
thick massive sulphide seams have higher 0.08% Cu, 0.96% Pb, 19.2% Zn, and 8.5 g/t 
Ag (Marr, 1989). 
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9.0 EXPLORATION 

During the 2005 exploration season, work on the SIN claims by Amarc Resources 
consisted of a diamond drill exploration program, a geological mapping program and a 
lithogeochemical sampling program. During February to March, 2005 2,728 m of 
diamond drilling were completed in 13 diamond drill holes (Thiessen, 2005). For the 
purposes of this assessment report only the results of the latter two programs of 
exploration are reported on. Details of geological mapping are illustrated on Figure 4 
with the results of the mapping program summarized in section 7.2. 

The third facet of the 2005 exploration program consisted of a lithogeochemical program. 
The purpose of this program of study was to compare and contrast the selected results of 
the 2005 drilling with the historical drilling done by Esso Minerals in I987 and reported 
by Heberlein (1987). These data are used to develop geochemical vectors and define 
permissive stratigraphic elements over a large volume of the Homestake Schist rock 
package. Results of the lithogeochemical program are discussed in section 12.0. 

10.0 SAMPLE METHODS AND APPROACH 

One recent, borehole selected from the 2005 drill core, MX5-01 was sampled, and 9 
archival boreholes, Kam 22-30, were sampled from the 1987 Esso Minerals drill core. 
The core samples provided the foundation of a major and trace element lithogeochemical 
analytical study. Out Amarc’s 2005 diamond drill program, DDH MX5-01, was selected 
to represent proximal alteration patterns to the main massive sulphide lenses. This 
borehole does not intersect massive sulphide or barite lenses but it does core a thick 
sequence of highly altered volcanic and volcaniclastic rocks within a few 10’s of m of 
these lenses. Samples selected from this drillhole were taken from the sample rejects 
previously crushed and sampled during diamond drilling program of February to March 
2005. Most of these samples were taken on 3.0 m intervals. 

Samples from the 1987 Esso Minerals drill core, DDH’s Kam 22,23A, 24, 25,26,27,28, 
29 and 30 were selected from the cross lapped core piles which are still on site near the 
Homestake Mine. An effort was made to sample the archival core at, or near, lithologic 
contacts and approximately on 30-40 m sample spacings. Each sample consisted of 
approximately 80 cm of generally unsplit NQ core. In some cases core was already spilt. 
During the sampling process the entire drill hole was digitally photographed. The quality 
of the archival samples is affected by two parameters: 

i. 
11. 

Many of the samples have significant surface oxide coatings. 
Occasionally missing boxes, labels or identification marks made uniform 
sampling on 30-40 m intervals difficult. 

All lithogeochemical data for this program is compiled in Appendix 1 and analytical 
techniques in Appendix 11. 

.. 
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11.0 DATA VERIFICATION 

All analytical data presented within this report is in the form of either major or trace 
element data. Verification of whole rock chemical data was achieved by inserting either 
duplicate or standard samples into the sample stream. On average one duplicate or 
standard sample is inserted for every 10 samples 

I. Ofthe 110 whole rock samples analyzed in this report 4 duplicates where 
used. The use of duplicate samples characterizes the reliability of the 
analytical process. 

Out of 110 samples, 5 whole rock standards were used. The use of standard 
samples is used to characterize the accuracy and precision of the analytical 
process. Whole rock geochemical standards are commercially available but 
infrequently used due to the cost associated with these standards. In this report 
two standards, SY2 and SY3 were purchased from Canmet and the analytical 
characteristics of these standards are complied in Appendix 111. These were 
inserted into the sample stream and the current lab results compared with the 
results of the known standards. 

.. 
1 1 .  

Within this relatively small sample size the number of standards, 5, and the number of  
duplicates 4, falls below the level required for a quantitative statistical analysis of  
sample variability. However, the data does permit a rapid check of on the quality of 
the whole rock analytical process used in this report. With very minor exceptions, the 
precision and accuracy of the analytical methods used meets the widely accepted 
standards within the industry. The reader is invited to review and compare the 
standard data supplied in Appendix 111 with the standard data presented in Appendix 
I. 

12.0 INTERPRETATION AND CONCLUSIONS 

12.1: Interpretation of Geological Map Data 

The 1 :2500 scale geological map, Figure 4, suggests that several critical factors, relevant 
to the current distribution of massive sulphide and barite lenses, can be identified. The 
map indicates: 

I .  The Road Thrust will place non-mineralized hangingwall rocks directly 
against the underlying mineralized stratigraphy. 

The Road Thrust has the potential to create a “blind target”. The thrust dips at 
shallower angles than the underlying rock units. Because of this it is unlikely 
that this fault will ever truncate the down dip extent of the mineralized zone. 
The fault does appear to cut the westerly strike extension of the host 
stratigraphy to the barite lenses. 

.. 
11. 
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iii. Map scale, southwesterly verging, tight to overturned recumbent folds have 
been identified in the immediate hangingwall to the Road Thrust. These folds 
may also influence the distribution of the proximal host stratigraphy to the 
sulphide and barite lenses. 

The 2250 Fault truncates the easterly strike extension of the mineralized zone. 
The fault is well exposed on surface and in drill core. It has the hallmark 
signatures of a west side down extension fault. 

Near the Homestake Mine, the section dips 30" northeast. The 2250 Fault has 
a steep, > 60" west dip. Under these conditions a fault gap, will be introduced 
which is approximately equal to the throw of the fault. However, the exact 
throw on this fault has not been determined. 

iv. 

v. 

vi. Fault offset contacts noted on the footwall and hangingwall to the 2250 Fault 
cannot be carried through the Road Thrust. It is probable that the movement 
on the Road Thrust post-dates movement on the 2250 Fault. 

The massive sulphide and barite lenses at the Homestake Mine have modest 
25-30 degree east to northeast plunges. 

vii. 

12.2 Interpretation of Base Metal and Barite Zonation Data. 

Base metal zonation patterns are documented on Figures 5 and 6 .  The figures may be 
interpreted as a form of geochemical fence diagram where the spatial relationships in X,Y 
and Z space are represented within the 10 boreholes selected for this study. In addition, 
the position of the Road Thrust, 2250 Fault and the two mineralized horizons within 
DDH MX5-01 are identified. On these boreboles, two element patterns are plotted. 
Higher temperature base metal assemblages are represented by Cu and Pb, Figure 5. 
Lower temperature assemblages are represented by Ba and Zn, Figure 6 .  The width of the 
histogram sample bars is equivalent to the width of the rock sample. Note the difference 
between the horizontal scale (1 :4000) and vertical scale (1 : 1000) on both Figures 5 and 6 .  

Distribution of Cu and Pb Homestake Mine Area: Figure 5. 

Figure 5 demonstrates the following: 

I. 

11. 

DDH's Kam 22, 23A and Kam 24 have been collared in the footwall side to 
the mineralized stratigraphic interval. 
The distribution of Cu and Pb in DDH MX5-01 strongly suggests that the 
section is upright. Both copper and lead mineralization exist at low levels, 
below 20 ppm, in the immediate hangingwall to the mineralized horizon. In 
DDH MX5-01 the hangingwall rock is a sericitized and pyritic quartz 
porphyritic felsic tuff. 
In DDH MX5-01 below the 170 m mark Cu and Pb chemistry markedly 
decrease. This interval corresponds to the onset of a deformed clastic 

.. 

iii. 
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sedimentary package which forms the deep footwall to the barite and sulphide 
lenses at the Homestake mine. 
Although Kam 29 is collared close to the Homestake Mine 2250 Level 
workings, the borehole is collared east of the 2250 Fault. The abrupt change, 
decrease, in Cu and Pb chemistry between DDH MX5-01 and Kam 29 is most 
likely a direct reflection of the offset in this fault. The borehole appears to 
have been collared in the deep footwall to the barite and sulphide lenses. 
In DDH Kam 28 an increase in Cu and Pb chemistry occurs in the immediate 
footwall to the Road Thrust. The overlying package of volcaniclastic rocks 
has experienced enough transport to place geochemically barren volcaniclastic 
rocks over geochemically active footwall volcanic rocks. 
The upper 150 m of DDH Kam 25 has a Cu and Pb signature which most 
clearly mirrors the proximal footwall geochemical signature noted in DDH 
MX5-01. Significantly this borehole is collared nearly 1000 m’s to the west of 
the Homestake Mine. 

iv. 

v. 

vi. 

Distribution of Ba and Zn Homestake Mine Area: Figure 6. 

The distribution of lower temperature sulphate (barite) and sulphide phases (sphalerite) is 
plotted on this geochemical fence diagram. The data of Figure 6 suggests: 

1. A discernible difference exists in the Ba numbers for drillholes collared 
west of the 2250 Fault, on the hangingwall side versus the Ba numbers for 
drillholes collared east of the 2250 Fault on the footwall side. DDH Kam 
22,23A, 24 and MX5-01 have typically have Ba numbers greater than 
1000 ppm. These boreholes are all collared on the hangingwall side of the 
2250 Fault. DDH’s Kam 29,28, 25, 26 and 30 are all collared on the 
footwall side of this fault. Most typically their Ba numbers are below 1000 
ppm. Elevated barium geochemistry may be correlated with the presence 
of bright green barium rich micas which are common identified in 
boreholes collared west of the 2250 Fault. These data might suggest that 
either there is a large Ba fringe anomaly or halo to the Homestake lenses 
or a second deeper barite-sulphide horizon exists west of DDH Kam 22. 
In contrast, Zn values for those boreholes collared east of the 2250 Fault 
appear by inspection to be generally higher than in those boreholes 
collared west of the fault. 
Ba values within the volcaniclastic rocks which form the hangingwall to 
the Road Thrust are typically less than 500 ppm. Barium enrichment 
within these sediments appears unlikely. 

.. 
11. 

iii. 

In combination, the Cu-Pb-Ba-Zn geochemical data supports the lithologic and structural 
model which has been developed for the Homestake Mine area. Both the 2250 Fault and 
Road Thrust, and the rock in the footwall and hangingwall to these faults, have definable 
geochemical signatures. 
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13.0 RECOMMENDATIONS: 

The geological data, structural interpretation and zonation of base metals strongly 
suggests that significant potential exists, east of the current mine workings, to identify the 
faulted offset of the Homestake Mine sulphide lenses. The position of the lenses, east of 
the Homestake Mine and east of the 2250 Fault is suggested by: 

1. The 2250 Fault is inferred from lithologic, base metal zonation patterns, and 
kinematic interpretations to be a west side down extension fault. Barite lenses, 
and their host stratigraphy, are anticipated to lie east of this fault and up- 
thrown, possibly as much as 100 to 200 vertical m. 

None of the historical boreholes, Kam 22 - Kam 30, with the exception of 
Kam 28 are collared sufficiently high in the section to cut the relevant 
stratigrpahic position in the up-thrown easterly block. Kam 28 is collared 
more than 800 m east of the Homestake mine and ignores the east to northeast 
plunge directions which are so well defined within the main barite lenses. 

The location of a barite lens east of the Homestake Mine will likely to be a 
“blind” target due to the action of the both overturned recumbent antiforms 
and synforms and due to the presence of the Road Thrust which places a 
sequence of older (?) volcaniclastic sediments on top of the mineralized 
stratigraphy. A fault gap, approximately equal to the throw of the 2250 Fault 
will also introduce a barren rock wedge into the section. 

.. 
11. 

iii. 

A helicopter supported diamond drill program should be initiated to define the location, 
and size, of fault offset massive sulphide lenses. Topographic constraints are unlikely to 
permit the positioning of these drillholes without airborne support. 

It is estimated that 2000 m ofhelicopter supported NQ-2 drilling would provide a 
sufficient test to prove or disprove the presence of the main barite and sulphide lenses 
east of .the 2250 Fault trace. Using an “all in cost” of approximately $100/m, this 
program could be executed for $200,000 Canadian. 

14.0 STATEMENT OF EXPENDITURES: 2005 EXPLORATION SIN CLAIMS 

The following costs were incurred between January 21 and April 20,2005 on the SIN 
Claims. Costs of report writing were incurred between April 20 and July 17,2005. The 
statement of costs excludes the costs of diamond drilling conducted on the Homestake 
crown grants during February to March of 2005. The statement of costs also excludes the 
costs of analytical and petrographic data collected from boreholes within the Crown 
Grants, DDH’s Kam 25,26,29 and MX5-01, however the data from these boreholes is 
included in this report. 



.. 

Assay and Analytical: 
58 lithogeochemical samples @ $ 60.00 per sample: ........................ $ 3,480.00 
Purchase of  whole rock standards: .............................................. $ 500.00 
Interpretation of Whole Rock Data: ............................................ $ 700.00 

Petrographic: 
Preparation o f  58 polished thin sections @ $40.00 per sample: ............ $2,320.00 
Thin section review and interpretation. ......................................... $ 1,400.00 

Geological Mapping: 
J . Oliver: 8 man days @ $ 700 per day: ........................................ $ 5,600.00 

Digitizing: 
Conversion o f  Archival Analogue to Digital Databases: ...................... $ 6,500.00 

Logistics: 

Road rehabilitation: ............................................................... $ 3,000.00 
Road reclamation, re-seeding and fertilizing ................................. $ 1,000.00 
Truck rental (10 days @ 85.00 per day) ....................................... $ 850.00 
Fuel ............................................................................... $ 200.00 

Report Preparation: 

Graphics, Digital Maps and Sections: ......................................... $ 2,500.00 
Report Writing, J . Oliver 4 days @ $ 700.00 per day: ...................... $ 2,800.00 
Report Reproduction (7 copies) ................................................. $ 500.00 

GRAND TOTAL 2005 MAX EXPLORATION PROGRAM 
(excluding diamond drilling expenditures) .............. ......... ....... ...... $31,350.00 . I _  

Geo . 
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Whole Rock Lithogeochemical Data 



IC 
Pl 
251 
2I 
CI 
r2 
2I 
c2 

C 
5 
e 

50ILl 60 
5015I so 

50 2C 
so. 01 ('0 
so. 11 co 
SO.6 60 
50.It to 
50% 8 LO 

F 60 Wl 
10 101 
I1 092 
so OLL 
so CK 
I0 251 
LO tK 
so lW 

58 
85 
15, 

s 2c 
P se, 
LL tW 
5 s 11 
8 LCI 
II 692 
02 20, 
8 sc2 

V b52 
D1 It1 
1 152 
1 5'6 
e StL 
e I1 
1 ('02 
6 852 

5. (21 
5 so1 

5 02, 5. s, 
9. 591 

CL D 
1 1W 
6 SI 

0. zci 
5 tl2 

9. CCL 

0 ZI 

L VK 
01 1 2I 
s (52 
s 162 
5 OCt 

0 s22 s. 1" 

04 
L 162 

9. 8K 
9. I. 

OL 2 Lt 
s. cot 

1 11' 
I LC 

1 coT 

2 t'o 
2 co 

CL 
I0 
I2 
LO 00 

., DO 

I 81 
EL 11 

8. 52 
LR 60 
6 L1 
26 c 1 
L 60 
12 LL 

51 tl 
01 6.1 
12 60 
,l 10 
8 60 
56 
51 C t 
12 z, 
,I 90 
21 1 L 

01 60 
01 c 1 

9. L1 
El 01 
I( 62 
PI s1 
D LL 
11 Cl 
mi ti 

61 
2, 1 
0, 
R tL 
K 61 
1v L 2 
LI L I 
11 i 1 

51 51 
K 1I 
K PI 
15 PI 
l* c 1 
s2 F 1 

5. 82 
52 2 I 

m $1 

ffi C 
e 
2 

Cf 
91 W 

01 
W , 

.. 
5t 
21 
I0 
1s 

e 
t 
C 

9 
C 

5 L 

2 c 

L . . D 

I 
5 
2 

n 
em 06 

06 t 
.. 
Cl 

c2 

91 iC 

0t2 
I I1 
$82 
101 
c 2i 
e I$ 
SO1 
c 12 
201 
'01 

00 

PO 
10 
20 
20 
20 
co 
('0 
20 

ro 
so.., 80 
so. ., I'o 
so. 51 SO 
50. 21 CI 
SO. 81 I0 
50. LL CO 
SO. 8 DO 
50. 8 lo 
501 C2 20 

90 OT 20 

C 
2 51 C. 

.s 
C 
25 

2 to 
2 20 
c to 
2 20 
2 20 
2 20 
2 20 

2. to 
2 20 
I ro 

CK 
1 t2 
s it 
851 
SK 
55% 
8 1c 
52 .I 

5 02 

80 
€0 , S It 

C '2 

2 8, 

cs 
c2 

I. 
8, 

,I 
10 
50 2I 

so 
50 
2i 
C1 
I0 
1'0 

Wl m 

OL 
OL 
ffi 
m Wi 

W 
W 
W 

L 
C 

c c 

5 
2 
C 

CL 
Ct 
81 
I2 

It M 

L 
1 
W 
8 
21 
mr 

L 
5 
6 
OL 
i 
8 

sc 
02 

C Is 

is 
s5 
8C 
2c 

CI .I 
2I 
52 
t 51 
12 
5) 
22 
21 

5 10 
20 
10 
PO 
sc, 
tO 
20 
90 
10 

2 
c2 
22 
21 
521 
s5 
22 
5'1 
I2 

1c 
8* 
5 

so cssc 

10 
wo 
LC 0 

8' 2 
LC , ffii 61 c 

mc 

5 52 
*9 

FO 
CO 
co 
61 1 

1 
t0 
LO 
co 

so 
PO 
1'0 
11 
1 li 

iC 
2. 

LO 
CI 0 
110 
S1 0 
So0 
tL 0 
PI 0 
1'0 
I'O 

1no 
10 0 

100 
I00 
100 
100 
LO 0 
10 0 

LO 0 

LOO. atc 
LO 0. I5 c 
100. OC 
100. %t 
LOO. R'I 
LOO* Wt 
LOOI 1LC 
LOO. L C 

LOO 992 

L 
11 

05 
W 
m 011 

0, 
01 W 

m 
W 

I1 
5 61 

sz 
IF 2, 2 

1211 
wu 
u 81 
UW 
0s 
It w 
K OL 

R 15 92 LL 

5R 

L 1s .W 

CG?l 

2s 2 
IC 
102 
01 C 
DO 
25 2 
W2 
u2 

50. 1I L 
so mob' 1 

50. 22 I'O 
50. 22 PO 
50.51 LO 
SOIL2 CO 

111 EL 
1c 
L5 
I'C 

it . 25 

1u 
. 2. OW In 

so 
I, 
80 

. .. 
OT 
52 .. . 

Kt It L 
912 
5 I2 
2K 
102 
2 I2 
s22 
B LC 
052 
OK 
5 2c 
' '2 
lK 
It( 
fp 

PI Dl 

6 2P 

C 
s 
t 

L5 
O 

DI 
It 
It 
SC 
0 

LS PI 

VO 
.O 
50 .O 
co 
CO I0 
I0 
50 

50 tO 

00 
50 
50 
so 
02 
50 

F 
I 
C 
I 
I 
I 
I 
F 
C 

L 0 

I 
C 
C 
P 
C 
C 

55 
6s 
LL 
is 

'5. 
It 
29 
Is 
1s 
1s 
cs 
0'1 
E 
C' 
51 
$5, 
51 

0 to 
2. PO 
2. PO 

s t'o 
c ('0 
c 10 
22 ro 

2. I0 
2. so 

1 p'o 
5 I0 
2 so 
2 so 
C 80 
2 50 

2. 1c 
c SO 

w2 
02 
eS2 
2s c 
WO 
WO 
O2 
UL 
RI 
KL 
wo 
2. 2 
WO 
U2 
OI 

61 0 
935 

m. 
8C F Lt t 

LO 5 
10 s 
I2 5 
O9 
is 
01 c 
16 s 
WO 
Kt 
FC 
VL c 
LO? 
V2 5 
WI 

otw 
W 2s 
LO w 
m 15 
KW 
llW 
WW 
cw 
WW 
5m 
LL w 
Km 
2s W 
RW 
MW 
It 65 
52 W 

I'O I 
4 
0 
I 
s 
5 
5 
8 
5 
8 
0 
L 
s 

2, I9 L 

SO'5 
LC L 

I0 
10 0 
10 0 
2I 0 
I1 0 
I1 0 
'1 0 
FL 0 
LLD 
Li 0 
ci 0 

900 000 
mo LO 

mo 
mo 

WO 
WO 
WO 
wo 
LOO 
I0 0 
20 0 
10 0 
10 0 
LOO 
LOO 
LOO 
LO 0 
ZQO 
100 

10 0 
mo 

00 
ci 0 
CI 0 
CL 0 
woo 
80 
$10 
So0 LO 

?LO 10 

WO 
WO 
WO 
LOO 
SO 
mo 

I? 0 
WO 
Ot 0 
15 0 
KO 
KO 
RO 
RO 
L*0 
8VO 
8I 0 
KO 
1tO 
It 0 
KO 
51 0 
90 

&PO. w2 
ZOO 22 
100 522 

ioo. 182 
100, mt 

LOO R'C 
100, Wi 
LOO. 1cc 
too. 6 I 

LOO lC 
LOO. KC 
LOO. sc 
,110. RC 
LOO. 1cc 
100. WI 
10 0. 5' 2 

LOO> crt 

05 
u 
05 W 

W 
W 
W 

W m 

W DL 

OT 
D 
05 

01 
m 

m 

LL 
LO1 
5t 
R 
501 
W 
8I 

06 O 

Ll 
Ll 

I1 I0 

00 f, 

., b 

tL 
80 
51 ti 

C1 
CL 

82 ., 

ed.. 
21 5 
82 1 
SSL 

9C 
tC 
I2 
SC 
SC 
I'C 
sc 
C61 
1'5 

RC .. 
Is s 
2L 
KO 

81 
81 
02 
81 
R 
li 

tcI 
10 5 
5, 
CI 1 1 

5 
'I 

52 
CLZ 
5Lt 

an n 

52 It2 LI 

9 82 
I82 
s 2c 
112 

52 
5I 
IC 
IC 
12 
I 

LS 
0s 
85 
5s 

50 
te 

so cr LO 
50 22 L 
so .z 0'0 
50 22 SO 
50 52 L 
PO H 60 

LO.02 I0 
so. 1 11 
€1.16 SO 
90% 11 00 
CO*?I 50 

PO 66 00 
00 5I I0 
10 $1 LO 
LO 11 L 

t 
5 

01 t 

8 
L 

is 
co 
tS 
2s 
ts 
e 

61 
6 
56 
6L 
so, 
e 

sr SOT 

I. R s. 2K 
5. 101 

s Lit 
5 SOT 

s. SR 
5 s 1) 
s 612 
s 202 
1 1.1 
0 51 

s. s1 
5. c IC 

s IK 

c .o cm 
sn 
2w 
1 2, 
L 1s 
10 

SO 11 

1 
80 
so 11 

si 
'i 

ffi 
W 
W 
W 
W 
W 

I 
L, 
21 
1 
1 
2, 

12 
I'Z 
C .2 

9'2 LC 

It 
82 
2c 
82 

tO 
SO 
I0 

8 
L 
0 

.. 
c to 

D ,P 
W 
W 
mi 
mi 
R2 
#I1 
w 
LC 
tll 

1 
2, 
C 

I 
R 
02 
62 
25 
2c 
81 
12 
c2 

25 
55 
5I 
SI 
sc 
80 
ts DI 

5. 

It 5151 
5 1 Lsz 
so ('U 
so tu 
10 021 
1 52001 
1 111 
I0 SW 
L zm 

2 
2 
F 

65 
5s 
61 
It 
19 
60 
21 
ID 
OL 

ss 
s Pi 
81 
e 
1 
56 
56 
'5 
'01 

0s 
22 
PS 
zcc 
8 
Lt 
8. 
I5 
26 

50 
S 25 
5 2I 
5 it 
rw 
1R 

en 
905 

em 

60 
so 1, 

so 
50 
80 
80 
10 
i1 

Is 
Dl 
0. 
.I 
t 
25 
2s 

1'1 
rs 

2, 
It 
DO 
50 
10 

05 
ffi 

I 
01 
OL 

W 
W 

m 

m 

8 to 
8 co 
8 co s I 

t . L.0 
P tO 
C 50 
F .o 
E 50 

S5 

15 ,5 

re 

, C 
SO I 

ic 
01 60 252 

50. WL 
80 Lffi 
tSI m 
so em 

so. 1% 
#or L,, 

50 sw 
00 018 

I, 
, tl 

., 
ni 

22 50 
2 20 
c to 
2 58 
2 PO 

2. co 
2. TO 

2 TO 
c co 

e.5 
0'2 
cs 
L s., 
ss 

ffi 
W 
W 0, 

ffi 
02 
02 
W 
m 

SO i 

00 
111 
80 
80 
LO 
so L 

LCL IC 

c2 

52 
e.2 

rz 

L 
01 
S 
C 
c 

U2 
SO2 
0518 
em 

L 
1 
8 
91 

so. t so 
50 OL LO 

501tL 00 
if 
55 
st 

15 s OL 
L 

12 
52 
29 
12 
22 
c2 
It 
V2 
81 

211 
9 11 
2 62 
I52 
102 
5 I2 
*I 
e 22 
c 22 

I 20 
co 
CO 
co 
20 
co 
20 PD 

2 ('0 

F I0 

2 20 
c co 
2 20 
C CQ 
2 co 

f ro 

c ro 

so 
10 
50 
so 
so DO 

PO SO 

00 

so I0 51 
s2 
92 C 

21 2 

2 SL 

el 

5c 
1s 
s It 

CC LI 

61 
2* 
I2 

5 
5 P 

CP 
'F 505 

IK 
IK JL, 

? 
I 

5 52 

St 
LC 

. .. s 22 
8 LC 
t'51 

R 
I 

I FO 

c2 
I2 
2 
22 
F 
15I 
52 
I2 
s2 
5C 

s2 
12 
p'2 
02 
c2 

rr 

I 22 
5% 
SL 
R 
K 
,5 
it 
K 
51 
LL 
n 
Dl 
951 
251 
U1 
'61 

ro 
CO 
20 
co 
50 
t2 
I0 

.O 
50 
co 
PO 
00 
CQ 
.Q 
50 

ro 

50 CL 80 
$0 5 50 
SO 21 50 
so 21 LO 
LO 5, L 
so 01c s2 
10 51 so 
1I Cl so 
10 Sl so 
1L SL 1 
60 1$ 10 

8012 50 
so. I LO 
50. 1 00 
50.2 10 
so. L so 

LO 901 
50 592 
DO sm 
PO 819 
80 615 
2 112 
50 8lC 
LO 8'I 
80 SO 
11 '5, 
50 WL 
50 llr 
50 nr 

E c5 
C. 
I? 
55 
11 
5PL 

LO 
25 
55 
21 
56 
02 
L'5 
1'1 
C6 

so1 DO 

KZ 
W 
W 

c *o 
s CO 
2 co 
2 co 
1 90 

2. 82 
c p'o 
F co 
c *o 
c so 
I CO 
2 tO 

2. I0 
2. 50 

2 ,o 
2, co 

O 
I22 
Ire 

fn 
s 01 
(PI 
I" 
I L5 
5D 
I c2 

I 02 ID, 
211 
51 

0% 

im 

so 
50 
p'0 
'0 
$1 
It 
50 
so 
so 
00 L'1 

i0 
I0 
50 
10 
so 

25 I WS 81 c 
tC 
52 c 
22 c 
tlC 

ti C 
tcC 
WC 
111 

200. 

t, 
6, 
It 
Si 
1, 
62 '1 

SL 
5, 
51 
t1 
I, 
02 8, 

02 5, 

50 
10 
LO 
so 
L, 
2 

I2 
11 1 

2 12 

s2 2 

CL I2 

5Cl 
52 

LC 

I2 
I2 
52 
81 

ID It 

59 
2r 
is 
s 02 
15 

C1 50 
n c1 
51 c L 

K 2, 
5. s2 

52 L I 
U c, 
81 c 1 
c2 s 1 
02 c 1 
w 1) 
25 S 0 
PI so 
1I 11 
W 50 

m LL 

I lW 
c 1. 
CW 
159 
1w 
5051 
225 
OW 
25 lm 

11 
6A 
an 
5K 
6 2, 
t1 

1 LO 0 
ClO 
LO 0 
10 0 
LI 0 

So0 LO 10 

210 
tlU 
110 
WO 
110 
500 
000 
200 

110 RQ 
000 1'0 
810 KO 

600 150 
RO 510 
b00 (50 

LOO* RO 
100 ot0 
100 2tO 
610 10 
CLO 10 
610 tlO 
?lo 10 
1I 0 810 
910 110 

LOO no 

1co 
s2 1 
2c 0 
82 0 
10 
wc 
52 0 
120 
RO 
150 
15 0 
L5 0 
sL I 
BE1 
Mi 
-1 

. C F , t 

5 *I 
55 
0'01 I 

C 
5 
, 

6 
s 9 11 

101 

05 
m 
01 
m I1 

t9 
P 
.5 
st 

12 
RC 
50 
52 C 
52 C 
LC c 

01 
Ol 
02 
I 

0 
6 

I1 
21 SL 

woo 

A L5W3W 

wa11 
M 

l5WW 

YIW 

A 
15W3W 

um 
15W3W H 

uoo 
15WaW 3 



Appendix 11. 

Analytical Techniques. 



ALS Chemex 

ALS Chemex 
Method Code 

CRU-31 

SPL-21 

PUL-31 

A 

Description 

Sample is logged in tracking system and a bar code label is 
attached. 
Fine crushing of rock chip and drill samples to better than 
70% of the sample passing 2 mm. 
Split sample usingriffle splitter. 
A sample split of up to 250 g is pulverized to better than 85% of 
the samnle nassins 75 microns. 

Sample Preparation Package - PREP-31 
Standard Sample Preparation: Dry, Crush, Split and Pulverize 

Sample is dried and the entire sample is crushed to better than 70% passing a 2 mm 
(Tyler 10 mesh) screen. A split of up to 250 grams is taken and pulverized to better 
than 85% passing a 75 micron (Tyler 200 mesh) screen. 



ALS Chemex 

Geochemical Procedure - ME-MS83 
Ultra-Trace Level Methods (con’t) 

A 



ALS Chemex A 
Geochemical Procedure - ME-MS81 

Ultra-Trace Level Methods 

Sample Decomposition: Lithium Metaborate Fusion 
Analytical Method Inductively Coupled Plasma - Mass Spectroscopy (ICP - MS) 

A prepared sample (0.200 gram) is added to lithium metaborate flux (0.90 gram), 
mixed well and fused in a furnace at 1050°C. The resulting melt is then cooled and 
dissolved in 100 ml of 4% nitric acid. This solution is then analyzed by inductively 
coupled plasma - mass spectrometry. 

lune 9.2W3 



ALS Chemex A 
Whole Rock Geochemistry - ME-XRFOG 

Sample Decomposition: Lithium Tetraborate Fusion* 
Analytical Method X-Ray Fluorescence Spectroscopy (XRF) 

A prepared sample (1.000 gram) is added to lithium tetraborate flux (9.000 grams), 
mixed well and fused in a furnace at 1100°C. A flat glass disc is prepared from the 
resulting melt. This disc is then analyzed by X-ray fluorescence spectrometry. Oxide 
concentration is calculated from the determined elemental concentration and the 
result is reported in that format. 

To determine loss on ignition (L.O.I.), a porcelain crucible is dried in an oven at 
105"C, cooled and the weight recorded. A prepared sample (3.00 grams) is added to 
the crucible and then ashed at 1000°C for one hour. The sample is then cooled in a 
desiccator, weighed and the percent loss on ignition is calculated. 

*Note: For samples that are high in sulphides, we may substitute a peroxide fusion 
in order to obtain better results. 

Ianuarv 30.2003 
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DISCUSSION 

Tables 1 and 2 reveal an e r ra t i c  pattern 

i n  the analytical  tasks performed. Althcugh a l l  
participanta were i nPormd  that SY-3 contained 
unusually hlgh concentrations of uranium, thorium 
and the rare earths,  and that MRG-1 cmtained 
s o m h n t  hlgher concentrations than usual oP 

chromium, copper. nickel and vanadium, scm 
w l y s t a  nevertheless provided only a limited 
amount oP data. Moreover some interferenca i n  
determining t h e  more C C ~ M  ccmponents m y  have 
been overlocked. 

Ihe great spread of values for each cm- 
ponent is somwhet Offaet by the process 0P 

selective elimination used i n  arriving a t  t h e  

reooPPonded values. Nevertheless, re l iab le  values 

for some ccmpmenta may never be attained. no 
matter h a r  many additional analyses are reported. 
In  the oase of U.S. Geolcgical Survey standard 

W-1, 2Q years aPter the sample beoame available, 
only "magnitude" values were l i s ted  r p  such corn- 
m p l  trace oomponents as 8 ,  Be, Ce, C 1 ,  Ge, Se. and 
W (161. Only 24 of the 48 other trace element 
values  listed for W-1 in the same compilattm are 
given as "recommded'. 

Some of the pollaborsting 1abwntoFies 
used mope than ON analytioal method, thereby 
prcviding ( i n  some cases) independent checks on 
t b i r  am results:  cthem depended e n t i r e 4  on one 

method. 
A disappointingly s a n l l  number of par t l -  

- ferrous iron. water, m b m  dloxide and f l u o -  
rine. Further complicatims aroae in the oase of 
oarbon dioxide bwause of the f a i l u r e  of sow 

contributors to speciiv Ubother theJ b t e m i n e d  
the -ban dioxide evolved by acid treatment, 
hence carbonates, or t h a t  resulting from the cm- 
bus t lm of the samle, bnoe  t o t a l  o u b m .  A t  
least two laboratories reported a&+yclably dif- 

rerent results by The tuo approaches. The dif-  
ference may repreemt non-Oarbcnata w b o n  or 
omtamination. A almilar diPferenca bar been 
observed by laboratories of tbs osologioal Survay 

oub0rmt.m owbon. 

cipents reported W S U l t d  fw tbe COmmM COIEPWents 

Of k 4 d a  with SalOlos having no appnahb le  non- 

Because of the availability oe a d d i t i m l  

data i t  is n a  possible ta make aome dirt tnctlcn 

between carbon dioxide results obtained by acid - 
evolutim and by ccmbuatlon. me Icllaring re- 
wits clearly indicate a signfficant difference 

between the two techniques. A l l  of the fcllaring 
values arm elpl.essed as per  cant Oarbon dicaide: 

a - 2  SY-3 HRG 1 
Acid C d w t  Acld Cmbust Acid habus t  
0.49 0.66 0.117 0.60 1.22 1.22 
0.48 0.63 0.42 0.55 1.08 1.21 
0.48 0.60 0.41 0.55 1.06 1.15 
0.47 0.59 0.41 0.50 1.03 1.14 
0.45 0.59 0.40 0.50 1.03 1.14 
0.46 0.57 0.40 0.46 1.02 1.13 

1.00 1.11 0.46 0.55 0.40 0.4u 
0.96 0.55 0.35 0.43 0.98 1.11 
0.44 0.53 0.34 0.41 0.90 1.10 
0.43 0.53 0.26 0.33 0.90 1.06 
0.42 0.52 0.18 0.88 1.05 
0.32 

Tho two Sets of reaulta fcr oarbm di- 
oxide i n  each aamle  were t rea ted  aa different 
determiwtions. Results Po? uhiah there wss in- 
rufiicienr inPormtim m the method wed %we 
ignored. ?he rM0mend.d value for " m b m  diox- 
ide" is derived from the acid-evolution results. 
Varbon" represents the differenom between the 
derived valuer by both wthods, reoalculat8d t o  
the element. 

Resulta received f r o m  me re l iab le  source 
suggested inhomcgewity in ample SY-3, w i t h  re- 
gard to uranium. thorium. lead, and ooppw. Be- 
cause the baae material uaed in preparing SY-3 vas 

very rtnilar to SY-2, and the fyr l iated elements 
M M m g  those for Which t h a n  i a  a -0d dl f -  
ference between SY-2 and SY-3, t he re  is maaon t o  
s u w a t  that the inhomcgeneity. if my, iJ the 
result of incolplote a x i n g  i n  the autogenaus 
grinding step mantionad above. Although the data 
*Om earlier spatrographlc examhation of the 
k l i I t i m  of indivfdual rare -ha Ln SI-3 shoved 
no Mti&¶able wldence of inhomgeneity, addi- 

tional test. tun undart.laa. uming I-- f l u o r -  
escBnce. zhe e1e-t.a Obsorwad MFO uranium, 

..4 



51 

thorium, oerium, lanthanum. yttrium, StrontiUPI and 

rubidium Resulta Obhined  =re not sufficiently 

oonolusive e i t h a r  t o  C m W  or to oontradiot t h e  
suggestion of iahomogeneity. The issue therefom 

Juggents that the me observed example OF inhomo- 

s m  quemtions oould be raised regarding 

the pomib i l i t y  that inhmwsenaity is a Dajor 
souroe or the general spreed of values, w t i o u -  
iarly fw traca elements. Ronka are essent ia l ly  
heterogeneous, and the W t i f l o i e l  nhmnggeniratlm" 

prooesses used in sample preparation are rever- 
sible t o  so- extent. H w e V e r ,  a pePUss1 or the 

available data suggests that inter-laboratory b ias  
is a moh greater souroe of deviation than oould 

generally be expartsd f m  sample inhmogenaity. 
For exaqle,  some of the par t ia lps t ing  laborator- 
ies shh0y.d  a pers i s ten t  bias that affeoted severa l  

t i c u l t  t o  j u s t i f y  i n  term of sasregation or in- 
dividual ninerals. In maoy cases, a par t icu lar  
bias i n  t he  resulta fw  e given element c a i n g  
trom a e v e n  laboratory was observable tn e l l  

t h m  samples. It is also noteworthy that the 
spread of value3 for East of the COmpmentJ of the 

three r o c k  is not V S P Y  d i f fe ren t  frOa t b w e  Ob- 

wrved in similar program7 wighating i n  other 
oountries (2-6). 

remins in  doubt, a l t howh  tho ta-t of evidence 

genaity 09y have b e a  fortUltOUS. 

0 

di f te rsn t  a l e w t s  in a m n e r  Wut would bE dif-  

DERIVATION OF A3SI0NB) VALUES 

The errors and a b e r m t i m  from uaing 
e w e  averages OF straightforward e s t a t i a t i o a l  
treatment to m i r e  at asslgned value3 have bean 
pointed out elsoybere (9,10,11). The empirioal 
method used i n  t h i s  work uas rirst applied in a 
3tudy OP six  m l e s  r m  the U.S. (isologioal 
Survey (2 .10)  and aubaequently pcdipied ( l D , l l ) .  
It in  b&ed on the assumption that the  best values 
mst be derived from reSultD npor t ed  o n 4  by 
1 a b m M r i e s  with the best war -a l l  parfa5ancs. 

(1) Baaed 00 the 5 0 -  percentages reported 

oonvarted t o  the "dry baais". '&ere no 
5 0 -  w m  mpwted .  resu l t s  tare ansummi 

The mthcd involved a series of stops: 

w i t h  each gMup Of date, a l l  mSUltS Were 

( 2 )  

(3)  

t o  be on the  dr). basis.  
Here Pemr than three r e s u l t s  -re available 
i(r e p a r t i m e r  omei'itumt of a p w t i o u ~ s r  

sample. no value was assigned. 

Where thm or four lpeults were avallahle, 
e value ms aaaigned equal t o  the m a d i ~  OP 
the reported maults, provided they were 
baaed on at least tbree m t u a l l y  independent 

methold nnd wen in reasonable agreement. 
Suoh valuea e re  shovn v i t h  question wks, 

t o  indlcata uncertainty. 
Mere f ive  t o  nine r e su l t s  n r e  available. 
ths median ms e l s o  used as an assigned 

Value, regardless of Wthod, but  also s h m  

w i t h  a question nark. 
Where ran or more resu l ta  tmm available, t h e  

moan and standard deviation were calculated. 

on stendard dev ia t im  were categwiaed ps 

Dpcarw, eaoh bsing i d e n t i l i e d  wi th  the 
laboretory tha t  produced it. 
The pmr m s u l t s  mra set a s ide  and the mean 
and stnndarcl devietlou of the reaghling 

valuer Oaloulated. A l l  va lues  removed from 
that mean by m o m  than its standard deviation 
Qere aategmixed as "fair" and eanh idantifed 
With the laboratory that produoed it. 
The hLr msUlb were set as ide  end the re- 
min ing  "hard oomn of valuea oategorized = 
*gCod" and ident i f ied  w i t h  the labmtories 
that produoed them. 
After Opwations ( 5 ) ,  (6) and (7) had b W  

oompleted for a l l  e l i g i b l e  values Por a l l  
omnt i tuents  OF e l l  three 8a44ea .  eaoh om- - 
Pibu t ing  l abon to ry  ma given s Fating, 
determined by the Iollwlng formula: 

A l l  values removed from the me& by WpB than 

u - I  
Y + w i + u  R =  ' I 100 

P g 

where 
8 = ra t ing  
Ng = number of good resu l ta  
Nf i numbv of rair results 
Np = number or poor r s s u l t a  

( 9 )  Rssulta reported by l abora tor ies  with ratings 
of 40 or hlgher mre oeto~orized as "select". 

. 
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(10) For each omstLtuent of eaeb s w l e ,  any 
o v t 4 i n g  se l ec t  m a l t  that dfffefid frmn its 
neares t  n e i @ b w  by aa much as op by m o m  
man thb latter dlffemd from t h e  opposite 

extreme, was alimicated. 

(11) For Cmatituantn where fewer than f lve  select 
valuss were available, the medim of the 
available sa l eo t  valuao yos euignad, but 
again with a q u e n i m  mark. 

(12) Htsm f ive  or m a  seleot reaults -re 
available, a subjeotive declaim waa made In 

ohmsing bitner the SRleot d i a n  or t h e  
seleot mean a8 an assigned value. 

A l l  moomended values have bean oatego- 
rized as "A", "8". or '7". The "An is rm oon- 

s t i tuents  Par which a t  least  20 r e s u l t s  ware re- 
ported,  where t h e n  il no evidenm of bias in the 
distribution and uhe~e them is close agmmt 
betwe- mode, medim, mean, aelmt median and 

s e l ec t  moan. It folloys tha t  any further r e su l t s  
mceived am not l ikely to affect  su& value9 be- 
yond me or two units i n  the last significant 

f i m r e .  Tha "?r category lncludes the values 
wntioned above, and &so others where e r ra t i c  
d i s t r ibu t im  rn other CaotoFS cast doubt m the 
derived velua. The "8" is intended Por values 
intermadlate between the other two. 

Bwauss soma trace e lemnts  are preaant 
at sufficiently high levels to a m s t  the oomplete 
analyeis of We ealples, calculations m those 
elements were dam first. R ~ ~ a d e d  values are 
given i n  Table 3. Host of those wi th  quaetion 
marb are besed m tho medieos, the others m the 
u l e o t  mediens. In both ~90s. scme rounding of 
values ~B(I  baa3 introdwed. 

An exoeptim was made for rubidium i n  
SI-3. vhere two i so topio-d i lu t im mas-speotro- 
m t r y  l a b a t o r i e s .  me in Canada, the other i n  
Australia, mpdrted 208.4 and 208 ppm respec- 
tively. The neleot &lam, 208 pp9 was there- 
fore taken aa ths pecmended value amd l i a t sd  t o  
me sinniriuant f iwm 'DOIY~ than usual. 

Equivalent percantap.s a8 d d e a  are a lso  

given in Table 3 only *ere those values ere 0.01 

w higher.  They were wed  in the subaeauoflt oal- 
culatims m the mjor a& sinor elements. The 
equivalent percantages fw non-oarbonate carbon 
a p d  chlorine are expressed as t h e  eleEeats, the 

f& in which thaw oms t i tuen t s  am usual ly  w- 
ported i n  a c0ppplet.e rwlc analyaie. 

RW-ded values for mJa and M19-X 
o m a t i t w t s  are l i s t ed  in Table 9 in whioh 

"others" repreaants the sum of the  naquivalent 
permntagea" OF the *ace elements, adjusted up- 

ward to allow for additional rare-enfib elements 
fo r  VNch mported reaults mre mo United to 
justrm awigning values. Fe203TR npresenta 
tbe value for to ta l  iron, erpres3ad as Ierrlc 
oxi& and dorived from reported values For total 
irm. Fe203TC represents the value tor t o t a l  
i r m ,  sxpnased en f e r r i c  oxide, but caloulated 
IPW the values derived for Fe203 and FsO 
fmm reported values P a  ferric and f e r w  ira. 
Closeness of agreement betwen t h ~  two values lor 
to ta l  i r m  la e rough measure of the validity of 
the procedures used i n  deriving recownded 
yalues. Closenoas of tne t o w  t o  100s is 
another, but lesa reliable,  indicator of that 
v a l i d i t y .  l?m values of elemen- f m  nhioh in- 

sufficient data EPB received t o  assign "reoom- 
mended" values are reoorded i n  TabLe 5 .  

CONWSIONS 

The present ccllahorative program has 
P h O e d  the ~ u M t i t a t i V 0  oompcaititmal data For the 
thme saaPlss m e much flrmr fwting than they  
were wigiwlly. "hem are. howover, sow new- 
t i v e  aspeats to the results: 
(1) The auspioion of heterosenelty resulting from 

the auWenous grinding used in preparing 
SY-3. 

( 2 )  The U t e d  quantity or data, and hence thn 
unoertlinty in the asaigned values, for 

uranium, thorium, the ram earth?) end several 

addi t iaml  elements VbiDh diatinguish s1-2 

and 9I-3 From other ava l lab le  raiorsnce am- 
p1es. 
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no 0.141 
Aa 188 208 0.W 

a 4601 .051 4301 .M8 507 0.006 '-Em0 
Be O A  .M)6 zu .006 0.67 
C .On7 . a 7  .0255 C 

ca 2101 .026 m e  .n 257 -3 

8 857 0.027 1108 0.035 137 5 0 3  

8.0 . .  

- 
Cl 1307 .013 e - 1907 .ole 1501 .015 .CI 

co 118 12A (MA .011 coo 
R203 R 128 108 . 4'501 .OM 

ca 2.37 2.57 0.61 
cu 51 1 6A 135A .017 Q10 

w 207 807 .009 37 w2°3 
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&u 2.4 147 1.47 
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ad 555 A06 

BT 87 97 
m 207 0.57 
la 068 .010 13508 .16 

-03 
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u 9Y .MO 921 .om 48 u20 
Lu 37 87 0.29 

no 37 2.57 
ub 237 1308 .019 207 "2'5 

191 Mdz03 Nd 711 .008 8009 .093 
N i  101 118 1951 .a25 IM 
Pb 801 .w9* 1301 .014 108 Fm 

Rb Z2OA .024 2081 .023 m m20 

51 -3 

h 1201 .ow Pr601 1 

sb 0.28 0 . 9  0.48 

90 77 77 ut .ow -2'3 

?B U8 61 3.28 
Sr 2151 .032 *A .036 260A .031 9ro 
Tb 27 117 
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b 21 87 0.17 
a 2908 .OE 6501 .On 0.37 "308 
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.OlT 7401 .094 161 *2% I 1301 

'D203 Ib 1'78 6SB .OOT 11 
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Zr 28OA .038 Y O A  .W3 10% .014 -2 
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? 
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SY-2 SI-3 HRO-1 
sio2 . _  6O.lOA %.@A 39.m 

u2°3 1 2 . m  11.801 8.%A 

'*2?3 2.288 2.448 a . 2 6 ~  
m 3.621 3.581 8.634 

-m 1 . 9 u  8.26A 14.178 

%lo 

R20 
a 2  

PZOS 

.-, 

w 2.701 2.671 13.49A 

L 3 4 A  4.1% O.?lA 
4.48A 4.201 0.18A 
0.438 0.428 0.988 
0.468 0.388 1.WB 

"O+ 

TI02 0.141 0.1% 3.698 
4 0.431 0.541 0.06A 

? 0.518 0.668 0.0258 

s. 0.0118 . 0.0% O.06B 
Ma 0.m 9.32A 0.111 
Others* 0.1139 - i . i m  0.331 

r. 100.357 100.481 100.189 
O/?, em. - 0.2220 0,311 
t.(OOFT.) 1w.17'1 

v 3 n  
?.go3n: 

100.147 - 
6.2U 6.428 11.m 
6.216 6.428 17.858 

WUwn mprwamw tb. am of the %quiv&lmnt WCUIL~~M" of  th. t r a e  
alaCnt9, adJUEtEd vpwvd t0 U l O Y  far addittoarl -4uWl e l w t a  for 
which npart.d'meulta wra too 1iat.d to jw t ie  .aarcrainr due.. 



V A m B O M .  F1naIu.d 
CLIENT 'M4ARES.bm.n R . . o u r a  Lld' 
tdSAMPLES 78 
DATE RECEIVED 2m5iy.11 DATE FINALIZED 2msoC28 
PROJECT 'MuoMl' 
CERTIFICATEWMMENTS " 

D D H M X M l  - w NUMBER 

From To MEARFO 
SAMPLE s102 
DESCRIPTION 5 

2- 27 1.y12 M 5 2  
233518 51 $548 5471 
233320 UI CS7 8 74 24 

2- I 1 4 1 2  8722 
2 U U B W b 9 7 3  8708 

2 u Y 1  1 W C l W  M M  
232545 1151.118 I 9 0  
2u.yI1156.121 8 7 s  
2- 138C143 bSM 
2- 1521.1% I 2 5  

2 ~ 1 0 7 C 1 7 0  822 

21152s 75 9.78 n 48 

2 3 3 ~ 0  imciw ~ s i  

2- i s i + i u  myJ 

21373 i17 . i~  6052 
21315 181 aiw 58 11 

*m 184.8 

I ME.XRFO( ME4RFU ME-XRFOI ME.XRFO( ME.XRFO( ME4RFO 
N203  Fa2m -0 E80  N l l O  U O  
9 i % Y  Y L  .. I 

15 I 
1574 
1 0 s  
8 43 

12 07 

1318 
1324 
12 4 
1334 

l1.b) 
14 12 

1425 
14W 

i a  Y 

12.03 

14 31 

295 
3 25 
4 0 1  

1 7  
3w 
5M 
4 5  

4w 
4 b S  
4 91 
8 18 
4 4  
s 2s 
590 
5 24 
8 18 

1 M  
1 %  
0 37 
0s 
23s  
1 22 
210  
1 m  
084 
1 %  
2 21 
1 1 1  
0 %  
O W  
2 0 1  
1 %  

I ^  

1 8  2 4  272 
175  211 3 %  
078 015 118  

0 7  025 245 
177 092 3 4 8  
1 M  132 314  
red 010 318  
173 0 3  375  
111 OM 2 s  

1 0  1 3 4  301 
327  021) 300 
381 041 151  
3 I  123 1% 
282 2 1 1  2 8 1  
139 287 2 Y  

ica 047  372 

I ME.XRFO 
COO3 
b 
4.01 
a 01 
<Q 01 

GO 01 
4 01 
4 .01  

0 01 

0 01 
0 01 

c0.01 
ro 01 
ro 01 
.O 01 
GO 01 
GO 01 
r0 01 

I ME.XRFD( ME.XRFO( 
T102 MnO 
? A *  

031 OM 
032 OM 
028  om 
023  Om 
034 01s 
03s 023 
032 027  
0 1  014  
044 012 
048 017 
041  022 
022 02s  
04s 021 
047 022 
047 028 
052 021 

ME.XRFO( ME.XRFO( ME4RFOI ME.XRFO 
nos 8 0  8.0 LO1 
J b b b  

007 002 018 344 
000 002 028 481 
PO3 0 0 1  025 414 
002 001 OU 3 4  

007 001 012 so7  
007 O O 3  OM 884 
001 001 044 872 
OW 001 017 4 5 1  
OM 0 0 1  016 4 S l  
OM 001 011 521 
OM 001 O W  525 
015 001 012 5 s  
013 001 OW 727 

017 002 OM 748 

om om 02s  5 2  

012 om 007 747 

' ME.XRFOI ME4681 ME.MS81 ME MSOl 
1ot.l Aa B. c. 
% PDm DDm DPm 

*M '1 1265 8 7  
I 3 2  <1 2 u o  807 
9824 4 2180 8 2 4  

9 0 4  1 2 5 2 0  608  
w 47 (1 2161 725 
W39 5 llp5 742 
I 1 1 7  1 5750 827 
I e e  1 x a  ma 
1 3 7  2 1440 712 
0815 1 1 4 1 5  727 
I 1 1  1 1oU 712 
I 3  2 M 1  4 1  

I 8 2  <I 11- 582 
8897 <I 77s 548 
00% < I  (us 574 
s e l l  * I  510 505  

ME-MS81 MEMS81 ME.MS81 MEMSSl 
W Ei  Eu 01 
PDm DDm Dpm PDm 

2 7  1 3  0 8  18 
2 2  1 0 5  19 
4 1  2 0 7  15 
3 6  1 7  011 11 
4 8  2 2  0 5  1s 
5 8  2 8  0 5  18 
5 s  2 0  1 18 
8 2  3 1  0 0  15 
5 3  2 5  0 8  15 
4 0  2 3  0 7  17 
4 2  2 1  0 7  11 
2 2  1 0 4  15 
3 s  1 7  0 s  1s 
3 3  1 5  0 7  IS  
4 4  2 1  09 17 
3 5  1 S  0 8  17 

ME-MS81 
Gd 
PDm 

4 3  
4 8  
5 5  
114 
7 4  
8 1  
5 8  

5 
5 3  
2 5  
4 1  
4 1  
4 s  
3 8  

ME.MS81 ME.MS81 ME MS81 
HI Ho LI 
PDm DDm Plm 

4 0 3  3 3 3  
3 0 3  3 3 1  

8 4 05 0 5  127 3 4 4  
s 0 7  MS 
7 0s US 
7 1 4 7  
7 09 4 3  
8 0 7  105  
8 0 8  378 
5 0 7  341 
1 0 2  295 
1 0 5  287 
4 04 321 
8 0 8  3s9 
4 0 5  295 

ME.MSS1 
L" 
DPm 

0 2  
0 2  
0 3  
0 3  
0 4  
04 
0 5  
0 5  
0 4  
03 
0 4  
0 2  
0 3  
0 3  
0 3  
0 2  

1 
3 
2 

ME-MS81 ME.MS81 ME.MS81 
Nb Nd NI 
DPm PDm PDm 

11 1 9 7 < 5  
11 15 <s 
13 258 5 
10 2 7 1 1 4  
14 298 5 
15 yJ.7 <I 
18 428 5 
17 1 0 3 r 5  
13 y1s 5 
14 y13 5 
12 y11  5 
8 17 a 
S 21.1 7 
7 231  5 

12 8 22.5 284 5 s 

ME.MS81 
Pb 

DDm (1 

14 
2 1 s  
1215 
292 

2170 

115 
120 
W 

ME.MS81 ME.MSS1 ME.MS81 ME.MS81 ME.MS81 ME.MS81 ME.MS81 ME.MS81 ME.MS81 ME.MSS1 MEMS81 
PI Rb Sm Sn Sr T t  Tb Th TI Tm U 
PDm DDm DDm DDm DDm PDm FPm PPm PPm DDm PDm 

8 M I  3 3  2 1825 1 1  04 15 0,s 0 2  4 7  

7 1  1mS 4.7 2 552 0.8 0 5  13 1 2  0 3  4 2  
7 4  57 4 7  2 4 4 4  0 8  0 8  11 0 5  0 3  3 2  
8 2  113 5 1  3 1n.S 1 0 8  17 0 5  0 4  S 5  
10 959 S2 S M I  0 8  0 9  10 0 7  0 4  4 5  

112 1W 7 1 234 1.1 1 1  1S 1 2  0 5  S 4  
102 127 7 2  8 1145 1 1 1S 1 1  0 4  5 7  
S 4  0 4 4  5 9  10 743 ( IS  0 8  18 01 0 4  4 8  

8 107 5 7  8 782 0 5  0 7  15 0 5  03 4 8  
03 4 8  a 3  m l  5 3  8 1145 0 8  0 7  1 5 4 5  
0 2  3 7  5 1  101 2 6  10 902 0 8  0 3  1 3 a 5  

I S  1275 4 1  10 808  0 5  0.8 12 0 8  0.3 4 5  
0 2  3 7  8 1  1205 4 1  5 M 2  0 5  0.8 12'05 

7 8  I 9  5 5  I 1s 0 8  0 7  1 4 4 5  03 4 4  
0 2  2 7  S O  M 4 2 14 0 8  0 s  11 4 5  

5 5  12s 3 3 1841 1 1  04 15 1 2  02 8 5  

ME.MS81 
V 
PDm 

4 
47 
22 
14 
27 
20 
20 
20 
25 
28 
I S  
28 
M 
ee 
M 

102 

Y ME.MS51 ME.MSS1 n 2" ME.MS81 

DPm PDm PDm 
129 1 7  37 
115 1 4  I 

18 2 s  rm 
18 1 8  2120 

2SS 25 1 2 7  1 2  5720 528 
U5 1 3  S79 
508 3 4  1565 

262 224 
2 0  2 7  5080 3210 

231 124 2 5  1 4  4 1 1  1210 

204 1 9  K6 
175 1 8  Yo 
2 2 1  2 5  287 
177 1 8  134 

ME.MS81 
a 
DPm 

1338 
1yJ 
200 

15d5 
220 
2 8  
281 
2117 
222 
229 
207 

102 5 
1575 

1- 
2ca 

160 5 








