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Abstract

The hydrogeochemistry of the Keno Hill area, Yukon is discussed in terms of the
statistical treaiment of analytical data obtained on 738 stream and 172 spring water samples.

The surface and spring waters are 804-HCO3 waters dominated meinly by the presence
of Ca and Mg with small amounts of Fe, Na, K, and Mn. Some surface end spring waters
are characterized by relatively high contents of Zn.

Moving average — residual element maps show that high values for 804, CXM (cold
extractable metal}, and SO4/C1 in the walers from the area vutline the zones containing
Pb-Zn-Ag deposits and pyritiferous rocks. The distribution of Cl in the waters exhibits
no relationship {o the known mineral deposits. Relatively high Gl contents correlate mainly
with the presence of limestone and dolomite units.

Spring waters thal leach the known siderite-sulphide lodes exhibit appreciably higher
geometric means for various constituents including HCOjg, S04, Si0Og F, and various
cations, particularly Zn, compared with the spring walers in the region as a whole. They
also have a higher pH but lower Cu conlents.

Springs exhibiting relutively high values in their enionic end cationic content may be
reflecting hidden mineral deposits, and their source areas should be thoroughly prospected.

Résumé

Ce rapport est une étude de ['hydrogéochimie de la région de Keno Hill, au Yukon,
d'aprés le traitement statistique de données d'analyse portant sur 739 échantilions d’equx
courantes et 172 échantillons d'eaux de source. .

Les eaux de surface et de source sont des eaux contenant des fons $04 et HCOg, ol
dominent le Ca et le Mg, accompagnés de petites quantités de Fe, Nuo, K ef Mn. Certains
échantillons d’'eaux de surface sont caraclérisés par une teneur en Zn relativement élevée.

Les cartes donnant les moyennes mobiles des élémenis-traces indiquent que, dans
cetle région, des valeuwrs élevées de la leneur en SO4 ef en métaux extractibles d froid,
ainsi que du rapport $04/Cl caractérisent les zones ol l'on trouve des gisements de Pb,
Zn et Ag ainsi que des roches pyriteuses. La disiribution des teneurs en Cl de ces eaux
ne monire aucune corrélation avec les gisements minéraux connus. Des teneurs en Cl
relativement élevées correspondent essentiellement ¢ la présence de formations calcaires
et dolomitiques.

Comparativement d U'ensemble des equa souterraines de la région, les eaux de source
qui ont lessivé des filons connus de sidérile et de sulfures présentent une augmentation
appréciable des moyennes géométriques de divers ions constituants comme HCGg, 50y,
SiQg, le F el de divers cations, nofamment le Zn. Elles ont qussi un pH plus élevé mais
des teneurs plus faibles.

It est possible que des sources qui exhibent des feneurs relativement élevées en anions
et en cations correspondent 4 des gisements minéraux ecachés; les régions d'oil proviennent
leurs eaux doivent donc faire V'objet d'une prospection sérieuse.






THE HYDROGEOCHEMISTRY OF THE KENO HILL AREA, YUKON TERRITORY

INTRODUCTION

(During‘ the summer of 1964 the Geological Survey
of Canada carried out their first helicopter-supported,
integrated, reconnaissarnce stream and spring sediment,
surface and groundwater, heavy mineral, and rock
geochemical survey over some 1900 square miles
centred on Keno Hill, Yukony The resulls of the water and
stream sediment analyses hate been published (Gleeson
et al., 1965, 1966-67), and the heavy mineral analyses
for a number of elements, Including gold have been
placed on open file by the Geological Survey of Canada
{Open file report 46). A paper on gold in the heavy
mineral concentrates of the stream sediments has also
been issued (Boyle and Gleeson, 1972). Early hydro-
geochemical work in the area has been published by
Boyle ef al,, 1955, 1956,

The present paper deals with the geocchemistry of
the surface and groundwaters colleeted for analysis in
1964,

Location

The Keno Hill area is in central Yukon, 35 miles
northeast of Mayo and some 220 miles due north of
Whitehorse. Mayo is served by an all-weather road
from Whitehorse and by Northward Airlines scheduled
flights from Whitehorse and Dawson, The three villages
in the area, Keno Hill, Elsa, and Calumet, can be reached
by an all-weather road from Mayo.

Topography, Glaciation, Permafrost, and Climate

The Keno Hill area lies within the northeastern part
of the Yukon Plateau, and the terrain is mountainous
with elevations ranging from 6852 feet (Mount Patterson)
to 2360 feet (Keno Ladue-McQuesten River. Valley).

Many of the mountains have steep slopes (Mount
Haldane, Mount Hinton) and are traversed by nhumerous
gulches that cut deeply into the rock strata. Keno
Hill and Galena Hill, the sites of the principal mineral
deposits, have more gentle slopes but here and there
are cut by steep gulches and cirqgues. Below an elevation
of 4500 feet the slopes of the mountains and hills are
covered with thick deposits of till, soil, rock debris,
muck, and muskeg, in which conifers, birech, aspen,
Arctic black birch and other vegetation grow abundantly.
Above this elevation the soil is thin, outerops are more
numerous, the ground is covered with local rock float,
the ferrain is treeless, and the vegetation is limited to
alpine species and grassy meadows.

The lower slopes of the mountains and hills were
severely glaciated during Pleistocene time by ice sheets
that spread from the east across the entire area.
Glacial till, gravel, and other debris form a series of
benches on the slopes of the hills and floor of the valleys.
The deposits are generally 5 to 20 feet thick, but
in some areas as on the southern slopes of Keno Hill
facing Lightning Creek and north of Christal Lake, they
are 30 to 50 feet thick or more.

Original manuscript submitted: September 20, 1975
Final version approved for publication: October 8, 1975

The Keno Hill-Galena Hill area is in the region of
permanently frozen ground. The permafrost is irregu-
larly distributed and its occurrence is dependent upon
the elevation, hillside exposure, depth of overburden,
amount of vegetative cover, and presence of flowing
underground and surface water. It is generally
present at high elevations and on slopes with a northern
exposure. Thus, on Keno Hill, mine workings on the
top of the hill and on the northern slope encountered
permafrost some 400 feet below the surface., On the
northern slopes of Sourdough Hill and Galena Hill a
similar situation prevails, and frost and ice lenses
have been found at depths of 250 feet or more in the
mine workings. On the lower, southern slope of Keno
Hill, however, the workings of the Onek and Meount
Keno mines show little evidence of permafrost. In
places where surface and underground water are flowing
the permafrost has been thawed out and frost-free
windows and strips are present. These provide access
and egress for waters that are oxidizing the lodes.

The climate of central Yukon is rigorous. The mean
annual temperature at Mayo is 26°F (-3, 3°C), the
average minimum temperature is 14°F (-14°C) and the
average maximum 37°F (2.8°C). Temperatures as low
as ~80°F (-62°C) and as high as 90°F (32.2°C) have
been recorded. The winters are long and cold with
only a few hours of daylight each day, and the summers
are short and warm with nearly continuous daylight.

The average annual precipitation at Mayo is 11. 23
inches. The rainfall in the Keno Hill area during the
spring and summer is moderate with occasional torren-
tial downpours. The snowfall is moderate and usually
commences in mid-September or early October. Most
of the snow has melted by the end of May, but local
patches and small snowfields remain in sheltered places
on northern slopes until late August.

GENERAL GEOLOGY AND MINERAL DEPOSITS

The general geology and descriptions of the mineral
deposils in the area covered by the hydrogeochemical
survey may be found in reports by Bostock (1947),
MeTaggart (1360), Kindle (1962), Boyle (1965), Poole
(1965), and Green (1971} and only a brief account of
the salient features, based mainly on studies by Boyle
in the Keno Hill-Galena Hill-Dublin Gulch area, is
given here.

The sedimentary rocks underlying the Keno Hill-
Galena Hill area belong te the Yukon Group and are
probably of Precambrian or Paleozoic agel. They
consist of graphitic and sericite schists, phyllites,
thick- and thin-bedded quartzifes, argillites, and a
few limestone lenses.

1Some geclogists consider these rocks to be Jurassic
and. Lower Cretaceous in age (Tempelman-Kluit, D.dJ.,
Geol. Surv. Can., Bull. 180).



Conformable lenses and sills of greenstone occur
in the schist and guartzite formations, and a few quartz-
feldspar porphyry sills are present locally in all types
of rocks. Granitic stocks of Mesozoic age outerop
northwest and southeast of the main mineral belt which
is centred on Keno and Galena hills.

The folding pattern of the sedimentary rocks is
intricate and cannot be considered in any detail here,
On Keno and Galena hills the rocks dip southeast and
appear to form the southern limit of a large open anticline
whose axis follows the South McQuesten River Valley
in the western part of the area. Further details are
given by Green {(1971).

There are two principal fault systems; a northeast-
striking system of vein fauits which, together with
numerous subsidiaries, contains all the orebodies, and
a north-northeast to northwest-trending series of faults
which cut the orebodies and are barren.

The most favourable host rocks for the occurrence
of lodes and veins are thick-bedded quarizites and
greenstones. Structurally, the prineipal lodes are
localized in three sites: (1) at the junction of two or
more vein faults; (2) at the junction of a vein fault and
subsidiary fracture, and (3) in guartzites or greenstones
at or near the sites where vein faults pass upward from
these rocks into schists or thin-bedded quartzites. In
physiochemical terms these three sites were dilatant
zones into which the constituents of the ore and gangue
minerals were drawn.

8ix types of mineral deposits are represented in
the area: (1) cassiterite-fourmaline impregnation zones
in the Dublin Gulch area, (2) scheelite-bearing skarn
lenses and zones near the contact of granific rocks in
the Dublin Gulch area, (3) quartz-wolframite and quartz-

scheelite stringers in granites and sediments in the Dublin

Guleh area, (4) quartz-pyrite-arsenopyrite-gold lenses

in vein faults, (5) siderite-galena-sphalerite-freibergite-

pyrite-chalcopyrife lodes in vein faults, and (6) gold

. and scheelite placers. The siderite lodes and gold placers
constitute the economic deposits of the arvea, yielding
silver, lead, zine, cadmium and gold.

The siderite and quartz lodes are oxidized to depths
ranging from 20 to 600 feet. Much of the oxidation
appears to have taken place in late Tertiary time, but
oxidation processes are still active in some deposits.
In the oxidized zones the primary pyrite and siderite
are aliered to limonite and wad; arsenopyrite to limonite
and scorodite; sphalerite and chalcopyrite to limonite,
azurite, and malachite; and freibergite, boulangerite,
and jamesonite to bindheimite, beudantite, malachite,
native silver, and other secondary minerals. Oxidation
of the siderite lodes has led to a marked enrichment
of lead and silver and a strong depletion of zinc and
cadmium.

In some siderite lodes the oxidation zones grade
through a zone of reduction ranging from 2 to 20 feet in
depth; in others the oxidation zones grade imperceptibly

into the hypogene zones. The principal economic minerals

formed in the zones of reduction are pyrargyrite and
native silver.

The chemisfry of the oxidation of the various types
of deposits is discussed in detail by Boyle (1965).

GENERAL CHARACTERISTICS OF THE SURFACE AND
GROUNDWATERS OF THE KENO HILL AREA

The surface waters of the area comprise creeks,
rivers, and a number of lakes, the largest of which is
Mayo Lake in the southern part of the area. Most of
these bodies of water are virgin and uncontaminated
by human habitation or mine workings. Exceptions
are some of the creeks that drain Keno, Sourdough,
and Galena hills, the sites of the principal mines and
villages.

The creek and river pattern is exceptionally well
developed, there being practically no part of the area
more than a few thousand feet from a creek or river,
The irregular dendritic pattern is common in uplifted
mountainous regions.

The creeks that feed the rivers and lakes rise high
in the gulches deriving their water from small snow-
fields in the spring and early summer and from a myriad
of springs in flat-lying, grassy and boggy areas at the
heads of the gulches. The water in these springs
is derived mainly from the thawing of the active layer
of the permafrost. Where windows appear in the
permafrost some of the springs receive contributions
from the groundwater system as noted below. During
the spring breakup and the early summer the creeks are
commonly raging torrents; as summer progresses and
passes into autumn many of the creeks, not fed by
underground water, decline in their flow and some
become only a trickle or dry up completely.

Most of the creek, river and lake waters are
relatively clear and contain only small amounts of organic
matter (humic matter). In the wide valleys some of
the creeks and rivers are sluggish, and they and the
small ponds and lakes contain relatively large amounts
of humic matter. Some of the lakes in the McQuesten
River Valley have marl bottoms. Near the orifices of
springs receiving water from the groundwater system,
the water of the creeks is generally greatly modified
as discussed in more detail below. The waters of
the lakes and the larger rivers and creeks support
abundant aquatic vegetation, various low-order
organisms, and several species of fish, especially gray-
ling and lake trout.

The pH of the surface waters as measured in the
field varies between 3. 7 and 8. 9. The lower pH's are
recorded mainly in waters in boggy areas and in
certain waters at the orifices of springs that derive their
water from the groundwater system; the higher pH's
are characteristic of some groundwaters and of most
creek, river, and lake waters, The average pH of the
surface waters is probably about 6. 5.

The temperature of the surface waters ranges from
0°C for meltwater derived from snowfields and the
active layer of the permafrost, to 15°C for stagnant
pools in bogs, creeks, and rivers. Probably the
average temperature of most surface waters is near 8°cC.



Surface waters, devoid of contributions from the
groundwater system, are essentially weakly mineralized
'sulphate-bicarbonate waters.

The groundwaters evidently derive their water from
meteoric sources through windows in the permafrost at
higher elevations. Passing downward these waters
circulate below the permafrost, following bedding
planes in the sediments, faults, and linear crush zones.
In places, again through windows in the permafrost,
the groundwaters emerge in springs commonly along
the surface traces of faults or bedding planes.

All of the groundwaters are clear and contain
relatively little organic matter. On emerging af the
surface some become murky and begin to precipitate
various iron oxides and other components as discussed
below. Their temperature ranges from 0°C {o 4°C, and
their pH as measured in the field ranges between 3. 4 and
8.6. Where the waters are actively leaching sulphides
in the vein faults their pH may be as low as 4. 4, but as
they come into contaet with the carbonate gangue their
pH rises to values near 7. 5.

The groundwaters are essentially highly mineralized
sulphate-bicarbonate waters with traces of silica,
chloride, fluoride, and nitrate, Their cationie content
varies widely as shown in Table 4 (Appendix)} the most
abundant cations being caleium, magnesium, iron,
manganese, and aluminum, One characteristic feature
of the presence of groundwater springs is the pre-
cipitation for distances of 1000 feet or more of black,
light brownish to yellowish, or chocolate to reddish
coloured precipitates at the spring orifices and along
the creeks info which they flow. In places the precipitates,
whieh originally comprise hydrous aluminum, iron,
and manganese oxides, sulphates, silica, ete., have
congealed, hardened, and cemented particles of rock,
soil, muskeg, and decayed vegetation inte a limonitic
conglomerate.

FIELD PROCEDURE

Two water samples were taken at different places
from each creek, one sample from the upper part and
the second from the lower course. These were tested
in the field for pH and cold extractable heavy metals
(CXM) using a method deseribed by Boyle et al. (1955),
(Table 4, Appendix). These stream waters were
subsequently analyzed in the laboratory for 504 and
€l anions as deseribed below.

In addition, 1 litre samples of water were taken
from springs throughout the area and within the mine
workings. Complete laboratory analyses for anions and
cations were done on these waters (Table 5, Appendix).

Altogether some 739 stream waters and 172 spring
water samples were analyzed from the 1900-square-
mile area,

LABORATORY PROCEDURE

The stream, spring, and mine waters were analyzed
in the laboratories of the Industrial Waters Section,
CANMET, Ottawa according to the procedures listed
below:

PARAMETER

Total hardness

Caleium

Magnesium

Iron
Manganese
Zine
Sodium
Potassium
Chloride

Fluoride

Total inorganie POy

NO3+NOg

Si0,

pH

Colour

Turbidity
Alkalinity

Conductivity

Sulphate

Copper
Non-carbonate
HCOg3, COg

COy

METHOD

Calculated from Ca and Mg
results

Sodium ethylenediaminetetraacetic
acid (EDTA) titration with Erio-
chrome Blue SE as indicator
Sodium ethylenediaminetetraacetic
acid (EDTA) titration with Erio-
chrome Black T as indicator

Colorimetric with, «« -dipyridyl
Colorimetrie utilizing periodate
Colorimetric utilizing dithizone
Flame photometer

Flame photometer

Potentiometric titration with
standard mercuric nitrate
solution

Colorimetric with SPADNS
reagent

Boiled with sulphuric acid (Hg
504); colorvimetric with ammo-
nium molybdate 1-amino-2-
naphthol-4 sulphonic aecid
{ANSA) and bismuth nitrate
(BiMNOp ) ’
Spectrophotometric by
ultraviolet absorption

Colorimetrie with ammonium
molybdate (NH,)6MoyOgy. 4Hg0
l1-amino-2-naphthol-4 sulphonie
acid (ANSA), — sodium sulphite

(Nay503) — sedium bisulphate
(NaHS03) solution.

pH meter

Visual comparison using Hellige
colour comparator

Hach turbidimeter

Potentiometric titration with
standard sulphuric acild (Hg50,4)

Wheatstone bridge and pipette
type conductivity cell

Titration with barium chloride
(BaClg)} using thorin as a
visual endpoint detector

Colorimetric with zine dibenzyl-
dithioecarbamate.

Calculated from total hardness
and alkalinity

Caleulated from alkalinity and
pH

Calculated from alkalinity and
pH



Table 1

Statistical summary for CXM, Cl, 804, and 804/Cl in surface and spring waters,
Keno Hill area, Yukon Territory

Means

Correlation Coefficient

Standard
Element Range Arith, Geom., deviations CXM c1 804 804/C1
CXM ppb <0.5 - 2500 25.8 2.6 69.8 .07 .02 . 00
Cl ppm <0.05 ~ 9.9 0.3 0.2 0.3 .04 .00
804 ppm <0.1 - 3840 32.9 20.9 32.4 . 00
804/C1 0.5 - 153,600 282.8 107. 7 380. 7

PLOTTING OF RESULTS AND
COMPUTER_PROCESSING

Initially all sample sites were plotted manually and
the 804, Cl and 8504/Cl ratios were entered at the
appropriate sites, Data such as vein systems, faults,
mines, ete. were added for visual correlative purposes
(Fig. 1).

All analytical and field data were then entered on
punched cards and routine statistical parameters such
as means, standard deviations, histograms, and
correlation coefficients were computed (Tables 1, 2, and
3; and Figs. 2 and 3).

The location of each sample was digitized and
sutomated maps for CXM, Cl, S04, and S04/Cl were
drawn and contoured showing moving average and resid-
nal values (Figs, 4-7 inclusive). A window radius of 2
inches was used for the moving average map with an
overlap of 75 per cent. The residual values were
determined by calculating the difference between the
moving average and the original values.

A full Hsting of all computer data is on file at the
Geological Survey of Canada, Ottawa.

DISCUSSION OF RESULTS

Various statistical parameters and correlations for
surface and spring waters are discussed first followed
by a discussion of similar and additional statistical
parameters and correlations for spring waters and
underground waters in the mines.

Surface and Spring Waters

The range of values, arithmetic means, geometric
means, and standard deviations for CXM, Cl, 804, and
804/C1 in surface and spring waters are shown in Table 1.
Histograms for each of these parameters are shown in
Figure 1. All show a positive skewness, and all are
polymodal. The latter feature is to be expected because
the waters have a variety of sources in different
geological terrains.

No significant correlations are apparent between
the elements shown in Table 1.

To obtain a more adequate idea of the regional
distribution of CXM, Cl, 504, and S04/Cl, computer
plotted moving average-residual values maps were
constructed for these elements. These indicate the
following:

Cold exfractable heavy metal (CXM)

The geometric mean for CXM in the Keno Hill area
waters is 2. 6 ppb (Table 1). Regional highs in excess
of 80 ppb (Fig. 4) over Keno and Galena hills and the
Gustavus, Davidson, and Patterson ranges tend to
follow the geological trends of the underiying quartzites
and phyllites.

Reglonal highs in excess of 100 ppb are present in
the vieinity of the mineral deposits on Galena Hill and
the Davidson Range. Extensive regional highs in the
Patierson Range, and more locally in the Gustavus
Range, are probably due to undiscovered mineral
deposits and/or pyrite-vich phyllites. Multi-element
anomalies in the stream sediments (Gleeson, 1866-67)
are also present in those areas,

A regional increase in CXM to 40 ppb is centred
over Mount Haldane where mineralized vein faults,
similar to those on Galena and Keno hills occur (Boyle,
1985). Stream sediments from this area are also high
in Zn, Pb, Cu, Ni, B, Mo, Mn, As, W, Ag, and Sn.



Table 2

Statistical summary of analytical data obtained for surface and
! underground mine spring waters {172 samples)

Means
Element Range of values Arith, Geom. Standard deviatien
COg (ppm) <0.1 - 30 4,2 3.2 3.2
pH 2.5 -~ 8.4 6. 44 6. 24 1. 43
Sp. Cond.
{(Mho at 25°C) 4.4 - 4938.0 - - 280.5 141, 8 292.9
Ca ppm <0.1 - 500.0 35,3 15.5 49, 7
Mg ppm <0.1 - 630.0 9.4 5.0 10. 3
Fe ppm <0.01 -~ 500.0 4,41 0. 69 9.5
Mn ppm 0.002- 146.0 0. 40 0.02 0.79
Cu ppb <1 - 2450 9. 2.3 25. 3
Zn ppb <1 -27 000 99. 13.2 183. 0
Na ppm 8.1 - 8.4 0. 0.6 0.6
K ppm <0.1 - 5.1 0. 0.2 0.’3
HCO3 ppm <0.1 - 372.0 61. 7.5 8. 1
S04 ppm <0.1 - 3840.0 83. 7 26.1 143.1
Cl ppm <0, 05 - 3.2 8. 0.2 0.3
F ppm <0.03 - 1,28 0. 0.18 0. 11
NOj3 ppm <0.01 - 34,0 0. 0.1 0.4
5i09 ppm 0.4 - 330 5. 4.3 3.1
Sum of
Constituents 4.6 - 3019,0 149. 82.8 173. 9

Another regional increase in CXM is apparent in
the northeast part of the avea straddling and north
of Beaver River. This appears to be associated with
Ordovician and Silurian dolomite and black shale units.
The stream sediments in this area are also high in Zn,
Pb, Ni, Mo, Cu, and As (Gleeson, 1266-67), suggesting
that the black shale unit is probably the source of the
metal.

In addition there is a regional increase in CXM in
the northwest corner of the area north of Eagle ‘Creek.
A northwest trending thrust fault marks the contact of
a grit unit on the south and the Keno Hill quartzite, at
the headwaters of the creek, on the north, Metal
anomalies in Zn, Cu, Ni, B, Mo, Mn, and Ag are,

likewise, present in the stream sediments from this
region (Gleeson, 1966-67).

The mineralized area {(Au, W, Pb, As, and Sb)
around the Potato Hills granitic stock is marked by low
CXM regional values. Similar low values sre also
present around the granitic stocks northwest of Hanson
Lakes and in the Roop Lakes area. However, stream
sediments in the Potato Hills area are anomalous in Pb,
As, W, Sb, and Mn. The paucity of zinc in the mineral
deposits of this area is the cause of the relatively low
CXM values in the waters.

Specific locations showing positive residual
anomalies in CXM are loeated, for the most part, in
areas of regionally high CXM values.



Table 3

Statistical summary of analytical data obtained for spring waters and underground
discharge waters from mine workings (20 samples)

Means
Element Range of values Arith, Geom. Standard deviation
COg ppm 3 - 26 9.4 8.2 5.2
pH 6.8 - 8.2 7.53 7.52 0.30
Sp. Cond.
(Mho at 25°C) 157 -2210 707. 7 618.3 351.4
Ca ppm 19.9 - 500 123.5 104.3 69, 2
Mg ppm 6.8 - 72,9 20. 7 17.4 11. 7
Fe ppm 0.01 - 23.00 3.78 1. 47 3.62
Mn ppm 0.24 - 10,80 1.57 1.06 1.38
Cu ppb 1 - 4 1.1 0.9 0.6
Zn ppb 4 -1280 174.3 81.8 192. 4
Na ppm 0.9 - 3.8 1.4 1.3 0.5
K ppm 0.2 - 1.4 0.5 0.5 0.3
HCOg3 ppm 56.1 - 372.0 207. 8 195, 7 59, 4
SO4 ppm 4.5 -1295.0 340. 9 185.1 308. 4
Cl ppm <0.05 - 3,2 0.2 0.1 0.5
F ppm <0.03 - 1.28 0. 44 0. 40 0.18
NOg ppm <0.1 - 0.20 0. 09 0. 08 0. 02
5i09 ppm 3.7 - 15,0 6.9 6.5 2.3
Sum of
Constituents 95.0 -1989.0 399.6 352.0 187. 6

in summary, regional CXM anomalies are related
to areas containing Pb-Zn-Ag deposits and pyrite-rich
sedimentary rocks. The Pb-Ag-5b and Au-W deposits
in the Potato Hills area are associated with relatively
low regional CXM values.

Chloride (C1):

The chloride content (Fig. 1) of the surface and
groundwaters is low, the geometric mean being 0.2
ppm (Table 1),

Regionally, there appears to be little correlation
between the known ore deposits of the area and the
chloride content of the waters (Fig. 5).

However, in the northeast part of the map-area
there is an increase in the C1 content in areas underlain
by limestones and dolomites. Moving average highs
there are more or less parallel to the trend of the
underlying calcareous rocks. Siream sediments from

these areas are also high in Zn and Pb (Gleeson, 1966-67).

Another regional high trends northwest from the
central part of the Davidson Range to Steamboat Lake.
The core of this zone (>0.7 ppm) is underlain by
phyllites and guartzites, and the northwestern part of
the anomalously high area is underlain by a grit unit
containing lenses of limestone. The regional increase
in chloride probably reflects the presence of these
Hmestones. Similarly, the high moving average in the
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southwest portion of the map-area on the north side of
the South McQuesten River probably is related to
lmestone lenses in the grit unit,

A regional increase in chloride occurs between
Roop Lakes and MceKim Creek in an area intruded by a
granitic stock, High residual values in chloride appear
to oceur on the periphery of the granite, In addition
similar high residual values are present near the
granite stock at the head of Lynx Creek.

In summary, regionally high chloride values in the
water appear to outline areas underlain by limy rocks,
Phyllitic rocks on Rambler Hill, southeast of MeQuesten
Lake, are alsc marked by regionally high chloride
values. There are indications that increases in the
chloride content of the waters occur on the periphery
of some granife stocks.

Sulphate (80,4):

The geometric mean of the sulphate content of the
waters of the Keno Hill area is 20.9 ppm (Table 1).

The moving average map for sulphate (Fig. 6) shows
a regional northeast trending high over the Pb-%n-Ag
veins cutting the quartzites on Galena Hill. This trend
more or less continues northeastward to include Keno Hill
and its mineral deposits. This regional high may also
be partially rvelated to the pyritie, graphitic phyllites
and schist which underlie the Keno Hill quartzites,

North of Keno Hill the regional trend changes
abruptly to a northwesterly direction. This corresponds
to the regional sirike of the phyllites and quartzites
which underiie the Davidson Range, The moving
average highs appear closely related to the graphitic
phyllites and the source of the sulphate could be pyrite
which is common in these rocks. Pb-Zn-Ag-Cu
deposits also occur in this avea, and they also prob-
ably contribute to the high regional sulphate content of
the waters,

High regional sulphate contents in the waters also
occur In the Patterson Range which is underlain by
phyliites and quartzites, The sulphate is probably
mainly derived from pyrite whieh is common in the
phyllites. However, the anomaly over the quartzite unit
could alse be related to metallic deposits, especially as
the stream sediments of this area contain poly-element
anomalies in Zn, Cu, Pb, Ni, Co, As, Mn and Ag
(Gleeson, 1986-87).

Southeast of Rackla River a northeast trending
regional high marks a grit unii in contact with graphitic
phyllites, phyllites, and phyllitic quartzite. The
sulphate here probably has the same origins as those
mentioned for the Patterson Range.

A moving average high in sulphate occurs in the
northwest corner of the map-area which is underlain
by a grit unit. As with all regional sulphate anomalies
discussed so far, this one also corresponds to a regional
increase in CXM in the waters. Stream sediments from
this area contain multi-element anomalies in Cu, Zn,
Ni, Mo, B, and Mn (Gleeson, 1966-67). In addition
heavy mineral concentrates from this area contain
appreciable amounts of barite. Hence, the suiphate in

this area is probably derived from varied geological
provenances, and additional work would be required to
delineate these sources.

Another circular regional high in sulphate is
associated with the grit unit in the southwest part of the
area on the north side of South McQuesten River. The
cause of this high is not known.

The areas underlain by granitic rocks (Hanson and
Roop lakes) are marked by low moving average sulphate
values In the waters.

In summary, except in the northeast, where
dolomitic rocks are present, there is little correlation
between the high regional sulphate and chloride
contents of the waters. Hence, for the most part, the
origin of chloride in the waters is independent of the
source of the sulphate. However, most areas high in
sulphate are correspondingly high in CXM. Undoubtedly
much of the sulphate in the waters is derived from
sulphide occurrences in the rocks of the map-area.
Some of these occurrences are mineral deposits, and
others are pyrite-rich sediments containing above
normal amounts of trace metals. Finally there are
indications in the northwest part of the area that
minerals such as barite may contribtite some sulphate to

the waters.

Sulphate-chloride ratio:

The regional distribution pattern of the sulphate-
chloride ratio (Fig. 7) is markedly similar to the
sulphate trends. The geometric mean (Table 1) for
50,4/Cl is 107. 7.

The 804/C1 values are maximal over the ore
deposits on Galena Hill and in areas underlain by phyllites
and quartzites. The reason for this is the presence of
pyrife-rich rocks and poly-metallic (Ph-Zn-Ag-Cu)
deposits such as those that occur at Keno, Beauvette,
Cobalt, and Forbes hills.

The Au-W-As and Pb-As-8b cccurrences west of
Potato Hills area are generally marked by low 804/C}
regional-residual values. An exception to this appears
to be the north side of Lynx Creek where several
residual values greater than 1200 occur.

The moving average valttes for 804/Cl are also
high in the northwest part of the map-area underlain
by a grit unit. The high 8504/Cl1 ratios there are due
to sulphate derived from pyrite-rich sediments and
possibly in part from barite-bearing rocks. No metallic
deposits are known to occur in this area which is also
characterized by unexplained multi-element stream-
sediment anomalies (Gleeson, 1966-67).

In summary, the regional distribution of 804/C1
is markedly similar to the sulphate moving average
pattern. The high sulphate regional-residual values
are related to poly-metallic deposits in the Keno Hill
quartzite and pyrite-rich phyllites. Sulphate-bearing
minerals such as barite are present in tie northwest
part of the area and may also confribute to high 804/Cl
ratios. The area containing the Pb-As-5b and W-As-Au
veins west of Potato Hills is marked by relatively low
804/Cl ratios.
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Figure 2. Correlation coefficients of spring waters, Keno Hill, Yukon Territory.
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Figure 3. Correlation coefficients of spring waters in mines, Keno Hill-Galena Hill area, Yukon Territory.




Spring Waters

# A total of 152 water samples were taken from
surface springs along the drainage systems of the area.
In addition 20 samples were obtained from springs and
groundwater discharges in the mine workings of Keno
and Galena hills, The locations of all samples are
shown on Figure 1. The spring and underground mine
waters! were analyzed for major and minor inorganic
components (Table 5, Appendix).

The values for 18 of the parameters including COgq,
pH, specific conductance, Ca, Mg, Fe, Mn, Cu, Zn,
Na, K, HCOg, 804, Cl, F, NO3, 8i03 and sum of
constituents were rendered computer processible, and
the basic statistical parameters such as means, standard
deviations, and correlation coefficients were calculated.
A complete listing of data including histograms and
individual ratings of each sample is on file at the
Geological Survey of Canada, Ottawa.

The range of values, arithmetic mean, geometric
mean, and standard deviation for all surface and
underground mine spring waters are listed in Table 2.

The ranges of values are considerable for most
elements with the maxima being many fold greater than
the means.

Correlation coefficients for the spring waters are
shown in Figure 2.

Good positive correlations exist between the following:

1. €Og vs. Ca-Na-K-HCO3-NOj- Specific
Conductance and Sum of Constituents
2. pHvs. HCOj3
3. Speecific Conduectance vs. Ca-HCO3-COy and
Sum of Constituents
4. Cavs. HCO3-COg3-Specific Conductance-Sum
of Constituents and 50,
5. Na v¥s, K-NO3-COg and HCOq4
6. K vs. Na-NOjand COs
7. HCOg vs. Ca-pH-Specific Conductance-COqg
and Na
8. NOjvs, K-Na and COy
9. 804vs. Ca
10. Sum of Constituents vs. Ca-COg and Specific
Conductance

In addition less marked but possibly significant
correlations exist between the following:

‘1, COg vs. 504

pH vs. Ca

Speaf‘ic Conductanee vs. 50y

Ca vs. pH-Na and K

Na \E Ca-Cl and Specific Conductance

K vs. Ca and HCOj

HCOj3 vs. K-804 and F

804 vs. Bpecific Conductance-COg and HCOy

e B L R

Most of the above relationships are what one would
expect from the normal processes of weathering,

1'I‘he underground spring and discharge waters in the
various mines were virgin walers circulating along
fauits and through the mineralized veins. They were
taken In places that avoided contamination by waters
used in mining operations.

invelving hydrolysis of silicates, oxidation of sulphides,
and solution of carbonates.

The various ions, including Fe, Mn, Cu, and Zn,
show no correlafion with the other paramefers listed for
the statistics of all the spring samples.

For comparative purposes the analytical results
of the 29 samples from the spring and groundwater
discharges in the various mines were separated from the
172 spring waters and subjected to the same statistical
treatment as the total population.

The range of valués, means and standard deviation
for the spring waters from the mines are listed in
Table 3. Comparing these results with Table 2 it is
obvious that the geometric means for CO,, pH, Specific
Conductance, Ca, Mg, Fe, Mn, Zn, Na, K, HCOyg, 80,4, F,
8103, and Sum of Constituents in the springs from mine
workings all show significantly higher values when
compared with the spring waters from the region. The
geometric means for Cu and Cl are lower in the spring
waters from the mine workings than for the springs
throughout the region.

In the waters circulating through the veins and
lodes the prineipal anions are bicarbonate, sulphate,
and to a lesser extent silica. Although fluoride is
present only in small amounts its geometric mesn
(0. 40 ppm) in the underground waters in the mines is
more than twice that in the whole region (0. 18 ppm}.
Small amounts of chloride and nifrate are also present
in the underground mine springs, but they are not
diagnostic constituents. Cations such as Fe, Mn, Zn,
Ca, and Mg are present in significant amounts in the
underground waters in the mines,

Correlation coefficients for the various constituents
of the underground waters from the mines are presented
in Figure 3. The following marked positive correlations
are apparent between:

1. COg vs. Specific Conductance-Ca-Mg-Fe-504
and Sum of Constituents
2. pH vs. HCOj
3. Specific Conductance vs. COg-Ca-Mg-Fe-K-
804 and Sum of Constituents
4. Cavs. COg-Specific Conductance-Mg-Fe-HCOg-
504 and Sum of Constituents
5. Mg vs. CO9-8pecific Conductance-Ca-Fe-K-
804 and Sum of Constituents
6. Fe vs. COg-Specific Conductance-Ca-Mg-Mn-
Zn-804 and Sum of Constituents
7. Mnyvs. Fe and Zn
8. Cuvs. K
9. Znvs. Mn and Fe
10. Navs, Cl and 8i04
11. K ¥s. Specific Conductance-Mg-Cu-504 and
NOg4
12. HCOg vs. pH and Ca
13. 804 vs. COy-Specific Conductance-Ca-Mg-Fe-
K and Sum of Constituents
14, Clvs. Na
15, NOgvs. K
16. Si0yvs. Na
17,  Sum of Constituents vs. COg-Specific Conduc-
tance-Ca-Mg-Fe-K and S04



Good negative correlations are present between:

1. COgqvs. pH
2, pHvs. COpand Mn
3. Mnvs. pH

Most of the above relationships are understandable
when the chemistry of the oxidation phenomena affecting
the primary mineral veins is considered. The veins
contain essentially manganiferous siderite, quartz,
galena, sphalerite, pyrite, and freibergite. Boyle
(1965) has explained that as the various sulphides in
the veins are attacked by oxygen-bearing waters
soluble sulphates are produced, and some free sulphuric
acid is liberated during the reactions. The latter
attacks the siderite producing sulphates of Fe, Mn, Mg,
and Ca plus H3COg3. The carbonic acid produced
during the acid attack on siderite augmented by
atmospheric earbon dioxide dissolved in percolating
waters is responsible for the selution and transport of
some Fe, Mn, Mg, and Ca by forming soluble hydrogen
carbonates. The presence of HyS04 and HyCOg in the
underground waters alsc facilitates the chemical break-
down of the numerous silicate minerals in the wall rocks
and gouge of the faults and veins. Na, K, and Al are
thus taken into solution and transporied as either
sulphates or carbonates. The silica entering solution
evidently migrates as the monomer 5i(0OH)y.

SUMMARY AND CONCLUSIONS

Moving average-residual element maps show that
high values for 804, CXM and 804/Cl in the waters
from the Keno Hill area ouiline zones containing Pb-
Zn-Ag deposits and pyritiferous rock-units, In the
northwest part of the map-area barite in the rocks may
also confribute to high 504 values,

The distribution of Cl in the waters exhibits no
relationship with the Known mineral deposits in the
map-area. Relatively high CI contents correlate mainly
with the presence of HHmestone and dolomite units.

The spring waters in the map-areas have an average
pH vsalue of 6.24 and a mean COy content of 3.2 ppm,
The dominant anions are 504 and HCOyg; these average
26.1 and 7.5 ppm respectively. Si0g has a mean of 4. 3
ppm and Cl, F, and NOg all average less than 0. 2 ppm.
All means mentioned are geometrie.

Ca and Mg are the dominant cations with geometric
means of 15.5 and 5.0 ppm respectively:; next in
abundance is Fe which has a geometric mean of 0. 69 ppm.
Geometric means for Na, K, and Mn ave 0.6, 0.2, and
0. 03 ppm respectively. The geometric mean value for
Zn is 13.2 ppb, and for Cuitis 2.3 ppb.

By conirast the waters leaching the siderite-

sulphide veins and lodes are more alkaline, their

' geometric mean pH being 7.5%; they also contain on the
average more COg (8. 2 ppm). These waters in addition
contain higher geometric mean values for HCOq
(195.7 ppm), 504 (185.1 ppm), 8i0s (6.5 ppm, and
F (0. 40 ppm) than the springs in the whole region,
Furthermore, the geometric means for most of the
cations in the waters leaching the lodes are appreciably
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higher when compared to the spring waters from the
whole region. In the underground waters in the mines
Ca has a mean of 104.3 ppm; Mg, 17.4 ppm;

Fe, 1.47 ppm; Mn, 1.06 ppm; and Zn, 81.8 ppb.
However, the mean for Cu is less in the waters leaching
the lodes (0. 9 ppb) compared with the springs from

the whole region (2.3 ppb).

Analyses for all spring samples are listed in Table 5
in the Appendix. Those exhibiting relatively high
values in their anionic and cationic content may be
reflecting hidden mineral deposits, and their source
areas should be thoroughly prospected.

REFERENCES

Bostock, H. 5.
1947: Mayo, Yukon Territory; Geol. Surv. Can.,
Map 890A (map with marginal notes).

Boyle, R. W,
1965: Geology, geochemistry, and origin of the lead-
zinc-silver deposits of the Keno Hill-Galena
Hill area, Yukon Territory; Geol. Surv. Can.,
Bull, 111, 302 p.

Boyle, R.W., Ilisley, C.T., and Green, R.N.
1955: A geochemical investigation of the heavy metal
content of the streams in the XKeno Hill-Galena
Hill area, Yukon Territory; Geol. Surv. Can.,
Paper 54-18.

1855: Geochemical investigation of the heavy metal
content of stream and spring waters in the
Keno Hill-Galena Hill area, Yukon Territory;
Geol, Surv, Can., Bull, 32, 34 p.

Boyle, R.W., Pekar, E.IL., and Patterson, P.R.
1956: Geochemical investigation of heavy metal
content of streams and springs in the Galena
Hill-Mount Haldane avea, Yukon Territory;
Geol. Surv. Can., Bull. 36, 12 p.

Boyle, R.W. and Gleeson, C.F.

1972: Gold in the heavy mineral concentrates of
stream sediments, Keno Hill area, Yukon
Territory; Geol. Surv. Can., Paper 71-51,
8 p.

Gleeson, C.F.

1967: The distribution and behaviour of metals in
stream sediments and waters of the Keno Hill
area, Yukon Territory; Proceed. Symp.
Geochem, Prospecting, Oftawa, April 1966,
Editor E.M. Cameron; Geol. Surv, Can.,
Paper 66-54, p. 134-144,

1966- Lead content of siream and spring sediments;
1967: Keno Hill area, Yukon Territory; Geol, Surv.
Can., Map 45~1965.



Gleeson, C.F. (cont'd.)
1866- Silver content of stream and spring sediments;
11967: Keno Hill area, Yukon Territory; Geol. Surv.
Can., Map 46-19865.

Zinc content of stream and spring sediments;
Keno Hill area, Yukon Territory; Geol, Surv.
Can,, Map 47-1965,

Arsenie content of stream and spring sediments;
Keno Hill area, Yukon Territory; Geol. Surv.
Can., Map 48-1965.

Antimony content of stream and spring
sediments; Keno Hill avea, Yukon Territory;
Geol. Surv. Can., Map 49-1985.

Copper content of stream and spring sediments;
Keno Hill area, Yukon Territory; Geol. Surv,
Can., Map 58-1965.

Molybdenum content of stream and spring
sediments; Keno Hill area, Yukon Territory;
Geol. Surv, Can., Map 51-19865,

Tungsten and tin content of stream and spring
sediments; Keno Hill area, Yukon Territory;
Geol. Surv. Con., Map 52-1965.

Nickel content of stream and spring sediments;
Keno Hill area, Yukon Territory; Geol. Surv.
Can., Map 53-1965,

Cobalt content of stream and spring sediments;
Keno Hill area, Yukon Tervitory; Geol. Surv.
Can., Map 54-1965.

Manganese content of stream and spring
sediments; Keno Hill area, Yukon Territory;
Geol. Surv, Can., Map 55-1965.

Boron content of stream and spring sediments;
Keno Hill area, Yukon Territory; Geol. Surv.
Can,, Map 56-1965.

Gleeson, C.F. et al.
1965: Heavy metal content of stream and spring waters,
Mayo Lake, Yukon Territory; Geol. Surv.
Can., Map 18-1964.

Heavy metal content of stream and spring
sediments, Mayo Lake, Yukon Territory; Geol.
Surv. Can., Map 18-1964,

Heavy metal content of stream and spring
waters, Keno Hill, Yukon Territory; Geol.
Surv. Can., Map 26-1964.

Heavy metal content of stream and spring
sediments; Keno Hill, Yukon Territory; Geol,
Surv, Can., Map 21-1964.

Gleeson, C,F. et al.
Heavy metal content of stream and spring
waters, Mount Haldane, Yukon Territory;
Geol. Surv. Can,, Map 22-1964,

Heavy metal content of stream and spring
sediments, Mount Haldane, Yukon Territory;
Geol. Surv. Can., Map 23-1964,

Heavy metal content of stream and spring waters,
Rackla River, Yukon Territory; Geol. Surv,
Can., Map 24-1964.

Heavy metal content of stream and spring
sediments, Rackla River, Yuken Territory;
Geol. Surv. Can., Map 25-1964.

Heavy metal content of stream and spring waters,
Scougale Creek, Yukon Territory; Geol. Surv.
Can., Map 26-1964.

Heavy metal content of stream and spring
sediments, Scougale Creek, Yukon Territory;
Geol. Surv. Can,, Map 27-1964.

Heavy metal content of stream and spring waters,
McQuesten Lake, Yukon Territory; Geol, Surv,
Can,, Map 28-1964,

Heavy metal content of siream and spring
sediments, McQuesten Lake, Yukon Territory;
Geol. Surv. Can., Map 29-1984,

Heavy metal content of stream and spring
waters, Dublin Gulch, Yukon Territory; Geol.
Surv. Can., Map 30-1964.

Heavy metal content of stream and spring
sediments, Dublin Guleh, Yuken Terrvitory;
Geol. Surv. Can., Map 31-1964,

Green, L.H,
1871: Geology of Mayo Lake, Scougale Creek and
McQuesten Lake map-areas, Yukon Territory;
Geol. Surv. Can., Mem. 357, 72 p.

Kindle, E.D.
1962: Keno Hill, Yukon Territory; Geol, Surv. Can.,
Map 1105A.

McTaggart, K.C.
1960: The geology of Keno and Galena hills, Yukon
Territory; Geol. Surv, Can., Bull. 58, 37 p.

Poole, W.H.
1965: Mount Haldane {(105M/13) and Dublin Guleh
(166D/4) map-areas; Rept, of Activities:
Field, 1964, Geol. Surv. Can., Paper 65-1,
p. 32-35.

11






APPENDIX

Tables 4 and 5

INDEX OF ABBREVIATED FORMS

ALK PHEN Alkalinity titrated to pH 8.3 SAT INDEX Saturation index at test temperature
CaC0g3 NON-CARB  Non-carbonate hardness expres- SP COND Specific conductance, micromhos
sed as ppm CaCOjy at 25°C
CaCOg TOTAL Alkalinity expressed as ppm CaCOjg STAB INDEX Stability index at test temperature
COLQUR Colour (Hazen units) SUM CONSTS Sum of constituents
COy Carbon dioxide (COg) calculated TOTAL ACID Total acidity
DISS Dissolved % Na Per cent sodium
HARDNESS TOTAL Hardness expressed as ppm CaCOg % : Aluminum probably present but
not determined
MIN ACID Mineral acidity
* Indicates value in mineral acidity
NA ABS RATIO Sodium absorption ratio (SAR) and total acidity eolumns
PPTE Precipitate # ) Indicates value equal to one half

detection limit e.g. 0. 05# =< 0.10

Analyses by: Industrial Waters Section, Mines Branch (now CANMET), Ottawa, 1964-1965.
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SAHPLE

KS
K5
K3
kS
XS
K3
XS
KS
KS
KS
KS
kS
KS
KS
kS
E4
K5
KS
K5
KS
KS
KS
Ks
KS
X5
L
KS$
K5
KS
83
K$
K5
RS
K3
K$
XS
KS
K&
K3S
KS
KS$
KS
K5
K§

14

101
102
193
10%
ics
106
Lo7
108
109
110
i1l
112
113
114
145
118
117
118
119
129
121
122
123
124
125
126
127
123
£60
20t
282
203
4
215
266
207
208
219
21l
212
213
214
215
216

TEMP C

2.2
i1.1
0.6

3.9

Yk

2.2

3.9
2.6

248
bt
2.8

PH
7.8

445
75
5.6
7.9
a3
746
7.2

68

7e9

5.5
5.5
5.0
5.4

5.0

S5
540
b4e8
449

5.9

5.0
55

Sl
5.0
5.5
a5
5.5
5¢5

55

HEAVY
HETAL
TOTAL
{PPH)
.00
032
«000
+001E
«055
0063
002
025
a1
035
oy
«B05
002
« 800
002%
000
0490
L2000
50
1806
010
115
2050
250
200
1.500
Lot
015

,000
il
«002E
D625
BE
Q02
0905
«175
075
I

300
000
Dud
029

750

TABLE &

FIELD HEASUREWEHYS ON SPRINGS, KENG HILL AREA, YUKON

DESGRIPTION

SPRIMG IN SHAMP,

PARTLY CONTAMINATED WITH CREEK WATER.

LINONIYE PPTE, STAIN CONSPICUOUS.

FE SPRIKG. PPTE, OM SHOW AND ICE LEOGE, COHTINUES DONNSIREAN

50 FT. FROM STREAH

SPRING ISSUIKG FROH tIMSTONE.

SPRIKG ISSUING FROH LIMESTOME,.
20 FT. FROM QUARTIIYE QUICROP,

FE SPRING.

FE SPRING,.

FE SPRENG.

IN SHAHP, RUSTY PPTE, QUARTZITE JUTCROP.
FE PPTE. GELATIRGUS,

FE PPTES, IN AREA,

FE SPRING.

FE SPRING,.

STREAH RATER.

SHALL SPRING.

LARGE SPRING LOGATED BETMEEN THO HUSKEG STREAHS.
PEBBLES OF BLACK SCHIST PRESENT.

HIGH TK HOUHTAIN BELOH SHON PATCH,

HESTERN SLOPE OF SOUROOUGH HILL, SEVERAL SPRINGS NEAR3Y .
FE SPRINGy, ABUNOANMY LIMONITE CONGLOMERATE.

SLIGHTLY FURBID,

FE SPRING., PEOBLY QUARTZIVE.

SPRIKG 500 FT, fFROWM GREEK.

SPRING 200 FT, UP FROH STREAH.

SPRING 203 FT. UPHILL FROH RANKIN STREAH.

NEAR HEAD OF STREAM, BUBBLING FROM QUARTZITE,

FE SPRING AT HEAD @F VALLEY. LIKONITE GONE, 30 X 30 Ft. AT BASE, 10 FI,

HIGH .



FABLE 4{GONT,0}

FIELY HEASUREMENTS ON SPRINGS, KENG HILL AREA; YUKOH

HEAVY
METAL
TOTAL
SAHPLE TEHP G PH {PPH} DESGRIPTION
KS 247 Sel 000 MINOR IROY STAIH.
KS Jo1 G.0 «R00 APPROXIMATELY 28 FI, EAST OF CREEK.
KS 302 2.8 009 HIGH SILY GONYENT. 10 FT, FROX KENO-LADUE RIVER,

K5 303 4.6 a8 LY 10 F¥, UP RIGHF 8AHK OF CREEK.

KS 3% 0.6 LTY LY SPRING FED POOL SEEPING DOWN FRON NORTH-HEST SLOPES.

XS 345 2.6 Sel +Q05 SEEPAGE FYOH HILLSIOE APPROXIHATELY 350 FF. FROM SPRING KS 30%
KS 346 2.2 +005 SPRING FE} STREAM. ELEV, 3060 FT.

KS 389 141 73 + 000 Ok ROAD,

KS 3410 2.8 Tet <330

K5 3i1 015

K5 312 L.2 WHETE, BRIUN AND RED PPTES.

K5 313 5.0 «010 BOGGY ZONI.

KS 3 5.0 990 LIMESTOME AND PHYLLITE OXIDIZED TO RED=8ROWN COLTUR.

KS 315 5a5 Le? SHALL SPRENG. 10 FE. WEST OF HAIN CGREEK.

KS 316 448 «089 SEEPS FROY HILLSIQE. PPTE. IS YELLOH, BUFF AND HWHITE,

Xs 317 LYY 018 FE SPRING, SEEPS THROUGH MOSSY HILLSIDE. FE PPTE IN BANK,
KS 318 43 2 SOUTH SIO: OF STREAM. FE PPTE,

K5 319 1.4 Saf 060 fE PPTE,

Ks 320 1.6 LTE] +3 SPRING €Nt SOUTH SIDE OF RANKIN GREEK. WHEITE PPTE.
K5 321 0.6 100 FE SPRING.

KS 4oL 1.4 T8 009 FE STAIN. SHALL SPRING.

KS 402 0.6 « 030 SHALL SPRING FLOWS FROH SQUTH.

K5 403 0.6 2000 SPRING FLIMING FROK SQUFH.

KS a9 1.7 8.1 302 FLOWS 1IN “ROM EAST

KS 403 1.1 6.8 020 LARGE SPRING FLQWING LN FROH EAST.
KS 406 0.6 ] HHITE AND YELLON PPTE,
KES 4497 1.4 645 o7 FE SPRLNG, HEAVY FE PPTE. ABOVE TREE LINE, YERY EVIDEWT FROM ALR [IE.HELIGOPTER).

K5 408 242 a2 +630

KS 409 $7 | 5.0 «380 FE SPRING, RED PPTE, SEVERAL SPRINGS HITHIN 150 Y0, RADIUS,
K5 418 1.1 018 FE SPRING.

KS 4i1 1.1 %s2 L1.000 SPRING FLINING FROM TILL ON BARNEY CREEK.

KS %12 8.6 a8 &30 REQ PPTE, ENERGES HALF WAY UP HILL WHIGH ODRALNS HEAVILY RUST STAIHEO AREA APPROXEHATLY LLiGX2G FT.
SILICEGUS SERICITE SCHIST.

K3 413 3.3 Tad 080 CHRISTIE GREEK ORAINAGE SVSTEM,

XS &1k 343 Seli 1225 FE SPRING, RI(H REO PPTE. FE CONCLOMERATE DEVELOPED OVER AN AREA 250 X 50 FT,
XS 415 1.1 7.0 2090 FE SPRING 200 FT. EAST OF HAIN STREAH.

K5 416 3.9 Geh +600 FE SPRING FLOWING FROH SCHISTOSE SLATE,

5 2.500 RED=0RANGE=HHITE PPTE.

KS 417 bah 3
KS 418 1.1 748 500 FE PPTE, AND LIMOWITE GONGLOMERATE. SHALL STREAMLET.

KS 501 0ol SPRING FROH RIGHT LIMIT.CLEAR RURNING HATER.
K5 5@2 B0y SEéICITE-:HLDRETE-SCHIST. CLEAR SPRING 10 FT. ABOYE GREEK, SPRING ISSUING FROK GLAGIAL GRAVEL.

K3 583 1.1 Ted S00 SPRING BUBBLING THROUGH GLACIAL TILL, MUCH SILT IN SUSPENSIOh.MATER HUOOY GROMN,
KS 586 1.1 75 D05 CLEAR SPRING EH HOSS. ANOTHER SPRING 100 FT7. DOWNSTREAH.

ks 505 1.1 Gl .2 HATER FRO{ FE-NN GOSSAN AREA.

X5 506 i.1 446 2 CLEAR SPRING AREA ON LIHIT OF GAGHE CREEK.
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SAMPLE

KS
KS
KS
K5
KS
KS
KS$

K3

K8
K3
KS
KS
KS
KS
KS

L&
KS§
K3
KS§
KS
KS
KS
X35
KS
K3
K5
K
KS§
KS$
KS

K3
KS
X$
K3
K§
KS
KS
K5
KS
KS
K%
KS
XS

KS

50F
588
503
510
5tf
512
513

S51%

515
518
517
548
519
520
521

S48
559
574
543
59
601
&02
643
604
605
6b6
607
648
683
310

61l
3 14
613
64
615
616
617
618
519
621
621
622
623

624

TEHP C
8.0
0.8
0.0
o.8

8.3

6.1

3.3

2.2

£3.9

2,2

3.3

[
0.6
242
£.7
046
1.1

ka1l
6.7
£9.9

0.6
3.3
242

PH
Ge8
a2

6.4

- 1%]
58
G

a0

545
6.2
5s5
5+5
Gat
6.0

6.0

640
3.7
5e5

545

6.0
Se’
6.5
a5
6.0
6.0
6.0
6.0
B
6.0

5.5

e b

Te2
545
546
6.2

646

5.8
Te5

Te5

HEAVY
HETAL
TOTAL
{PPH}
2645
«B02¢
000
290
+107
+160
DLD

75

«130
1
14550
1.600
B0
+000

001

«254
t. 250
«120
200
2100
2001
QD025
R00
0025
006
+00y
010
000
400

050

«750
040
o750
+350
«900
125
LLE
025
300
2425
D60
R LE
1625
«700

TABLE % I(GONT,D}

FIELG HEASUREHENTS ON SPRINOGS, KENO HILL AREA, YUXKON

OESCRIPTION
CHLORITIG-GRAPHITIC-PHYLLITE, SHALLs GLEAR SPRING.ELEVATION «250 FI.
CLEAR SPRING ON RIGHY LIHET OF GAGHE CREEK.
ELEV. 4503 FT. FAST FLOWING CLEAR SPRING [SSUING FROHW GREENSTOMNES,RUSTY OXIDE LN PLALES.
LAKE (0,5 ¥ 0.25 HILES) AT HEAU OF ALLEN CREEK,
SEEP AT BASE OF CLIFF. FE PPTE. OVER AN AREA 50 X 180 FI.
SPRIKG FROHW UNITED KENG HILL HIMZ. TRENCH HO. 2, BREW1S LAKE PROPEKRTY.
POND & IN. OEZEP RETH & FT. BANKS, IN GRANITE. GOLLAPSED PINGOD.

LARGE IRON SPRINGy RIGHT SIDE OF CHRISTIE OREEK. POND HITH 195 FT. O1AH., ANO § FT. OcEEfy CLEAR HATER
SEEP ARE4 100 FT.X 3¢ FT. AT RASE OF TALUS SLOPo. LARGE LIHONITE JEPUSIT ARCGUNO SEHING.

SPRING ISSUING FROM BASE OF SLOPZ ON LEFT SIDE OF CREZK.

SPRIKG FRIH MT. HALOANE NEAR FAULT.

EEEV. #25) F£T, ON RIGHT SIDE OF CREEK.

ELEV, 4223 F1, RATE OF FLOH APPROXIMATELY 0.5 GAL. PEX HIHN.

ELEV. 4975 FT, RATE DF FLOX APPROXIMATELY % GAL. PER HIN. SLEGHT FE STAIN,

SPRING ISSUING FROK QUARTZITE, AS0UT 1 GAL. PER HIN.

LEFT FORK OF SHALL GULCH, 100 FT., BELOR TAILINGS FROH KEX vEIM. AATE APPROXIMATLLY 1 GAL .« PER dli.
HO CONTAMLHATION.

SHALLOM, SHAHPY POND. GREENSTONE ANHD THIN JELDCZD QUARFZITE.
STREAH HATER. HASSIVE QUARTZITE ARD GREENSTOHE.

ELEV. 4273 FT.

LEFT FQRKy PAREHNY CREEK,

STREAN WATER, GAGHE CREEK.

100 FT. SIUTH OF TRAGTOR TRAIL AT HEAD OF RAY GULCH,

SOUTH OF . ¥YHX CGREEX.
aif HELL SQOUTH OF EAST HCGUESTEX LAKE.

RUNS HAOR¥4-HEST HEAR EAST HCGUESTEN RIVLR.
HORTH OF &LDIS CREEK.
SHAHP SPRING. RED PPTE. IN WATER,.

DUNCAN CREEK RD.»
SGARLET PPTE. 3 SPRINGS WITHIN EGD F¥, SO4E PHYLLITE R[W8BLE., EAST SIOE STCAHSOAT HOUNTAIN,.

SOME RUST, MUGH FLINE GREY SEOIHENT. ANOMALOUS SPRING NORFH SIOE OF DAVIOSON RANGE.
FE SPRING: WEST SLOPE.

SEEPS FROY PHYLLITE AND GRAPHITLIC PHYLLITE, GREEN SLINE,LIHONITE DEPOSIT.

SPRING FROH GROUND.

6 FT. FROH DRY GREEK,

FE SPRING. SOME LIMONITE CEMENTED HATERIAL IN AREA,

OR WEST SIDE OF STREAH.

SEEP, FE 3TAIN.
SHALL STREAM IN SWHAMP, ORAMGE ORGANIC HATTER. HARSH GAS

FE SPRING 3000 FT. SOUFTH OF HAIN STREAM,

HOSSY.
FE STAIH. MINOR GCEMENTATION OF SOIL 8Y LIKONITE. REDOLSH-HHITE PPTE. IN STREAM.

FE STREAH AT BASE OF FRACTURED GREENSTONE OUECROP, .



SAHPLE

KS 625

KS 702

XS

703

KS 70%

KS 705

XS 76

KS

ror

K5 783

S 703

K5 710

KS 71t

KS 712

Ks 713

KS 7 &y

X5
XS
KS
KS
K5
KS
KHH
KHH
KNHH
K4
KHH
KHH
KHH
XHH
KHH
KHH
KMH
KMu
KHR
KHK
XHH
KHH
KHH
KHH
KM
XM

715
716
717
718
719
m

[}
12
03
4
15
06
o7
03
99

i9
20

TEHP €

f.7
1.7
Bk

546

Ted

543

HEAVY
NETAL
TOTAL
{PPHY
5.0
+00¢
+ 000
000

000

+000
+003
0023
000
20060
+000
009
000
£ 020
«00%
fG02%
1030
129
J00C

500

TABLE 4 (CONHT, D}

FIELY MEASUREMENTS ONH SPRINGS, XENQ HILL AREA: YUKON

DESCRIPTION
FE SPRING. RED-YELLOW-BLACK PPTE.
HATER COHIS FROH REOOISH SOIL.
RISES I[N 10S5Y AREA RUNS OVER HOSS TO 8RO0K.

RISES IN 1055Y AREA.

JUNGTION OF THO HMAIN TRIJUTARIES OF WILLIAHS CREEN,

HOSS5Yy SHAHPY,

HO5S.
TAKEN ALONG FAULT ZONE.
IN SPHAGNJH BOG TERRAIHN.

SHALL SPRING.

INTERBEDDZ@ QUARTZITE AND SCHIST.

FROH SHANZ,

FE SPRING.

LARGE FE SPRING: RED PPTE. IN SERICITE-GQUARTZ-SCHIST.

FE SPRING.

SPRING.

STREAH WATER 50 FT. FROH CLAY BAHKS. ORARGE COLOUR HITH DITHIZONE,

CALUHEr HINE. DDH 6-606, 6-4S ORIFT.

CALUHET HINE. D0OH 11, 11-18N ODRIFT,

CALUMET HINE. DOH 11-778.

CALUMET HINE. DOH 11i-812.

CALUHET HINE. OOH 1l1-814.

GALUHET MINE. DOH 4-781, 4-234 ORIFY.

ELSA HINE. 6-4M DRIFT.

ELSA MINE. DOH E6=232.

ELSA MINE, DDH 4%-302.

ELSA HINE: DOH 6-~295.

ELSA HINE, VERFICAL ODH, 6-24 DRIFT.

ELSA HMIRE. 7-L{7 VEIH.

BHEK HIRE.

NO CASH MIHE.

KEMQO HINE, 8-9S% ORIFT,.

KENG HIKE, 700 ADIT.

GALKENO HINE. 900 ADIT.

GALKENO WIHE. ODH 3-24, 330 ADIT,

SILVER KING HINE, OOH 3-19, 3-2H ORIFT.

SILYER KIVG MWINE., BOH 3-34y 3-15 DRIFT,

HUMEROUS SPRINGS ISSUEL FROH T

17
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SARPLE

101
102
103
104
105
106
107
108
109
£10
111
112
113
11k
115
116
117
t1a
119
£20
£21
122
123
124
128
126
127
128
160
201
202
203
204
205
206
207
208
210
zi1
212
213
214
218
216
257
30
302
303
304
305
305
308
310
31
312
313
314
315
M6
387
318
319
320
s21
501
402
493
404
405
4e
407
408
499
410
511
412
413
414
415
416
417
418
S0t
502
503
504

LAB
TEHP G

25,4
2¢,3
25,7
25,7
25,7
25,1
25,7
25,7
25,14
25,7
25,7
25, %
24,1
24,0
24,0
2449
24,8
24,7
24,3
24,4
24.3
2h.t
2449
23,9
23. ¢
i, 0
24,2
26,0
23,8
25,8
25. B
25.8
25.¢
25, ¢
25,8
23.%
4.6
24.3
26,2
23.¢
24,0
23,9
26,0
24,0
24,2
25,8
25, ¢
2.0
27,1
27,2
27,3
27.3
24t
23.¢
24,7
24,4
24,5
24,4
P4k
24,2
24,0
24,5
24,2
24,2
27.3
20,3
27,0
2441
24,5
Y
24,5
24.5
24,5
24a?
2.2
24a1
24,3
74,3
24,5
244 €
20,6
24,3
27.2
27,1
27.¢
2.5

co2

13.

i8,
3.

be
8.

PH
LASB

Lol B I VI YR I
R I A T R =i

O SN F Gl RO N TGP Gl WY G e O
OMEARNRBE P AN YO0 U AD DU BB DS OGO E DO il D g E-E RNV N )

a4 A s e oww ®EoekowaEe e &

it Kt B RO R NI I, ST RY TENPREY Y

LEL

Te8
2.5

77
7.9

TABLE 5
HATER ANALYSES oF SPRINGS, KENO HILL AREA, YUKON
ALL VALUES IN PAPTS PER HILLIOM
FIRST £& VARIABLES (RTHAINDER OF VAREABLES IN SUBSENITHT TAQLES)

COLDUR ALK GAGCO3 MIN  TOTAL SP HARDKESS CACO3 Ch
PHEN TOTAL AGID ACID Coko TOTAL HON=-CARD
60, 0.0 25.% 7. Si.b 25.9 13,7
200, 0.0 3.7 59,1 ?3.3 19.6 Te8
&t. 0.¢ 122, 2h G, 134, 12, 3s.?
300, 0.0 40.3 496.5 55,4 16,7 15.5
15, 0.t 272, £0545, 63 8. 366, 205,
80, 0.9 7,1 137, 68.8 2147 18.0
&0, g.C 2048 65,95 35.2 1G4 8,9
15, 0.C 237, ES G 350, 143, 150,
55, [ 243, 5634 309. B6. a7
10, b0 16,3 69,4 28.0 11.7 8.3
10, 0.0 22.2 0.8 31.48 9.6 LYY
70, 0,0 0.9 E3.2 LT 3.5
€09, 0.0 4.5 236 1541 19,6 4,2
N 0. 167, 416, 224, FTe 79.0
£. 0.0 16,5 137, 61,5 45410 17.2
EG. 0.0 64,5 166, 87.7 23.2 g, S
4E, Q.0 68,2 217, 08, 39,5 40,1
5. 0.0 30.6 131, 6E.7 31,1 17.9
€ [ PR ] 0.0 13.¢ 19.€ 454, 134, £84, 34,9
55, &.0 0.0 17.9 4yH 4.6 1.2
S 0.4 63.9 . 421, 215, £51, E7.0
S 0.0 d.0* 13,3 24,7 289, 76.6 76.6 14.1
1G. 4,0 4.0 114, LE.B 42,8 6.3
100, 0. 1.3 25.1 12.3 ii.0 3.6
S50 0.0 35,4 92.1 L4Eub 1i.,5 TR
5. a.¢ 0.0% fag. 4349, 493 8. 3451, IS, bk,
10. 0.0 9.0 102, 583, 583, 125,
t5. 0.0 G.0" 14,7 2240 215, 3646 36.0 6.0
s . € 0.0* 2.4 19.9 296, 123, 123, 2t. 6
1%, t.0 7.9 231. 149, 71.1 Ibate
20. 8.0 12.1 47.1 226 10.5 S.6
85, 0.0 2.3 12,3 847 Bt 0.2
€. L ¢ 49,9 117, 58,4 8.5 i6.4
ic. a,0 73.7 168, 5.2 11,5 3240
3040, J.0 2.4 21.1 10.7 B46 Zeh
22¢t, 0.0 0.2 227 12.2 12.1 2.7
€ t. 0 5.6 a7 32 3846 8.8
10, 2. 0.0" 10.4 32.1 24 1. 60.6 60,6 TR
10, G. 0 0.0% 142, 166, 140 by 384, 184, 3.1
10, 0.0 131, 314, 156, ?5. ST
175, 9.0 55.1 136, 8045 15.3 23.6
10, 0.0 2.4 3€ats 4.4 1240 4.6
10, 0. a,0¢ 0. 2.9 32.5 5.7 St 0.3
S 0.0 0.0% 19.6 2%. 6 415, £22, 122, 20.1
3%, .0 221 1415, 919, 598, 309,
75, 6.0 28,5 104, 56048 22.3 £, 1
73, 0.9 37.8 152, 7240 3442 21,1
2¢eg, 0.¢ 19.7 48.2 2%.1 T4 7.2
z00, 0.0 0.0 16:1 3.3 3.3 0.5
1517, 0.0 ¢.0 14,7 3.7 2,7 1.9
290. a.¢ 1.0 14a % 7.5 6.5 Guf
5. 0.0 54.0 137, 7242 i8.2 18,4
19, Gl LTS 14,2 5.5 1w 1.9
5 B £ 14.7 §9.10 2240 Ted 646
%a .0 0.0 Ghi, 345, 345, bY9.7
ED 0.0 1.7 22,1 646 4.9 2.0
B 0.0 84.6 20 8. 109, 28,4 35,1
B B.0 284, 154 9. t056. 7r2. 282,
Sy E. 0 33.1 183, 185, 152, b, 2
10. D.0 £a2, t145, 688, 506, 223,
18, D 70,5 382, 184, 113,5 43.5
Eu 0.0 160, 452, 264, 124, 577
10, 0. C 24 89,7 35.5 LLTES 9.9
10, 1.0 50.2 $94, 96,8 36.6 28.8
0. 0.0 65.2 138, TS+l £0.2 Z2,8
9. t.0 61,1 158. 98. b 37.3 2B.6
0, t.0 0.7 22.5 8.2 7.5 1.5
108, Ged 1.8 90,2 5342 1.4 17,5
E. 0,0 745 7T2.3 304 22.9 Bk
B 0.0 2.6 533.4 27 0. 267, 51.3
5 1Y 5046 24, 1§, 5044 25.3
Se 0.0 0.3 359, 17%. 174, EX-TR ]
-9 d.0 4.5 122, 51.5 L7.0 G ?
By [T 3.8 58,0 29.1 25.6 7eh
140. 9.0 9.0* 9.5 516 302, 35, 95, 16,1
10, G.8 .0 277 t17, 117. 375
20, 0.0 122, 24 4. 131, 9. G440
Ca 0.0 0.0+ 0.0 2.9 58, 20,8 2046 3.6
t. ] L3.3 207, 101, 57.7 20,6
10, 0.t 0.0% 296. 6A6. 2362, 479 L7g, 15. %
1%, 0.0 0.0% 487, Q74 3691, 1555, 1655, 3si,
Se 0.0 0.0% 1.2 7.0 207 85,0 85.0 13.6
30, v.0 G.8 148 5.0 5.2 1,3
TE. Dat 1.1 12.2 5.t 3.9 L4
S0, 0.0 86.5 163, 6.0 9.5 3t.2
15, 4.0 69.8 304, 148, r?.7 5249

MG

10,0

65. &
5.k
1648
1401
241
1.1
4.2
1.3
fa 0
£ 3
7
€. 0
671
el
5e 2
0.7
1.2
174
35, 8
32
b 7
2.7
0.5
G2
1,5

2
1.3
45.5
0, %
ka7

-

| 1.T% 1
I8
16,3
2% 1
2 8
Ed 0
e 5
8. 4
1el
2.3
2, 3
34,5
S
24,2
6,9
2+ 5
13,3
Bu7
e B
2.8
12. 0
107,
165,
8. 4
Ot
0.7
IR
37

FE
TOTAL

.09
¢.07
0.26
8,06
0.48
0.04
0.13
0.88

0.36
.29
t.39
0.3%
.02
0,27
0.06
o.02
1.00
999.99
6.1
0.15
5.80
G.43
b7
3.75
133,
76,5
2,9
0.85
0.55
t.59
0.20
iz,6
a,07
0.94
0.50
245
37.3
EQ.
0.03
4.0
0.37
0,03
23.3
t.51
.12
8.
L.6
Gubb
.52
B.78
9.1
.15
0.9%
3.9
0,28
2.t
8.0
.09
0.07
8.6
241
0.186
1.87
G5
G.l6
0.31
0.08
b.77

FE
0Iss

0,28
8.75

24,3
51.%

AL

3.6
7.

7ot
0. 8

69,
104,

¥
%
¥
L2}
E

L3 ]
LX)

“r

(3]



SAH

KEW
KR
KHrY
K¥H
KHH
K
KW
Ko
KHH
K¥H
KHd
KEN
KFH

PFLE

505
506
507
508
599
510
511
iz
513
51b
555
516
517
513
519
520
521
548
550
574
583
594
69l
602
603
604
605
606
607
608
64993
610
6i1
612
613
614
615
656
617
518
014
620
621
622
623
624
625

Lag
TEKP €

2444
24. €
2444
24 €
244k
25,8
2h.%
24, 0
25.5
25,4
25.%
23. ¢
25.5
25. 5
24,2
2641
2448
24.¢
204+ 4
24.3
25.4
2444
27.%
274
27.1
24,3
2h4h
24, %
2446
24, ¢
24.6
2444
24.5
23.9
23.¢
23.¢
24,0
25.5
26.5
25,6
25. €
25. €
28.7
25,5
25. 5
25.%
241
27.8
2743
27.3
27.3
27.3
27.3
27.2
27.0
26,8
24. Y
24,4
2444
23.9
2546
25,5
25.6
25.%
23.¢
24,4
24.3
24e 4
2443
24.5
244 €
24.5
2u.5
2ig 4
2b4. 4
24,5
2446
2hat
2b.4
24y
24,5
2445
24,5
26,3
24.5

24

1.
3.

3.

1.
2.

3.
44
30,
1.

FAN SO NN WD DR ORI D &SN
R T

WRNNO NS A ANAN NSNS D ON OO

AU
P
O A

7.8
5.4
741
7.1
7.2
7.5
841
749
7.9
7.0
443
7.9
7.9

NN N Y NN G N A OF e Y N O
P R T - )

Ghra L (& £ OO T AL e O e D B e O SO O e L O G

~

CLLOUR

ALK
PHER

0,1
0.0
0. C
¢.9
0.t
0.0
G.0
.0
0.0
0.0
g.0

oo
. .
o.a

oo Ooc
P
SCQMmmMmcMm

==
P
ooaa

SRR R - R R -
R EEEEEEEEE

QMmoo SO oo

0.C

CLODODO OO OV LOD a0 R
R EEEEEEEYTEE T
GUDAOMAOODACO O SoM SD O

o
-
&

TABLE 5§ {COUT, 0

CACO3 HMIN TOTAL
TRTAL AGTD AGLIOD,

[
~

-

0.0* 40.8 115.
G.0¥ 28,6 18.2

.97 17.1 59.3
0.0* 0. T

1041
93.9
135,
37.9
219.
9.1
0.9% 1.2 2.1
235,
152,
0.0
5.5
12.7
126,
212,
27.3
107,
0.0* 18.7 34,0
2.0% L) 13.9
59,4
3.4
14,8
32.6
27.9
70.2
Lot
29.0
1.9
92,
8.6
1246
127,
a.0% 5.4 12.5
6048
2£.3
0.0+ .3 Tak
35.8
156,
142,
218.
177,
142,
190,
772
iu8,
173,
135,
193,
4640
208,
305,
178,
259,
155,
228,
207.
15k,
Liekee

G.0% 1.9 10.¢

sf

T COKD

126,
a7,
55,7

T 276,

18.%
L&t
155,
16.1
30.
310,
59.1
102.
LY
552,
51.1
26,8
702,
2.
289
69.9
14€.
111,
3.6
bt
1.2
1.2
34.9
5244
21.2
181, 3
282,
i56.
52 0.
2810,
132.
Lda.
279
113.
20.7
200.
233,
416,
1495
219,
4it.
245,
1024,
.4
152,
T3.1
79.5
14 9.
22.3
85.56
118,
195,
102,
163,
336
174,
157,
103,
153,
345,
390,
346,
77 fa
466,
404,
LLLH
157,
1404,
1345,
1669,
2210,
625,
200 1.
1794,
L1745,
5645,
b5,
562,
£104.
83%.5
5482,

HARDXESS
TOTAL

506.9
28.1
16.6
149,
7.7
28.2
69,1
643
14,2
7.2
2046
51,2
11E.
15€.
25,0
ti.d
365,
2.7
56.2
27.4
593
S0.6
62,6
1.4
46,0
2.7
21.8
33.1
4041
191,
£57,
73.5
2340,
127,
37.1
29%.
156,
4344
7.1
965
124,
232,
T4a0
116,
129,
162,
609,
2.9
65.6
42,2
8.5
8241
1.7
52.7
63.8
104,
50.0
84,9
183,
52.4
73,6
48.6
5.1
173
215,
179,
4645,
251,
222,
W81,
78,2
884,
474,
19428,
156%.
332,
1385,
1198,
1157,
368,
239,
3t7.
1665,
LLEN
316,

CACO3
HON=CARS

509
28.1
t646
29,
2.7
72649
S57.7
1.5

71,2
134
16,9
16,
1564
7.6
2.1
200,
27.7
54,2
2649
59,3
20,04
9.1
0.0
6.5
2.7
8.3
18,7
30,0
7.1
22,
35.6
74,
117,
374t
4.

43,4
2.6
43,8
&,
20,
4647

129.

io2.

550,
0,0
SO.fs

13.9
£1.9
73
2342
12.8
2.1
11.4
12.3
5640
S2uh
12,8
-2%.3
55.4
137,
60,
37
227.
77

291.
1.0

136,
705,
q03,
1356.
286+
1144,
593,
79,
199,
84,
49,
458,
328,
172.

cA

HG

WE
42 8
0.9
%ok

Ga5
W 5
35.5
16.%
LT
Det
7 6
12,5
22,9
Ted
93
15.3
11.9
78.8
Oy 4
5.0
3.7
3.8
646
1.5
et
Ja 0
7.0
6l
59
1542
Seh
545
3.9
4e 3
it 2
J2.2
6.8
t3.
8.6

14. %
Ge 9
376
2% 5
4084
72,9
24.0
4.0
344
2E. 3
23,4
1145
a8
16,5
35. 2
iT.4

FE
TOTAL

12.4
G.80
0.10

13.0
1.6
0.0
0.02

17.3
B,14
6.6
P REL
0.07

25.10
2.3
0.07
6.4a7

17.5
G.i5
8.6
.03
.11
0.48
0.15
.56
.30

.05
0.49
4.16
.78
0.03
10.0
2.5
1.9
1.75
0.57
0.17
4.0
0.62
0.14

0,07

0,22
2.0
463,
126,
4.0
22.5
¢.09
0.53
G.05
.04
0.64
6.7
8.038
0.48

1
0.3

29.38
0.35
12.4
Teb
9.3
0.63
0.69
0.78
.58
5.1
0.28
23.9
Tal
LXY.]
7.4
14,5

4.3
3.1
1.8
0.02
0,00
Seb

3.4
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oIss
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TABLE 5 {CONT,D}
VARIABLES 17-33

SAKPLE HR KN cu N NA K cos H(O3 SO+ Gt F PO%& nO3 5102 Sun 4 HA SAT
ToTAL DIss CONSTS INTEX
KS 10t .08 0.002 0,000 0.4 d.6 G,0 3.t Z2.8 t.2 0.24 4,2 Ga0 0.8 5842 1.6 -1.9
KS 102 0.09 g.002 0.032 0.1 0,3 0.0 4.5 12.8 0.1 .26 0.0 1ow 2549 0.3 ~4a.3
KS 103 G.00 0.003 . 000 0,% 0,5 0,0 149, 5.5 g.024 D.22 a2 2,0 tsi. 9.8 -l
K5 10% ¢.00 0. 004 0,000 9.2 0.1 0C,0 u%at 7.5 Bat 0442 0.9 240 55.4 0.8 =12
KS 105 o0.40 G.008 0,000 2,3 1.0 9.0 332, 34440 0.2 0.65 1.2 Wl 752, Cou 1,1
KS 106 0,00 g.000 2.000 0.% 0,41 0.0 5l 4 17,3 0.3 0,27 2.0 2uh 734 1 9% 1.4
K5 o7 6,00 0.003 2,000 0.e Ou2 0.0 2544 LI 2.2 .23 0.0 2.0 36.8 2.3 =-2.1
KS L8 0,00 0.0400 9,001 4.5 0.9 0.0 289. L34 C.7 0,30 T4l 246 4ld. G, 8 +0.4
KS £49 010 0,008 0.000 1,3 9,6 0.0 296, LY G.o Dol G.2 247 35¢, 0.9 8,9
K5 116 9.00 0,000 B.0ty (.5 Ge2 0.0 19.9 Elay 0.3 9,EL 0.1 2.7 is.2 3.7 2.3
KS 11f 0.00 0.000 G009 0.7 0.f 0.8 27, 4 3.9 0.8 Goly 0.0 42 LT RS LYY =2,0
K5 112 0.00 8,5 0,0 9,0 1,8 2.7 D.i1 0.0 2.5 20,
K5 113 G080 0.005 0.006 0.2 0.2 0.0 5a5 “e3 0.6 0.30 0.0 3.5 3.7 L7.3 2.8 ~4al
K5 11% 0.005 f.001 0,800 £.5 0.3 0.0 179. Tasl 0.2 Gelt Folt B.2 257, leg thay
kS LIS 0.005 0.000 0,004 0.2 0.2 0.0 2041 4301 0.5 0,11 1.1 3.3 80,2 4.7 ~1.3
XS L6 0.00 t.000 ¢, 0600 0.5 0,3 0.0 78.6 i7.2 0.3 0,19 Go 3.0 45,8 1.2 ~0.5
K5 117 0.00 GG 00 0.000 1.3 0.3 0.8 83.1 38.8 0.5 0.16 0.0 a3 2.2 i2b. 2.6 =0,
KS 118 0.00 0.000 9,002 0,3 0.3 6,0 3703 2846 040 Jeul  D.05# 0.4 3.3 Taad 1.0 i3
K5 119 0.92 0,003 0.92 1.9 1,2 9.0 0.0 184, .05 L ELT-S 0.0 13, 259, 2.0
KS 12¢ .24 t.020 8.9028 0.2 0.1 6,0 2.0 2,2 Gals 0,17 0.0 3.0 7.8 8.7 - TY4
KS 121 b, 08 D.000 0,004 1.0 ©G.3 9.0 7.9 lube 0.3 0.28 0.05¢# 1.5 T.&6 2ol 1.0 U
KS 122 9152 D000 0075 1.3 14% G40 G.0 F5. Dats 0,22 0.7 15, 137, 3.0
KS Lz23 .10 G.003 0,052 1.0 f.2 0.0 5.9 2 - g.1 G.t3 1.1 12, 7348 sl ~3.8
K5 124 0.01 2.007 J:086 0O0,% 0.1 0,0 1.6 4yl D48 0.1i8 2.8 5i1 13,2 bate -4,9
XS 125 0.20 n.007 04906 £.3 0.2 040 42.8 10.% 0.2 G.L3 0,0 9.3 59.7 5.7 1.7
XS 126 146, 14€, G+139 27.0 3.6 0.8 0.2 0.0 3840, G.02¢ Gel £7. 5014, 0.2
XS t27 1,66 2.000 0, 100 1.9 2.6 040 0,0 587, C.02# 0.1 ETL] 809, 3
X5 128 0.09 0,000 0,62 0,9 0.2 0.0 0.0 5343 0.3 0415 0.0 16, 8Z.% 3.7
KS 163 Le1d 0.027 0,52 0.5 0.f 3.0 9.9 127, Giy 0.uh G.3 4io 172, 0.3
KS 20L 2,900 0.001 0. 00C 0,4 0,2 ©C,0 94, 9 G5l 8.3 0.13 0.0 0.3 G.93 lob. 0.6 ~Qel
KS 202 LY i) G.083 0.000 0.1 O.% 0.0 1447 7.0 0.2 0.19 0.0 1.5 Zual 0.3 =210
KS 203 .06 6.003 0,000 0,3 G.1 0.0 2+ 8 Sen .t 0,18 G0 Zau 3.1 L-TT.] -5 2
K3 204 .2 0,01(0 94900 Cu6 0u3 0.0 4048 7.3 1.1 6,09 0.9 2.3 6341 2,2 =1.0
KS 205 Q.00 b.000 .00 0,% 0.2 0.0 89,8 1ti4 02 0,07 Q45 3.y 93.7 £.0 0.3
K8 206 0,00 Q.10 Ce 000 0,2 De2 0.0 2.6 e [ 0.37 0.0 3.2 | tZem $.9 =Sun
XS 267 8,06 k.0 C6 Ge0ia 0.2 042 046 0.2 S 2 0.t 9431 0.2 1.7 10. 35 =54y
K3 208 0,30 T.0E0 0,124 0.7 0.3 0.0 6.8 29.9 0.G2¢ J.22 0.7 L0, 747 $.8 =30
K5 216 0,82 0,333 0. 42 1,2 1.1 0.0 Du 0 8048 0.2 LT 0,8 11, 120, 2.7
KS 214t 5.3 Bets39 4, 00 1.3 2.0 5.0 9.0 536, 0.02¢ 1.4 33, 650, 0.5
KS 212 139134 0.4t 2,000 0.9 0.3 0.0 160, 2346 0.02F 0,08 el 4a2 1664 1.2 0.7
XS 243 1.64 Daln2 04125 Gus 0.1 o0 TYeie 4w 8 D.02¢ CGaud 2,2 St 7842 1.0 =00
K3 214 0.0 1.008 0,038 1,1 0.1 0.0 249 1tes Ja2r G405 ¢a0 8.5 2749 Lla, 3.3
XS 215 0,00 D.000 Ouliew 1,0 Dol 0,0 0.0 824 G45 0.03 0.0 2.0 8,5 2040 27
K5 216 0,00 0001 0,59 4a7 Duu 0.0 8.0 lub, ote 0.21 Uad £ 2GE. .7
KS 217 0428 t.0G2 0,006 32 L.3 0.0 269, 3N k.5 0.0 Satt  llod, 0.7 +0.8
XS 30t 0,00 D.0a6 0,000 0.2 0.2 D0 34.7 Lus6 L 0.23 2.8 £.45 5543 59 =11
Ks 32 .00 0,013 0,000 0.3 0.3 0.0 4be L 3049 Qo 0.21 0.3 2.2 4342 0,3 =1.7
KS 303 .00 0.001 0.000 0.1 0.t 0,0 24,0 3.1 1.5 0,33 0.0 0,0 2.0 2748 0o ~2.0
K3 304 .00 0.007 0.00¢ 9.3 0.0 ¢.0 8.0 2.1 Y] .26 0.0 412 843 16, =6u7
KS 305 .99 CuD0y 0.306 0.4 0.0 0,0 .0 2.9 Gan .20 0.0 3.9 847 19, 0.3
KS 306 t.00 Oaldw 0.008 9,3 0,8 0.0 1,2 3.6 D.b 0,22 0,0 0.0 3.1 10.5 340 ~5. 4
X5 303 Gal0 0.00L 0,960 C¢.2 0.0 0.0 6544 4.5 245 0.20 Gs2 3.1 75.9 dio =1t
K3 310 0,005 0.001 0.000 0.6 49,2 0.9 5.0 2ab G2 0.05 0.1 7.4 ib.2 1a. “3. 8
KS 311 g.02 G.00f G014 0.6 0.3 0.0 i7,9 6.3 0.9 0.16 45 S Fuu? .5 -2,9
KS 3i2 3.2 G.116 1.65 Latt Gew 9.0 [P 3244 l.o 0,20 0.5 3.7 bhuds tio “Had
KS 313 .00 g.001 Qa 004 0u7 041 Gu0 241 48 Ga1 Detl 0.0 312 j -1 Ll —ueb
K5 314 ¢.08 0.000 0.068 Q0.4 0.3 0.0 103, 23.5 Uil 0,07 0.3 3.0 114, 0.3 =By
kS 355 0.58 ¢.a00 0,088 3.9 0.9 0.0 3us, 736, 0.2 0.4 11,0 1230. 0.8 0. %
XS 36 0,30 2,011 0,133 1.4 0.4 0.0 40,3 147, U.2 .31 1.6 6.7 23%. lio ~1.0
KS 317 Ge08 o.000 0.008 1.7 L.0 0.0 222, G044 0.7 2,5 a7 87 9. 0.5 +0,8
KS 3148 0,94 0,005 0,008 4,7 2.8 9.0 55,9 113, 0.2 0.22 Dot 8.7 240, LTT 4 0.7
KS 319 D.22 G.003 8,020 1.7 0.6 0.0 171, 120, 0.2 0,40 0,059 2.6 Bau 3B, Low #0,1
K5 320 0,00 0.000 0,065 Dud 042 0.0 249 32.1 0.6 .09 0.8 Jel 5.7 2,3 =3.3
K5 321 .42 o, 301 0,038 0.9 0,5 0.0 734 353 0.l 2,20 1,5 7.9 117, 240 =69
K5 49t 0.00 b,.,802 0.000 0.3 0.1 0.9 79.:5 e 2.7 0.20 0.0 2.8 76.0 [ ] ~0s4
K3 402 0.00 Q002 0.000 0.6 49,3 ¢,0 4.5 32.7 faw ¢.21 2.0 usl 110, 1,3 0.3
KS 403 0.00 0,006 0,000 G5 9,4 0,9 0.3 Sult 0,3 0,23 2.0 642 1540 1. 5.5
KS 404 ¢.00 D.004 G008 0.3 0,2 0.0 51,0 3.8 1.9 0,16 g,0 0.0 - 2,5 5347 t.2 “1.1
KS 4905 0.98% G000 0. 100 0.8 0O,z D.0 9.4 2244 O0ut .11 0.3 6.9 4o.0 Sa =27
KS 406 1.87 0.291 .60 2.2 .86 0.0 3.2 260.8 t.5 0.27 1.5 Bs2  F59. 1.7 -3.1
KS 447 0.50 4,000 0,065 0.6 0,5 &,0 6t.7 el.7 1.f $.34 0,83 Gol 7.0 j - 1,3 -0,4d
KS 403 330 B.00G0 D460 .5 D,0 1.0 176G, 0,2 G.27 9.2 By 0 234, tio 443
KS 409 0.30 9,000 2,594 0.5 0.0 Bab breal £.7 0,23 0.1 57 Tley 241 3.1
KS &4 £0 LR D.081 0.49 0.3 0.2 0,0 5,3 . 238 2.5 0,22 .2 53 4245 2,2
KS 411 0,84 3.035 0,68 045 Tua 0.0 0.0 133, 7 0.3 Q.75 tal a4 175, 0.7
KS &12 0,35 0.012 0.50 0.3 0.4 9.0 a0 1£9, 0,2 0,39 0.3 5.l ivd. 0,5
K5 413 0,00 8,001 0,080 0.7 0e0 D40 149 5.5 0.02¢ U.09 G0 0.0 LYY 133, i.% tlio
K5 feis 0,00 9.015 0,034 0.3 0.1 0.0 G0 2141 Oat 2.09 0.3 Sed 3y, 3.0
KS 415 .52 0,001 0,064 G5 042 0.2 52+ 8 3548 0.2 0,16 0.2 L.2 117, 1.1 ~0.7
KS 416 7ely 2445 8.0 2y5 0.1 040 0.0 1G85, Q.02# Oa1 25, 1382, Ju54
KS &ir 7.8 0.577 2.3 2l Geb Du0 0.0 21568, 0.02¢# 0.2 25, 2867, Q.54
KS 418 6,72 9,002 0. 33 0.5 003 0.0 0.0 33.5 0,024 (.23 9,01 L 5.7 119, 1.3
KS 501 0.00 Go 000 0,000 0.2 0.0 0.0 1.0 3.6 B3 0.0 0.0 0.0 1.8 5.2 3.3 =5.2
Ks 502 G.GC 0.003 0,004 0.1 0e0 0.0 1.3 2.3 0.3 B.r2 0.0 2.0 7.1 3.4 =543
KS 543 4.8 0,356 0.70 W5 2.2 0G40 105, Tel Q.0 G.L7 0.0 LN 4 104, 1.1 ~0.2
K5 504 .45 0,003 0,009 1.6 1.4 0.0 8541 775 0.02¢ D.17 0.0 1.2 7.9 183, 2.0 0.1



TABLE 5 (GONT,. D}

SAMPLE HH L3 cu N RA K €03  HGO3 S04 Cu F POy HQ3  sige SUH % NA SAT
TOTAL olss CONSTS IHOEX
kS 505 4.20 0,003 0,068 0,5 0.3 0.0 0.0 48elk 3.3 Q.44 Q.05 3,0 447 1.7 2.1 =5
X5 506 0.08 2.032 0. 32 Jut 0.3 0.0 [ ] 3444 Q+4 Gelt G486 Tote Si.7 2.8
K$ 507 0,01 0,009 0.028 0.2 0.3 0.0 0.3 18,3 0.1 G,11 9.0 5.2 3042 246 =6
XS 508 0430 G.052 0,092 9.6 0,3 0.0 146, 28.0 G4 0.22 3.0 Ly7 156, 0.9 #G.3
KS 509 G.52 ¢.007 0.9029 6,3 9,1 0,0 Byl 2.9 0.2 0,05F Ge0 2.7 12,1 Fetd =3ub
KS 510 9.02 G.080 6,082 .4 0,0 i.8 25,9 0.3 0,10 ©0O.05¢ Do 2.3 332 242 =3:.9
KS 511 0.01 ¢.000 0.005 0.2 0.2 0.0 £3.9 35.2 [1re 0.15 0.1 Z2.b 0.4 0.5 -2+l
KS 512 2eh 0.979 9.500 0.8 L.3 0.0 Tl 246 0.3 9.0 0.67 1.0 5.5 17 44 9. =3¢9
K$ 513 .00 0.0 {4 0,010 0.5 0.1 0.9 8.9 3.7 Dt 9.16 4.0 9,0 1443 7l =3.f
KS 514 0.82 1.903 3.,0%0 $.0 t,9 0.0 2.0 48 d.9 Gael2 $0.05% [HE) 13, 134, 244
XS 515 9.94 0.017 G110 1.0 d.4 D.0 1.6 19.5% 05 9.20 G.3 13. b2.4 3.5 bk
X5 518 2.00 0,063 0.0i0 9.5 0,2 0.0 4148 15.6 .8 F.32 0.2 4.5 Ble5S 241 =1.2
KS S &7 9.7 Gallf 1.20 0.2 8,4 0,0 0.0 226, Gaoty 6.98 1,1 Lz, 284, 0.3
KS 518 2+6 D.0€7 1.00 O.4 0.3 0.8 .o 220, Baw O34 0,5 i1l 287, 0,5
KS 519 3.G0 0.000 9,066 CG,4 0,5 ©,0 4,0 Goty 1.3 2.10 0.3 2.9 23,2 3.3 2.1
KS 520 .00 g.000 0,008 0.5 0.1 0.0 1.3 046 0.t 410 [ 3.9 15,1 8.9 =3.1
KS 524 2.8 0.932 D.070 8.4 5.1 0,0 “20f. - 1440, 143 J.33 I 740 445, e ? -0.3
KS 548 B.22 d.00C4 0.22 0.8 0,0 40,0 0.0 $2.0 0.02F 0,16 9.05# 4,2 Oyt 43,5 549
KS 550 0.3 D143 t.20 0.5 0.2 9,8 0.0 104, Gt 3.80 D0.05¢# duty iz. 143, i.2
K5 574 B.00 B.062 0.120 0.3 9.1 0.0 0.6 Z2o. 0 4.6 0.12 F.6 6.3 434 2.3 =50
KS 583 g.129 0013 0,177 0.3 9,2 4.0 .0 5%.6 G.5 0,15 045 Baed 86,2 1.1
K5 594 D04 o,0&0 3,078 0.5 0.3 0.0 25+ 8 278 0.2 0.16 0.1 4.9 B3¢9 241 =L.&
KS 601 ¢,00 G.01%0 9.900 0.4 0.1 0,0 0.6 50 G.02F 0.25 0.0 3.0 44,9 2.0 =1,1
KS 602 .00 0.003 J.601 0,2 0.1 0.0 1.7 } L) 4.028 0.0 0.0 1.7 4.6 26+ -5.3
KS 503 0.00 0.004 G.002 0,3 0.2 0.0 4340 4ad3 2,02¢ 9.15 4.9 3l 48,9 tay =0.7
KS 604 0,01 0kt 0.00c 0.3 0.1 0.0 G.0 2.0 0.6 Qal%  0.054 0.5 3.7 8.4 19, 6.2
XS 605 0.00 0.0 €2 0,005 0.2 0.1 0.0 16,2 5.1 dal .0 2.2 234 2,0 =244
K5 6105 V.06 G.003 0,980 0.2 8.1 0.0 2641 Gl .2 0.0 2ot 32.7 1.3 -f.4
KS 607 D.005 0.0¢2 J.010 0.8 Q.2 9,0 12.3 2843 0.20 0.1 £3. u3b 4a2 =240
KS GO& D22 g.010 0,000 0.5 .2 0.0 fla, 3.6 0.027 0,17 0.05F 0.9 5.9 194, 1.1 0ot
XS &09 0,00 0.002 2,000 1.3 Q0,2 0.0 165. 196 U.02F 0.28 0.0 Sk 1oy, 1.8 0,5
KS 610 [ F1Y B.G01 0.028 0.3 0,53 0.0 Y62 Juely 0.5 0.21 Gut 7.1 89,9 0.9 =0.8
KS 611 C.8 0.0L7 4,038 2,7 0.3 4.0 267, 735 9.3 t.dL Gl 8.5 312, 2.0 0.6
KS 612 9.02 0.011 0,060 1,9 Q.6 0.0 12,3 113, By 0,29 3.3 12, 1dt. 3.1 -1.8
KS 513 0.10 D.081 J.69 ., 3 0.3 0.0 2.0 534 3.5 .25 .5 4ol T2.0 2.91
KS 61 0.045 4,006 2,27 0.5 0.6 9.4 286, 33.2 Osw J.18 0.3 b7 29%, Dot 0.5
KS 615 0.00% g.062 ¢, 000 0.3 0.t 0.0 185. 1.9 Das 8.G8 1.2 246 150. Daw #0.2
kS 616 4.19 0,003 De129 0vu 0.2 0.0 0.0 4345 B.5 0423 Dot Tai b7.5 1.9
KS 617 9.00 0.00F 0,002 1.fF 0.1 0.0 5¢5 48 0.3 t.07 1.t 8.7 2240 2%, LETY
K5 618 T.00 2.006 G.836 T4 842 0.0 15,5 -3 ] Ja2 0,13 2.05¢ | %N Sk 127, 0.9 =1.7
KS 619 .00 G0 L0 0,000 0.3 0.2 2.2 147, 1486 0.3 0,10 A% N 247 £23. . 3.5 +046
KS 620 1.2 0.90% Qe 0By §.f 0.F 0.0 258, 164 0.7 0.12 0.2 5al 224, 1.3 +0.5
K 621 0.00 v.002 3,054 0.4 G,f 0.0 33.3 43.5 0.2 $.35 (C.05¢ Ga2 5.9 91.6 £l “f.0
XS 622 D400 0,008 8,000 1.3 0.3 G.0 1309, 749 0.5 0.té 0.6 3.9 125, 24 6.3
XS 623 D.3& G296 1,1 1,1 0,3 0.0 J.0 157. 0.8 Deu? 0.0 t2. 2184 1.5
K3 624 0.24 0.00¢t 0.59 1,7 0.2 0.0 qQa ¥ £10. G.5 t.30 9.1 .7 15c. 3.2
KS 625 6.l f1.004 9,53 1.5 0.7 0.9 72.% 526, B.02¢ 2.3 542 T6S. [P} -D.5
KS 792 i 1) 0.00¢ G.006 9,3 O0.:t 0.0 4ol La4 9«00 9.03 9.0 245 743 17.6 ELTE N
KS 703 0.900 0,000 0.000 9,6 0.2 0.0 13,0 43,2 4.0 0.11 t.0 wad 36 .4 1.9 =143
KS ?0% 0. 00 0,005 B.000 Gu6 0.3 0.0 3.7 Bel 2.2 F.21 0.0 %7 «6.2 3.0 1.1
KS 705 G, 00 B.003 6,003 0.4 Go3 0,0 ELTR 1¢.8 0.02¢ 0.21 0.0 G.0 2.7 L1 2.0 “1.2
KS 706 .00 0.003 G.000 1.2 G.2 0.0 81.9 8.8 0.G2F 0,25 0.0 5.3 86.3 3.l =01
X5 707 0.00 0.005 0. 0092 0.4 0,0 0,0 Saly Joeu D.02¢ 0.28 .0 0.0 LTT) 1541 6.3 “4.0
XS 748 De2h B.24 G.014 0,7 0,2 0.0 354 1445 0.02¢ (.39 3.3 bat 55.4% 2+8 ~1.7
X5 709 .00 0.002 0.000 0,3 0.2 (0.0 62,2 0.9 G.02¢ 0.25 0.0 2.5 o4l 1.0 0.5
X5 710 0.00 0.000 0.002 0,6 0.2 0,0 112, Bl G+02¢ G.23 0,058 8.8 3.9 105, 1.2 G0
XS 7E1 0.08 0.001 4.004 U403 0u0 0.0 59,2 3.2 Yo G.36 0.05#4 1.0 241 5645 1.1 -1,2
KS 712 4.08 0,001 04900 6.5 0.2 0.0 88.5 1f.4 .5 d.07 0.3 3.4 99.6 1.3 =04
KS 713 0.02 24004 0.012 1,0 9.2 Q.0 155, 55.9 .5 0.27 G.05¢ Gt 5.5 203, 1.2 +04u
KS 71l 0.02 t.002 9.035 0,8 G,1 9.0 2.0 58.7 0.5 0.6 044 9.6 6747 2.9
KS 715 244 B.012 B.006 2.8 0,6 0.0 Thal 1649 Q.8 0.13 0.1 £Z. Tyl 5.5 =04
XS T1o J.00 g.002 0.008 0.4 D41 0.0 26.0 25.8 0.4 D.1a 0.4 4.7 b4 1.7 -1.8
xS 7417 U,10 0.000 0,079 1.1 0.2 0.0 40 5849 LTS 0,31 8,2 Yol 5947 3.9
KS 713 g.00 0,012 0.066 G.4 0,3 0.0 w3+ & 138, 3.2 G.12 0.052 0.2 .8 213, 9.5 3.7
KS 771 0.36 G.020 2,690 1.1 1.1 3.0 189, 3844 3.3 0.3% .2 449 225. 1.1 t0,3
KHH L 0428 #.900 el Li2 0.3 0.0 173, 33.7 .45 D.50 [ ') 8 64+5 195, 1o 0.0
KHH 2 2.1 0,002 .78 1.7 0.4 0.0 266, 211t. 0.2 030 0,054 0.1 7.1 Sal. 0.8 0.7
KHH 3 0.84% J.001 C,200 1.3 0.3 0.0 2ud 72.4 0,k G.70 Gul T 284, il 0.5
K§K & Da4h 04001 0073 1,4 0,3 0.0 173, 41 D43 4.50 0.1 747  25u. 1y +0,2
XKHH 3 1.7 G.002 0443 2.1 8,5 0,0 232, 2424 0.2 0.5 .1 Ton 5990, U9 +0ux
KHH & g.64 G.001 .91 1.9 9.2 4.0 9.1 LT G.02¢ 0,19 0.1 15, I% o8 5.2 -0,8
X4 7 5.8 0,001 .30 1.t 0.7 0.3 130, 549, Bl b1 3.9 1123, 1.3 LR LY
KW 8 2.1 0,000 8.002 1,1 0,7 .0 211, 674 J.1 J.2 7.8 1120, 6.3 t0,8
KHH 9 £.3 0.000 Ve 0B 1,0 0.6 0.0 226, 8ol R.028 G061 0.1 6t 1398, 0.2 t0,3
KHW 10 24h 0.002 G190 L.1 1.0 0.0 235. 1295, G.32¢ 'Fp 3+7 1%69. 9.2 3.7
KHK 11 in.8 9,001 1.28 /1 Q.6 0.0 56.1 2od, 0.t G.70 Gl 646 LT 0.7 -5,0
KHW 12 2.2 4,080 0,433 0,9 0.9 0.0 245, 1123, z.02# T, i 4.3 1767, 0.1 0,0
KHR 13 1.3 G.000 0.25% o2 0.4 0.0 372, B45. Q.02¢ Ga1 11. 15006, 0.2 fl.49
KHH 1% 1.8 t.062 0.072 1,2 9.7 .0 217. 925, 0,020 0.1 4e7 1885, 0.2 t1.0
KHH 15 0.36 0,001 0,018 3.8 D0.% 0.9 315, 536, 3.2 J.21 O0.05¢# 0.1 12, yid. Z,2 0.3
KHH 16 084 0.00¢ 0,804 §£.9 0.2 0.0 189, 794 45 0.2 D.051 0,1 HU 2744 1.7 t0.5
KHH 17 B.5% 1.001 0.200 1,1 0.5 0.0 273, 3241 3.85 £.28 0.,05# 6.3 350, 4.8 t1.1
KHH 15§ 4.0 0.002 0,420 1.2 0.3 0.0 252, 437, 2.2 0.80 0.8 3ud 825, Jats L3 ¥R 3
KMH 19 0.32 0,004 0.046 2.7 f.4 0.0 188, 316, 3.2 Ben2 6,2 749 592, 1.2 0.5
KRN 20 0.26 B.,000 G.064 1.4 L.0 0.0 £76. 187, G.02F Otk 0.2 548 378 1.0 a4
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TABLE 5
SAMPLE STAR
INDEX
K5 505 16.
K5 5106
KS 587 17,
X5 508 Tale
K$ 569 13.9
KS 510 14.2
KS 51t  16.
KS 512 14
K§ 543 12.9
KS 514
XS 515 15.9
XS 516 9.9
XS 517
K3 518
KS 519 1f.3
K5 520 2.9
KS 521 746
KS 548
K5 550
KS 574 16+
XS 583
KS 59% 19.5
K5 601 9.7
KS 602 17,
KS 603 9.2
KS 60y  17.5
KS 605 1.9
KS 616 10.9
KS &0 11.2
KS 608 8.3
KS 603 tal
K5 610 3.5
KS 611 6.7
KS 612 1D.¢
KS 6143
K5 614 67
K5 615 7%
K5 ble
KS 647 14,
K5 618 10.6
KS 619 2.2
kS 620 6¢9
X5 62l 97
RS b2z Ted
K5 623
KS 624
K3 625 5.2
KS 702 14.8
KS 703 14,
XS rou 9.9
KS 705 18,
KS 705 8.2
KS 707 L4s3
KS 748 10.5
KS 709 8.8
XS i 7.9
KS 711 9.8
KS 712 8eb
KS 713 Ted
KS 714
KS 715 8.7
KS 756 11.
KS 717
KS 718 2.0
Ks 771 Ta5
KMK 1 7.5
KHH 2 6.2
XHH 3 LTy -
KMH 4 Ta2
KHH 5 Toks
KHH b 9.0
KHK 7 6.5
KHW 8 6.2
KHMH 9 Bet
KHW 10 5.9
KH¥ 1i 8.8
KHE 12 6.0
KHK 13 Sal
KHE 14 5.7
KHK 15 6.2
XHH 16 6.3
KHH 17 6o 0
KH# 18 S 7
KHR 19 6.7
KMH 20 7.0

{GONT, D}

HA S04/CL
ABS

RAT1O

0. 03 161.3
0,03 86.0
L2 183,49
0402 70,9
0. 05 14.5
0. 02 B3.3
L 13648
0,14 3.3
0.06 9.3
0. 95 105,3
0. 10 39,0
0,03 19,5
0. 008 565.0
0.01 55040
0. 83 £
187 6.l
0,19 12049
Be 97

0,03 260.0
B 02 43,3
0,02 29.3
0,03 139,0
0,03

9,09

a2

0,08 3,3
8. 012 51,0
5,02 22,0
16 19de%
0.02

0,05 7348
0, 62 6848
0. 87 147.0
2. 07 282.5
0,82 106.8
0,01 133.0
8,01 WeB
L3 8740
0y 18 640
092 160.8
0y 01 3.2
0. 03 2249
0, 02 21745
o, 05 1548
0 B4 196.3
0, 87 220.0
1,83

0,08

0.03

[ T 3045
3

0, 06

0,05

04 D4

0, 02

0,03

0. 02 840
0,82 22.8
0,03 111.8
0. 85 L5744
Os 10 20.0
Be02 5245
0,06 11t.8
Ta 01 65544
0,03 194.7
0, 0% £348.0
D04 1055.0
5,05 T28.9
04 04 247 o0
0. 0%  1410.0
6, 09

8. 92 5990.0
0. 02 67440
.01

0,01

0. 83  2660.0
[ §Y

t. 82

0. 02

0, 09 33.5
[} 15848
6,03

0. 02 198.6
0.05 1580.0
0.03

TABLE 5 (CONT D)
VARIABLZS Ju=-36

SANPLE

10}
102
103
Loy
105
186
107
108
109
i1
111
112
113
114
115
116
117
118
11%
120
121
tez
123
124
125
i26
L2y
128
160
201
202
243
204
205
205
2w
28
210
211
214z
213
214
215
216
247
381
302
303
11
315
306
383
310
31t
312
313
31
315
315
317
318
319
320
32
G0
&02
403
L1
405
406
467
418
4 0%
410
all
§12
413
4le
415
4i6
Wi7
4ie
5H
502
503
58

STAB RA S04/GL
INDEX AS8S
RATICG

10,7 90,02 1i&.0
14,2 0. 008 128.0
Te6 0.02

$.7 O.01 18.8
5.6 0,02 172040
9.5 .03 2i.6
11, 0,93 4645

6.3 0.03 191 .4
6.2 0.03 107.0

11.5 0,84 3840
il. 0. 05 12.4
Ge 14
1ha2 0402 T2
Ta0 0404 374,
10,9 Q.01 1.4
8.6 0.02 5743
Sels 0405 ek
ie, 0. 02 W77
0. 86
17. 0.04

8.3 0.03 ¥80.
4. 07 235.0
144 b 06 420.0

15.5 04105 58
10, 0. 08 53.0
.03
0. 82

0, 87 17747
G.02 317.5
8.1 0.0t 28840
124 . 0G5 35.0

164 e 04 34,8
%5 0403 6.8
8.3 d.02 57,0
16. G 03 8.5
it. 0,03 32.9
£2.7 0405
0.07 404.0
9003

69 (.03

9.0 Dud2

L4, 0.1}

0.18 16,8

2. 19 365,10
529 0.05 132649
Fe8 £, 001 36,5

i0, t. 02 6t.8
11, 9.01 6.2
18. 1. 87 5,3
18. £.99 Ted
i7,. Ga 05 6.0
Ges  Qe0f 29.0
Lhel D0.if 13.0
12.3 #.b6 7.8
145.0 .02 202.5
1%.,3 f.12 4640

S0 0,02 23540
5.8 0.05 3680.0
23 La 735.0
6.1 0,03 T20.0
a7 0415 59540
745 0,05 600.0

13, G.03 33.%
Fel 004 353.0
4.6 0.01 1.9
8.5 0,03 2344

i7. 0,88 1Y
9.6 0,02 24l

12.2 0,06 5543

12.4 0.86 433.3
%.1 0,03 5641

1haety .02 850410

12,86 90.03 25.9

4. 02 472

k02 443.3
0. 01 595.9

Tal HB3

s 03 5248
9.2 D492 279.0

2. 05

f.82

LWz
ib. G 04 12.0
j¥ 0. 22 7.7
745 Da82 t1.8
TeT Nul5



