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Abstract

The Buchans mine closed in 1964 after 57 years of
cperation. Several crebodies, including Lucky Strike, Oriental,
0ld Buchans, Rothermere and Maclean, produced 16,186,876 tonnes
cf ore with an average grade of 14.51% Zn, 7.56= Pb, 1.33% Cu,
12¢ grams/tonne  Ag and 1.37 grams/tonne  Au. Copper
«chalccpyrite), lead i(galena) and Zinc {sphalerite) concentrates
were shipred frcm the port of Botweoed. The baritic,
pclymetailic orebcdies were Canada’s highest grade vclcanogenic
massive sulphide depcsits.

Tc determine the impact that mining activities in and
arcund the Buchans community had on the watersheds of the area,
six lake sediment cores were ccllected. Fcur cf these were
aken In Red Indian Lake and twe were taken in Buchans Lake,
also named Sandy Lake. All cores were extracted with a K.B.
Gravity Lake Sediment Ccrer and due to the water depth in Red

Indian Lake, a Deepr Water Operating Kit had to be used as an

Tc determine the availability of the heavy metals to the
envircnment that might be caused by subtle changes of pH or Eh,
this study utilized a four step sequential extraction prccedure.

he four discrete operaticnally defined fractions that were

=)

measured were as follows: (I) Exchangeable/Carbonate, (II) Fe/Mn



Oxide, (III! Organic/Sulphide, and {IV) Silicate.

Each core was sectioned into two centimetre intervals

and tctal concentrations were measured on 29 elements, including
Cu, Pb and Zn, 2n all dry sediment intervals by inductively
courled plasma - opticzl emissicn spectroscopy (ICP-CES) using
HC1/HE/HC1CZ. digestion. Furthermore, select base metals (Cu, Pb
and Zn! were analysed cn the ‘wet’ and ‘dry’ samples extracted
from lake sediment core RIL2B using the four step sequential
extraction procedure to determine the degree to which the
various metals repcrted to the different phase fractions.
The total element analysis on all ccres showed
significant enhancement in base metals in the upper sediment
ntervals, particulerly in Red 1Indian Lake, where the
ccencentraticns ¢f copper, lead and zinc were reported as high as
4270 ppm, 2993 pecm and 1Z,376 ppm, (dry welght) respectively.
The results fcr all duplicate samples showed excellent
correlaticn demonstrating a high degree of reproducibility. The
agreement Fretween the results obtained from the standard
reference materials (LKSD 1-4) and the ‘certified’” published
results also demonstrated a high degree of reliability.

The sequential extraction znalyses on the ‘wet’ and
‘dry’ sediment intervals from lake sediment core RIL2B showed

that significant amount of ccpper, lead and zinc reported to

[\l

N

the Exchangeable/Carbonate phase with the highest values

v



measured as 715 ppm, 2070 ppm and 2675 ppm respectively. It was
alsc demcnstrated that sediment drving appears to have a

ificant redistribution effect on the amount of metal
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reporting fto the different phases. Drving of the sediment

¢ increase the amount of Cu and slightly decreases the

1

appears
anmcunt cf Pc and Zn reporting to the Exchangeable/Carbonate
phase. The reproducibility and reliability of the seguential
extraction procedure was demcnstrated from the analyses cf the
standard reference cre MP-1A.

In conclusicn, the urper lake sediments in Red Indian
Late and Buchans Lake are heavily contaminated with base metals,
with the mcst proncunced effects occurring in Red Indian Lake.
Furthermore, as demonstrated from the high cencentrations of Cu,
Pb and Zn that report te the first phase of the four step
seguential extraction procedure, a significant amount cf the
metals in the lake sediments cf Red Indian Lake are potentially
available fcr release to the envircnment with moderate increases
in acidirty. The sediments have incorporated a considerable
burden <-f pollutants and a significant portion of the lake
sediments from Red Indian Lake could be considered as hazardous
waste. However, since the mine closure, the lake sediments
appear to be showing reduced levels of pollutants. Proper site

remediation is essential for lake sediment recovery.
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Chapter 1

1.1 Introduction

The study area (Fig 1.1l is located near the town of
Buchans deer in the interior of the 1sland portion of
Newfoundland near a river first called Sandy River and later
reniamed Buchans River. Buchans Lake discharges into Red Indian
Lake via Buchans River. Red Indian Lake is a large, deep lake

discharges fc the sea via the Exploits River,. It 1is

t
»

o
T

accessible by paved rcad (Route 370) which connects to the

3
ty

ans-Carada Highway near the ccmmunity of Badger.
The Buchans area 1s characterized by gently rclling

v

cwlands, low rounded peaks and ridges, and numerous

poggy 1
conds. Vegeraticn varles from near tundra at higher levels to
heavy spruce fcrest in protected areas. Outcrop 1s generally

limited to topographic highs and to river channels.

1.2 History of Mining

Base metal sulphides had first been discovered on the
shores of Buchans River in 1905 by a Micmac Indian named Matty
Mitchell. Matty carried out seasonal prospecting for the Anglo-
Newfoundland Development Company Limited between the years 1904-
190¢. It 1is said that at the end of the 1906 season, he was

pald a bonus of $2.50, the equivalent of a barrel of flour, for






his disccvery cf the Buchans River deprosit in 180:% (Neary,
1951

The criqginai discovery was made on Anglcoc-Newfcundland

lcpment Company Limited leasehcld land. The A.N.D. Cocmpany

now rrice NIld., Pulr and FPaper Limited, & subsidiary cof
Zkbiniri- Prize Incz.  explcored the rrospect and developed a small

depcsit I cZcrrer, ead and zinc sulphides. Ecwever,
mertallurjyical Constraints with  the fine grained sulphide

inzz prcoductich. rrcducticn began in 1928 at a rate of 500

Tornnes per Zday and in 1930 the milling capaclty was increased to

ucky Strike Orebodies were

+-]
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disccvered by resistivirty surveys carried out in 1926 under the

cn ¢f Hans Lundberg which represented the first

0

Supervi
successiul application cf geophvsics in North America. The

rRothermere and Maclean (formerly Rothermere #4) Qrebodies were

~ —ad



discovered between 13947 and 1950 &as a result of intensive

drilling under the supervisicrn of H.J. MaclLean. E.A. Swanson
tecame <chief geclizcgist in 1281 and was credited with the
disccvery <¢f the Criental 82 QOrekody 1in 1852. Since then the

sub-eccnomic <Clementine and Sandfill prospects have been

disccocvered rut avalliakble Zonnages did not warrant prceduction

A P - ~ ~ hd - -~ < - : -
Nezry, 1821, The locaticns of the majcr ore depcsits that
-~ - - —~ - < honiP h -~ m - -3 -~ -
were minel are shcwn In Figure 1.Z. The annual mine producticn
from The Individual 3uchan ines is sheown in Takl 1.1
LrZr ~he LnAlViIdUuaL 2UChans mines 1S sh nLoLsellile L.o1.

s depcsits cccur in central Newfcundland at
“he northerrn extensicn i the North American Appalachian
crcgenic pelt. The Buchans Group, which contains the Buchans
cre Zdepcsits, Iorms part of the Dunnage Zone of central
Newifzurndland, & defsrmed +wvclcano-sedimentary terrane which
reccrds <The ocpening and stubssguent clcsure c¢f the lower
Paleczcic Izpetus LCcean Williams, 1973; 1979).

The available stratigraphic and geochemical data
suggest that the Central Volcanic Belt of Newioundland is an
Crdovician-3ilurian island arc complex built upon Cambro-
Crdovician cceanic crust. Island arc volcanism occurred in two

i) a Lower <tc Middle Ordovician (pre-






Table 1.1 Znnual Mine Prcducticn - Tetal and Individual
Mines (Tons', :Neary, 1921, updated by G. Neary!
Year Total Lucky Oriental Oid Rothermere  MacLean
{All Mines) Strike Buchans
1928 33.974 35974
1929 163.114  163.114 o 1
1930 188.299 188.299 .
1951 311.299 311.299
1932 438.225 438,235
1933 439.450 439.450
| 1934 442,670 +2.670 o
1935 448.600 4153905  34.695
1956 435.000 _ 305.294 127.706
| 1937_ _ 453.700 505476 148.222 S
1938 459000 300358 158642 |
o 1939 468,669 316415 152256 R
1940 489.000 330.143 158.857 B |
1941 451,000 307.066 143.934 o
1942 372.000 250.028 121.972
1943 308.000  259.664  143.291 5.045 |
_ 1944 405500 259.530 143307 2.663
_ 1945 391.000  218.7H 165414 6.842
_ 1946 384.500 198.137 175.557 10.806 N ~
_ 1947 341.000 170.691 152,669  17.640 ]
1948 319.000  163.206 137.009 18.785 L
1949 334.000  187.467 127.006 19.527
1950 328.000  167.351 135.202 21.568 5.879
1951 324.000 165.785 115.592 15.627 28.996
1952 334.000 148.912 99.897 25.092 60.099
1953 346.000 127949  81.013 38.644 98.394
1954 340.000 70.118 76.932 31.173 161.777
1955 291.000 38.229 67.818 141 184.812
1956 366.000 17.994 101 453 246.573
1957 371.000 16.095 115.516 239.389
1958 389.000 1.945 102.966 284.089
1959 359.000 106.111 252.006 883
1960 386.000 105.721 279.958 321
1961 387.000 101.703 175.435 9.862
1962 375.000 79.544 200.528 97.928
1963 376.000 17.503 111.346 247.151
1964  385.000 40.875 89.992 252,133
1965 366.000 65.674 83.109 217.217
1966 355.000 49.387 106.630 198.983
1967 378.000 44.198 134.111 199.691

Buchans






8
I extensive submarine volcanism recognizable
Throughcut the whcle Centrzl Vclcanic Belt; and 2Z) an Upper

rdzvician-Silurian poSst Caradecian) phase which is

L . . o . . . C
characterized by <ontrasting wolcanic regimes in three distinct

-5 e~ - = Iy~ i ~ - % . - 5 = =}
ne ZUZnans GrICUrL Li1EeESs Cni Toie western eqage oI tne

mixed <vclcanic-sedimentary terrane oI central Newfoundland.
Whzalern zand Curris 1827 Include it in rthe Tepsalls ignecus
Terrane, based on general similarities tc zhe Glcver Formation
T The west and Intrusicns in the Tcpsaill ignecus terrane which
czuld nave Ceen the scurce cf granizceid clasts in the Buchans
Grcup. The thrust fzult cetween the Hungry Mcuntain Ccmplex and

~he Buchans Grcoup which 1s a major zone of dislocaticn 1s also
a -cglcal boundary cetween the dcminantly granitic, crystalline
J ¥ e V4

T2 the scuth, the Buchans Groug is either in fault

contact wilith, or sits ccnicrmakly con, the Skidder Basalt. The
Skidder Baszlt was previcusly thought to be a part of the

n

.ans Group (Thurlow and Swanson, 1951) but studies by Pickett

w
o
0
jon

anc Barpbcur (1234 and Pickett (19377 indicate that the Skidder

T has Cphiclitic affinities and, therefore, should not be



9
the Lcwer t©o Middle Crdevician Victoria Lake Group in the south
and Middle tc Urrper Crdovician black shale and greywacke in the
narth, alcong a presumed high-angle reverse fault (Kean et ai.,
1981; Thurlcow, 1924; Kean and Evans, 198¢6!. This fault brings

the 3uchans Group in contact with progressively younger rocks to

~he necrth (Xean 2t al., 1991). The generalized geology of the

TOPSAILS
cranTe .t + +
+ + + SPRINGOALE
+ + + GROUP?
+ + VOLCANICS
MOUNTAIN + +
+ COMPLEX + + +
+ + +
+ Sandy + + + +
Lake + t
TOPSAILS + +
GRANITE BUCHMANS & . -+ > ©
+ ORE BODIES *» V-

+
+ Feader Red Indian Lake /
4 Granodiorite / N
+ o o
+ SKIDDER BASALT J 7 r
+ t o+ y VICTORIA LAKE GROUP

Figure 1.3 Ceneral geolcogy of the Buchans area (Thurlow and
Swanscn, 1977)
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1.3.2 The Buchans Group

he 3Buchans Grcur can be envisaged as z thrust belt

¥

=3 serarated by significant thrust
its Thurlow and Swanscn, 18:=27 % simplified structurai-
- A e das -~ AsDd sy “ - . e S el [ ™ al

Stratigrarhic mar of the Buchans area 1s illustrated in Figure

ur Icrmaticns: fandy Lake Fcrmation;, Buchans River

he 3uchans crekcdies coccur as part of the Buchans River

Formaticn within Tws thrust sheets; the Lucky Strike sheet which
- -~ h Tren g e - - - M
ncsts the lucky Strike, Rothermere and Maclean crebondies, and
=he structurally higher Criental sheet, which hosts the Criental
~ laal = —~ - r~ - g - - -
crefcdies. The Buchans Grcup lles structurally above the

Baselt Pickett and Barrczur, 19724; rickett, 19237:. Tr.e upper
contact I the 32Buchans Grcup Ls both an intrusive ccntact
against gJranites I the Silurian Tcpsalls Granite, or a £fault
scntact agalinst structurally cverlying plutonic rocks c¢f the

Hungry Mcuntain Ceomplex | Thurlew, 1981; Whelan and Currie,

The Lundberg HiIll Formation cccupies a known surface
and supsurface area cf more than 200 square kilometres and may
reach a maximum thickness ci approximately 1 km. Within the

Criental klcck,  th dominant lithologies are rhyolitic
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ckbscures the contact between the Ski Hill and Buchans River

r

ormations.

The Buchans River Formation hosts all of the major
vclcanogenic sulphide orebodies of the Buchans Group. In the
vicinity of the orebodies, the maximum thickness is in the range
ci 200 tz 400 m. In general, the formation consists of

lastic rocks, rhyolite and

O

locwermost guartz-pcor pumiceous pyro
Cwritic siltstone, coverlain by guarty-rich rhyolite and crystal-
vitric tuff and the transpcrted ore breccias. These are in turn

cverlain by a thick sequence of felsic tuff with local quartz

iyo0lite. In the vicinity of Lucky Strike
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arnd Criental orebocdies, all units below the ore have been
silicified, chloritized and sericitized extensively.

The felsic tuff of the Buchans River Feormaticn in the
Oriental block I1s cverlain conformably by both hematitic
pasaltic pillew lava - pillow breccia and by arkosic
vclcaniclastic conglomerate which form the base of the
licthclogically complex Sandy Lake Formation. The arkosic
conglomerate 1s matrix supported and mainly contains rounded
rhyclite cobbles with $ to 10 mm quartz phenocrysts identical to
those in the Lundberg Hill Formation. Some interbedding near
the contact retween the two formations is present as one lens of
arkose cccurs within tuffs of the Buchans River Formation. This

lens of arkcse, and that <f the overlying Sandy Lake Formation
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evidentl:, were derived from a2 different scurce than the volcanic

units of the underlving Buchans River Formaticn (Thurlow and

1.3.3 Ore Deposits
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sulphide depcsits within the RBuchans River Fcrmation (Thurlow
and 3wanson, 1331, The Lucky Strike Ore Herizon hosts the
Lucky Strike, Rcthermere and Maclean deposits. The Criental Ore

Within <he Buchans crebodies, three genetically
related cre < res occur; stcocckwerk cre, in situ ore and
mechanicaily Transcorted fragmental cre. Stockwork
mineralizaticn consists ¢i sub-eccnomic te low grade netwcrks of
veinlet and disseminated kase metal sulphides within highly
tized host rocks. In situ ore lies
Stretigraphicaily apcve stockwork mineralization and consists of

icst pyrcclastics
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Transpcrted cre ccnsists of low to high grade
accumulaticns of sulphide and bparite fragments which were
derived frem in situ ore, tTransported by density flows and
depcsired in paleotcpcgrarnic depressicons. In terms cf economic
impcrtance, 1n situ and transported ore are of approximately

egual significance and tocgether have accounted for 98x of






Tazble 1.2 Tonnages, Grades and Mineral Percentages c¢f the
Buchans Cre Depcsits (Thurlow and Swanson, 1981)
Orebody Gross Cdd P Zn' Cp° Go* SIF PY¥ Ba’
Tonnage
Lucky Strike Ore Horizon
In SituOres
_ Lucky Strike Main 4752373 1.67 842 1836 4.8 9.7 274 140 26
_ Lucky Strike - New Year  803.112 1.40 975 1876 4.0 11.3 280 74 26
Transported Ores
Lucky Strike - North 620.510 0.46 454 820 1.3 52 122 24 55
~ Two Level o 328,596 0.50 4.56 8.02 1.4 53 120 3.8 55
__Rothermere #1 3402000 1.15 7.73 1268 3.3 89 189 6.0 31
~Rothermere #2. 195615 144 7.65 13.73 4.2 88 205 95 30
Maclean 3653000 1.13 746 1350 3.3 86 201 60 24
Oriental Ore Horizon
loSituOres __  _ __
| Orenal #1 2,738,664 1.71 847 15.80 4.9 9.8 236 1.7 24
Ol Buchans East 133.353 1.65 7.57 1427 4.8 8.7 21.2 15.1 24
| Old BuchansWest 19907 1.70 1040 16.80 49 120 250 7.7 24
TransportedOres_ :
_Ornenal #2~~ ~~ 928.863 0.76 6.20 9.41 2.2 7.2 140 46 30
| _Old Buchans Conglomerate _ 72763 076 588 947 22 68 141 3.5 31
Total In Situ Ores 847409 1.66 8.55 1750 48 98 260 144 25
Total Transported Ores 9,201,346 1.04 7.12 1220 3.0 83 182 15 30
Total Gross Tonnage’ 17,648,756 1.33 7.81 1474 38 9.0 220 8.2 28
Percentage grade (Mill Heads!
- Percentages cf maicr ore-bearing minerals (Cp-chalcopyrite, Gn-

galena, Sl-sphalerite, Py-pyrite and Ba-barite)

Total milled to

clcosure

Decemper 31, 1979

nort avallable)

(updated values to mine
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Pb and #8.20 2Zn. The transpcrted Rcthermere and MacLean
orebecdies contained 3,597,915 and 3,653,000 tonnes grading 1.16:

Cu, 7.72- Pk and 12.74° 2Zn and 1.13% Cu, 7.4¢* Pb and 13.50:¢ 2Zn,

Within the Oriental Ore Horizon, the in situ Oriental
#1 crebody, contained 2,73%,694 tonnes grading 1.71° Cu, 8.47: Pb
and 13.20Q Zn. The 1in situ Cld Buchans orebody contained
153,2¢Q tonnes grading 1.95° Cu, 7.57: Pb and 14.27- Zn. The
transported Oriental #2 orebody ccntained 928,863 tonnes grading
0.7¢ Cu, ©.2 Pb and 9.41: Zn. The transported 0ld Buchans
orebedy centained 72,763 tonnes grading ©.76: Cu, 5.88: Pb and

9.47 Zn {Thurlow and Swanscn, 1931;.

1.4 Present Study

During March, 1995 a study was carried out in the
Bucnans area to determine the trace element speciation of lake
sediment ccores in an area that had been affected by tailings
disposal from previous mining. A map locating Tailings Pond #1
and Tailings Pond #2 1s shown in Figure 1.6. Both tailings
pcnds discharge into Simms Brook which flows into Buchans Brook
approximately halfway between Buchans Lake and Red Indian Lake.

Two ccres were obtained in Buchans Lake (BL1A, BLI1B)

to serve as useful background data as this lake is ‘upstream’






19

from the area affected by tailings discharge. However, airborne
contamination from dust particles associated with overburden
stricping, crushing procedures at the mill, and general mining
activitlies in the immediate vicinity may result in slightly
elevated base metal concentraticns in the upper secticns of the
ccres. Therefcre, 1t i1s impcrtant that each core should span
pcth The '‘mining pericd’ and the ‘pre-mining period’ in order to
give a measure 2f lccal ‘matural’ background.
are sediment cores were obtained in the
deer bpasin 2f Red Indian Lake (RILIA, RIL1B) approximately
midway between where Buchans River flows into Red Indian Lake
and where Red Indian Lake discharges intoc the Exploits River.
This site was chosen <o determine the extent tailings discharge
intc the lake had zn ccntamineaticn of the lake sediments.

Furthermore, twc duplicate lake sediment cores were
obtained in the deep rasin cf Red Indian Lake (RIL2A, RILZB)
approximately 30 kilometres from where the first two cores were

mpled tcowards where Lloyds River flows into Red Indian Lake.

n
m
»

This site was selected tc determine the extent of contamination
in Red Indian Lake. The sampling locations of the six lake
sediment ccres are shcwn in Figure 1.7. The ccring sites, their

UTM ccordinates, water depth and core lengths are given in

All lake sediment cores were sectioned into two









Chapter 2: Trace Metal Speciation

2.1 Definition
When assessing the envircnmental implications <

contaminated lzke sediments, the total cecncentraticn of the
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that 1s easily mckilized tc the envircnment by simple processes
such as icn exchange, siight acidiiication or changes in redox
cocnditicns., I mostT ¢f a texlic element of interest 1s tightly

rystalline lattice structure, mcderate changes

nd environmental damage will be
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rut, 1I there are two distinct systems and one

system has twize the tctal ccncentration of a heavy metal as the

4

\

labile’ fractions,
the systems will produce similar envircnmental impacts.

Therefore, the use <c¢i total concentration as a

critericon TC assess the &pctential effects of sediment
ccntamination implies that zall fcrms of a given metal have an

-~

equal impact on the environment. Such as assumption is clearly



Zrne -2f the first tasks is the clarificaticon of the

term ‘specliaticn’. The use :-f the term specileticn has become
widespread with several different meanings. Chemical
speciation, in the ccntext of sediments has been defined as: The

nd gquantifving the different defined

LS Cor phases present 1n a material. The ‘species’

a: funczticnally,
b cperatiznally or
Ct as specifiz compcunds or cxlidatizsn szates of an element.

Specizatizn Zan alsc kte defirned In a similar way, as the
-~ < -~ - = I~ - 1. P : - =
descripticn zf <the amcunts and kinds s species, forms and

phases

z' ZIfunctiznally, as Icr example as ‘plant-availlable
species’ as ‘'morile Zfcrms’ cor as ‘exchangezble caticns’, or
defined,

o operaticnally, bty the ©procedures, reagents or

extractants used tc 1sclate them: examples include the physical
isclaticn cf a sediment solution or a particle fractiocn, or the
use cf acld ammcnium oxalate to extract metals asscciated with
‘mcderately reducible’ sediment components.

Recently, the term ‘speciation’ has been defined as

-1

the determination of & specific form (monatomic or molecular) or



chis cthesis, the zerm speciazicn will be used in the fecrmer,

more Traditicnel usage, In an cperaticnally defined coeontext.

-

In the past, mcst studies dealing with particulate

{

metals irn natural water sSystems @ il.e. metals associated with
sSuspended matTer Zr bsticom sediments) were kased on rtotal metal

- - v - - P o~ H hi e m 3
cnZentraticnos. JnTil the method developed by Tessier et al.

& seguential extraction scheme consists cf a3 series of

successive chemical treatments cof a sample, each being mcre
drastic in acticn or zf a different nature than the previous

anea. The order in which the extractants are used 1is critical

The first phase Tc be prcught inte sclution in any sequential
scheme. Unless dealing with evzpecrites, this fraction is

usualily negligible. The easily exchangeable metals which are



bound by electrcstatic attracticn on exchange surface sites are
the next ¢ ke brought intc solution usually by neutral salts.
Metals co-precipitated with carbcnates are released next with
dilute acid. Scme schemes rnext liberate the Fe-Mn oxide phase
h resducing zgents wherezs cther researchers would release

scecies Irom the sulrhides and crganics. rfinally the residual,

r metals that are bound to the crystal lattice, are released

Several early experimentai procedures, varying in
manipulative Cccmplexity, were cvroposed fcr determining the

ity
speclation of particulate trace metals. These prccedures were
grouped int> 1. methcds designed tc eifect the separation
Fetween residual and ncn residual metals only (Lering, 1976:
faic, 1977, and !(il) more elaborate
metheds cf metal fracticnaticn meking use of sequential
exTracticns iNissenkazum, 1272; Gupta and Chen, 1975; Luoma and
Jenne, 1%9%7e¢; Gicks, 1977; Szlcmons and De Groot, 1977).
The widely used method developed by Tessier =t al.
(1279, adcpted a five-ster process as follows:
li_Exchangeakble: The sediment (1 gm) was extracted at room
temperature Ior 1 hour with 8 mL of 1M MgCl, pH 7 or sodium

acetate solution (1M Nalic, ¢

[\

' Bound o Zarpbcnates: The residue from 1) was leached at

room temperature with 5 mL of 1M NaOAc adjusted to pH 5 with



acetic acid.

3V Beund te Fe-Mn Cxides: The residue from 2) was extracted

with 20 mL of either 0.3M Na SO, + 0.175M Na-citrate + 0.025M H-

itrate, as prescribed by Anderson and Jenne (1970), or 0.04M

Q)

NH CH.HC1 in 25  (v/v) HOAc.

4v Bgund to QOrganics and Sulphides: The method adopted by

Gupta and Chen (1275 was used. To the residue from 3) were

~

¥

added 3 mlL of J3.9ZM HNO. and £ mL of 30° HO adjusted to pH 2
with HNO., and the mixture heated to 85 C for 2 hours. A second
3 mL aliquot c¢f 30° HO was added and the sample heated again to

) for 3 hours. After cooling, & mL of 3.2M NH;CAc 1in 20%

@]

{(v/v) HNQ. was added and the sample was diluted to 20 mL and
agitated for 30 minutes, The NH.CAc inhibits adsorption of
extracted metals onto the oxidized sediment.

S Residual: The residue from 4) was digested with a HF-
EClO, mixture.

In the choice of reagents for sequential extraction,
particular emphasis 1s placed on the potential selectivity of
each leaching solution. Many reagents, including the salts
ammonium acetate, sodium acetate, and magnesium chloride have
been emplicyed to liberate exchangeable metals. NH,OAc (pH 7) was
the method of choice, although workers (Chapman, 1965; Wagemann

et al., 1977} have shown that partial attack of the carbonates

also takes place.
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Rezgents recommended for dissclving the carbonate

sodium acetate and/cr acetic acid
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under acidic condicicns (Nissenbaum, 1872; Gupta and Chen, 1875;

9¢5; McLaren and Crawford,
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1873: . Grossman and Milleft 19¢1; reported that organic carbon

and free iron concentraticons in non calcarecus scil samples were

unchanged alter contact with 1M Nalic for nine weeks. Others
studles .Nisserkaum, 1%72Z; Gupta and Chen, 197%5; MclLaren and
Crawicrd, 1973 have demcnstrated that as the acidity increases
oHE < 5. opartial attack cf Fe and Mn oxides cccur.,

The most successiul metheds for leaching iron and
manganese cxlides Iinvolved the combined action of reagents
reducing these metals tc theilr ferrous and manganous forms and
agents capable c¢f keeping 1n sclution the relatively large
unts oI metals lirerated. The twc couples that were most
cfter used were hydrcxyliamine hydrochlcoride - acetic acid and
scdium dithicnite - citrate. Examination of the results of
Gupta and Chen .197%), who employed beth combinations in
parallel experiments, reveals that trace metal concentrations
were cznsistently lower in  the leachates obtained with
dithisnite - citrarte. The differences were greatest for lead
(approximetely 100 times lcower) and similar for copper and zinc
japproximately 5-10 times lower). The lower amounts of trace

metals sxtracted in the dithionite - citrate extract could be



buted T2 the higher pH value iarcund 7) 1in the extractant.

structure 2f the minerals had keen ruled out. Chester and

Hughes 12¢7: indicated that the structure of the minerals wculd

Yyvdrcgen peroxide in an acidic medium 1s generally
used o oxidize crganic matter in scil and sediment, even though
cxidaticn cf all forms of organic matter may not bte complete.

atter dc exist
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nwdrochlcric or perchlcric acids. However, concentrated acids
-V =~ = - o = e - A .
4.5C aTTalH Tole slilczTte Lattlces.

Fcrstner 18¢3: attempted to separate the Fe - Mn
cXide phase 1lntc the easily reducible and moderately reducible.
L=s the advantages oI sequentizl extracticns compared to
tal metal concentration analysis for environmental
mplications ¢f lcng-term adverse effects frem contaminated
sediments, Fcrstner stresses the limitations and uncertainties
cf rthe prccedure. First and foremost, the reactions are nct
selective and are iniluenced by the duration of the experiment
and £y the ratic ¢f solid matter to volume of extractants.
'y labile phases cculd be transformed during sample
preparation, which <can occur especially for samples from

nsequently, it becomes important not to
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changes o¢of the sample matrix during recovery and
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v Hall ez &l. (1996) utilized a five-step
crccess that groups adscrbed/exchangeable/carbonate into the
first step and uses 1M CH.COONa as the extractant. The next step
Targets the amcrphous Fe oxyhydroxide which are extracted with

2.ZEM NH CH.HCl1 in 0.25M HCI. The third step addresses the

crystarline Fe oxide which are extracted with 1M NH OH.HCl in 25=
CH.CCCHE. In the fourth step, metals held in sulphides and

organics are extracted with KC10./HCl followed by HNC.. In the

Hall 11992} has found that the high concentration of

a2t C,.Z85M used i1n the extracticn ¢f the amorphcus Fe oxide

t

chase lead te significant disscluticn ¢f sphalerite and galena.

cf rthese sulphides are dissolved if the acid
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cencentraticn is reduced teo 0.905M HCI. Z2lthough tests based on
synthetic amorphcous Fe oxvhvdroxide indicated that their
extractizn was cocmplete in 0.25M NH CH.HC1/0.05M HCl, application
cf the entire sequential scheme revealed that reducing the acid
strength from 0.25M HCl to 0.05M HCl can lead to significant

increase in the concentration of an element reporting to the

“crystalline Fe o¢xide” phase as well as that in the sulphide



2.3 Method Used in This Study

This study utilizes a four-step process as follows: 1)
Exchangeable and Carbonate-held metals extracted with 0.11M
acetic acid; 2 Fe-Mn oxide phase extracted with O0.1M
hydrcxyvlamine hvydrechloride adjusted to pH 2; 3) Organic and
Suiphide phases attacked with 30 HO and extracted with 1M
ammconium acetate; and 4) Residual/Silicate extracted with
HF/HC1/HC1O,.

The protocol for the sequential extraction scheme for

sediment analysis used in this study was as follows:

APPARAT

All laboratory-ware was borosilicate glass, polyethylene,
polypropylene or Teflon. All vessels in contact with samples or
reagents were cleaned by immersing in 4M HNO. overnight and
rinsing with distilled water. Blanks were inserted throughout
each step by using two empty vessels, taken through the cleaning
procedure, and only adding the various reagents used in each
step. These blank solutions were analysed along with the sample
solutions from each step described below. A mechanical shaker,
with a horizontal rotary was used at a speed of 30 RPM. The
centrifugation was carried out at 2500 RPM. The temperature of
the room was maintained at 20 /. 2 ‘C throughout the extraction

procedure.



LER=b
Glzss-distilled water was used throughcut the rrecedure (simple

deicnized water may contain <Jrganically complexed metals and
should nzt be used). & sample o0f distilled water was analysed

with each batch 0I step 1 extracts to determine metal content.

Spo upion 4 (s3-arc-s 3ot C 1M

- = ~ i ~ o ~F b Tamisl o N -

In a2 fume hocod, 2% ~/- 0.2 ml zf redistilled glacial acetic acid
P op D - T o - - - - T -~ -
Fighar Scientifizs: was added to abcut 0.5 L zf distilled water

in a I L pclyethylene peottle and made up =2 1 L with distilled
di. Distilled water was added toc 250 mL
of this scluticrn and made up t2 & final veolume cf 1 L to cbtain

Z1Z acid scluticon cf 9.11IM. A sample ¢of each batch of

scluticn A was analysed tc determine blank metal content.
Solucion B (Ruygrovitlamines hygrochloride, O 1M)

vdrochlcride (J.T. Baker) was dissolved

diusted to pH Z with HNC. and
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made up T¢ 1 L with distilled water. This solution was prepared
on the same day &s the extractisn was carried cut. A samgple of

each batch of soluticn B was analysed to determine blank metal

lurion O (hydrogen pergoxide solution, 300 mg/g or 8,8M)

"
=]

The H T, as supprlied by the manufacturer (Fisher Scientific),

was used. L sample c¢f sclution C was analvsed to determine
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blan¥k metal ccnTent.

Sclutign D (ammonium scatare M)
T7.08 g of ammenium acetate iFisher Sclentific! was dissolved in

900 mL cf distilled water and adjusted tc rH 2 with HNC. and made

up ¢ I L with distilled water. 2 szample cf each batch of
sclution D was analysed tc determine blank metal ccontent.

nletals; Cu, prbk, Zn,
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e, Mn and ZTa were dsternined using the procedure kelow.
icn proccedure was

cm lntervals from
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core RILZIEB Immediately upcn sub-secticning, as well as the same
lake sediment intervals after they had been dried. The purpcse

cf the ‘wetr’ extracticn was tC attempt te determine if there

were differences In the Iracticns of base metals that repcrted
to the varizus phases that could be attribured to the drying

process. The dried sub-samples were obtained by extracting 2 cm
s of core, drying a7t 110 'C and grinding to ensure that

Yal
2ll sediment passed through 50 mesh (<150 um).

’

Sefcre sub-sampiling the dried sediment, the content of

the sample bottle was shaken for one minute to ensure a

The extraction procedure was carried out on 0.5 g of



dry sample. For the ‘wet’ samples, 1 cc of sample was taken and
ccurately welghed immediztely due to the rapid loss of
ncisture. Ancther 1 ¢¢ sub-sample was accurately weighed and

rem this a correction ‘to dry

tTained and applied to all analytical values reported

3
j¢8)
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t
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1Juantlty per g dry sediment).

The seguentlal extraction prccedure was carried cut as

S:e , 2dd 27 mL of szcluzizcn & o 0.5000 +/- 0.0002 g of dry
sediment fcor wer sediment g¢ to step l1b) in a 100 mL

\ .eo-l
wrrcepylene centrifuge tube and extract by shaking

fcr 1< hours zt amblent temperature. No delay should occur
tcetween th additiorn 2f the extractant soluticn and the
teginning <i shaking. Serarate the extract from the solid
residue ky centrifuging at 2500 RPM for 20 minutes and decanting
The supernatant liguid intc a pclyethylene container. Stopper
The ccntainer and analyse the extract ilmmediztely or store the

scluzion at 4 C. Wash the residue by adding 20 mL cf distilled
water, shaking Ifcr 1& minutes and centrifuging. Decant the
superratant and discard, taking care not to discard any solid
residue.

cake” obtained upon centrifugation by using

& Vibrating rod pricr tc the next step. This must be done prior
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Step 1b Add 49 mL of solution A to approximately 1 cc of ‘wet’
sediment that has been accurately weighed in a 100 mL stoppered
colypropylene centrifuge tube and proceed as per step la.
Scer 2 Add 40 mL c¢f sclution B to the residue from step
1 in the centrifucge tubke and extract immediately by shaking for
l¢ hours at ambient Cemperature. Centrifuge and decant the
supernatant liquid and retain the extractant for analysis. Wash
the residue and retain for step 3.
Step 3 Add carefully in a fume hood, small aliquots to
aveld lzsses due tco wiolent reaction, 10 mL of solution C to the
residue in the centrifuge tuke. Cover the vessel with a watch
glass and digest at room temperature for 1 hcur with occasional
marual shaking. <Continue the digesticn for 1 hour at 35 -C and
reduce the volume tTo near dryness by further heating of the
unccvered vessel 1n a steam bath or equivalent.

Add a further aliquect of 10 mL of solution C. Heat

the covered vessel again to 25 C and digest for 1 hour. Remove

=

the ccver and reduce the volume of the liquid to near dryness.

Add 40 mlL of extracting solution D tc the cocl moist
residue and shake for 16 hours at ambient temperature.
Centrifuge and decant the supernatant liquid and retain the

Xtractant fcor analvsis. Wash the residue and retain for step

)]

NS
.

Transfer the residue in the centrifuge to a 100

1)

ra

2 £
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Ll Teflon beaker with & mL of distilled water. 3Add 15 mL HF, 5
ml HCL and 5 mL 1:1 HCL2, and let stand cvernight. Evaporate to
irwness at 20C C. 2dd apprcximately 50 mL of 20+ (v/v) HCl and

0 mL volumetric

)
o

digest at 130 C until dissolved. Transfer to
flask. 2dd I mL cf a £. beric acid (risher Scientific! solution

to ccomeplex zny remaining HE and make up to volume with 20: (v/v)

HZ1. Transier Tz =z stcrrered pclyethylene stcrage bottle and
retzin Izr analysis.

With each batch cf extractions twc blank samples (i.e.
vassels with no sediment! shall be carried through the ccmplete
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Chapter 3: Field and Laboratory Methods

3.1 Sample Collection and Storage

3.1.1 Coring Equipment
ake sediment ccres were ccllected from Buchans Lake
2 Red Indian Lake during the winter of 19895 using a K.B.

Due to the water depth of Red Indian Lake, the

Gravity CTcrer. vle

coring assemcly had 20 be equlipped with a Deer Water Operating
Kit, Fhcto i1 shows a rphotograph ¢f the sample collection
sysTem. This system prcvides an effective water-sediment

interiace ccilecticn in deer water, and at the same time

n effective depth profile of the
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consisted of three main parts;
Zzring tuke, ccre head, and clunger release mechanism that was
z2-tacred T2 a metzl welght by a 10 metre section oI rope. This
Zal weight was attachakle to the Deep Water Operating Kit when
regquired. The coring tukbes were of high strength Lexan with an
cutside diameter ¢f 70mm and inside diameter of 64 mm. The
ccring tukes ranged in length from 70 cm to 290 cm. The tubes
were securely fastened to the main core head which allowed the
Iree flow 0f water through the tube during descent through the
water. The plunger release mechanism was activated after the

coring tube entered the sediment by the release of the metal
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weight on the upper portion of the rope. This metal weight was
either manually released, as was the case in Buchans Leke, or
released autcmatically by the Deep Water Operating Kit, as was
~he case in Red Indian Lake. The metal weight would descend the
19 metres of rope and impact the core head and release the

rger mechanism. The time that it takes the metal weight to

‘0
'_a
[

descend rthe rcpe and activate the rplunger mechanism allowed
sufficient time for adequate ccre retrieval. The release of the
rlunger provided a vacuum seal on the top of the coring tube and
ensured sediment retention during its retrieval up through the
water cclumn.
3.1.2 Sample Collection and Preservation

The sampling lccations of the deep basins within the

lakes were identified using bathymetry maps provided by ASARCO.

Once the sampling sites were selected, holes were drilled in the
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with a 22 cm gas powered ice auger (Photo 2), and the exact

depth of the lake at the sampling location was determined with

O
«t

0

& Honewwell Depth Finder.

On Buchans Lake, in 7.9 metres of water, the coring
assempbly was Slowly lowered in the water until the coring tube
was approximately three metres from the sediment-water
interface. The rope was then manually released and the coring
assembly descended to the bottom of the lake and into the

sediment. As soon as the coring assembly started to enter the
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sediment, the metal weight attached tc the top of the rope was
released and lake sediment core BL1AR was collected. Befcre the
coring assembly was retrieved from the lake surface (water-air
interface), & rubber bung was inserted into the bottcm of the
coring tube and secured with duct tape. Next the upper portion
of the sediment tube was released from the core head. Only
encugh water was removed from the top of the coring tube to
allcw another rubber bung tc ke inserted and secured with duct
tape. Zare was taken tc minimize disturbance of the lake
sediment core during transpcrtation. The procedure was repeated
10 metres tc the scuth tc allew the collection of lake sediment
core BLIB in 5.5 metres of water.

Tor sediment retrieval in Red Indian Larxe, 150 metres
o2f 12.5 mm nylon rope was attached to the Deep Water Operating
it. The metal weight of the coring assembly was then attached
tc the Deer Water Cperating Kit. The entire coring assembly was

hree metres from the sediment-

t
rt

slowly lowered to approximately

«t

water interface, at which time the entire coring assembly was
released. As scon as the coring tube started to enter the
sediment, the Deep Water Operating Kit automatically released

welght which enabied the collection of the lake

[ ]

the meta
sediment cores.
Sampling was attempted in the deep basin of Red Indian

Lake between Buchans River and the Exploits in approximately 100



metres c¢f water. Uoor. retrieving the coring assembly, no
sediment ccre was recovered and coarse sand particles were
o2bkserved on the coring tube. The first sampling site on Red
Indian Lake was then mcved arrroximately 150 metres towards the

e RILIA was retrieved in 58.5 metres of water.
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RILIBR was retrieved 10 metres to the west 1in 57.6 metres of

e seccnd site on Red Indian Lake was approximately 30

kilzcmetres tc the scuthwest. RILZA was retrieved in B88.8 metres
2 water and RILZB was retrieved in 29.4 metres of water, 10
metres ¢ the east ¢of RILZA. 2n example of a lake sediment core
from Red Indian Lake i1s shown in Phctc 3.
e the sediment zores were collected, they were kept
in an upright position at approximately 4 C until they could be
transpcrted <tc the Department of Earth Sciences, Memorial
cf Newfoundland, and placed in their ccld stcrage
rcom at 4 C until core processing. All cores were transported
and stored in a vertical pcsition.
3.1.3 Core Processing

BL1A, RIL1Z, RIL23A, BLIB and RIL1B were removed from
the cold storage room at the Department of Earth Sciences and
Taken tO the Department o<f Mines and Energy’s Geochemical
Laboratory at the Howley Building on Higgins Line, St. John’s,
for processing and total trace element analysis. Each core was

pcrocessed before the next ccre was removed from cold storage.
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Care was taken to ensure that the cores remained in an upright
position during transportation.

Once at the laboratory, extrusion of the lake sediment
ccre in 2 cm intervals was aided by a sediment core extrusion
assembly. The coring tube containing the lake sediment core was
secured to the assembly. The rubber bung was removed from the
bottom of the coring tube and another bung for use with the
plunger assembly was snugly inserted. The water that was
present on the top of the sediment ceclumn in the coring tube was
carefully siphoned off tc avoid disturbance of the upper
sediment.

The piston on the core extrusion assembly was moved
upwards until it was brought into contact with the rubber bung
inside the coring tube and then forced upward, moving the entire
sediment column with it, until the top of the lake sediment core
was flush with the top of the coring tube. The piston assembly
could be adjusted to move the entire sediment column upwards in
2 cm intervals by adjusting two aluminum spacers on the core
extrusion assembly.

A Z cm length of Lexan tube with the same inside and
cutside diameter as the coring tube containing the lake sediment
was then placed on top of the coring tube containing the
sediment to be extruded. With the lake sediment core now flush

with the top of the ccring tube, the two aluminum spacers were



44
mcved all the way upwards until they both made contact with the

istzrn. The bottom spacer was ncow tightened into place and the

urrer scacer was moved upwards 2 cm and tightened into place.
The lower spacer was ncw loosened and the piston assembly forced
upwards until the twe sracers came 1intce contact again. The
ccttom spacer was zgaln tighterned and secured into place. This
prccedure resulted In the 2 cm section of lake sediment core

iece of Lexan tubing.

¢}

- - . - ]
moving upwards Intc the 2 cm

'a

A thin plastic cutter was then inserted Lbetween the
ccring ftube containing the I ¢m extruded sediment and the other
coring tube cenrtaining the rest of the lake sediment core. This

procedure was repeated until the entire lake sediment core was
cm intervals. The kottom sediment that was in
T with the rubker ktung was discarded. A2lso, the cuter 2-3
I <he extruded ccre secticns that were next to the coring
Tube were discarded due tc the possibility of cross-

contaminaticon as the sediment core moved upwards thrcugh the

The lake sediment intervals were placed intc sediment

caper bags and lakbelled. The sediments were then dried in an

¢ C for zZ4 hours. Once dried, the samples were

cven at 1
digested and anelysed fcr total element analysis.
Befcre RIL2B was processed a decision was made to

perfcrm the sequential extraction procedure on both the ‘wet’
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and ‘dry’ sediment intervals from the same core. Since all

cther ccres were processed and in a dried form &t this time,

RILZB was selected for sequential extraction analysis. From the
total element analysis c<f the duplicate lake sediment ccre
RILZA, it was determined that significant elevation in Cu, Pb
and Zn existed in the uprer 14 centimetres of the core to
warrant further investigation by the sequential extraction

=

lake sediment core RILZ2B, two

[ ]}

During przcessing o
Separate 1 ZC sub-samples were collected with a cut-off syringe
frcm each Z cm sediment interval as soon as it was extruded from

~he zcre. The first 1 cc sub-sample was immediately placed into

[\l

clean, pre-weighed, numbered ceramic crucible for

determination cf free water ccntent. The second i c¢c sub-sample

cre-weighed 100 mL polyprcpyvlene tube and
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immediately re-weighed for a sample wet weight determination.
Frcm the free water anelysis c¢f the first 1 cc sub-sample, a
calculated equivalent-to-dry welght could be determined for the
‘wet’ suk-sample used in the sequential extraction procedure.
An assumpticn that 1s made here is that both 1 cc sub-
samples taken withirn the same 2 cm sediment interval are
ldentical. With the significant variation within the upper lake
sediment, as demonstrated by the chemical profiles generated

frem RILZA, this is not an entirely accurate assumption. Care
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was takern to extrude beoth 1 cc sukbk-samples from approximately
the same level within the 2 cm interval in an attempt to collect
as similar samples as possible. Sample variation will also be
cresent be<ween the ‘wet’ and ‘dry’ sub-samples from the same

sediment interval within lake sediment core RILZB. The dry sub-

sample was taken from a homogencus 2 cm interval, whereas the

wizhin the 2 cm interval. This variation will limit our ability
<> czmpare the results petween The ‘wet’ and ‘dry' sequential

analyses. Consegquently, this will hinder cur ability to assess

cr. the ameount of a particular element that
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repcrts to the different phase fractions.
The four-ster sequential extraction procedure was

‘wet’ sub-samples were weighed.
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sediments from the 2 cm intervals were placed
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labelled sediment paper bags and dried in an oven at 110 -C
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for 24 ncurs to be used for total element and ‘dry’ sequential
base metsl analvsis.

3.2 Sample Preparation and Geochemical Analysis
3.2.1 Sample Preparation

After the lake sediment samples were dried in an oven
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C, they were grinded to ensure all sediment passed

threough 80 mesh (<180 um) stainless steel sieves and placed in
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numbered plastic vials. At this stage blind duplicates and
standard reference materials (SRMs} were inserted for quality
contrcl in the analysis array. Blind duplicates were inserted
with ocne pair for every twenty samples at position 10, 30, 50
etc., while various SRMs were inserted prior to sample digestion
at a frequency of one in twenty at position 20, 40, 60 etc..
The SRMs used for total element analysis were LKSD 1-4 and the
SRM used for the sequential base metal analysis was the
certified cre MP-1A.
3.2.2 Free Water Analysis

For Free Water determinations, 1 cc sub-samples from
the 2 cm intervals of lake sediment core RIL2B were placed in
clean, numbered, pre-weighed ceramic crucibles. The crucibles
ccntaining the 1 cc sub-samples were immediately re-weighed to
cbtain & wet sample + crucible weight (T -). After all sub-
samples were determined for T .- weight, the crucibles were placed
in a drying oven at 110 C overnight. The samples were removed
from the drving oven and placed in a desiccator for
approximately 25 minutes to cool. They were then re-weighed at
room temperature to obtain a dry sample + crucible weight (T...).
The - Free Water was calculated as fcllows:

% Free Water = ((T,, - Tyuo) / Wet Sample Weight) * 100

where, Wet Sample Weight = T,, - Empty Crucible Weight.
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3.2.3 Trace Element Analysis - Total

Total element analysis of all lake sediment samples
were carried out at the Geochemical Laboratory of the
Newfcundland Department of Mines anrd Energy by a Fisons
Instruments Maxim III Inductively Coupled Plasma - Optical
Emissicn Spectrosccpe (ICP-OES). The following elements were
analysed: Mo, Cr, P, 2Zn, Pb, Co, Ni, Fe, Mg, Ga, Ti, V, Be, Ca,
Nb, Cu, Na, 2r, Dy, Sc, Y, Al, Mn, Sr, La, Ce, Ba, Li, and K.
The HF/HCLl/HClO. digestion is incomplete for barite yielding low
Ba results. Due to the high barite content of the orebodies, a
digestion using a lithium metaborate fusion followed by an acid
digestion would have been used if Ba results were required.

Sample dissolution for total element analysis was

accurartely weighing 1.0000 /. 0.0005 gm of dried

<

onducted by

(@]
ba

sediment into a small glass beaker. The sample was then ashed
at 500 -C for four hours, and transfzrred to a 125 mL Teflon
beaker. A 15 mL a&aliquot of concentrated HF, 5 mL of
ceoncentrated HCLl and 5 mL of a 1:1 mixture of HClO, were added.
The samples were swirled, placed on a hotplate and left to
digest overnight at room temperature. The samples were then
heated tc 200 C and brought to dryness. Approximately 50 ml of
a 20- (v/v) HCl sclution was added and the samples were heated
again at 100 -C until the solid residue dissolved. The solution

was transferred to 50 mL volumetric flasks, cooled, and made up



te wvelume with the 202° (v/v! HCl soluticn. The volumetric

flasks contained 1 mi ¢f a 5% boric acid sclution to complex any

H

emaining HF. 211l samples were then transferred to clean

pricr to analysis.

n

clyethylerne storage bcttle

'y

3.2.4 Sequential Base Metal Analysis

Sequentizl element analyses for selected base metals

)

were periormed on the ‘wet’ and ‘dry’ sediment intervals from

I\

lake sediment core RILZEB. All analyses were determined at the
Geochemical Laboratcry of the Newfoundland Department cf Mines
and Energy by IZP-CES. The Zcllowing elements were analysed:
Zu, Pb, Zn, CZa, Mn and Fe. The working range of the standards
used was aprproximated Ifrom the results c¢f the total element
analysis of lake sediment core RILZA.

The <four-ster seqguential extraction procedure was

~ -~
LoZz.3.

3

explained In derail in Sectic

For

1

re ‘dry’ sediment extraction, 0.500C /. 0.0005
gm sample was used. The final vclume for steps 1-3 was 40 mL

(dilution factor of 280) whereas the final volume for step 4 was

th

50 mL (dilution fectcr cf 100i. For the ‘wet’ sediments from
RILZE, the 1l cc sub-samples, when calculated to an equivalent
dry weight, yielded samples ranging in weight from 0.1273 gm to
J.4998 gm producing dilution factors ranging from 80.1 to 314.2

for the first three steps and 100.0 to 392.8 for the fourth

step.
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Fcr Red Indian Lake, the sediment interval with the
lcwest - Free Water coincided with the highest base metal
cencentrations. Therefcre, the middle calibration standards for
all fcur steps were made up o rcoughly egqual the highest
ccncentraticon c¢f the element within the sediment cclumn, as

determined frcm lake sediment czcre RILZA., The diiution factors

Zcr all ‘wet’ sediment sukb-samples were calculated and factored
rntz the finzl resul:zs.
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Chapter 4: Results

4.1 Elemental Analysis - Total
4.1.1 Buchans Lake Core BL1A
fnalysis ¢f core BL1A showed significant Cu, Pb and Zn
enrichment in the upper 22-22 cm of sediment. No major
differences were <cbserved in the other elements anhalyzed.

lement analysis of all cores are
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Althcugh radicmetric dating was not performed con the
sediment samples, a subtle cclor change at approximately 21 cm
as well as significant changes in the chemical compositicn of
case metals at the same interval suggests the commencement of

urred someftime during the 20-22Z cm interval. From

Chart {Munsell, ie75). The lcwer sediment core from
approximately 21 cm tc 46.2 cm was determined to be 5YR2.5/2 in
coleor. from these results, the study suggests that the
concentration of elements in the sediment below 22 cm can be
nsidered background levels. With the possibility of sediment

emental migration within the sediment column since
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depcsition, concentrations below 24 cm were chosen as
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4.1.3 Red Indian Lake Core RIL1A

Analyvsis c¢f ccre RIL1A showed significant Cu, Pb and
Zn enrichment in the upper 22-24 cm of sediment and values which
are 10-200 tzimes higher than fcund in Buchans Lzke. This 1is
expeczed as tailings Ifrcm mining operations were deposited
directly iIntc Buchans River until 19€6 and subseguently into
varicus talilirgs ponds that discharged into Simms Breook which
flcwed directly Intc 3Buchans River and evenrtually into Red
ian Lake Fig. 1.6-. No significant differences were

cbserved in the zther elements anzlvzed with the exception of Ba

ard M3, Ba results were expected tc be high in the upper
sediment due ts the presence of barite minerals within the
sulflde cre. However, the trace element digestion used for

'sis was incomplete for barite and the Ba

A distinct color change at approximately 23 cm as well
as a significant change Irn the chemical compesition of base
metals in the sediment from the 22-24 cm interval to the 24-26
cm 1interval . kackground! suggests the commencement of mining

ithin the 22-24 cm interval. Based on the color

s
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change cof the sediment as well as the chemical profiles of the

o

metals, 1t éppears that the transiticn between pre-mining and

mining cccurred between the 22-24 cm sediment interval and

therefcre the concentration of elements in the sediment below 24
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cm can be considered background levels. Since the concentraticn
of base metals were slightly elevated in the 24-26 cm interveal

25 well, the concentraticons of metals below 26 cm were chosen as

Ls cpoosed to cores BL1A and BL1B in which there was

cniy one colcr chenge within the sediment column, core RILIA
deronstrated numercus subtie cclor changes. The first 4 cm of

~he sediment nad 2 cclzr measurement c¢f 5YR3/Z and from 4 cm to

sarved between -9 cm and 22-23 cm and small bands at about 13

:CT cclor change was observed from 23 to

0
3
1
8]
(08
'»—J
)
(
12
{2
|.1
n
ot
.—l
V3

-

32.4 cm with the rredcminant color determined te be 10YR3/1. A

2 fine yellow-green band (5Y53/Z) was observed at approximately
37 cm. A thcrough examinetion of the cclor changes observed was

teycond the scope of this study but a brief explanation will be
rrcecvided in the discussion section.

For ccre RILIA, the background levels for Cu, Pb and
Zn. were determined tc be betweer 22-41 ppm, 17-44 ppm, and 127-
l¢d ppm, respectively. The upper 24 cm of sediment demonstrated
sigrnificant enrichment with respect to base metals. The
elevarted copper vazlues ranged from 502 ppm (0-2 cm) to 4270 ppm
2Z cm}:; the lead values ranged from 1697 ppm (10-12 cm) to

2283 ppm (20-22 cm); and, the zinc values ranged from 1961 ppm
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uprer section of the core, the discussion of results were
primarily limited to the elevated upper segments. In terms of
accuracy, the higher concentraticns of base metals in the upper
sections of the core were wirthin the optimum working range of
the prepared standards fcr ICP-CES, whereas the results of the
iower secticons of the core were closer to the detecticn limits.

Analysis of ‘dry’' <core RIL2E showed significant
concentraticns 2f Cu, Pb and Zn reported to the environmentally
sersitive phases (exchangeacle/carbonate and Fe/Mn cxides) of
the sequential extraction 1in the upper sediment intervals.
Discussion of the kase metal distribution among the different
phases will focus on the tcp sediment interval (0-2 cm) as well
as the interval with the highest metal concentration,. Fecr Cu

and Pb, the sediment with the highest total ccncentration (12-14

[§8]

cm  and  10-1 cm, respectively) also had the highest
concentraticn c¢f that metal reporting to the first phase.
Hewever, for Zn the highest concentration of metal was reported
in the 10-1Z cm interval whereas the 8-10 cm interval had the
highest concentration of zinc reporting to the first phase.
The sequential element analysis indicated significant
amount of Cu reported to the first three phases for the
contaminated upper sections of the core (Figs. 4.7 and 4.8).

Fcr the uppermcst sediment (0-2 cm), 26.4% of the Cu (68 ppm)

reported to Phase 1, 54.6% of the Cu (142 ppm) reported to Phase
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2, 11.5 oZ the Cu (30 ppm) reported tc Phase 3, and only 7.4%2
cf the Cu (12 ppm! repcrted to Phase 4. For the secticn with
the highest copper concentration (12-14 cm}, 31.9* <f the Cu
718 pem) reported to Phase 1, Z23.7- of the Cu (531 ppm)
reported tc Phase 2, 42.3- of the Cu (959 ppm) reported to Phase
7- of the Cu (37 rpm) reported to Phase 4. From

“he 4-¢ cm interval to the tcp of the sediment core (0-2 cm),

el

the amcunt ¢f Cu that reported tc the exchangeable/carkonate
phase decreased from 134 ppm tc 52 ppm whereas the amount of Cu
that repcrted tc the Fe/Mn oxide phase increased from 116 ppm to

12 ppmnm. Sediment below 24 cm (background) had 2-6 ppm Cu
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amcunt o¢f Pb reported o the <first twc phases for the

For the 0-2 cm interval, 17.3: of the Pb (3€¢6 ppm; reported to
Prase 1, 79.2 - cf the Pb (1628 ppm) repcrted to Phase 2, 1.7% of
the Pb (3¢ ppm) reported to Phase 3, and 1.1= cf the Pb (24 ppm)
repcrted tc Phase 4. For the section with the highest lead
cencentration (10-12 cm), 44.5% of the Pb (2070 ppm) reported to

rhase 1, 53.0- of the Pb (24€¢R ppm) reported to Phase 2, 1.0% of
the

N

Pp (45 ppm) reported to Phase 3, and 1.6= of the Pb (74 ppm)
repcrted to Phase 4. Similar trends were observed with the

ecorting tc the first two phases in the upper six
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centimeters of sediment as was cbserved with Cu. The difference
WES that the ameunt of Pb that reported to the
exchangezble/carbonate phase decreased significantly from 1169
cem tSC 396 ppm wherezs the amcunt of Pb that reported to the
Fe/Mn phase increased slightly from 1519 ppm to 1688 ppm.
éediment below 24 cm had 2-2 pem Pb reporting tc phase 1 and 22-

3Z ppm Pb reporting to phase Z.

amount cf Zn reportad to the £first three crghases for the
contaminated upper secticns cf the ccre (Figs. 4.11 and 4.12).
rcr the 2-2 cm interval, 37.2 - ¢f the Zn (317 ppm) reported to
Prase 1, 22.2 <<f the Zn (173 cepm! repcrted tc Phase 2, 32.2=2 of
275 rpm' repcrted to Phase 3, and 10.3: of the Zn (88
oem: reported to Phase 4. rfor the section with the highest zinc
ccncentration (10-12 cmy, 12.1: of the Zn (1189 ppm) reported to
Phase 1, ¢.1- ¢of the Zn (597 ppm) reported tc Phase 2, 80.0: of
the Zn (7532 pem! repcrted to Phase 3, and only 1.8% of the Zn
concentraticn cf zinc reporting to the exchangeable/carbonate
phase (8-1C cm), 23.3% of the Zn (2160 ppm) reported to Phase 1,
.4 cf the Zn (€21 ppm) repcrted to Phase 2, 67.5% cf the ZIn
{9275 ppm) repocrted tc Phase 3, and only 1.8% of the Zn (166
pemi reported to Phase 4. From the 4-6 ¢cm interval to the top

cf the sediment ccre (0-2 cm), the amount of Zn that reported to
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The variation between the sequential element analysis

or the ‘wet’ intervals and the total element analysis of the

th

ame Interval fcr Cu, Pb and Zn was generally below 20-25%, with

)

scme secticns showing significantly higher variations. The
total metal concentrations for Cu, Pk and Zn on the 14-16 cm
interval were 107 ppm, 203 pepm and 862 ppm. For the ‘wet’
sediment extracticn cn the 14-1¢ cm interval the sum of the four
chases Ior Zu, Pr and Zn were 194 pem, 270 ppm arnd 2677 ppm,
', resulting in a variation from the total element
Cu, 33: for Pb and 210+ for Zn.

Frcm the chemical profile of this core, 1t appeared
zhat mining began scmetime during the deposition of the 14-16 cm
interval. The dramatic differences observed kbetween the Cu, Pb
and Zn concentrations 1in the ‘wet’ sediment extraction and the
tctal element analysis in the 14-16 cm interval was likely a
result of the twc sub-samples of the same interval not being
identical. The reason for this was that although the total
element and sequential element analysis for core RIL2B (Dry)
were performed cn the same dried, homogenous samples, the
seguential element analysis for core RILZB (Wet) was performed
on discrete 1 cc subsecticns within the 2 cm intervals.

The sequential element analysis indicated significant
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t of Cu repcrted tc the first three phases for the

cntaminated upper secticns of the core (Figs. 4.15 and 4.16).
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For the (-2 cm interval, 42.2% of the Cu (86 ppm) reported to
Phase 1, 3¢.2 - cf the Cu (75 prom) reported to Phase 2, 2.5% of
(2 ppm = repcrted tco Phase 3, and 18.6% of the Cu (38
cem: reported tc Fhase 3. Fcr the section with the highest
ccpper concentraticn 1Z-14 cm), 16.4: of the Cu (382 ppm)
repcrzed tc Phase 1, 2%.2¢ of the Cu (219 ppm) reported to Phase
Z, 3Z2.2 cf <che Cu 9270 prm' repcrted tc Phase 3, and only 1.9:=
22 <he Zu 44 ppm! repcrted tc Phase 4. From the 4-6 cm
interval <z the top ¢f the sediment core (0-2 cm!), the amount of
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fairiv cconstant (2€-2323 ppm! whereas the amount of Cu that
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ancunt 2 Pk repcrted tc the first two phases for the
cocrntaminated upper sections of the ccre (Figs. 4.17 and 4.18).

For the 0-2 cm interval, 3¢.¢- of the Pb (9697 ppm) reported to

o

Phase 1, ¢61.5%- ¢f the Pt (1172 ppm) reported to Phase 2, 0.9% of
the Pb (17 ppm! reported toc Phase 3, and 1.0~ of the Pb (19 ppm)
reported to Phease 4. For the section with the highest lead
concentration (10-12 cm), 42.3% of the Pb (2057 ppm) reported to
Prase 1, 55.4- cf the Pb (2698 ppm! reported to Phase 2, 0.9% of

the Pb (4% ppm) repcrted to Phase 3, and 1.4% of the Pb (67 ppm)

reported to Phase 4. Frcm the 4-96 cm interval to the top of the






-2 ¢m), the amount of Pb that reported to the
rst twe phases decreased. for the first phase, the Pb

decreased frcm 1537 pem to 697 ppm. rfor the seccnd phase, the

indicated significant
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ameount of Zn repcorted to the £first three phases for the
ccntaminated upper sections ©f the core (Figs 4.192 and 4.20),
with the maicrity of the Zn repcrting to Phases 1 and 3 for the
heavily ccntaminated mid-secticns. For the 0-2 cm interval,
£ the ZIn .5Z4 pem: repcrted t©c Phase 1, 19.1- of the Zn
{134 ppm* reported to Phase 2, 3.2 of the Zn (50 ppm) repcrted
£o Phase 3, and 21.4: cf the Zn i20€ ppm) reported to Phase 4.
For the section with the highest zinc concentration (10-12 cm),
8.2 2f the Zn 2¢7 ppmi reported to Phase 1, 3.9* cf the Zn
(324 ppmj reported tc Phase 2, 82,9 of the Zn (8399 ppm)
repcrted to Phase 3, and 3.%-< of the Zn {26% ppm! reported to
Phase 4. For the section with the highest concentration of zinc
repcrting tc the exchangeable/carbonate phase (8-10 cm), 30.0%
cf the Zn (2075 ppm! reported to Phase 1, 4.3: of the Zn (381
cpm) repcrted te Phase 2, ©3.7x of the Zn (5685 ppm) reported to
Phase 3, and conly 2Z.1% of the Zn (135 ppm) reported to Phase 4.
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-o Zm interval tc the top ¢of the sediment core (0-2
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cm), the amount of Zn that repecrted to the first two phases

decreased. For the first phase the Zn decreased from 1534 ppm
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rhase the Zn decreased from 220 ppm
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The Cu, Pkt and Zn values belcw 24 cm (background) for
vhe [{irst and second rhases were 10-100 times lower than the

upper elevated intervals.

4.3 Quality Control and Quality Assurance

For Total trace element analysis, QA/QC procedures
emplcyed by the Gecchemical Labcratory, NF Cepartment of Mines
and Energy, were strictly adhered tc. This involved the random
inclusicn cf blind duplicates among all cores at sample
pcositizsns 10, 38, 20, ..., various standard reference materials
inserted at the digesticn stage (LKSD 1-4 and MP-1lAa; at sample
positisns 22, 3%, 0, ..., blzarnks and reference standards. The
reference standards used were the middle calibration standards
cf the ICP-CES. The results of the duplicate samples and
standard reference materials (LKSD 1-4) fcr total trace element
analysis are given in Zppendix E. At concentratiocns at least a

decade above the detection limits, relative standard deviations

Each pair of ccres sampled at the same sites were very

similar 1in all the element prciiles (Figs. 4.1 and 4.2, Figs.
4.3 and 4.4, and Figs. 4.5 and 4.6 illustrated the Cu, Pb and Zn

similarities;. This confirmed the sampling approach and the



ighly reproducible.
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Four 0.5 gm samples of SRM MP-1AR {(CANMET Report 82-
14E! were alsc included with the ‘dry’ and ‘wet’ sequential
extracticn procedures Ior gquallity Ccontroi. The mean and
standard deviaticn, accompanied by the certified total
concentraticns fIcr Cu, Pb and Zn were given in Tables 4.1 - 4.3,
respectively. Ferhaps the mcst striking feature of the results

was the excellent precisicn evident throughout, regardiess of

the significant number <¢f manipulaticns iInvelved 1n the

sequential extracticon procedure, For Cu, Pb and Zn, most values
for preclsicn were in the 1-3 - RSD range.

Accuracy weas difficult tz assess 1n the absence of
SRMs ‘certified’ for their rhase-selective elemental

corncentraticns. However, compariscn of the summed results of
the fecur rhases with the certified wvalues for the total
concentraticns provided scme estimate of coverall accuracy. It
was shewn from Tables 4.1 - 4.3 thzt these twe values agree
within thelr respective standard deviations in the vast majority

0f cases, with less than 10° variation from the recommended

values fzor Cu, Pb and Zn.



Table 4.1 Results (Mean,

77

of Sequential Leach Procedure to SRM MP-1A

Std. Dev. and RSD) for Cu: Application

Copper Phase 1 | Phase 2 Phase 3 | Phase 4 | Sum Recomm.
(Cu) (ppm) (ppm) (ppm) (ppm) {(ppm) Value
MP-1A 80¢ 1285 9424 2584 14079 14400
MP-1A 728 1283 95C4 2575 14155 144300
MP-1A 828 123¢ 8179 2¢95 13825 14400
MP-1A £2¢ 1233 9399 2¢5¢ 14114 14400
Mean 808 1262 9372 2628 14069° 14400
Std Dev [12.7 26.5 137 57.8 102

RSD 1.57 2.10 1.46 2.20 0.72
* 2.30 below the recommended value.

Table 4.2 Results (Mean, Std. Dev. and RSD) for Pb: Application

of Sequential Leach Procedure to SRM MP-1A

Lead Phase 1 | Phase 2 Phase 3 Phase 4 | Sum Recomm.
(Pb) (ppm) (ppm) (ppm) (ppm) (ppm) Value
MP-1A 1471 30377 S0g4 4348 45280 43300
MP-1A 15351 31147 87230 4241 45629 43300
MP-1A 148¢ 293435 991¢ 4g27 45574 43300
MP-1A 1474 282043 9901 4672 44258 43300
Mean 1471 29768 9423 4524 45185° 43300
Std Dev | 14.5 1278 574 275 637

RSD 0.99 4.29 6.08 €.08 1.41

4.35-

above the recommended value.
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Table 4.3 Results (Mean, Std. Dev. and RSD) for Zn: Application

of Sequential Leach Procedure to SRM MP-1A

2inc Phase 1 | Phase 2 | Phase 3 | Phase 4 | Sum Recomm.
(Zn) (ppm) (ppm) (ppm) (ppm) (ppm) Value
MP-1A 220¢4 3992 149540 31087 206683 180200
MP-1A 217¢4 4001 147387 29¢54 20641¢ 180200
MP-1A 2337¢ 3c8l 14c¢771 31387 2059198 1980200
MP-1A Z31eél 3419 136028 3127¢ 203884 1902CC
Mean 23515 3773 147584 30854 205726° 1580200
Std Dev 11689 279 1536 810 1268

RSD 4.97 7.40 1.04 2.62 0.62

3
’J
(o )Y

akowve the

recommended value.
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Chapter 5: Discussion and Conclusion

5.1 Summary - Total Base Metal Analysis
Mezsurement cI chemical changes in lake sediment

cores Ircm the Buchans area has been effective for discerning

1]

)

anthrcpegenic effects associated with a major base metal mining

creraticn that produced hich grade cre from 1928 to 1984. In
Buchans Laxe, tTotal eiement analysis of Cu, Pb and Zn showed
elevated levels in the upprer sediment intervals approximately an

crder of magnitude higher than in the lower, ‘background’

sediment intervals. Fcr beth lake sediment cores in Buchans

inferred as the commencement o¢f mining in the area. The

ance In sediment colcr was a result of the town
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deve.cpment and mining cperaticrns including land clearing and
ocverkurden stripping which resulted in increased erosicn and
runcoff as well as alrbcrne dust frcm general mining operations.

For Red Indian Lake, the site where lake sediment
cores RILIAR znd RILIB were collected showed that the elevated

Cu, Pb and Zn ccncentraticns in the upper contaminated sediment

intervals ¢ the cores were significantly enhanced, with the

D

highest values cf Cu (4279 ppm! and Pb (Z993 ppm) reported in

f lake sediment core RIL1A and the

]
]
1]
I
(]
|
38
)
(9]
=]
;jl
t
m
A1
<
o
'_a
O

[§8}

highest wvalue 2f Zn (12,57¢ ppm) repcrted in the 20-22Z cm
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interval c¢f lake sediment core RILI1B. For the other site
sampled c¢n Red Indian Lake, the highest concentration of Cu
{2235 rppm; was repcrted in the 12-14 cm interval of 1lake

sediment core RILZB. The highest ccncentration of Pb (4527 prem)

lake sediment core

(@)
[}

was repcrted 1n the 13-12 zm intervel

RILZIB. The highest concentration ¢f Zn (9732 ppm) was reported

- - - TN T D -~ + Pap— = M T, . -r s
in =he 10-.2Z cm interwval <f lake sediment core RILZA. The

elevarted ZTu, ?b and In ccncentraticons in the larke sediments are
a result c¢f tallings frcm the mining operaticn being discharged
directly intc 3uchzans Brook and subsequently into Red Indian

allings disposal since the
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ccmmencement cf mining cperaticns in 1928 until 19635, Since

12¢c, <tallings were contained within a series of on-site
Tailings ponds. Hcwever, during 1its cperation and since 1its

Zhls mine has discharged effluents which exceed the

limits cof the Meral Mining Liguid Effluent Regulaticns, 1977

Whitford :2001) has conducted an aquatic habitat

-
.~

t

1

survey 2f Buchans Brock and has fcund that liquid effluents were
discharged to Buchans Brcok from several locations during the
mine ocperation. Presently, releases from the tailings ponds

Ow tc Buchans Brook via drainage known locally as
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Simms Brcck. Alsc, mine effluent from the Oriental mine site

ace drainage fleow into Buchans Brook.

h
o

and metal ccnrtaminated sur
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Over time, monitoring has been cecnducted at various sites in
Simms Brock and Buchans Brook to determine pH and levels of
dissclved copper, lead and zinc. The levels of dissolved metals
have decreased since the mine closure but those for zinc still
exceed the provincial criteria of 0.5 ppm as set out in the
Enviromnmerncal Ccontrol Water and Sewer Regulations, NEWFOUNDLAND
REGULATION 1075/9¢. Recent data indicate that the highest zinc
value reported in Buchans Brock (7.7 ppm} was at the Oriental
Bridge sampling site during Cctober, 2000.

Becth 1lake sediment ccres RILIA and RILIB had a
distinct color change at approximately 23 cm and both lake

sediment cores RILZA and RIL2B had a distinct color change at

oY)

cpreximately 15 cm. These color changes in the sediment core
can be inferred as the commencement of mining operations in the
area. The numercus subtle color changes cbserved above the
distinct ccler change in all four cores are a result of numerous
factors. Primarily it is a result of the different tailings
from the various orebocdies being deposited into Buchans Brook
during the various production phases of the mining operation, as
well as increased ercsion and runoff due to land clearing and
alrborne dust from general mining operations. At various times
throughout the mine life multiple orebodies were mined
simultaneously generating variable tailings which were deposited

in Buchans Brook, resulting in the subtle color changes that



82
were cbserved thrcuchcut the upper sections cof the cores.
The first depcsit to be mined was the highest grade

Lucky Strike depcsit which was mined from 1928 until 1958. This

3}

depcsit was mined again Zrem 1272 toc 1979 but only in small

Tcnnages. The largest tcnnages mined from the Lucky Strike
dercsit were in the early 1830s. Consequently, as a result of

early constraints c¢n process extraction, poor tailings

management until 19¢¢, and the fact that the highest grade

deposits were mined first, the highest wvalues of Cu, Pb and Zn
reported in the lake sediment ccres from Red Indian Lake were

cbserved in the intervals just above the lower ‘background’

ilevels (pre-minin

o]

The ©0-2 cm sediment intervals of all lake sediment
cores in Red Indian Lake contain scme sediment deposited since
mine cicsure. Frcm cores RIL1A and RILLIB 1t appears that the
levels cf Cu (%02 ppm and 427 pem, respectively) and Zn (1961
ppm and 1224 pem, respectively! are declining but the level of
Pb (2194 ppm and 2147 ppm, respectively! is remaining relatively
censtant (Figures 4.3 and 4.4). From cores RIL22 and RILZB it

Cu (225 ppm &and 236 ©ppm,

th

appears that the levels o

~o

respectivelyt, Pkt {2050 ppm and 2102 ppm, respectively) and Zn

{832 pem and 502 ppm, respectively) are all declining (Figures

4.5 and 4.86}. However, all values for Cu, Pb and Zn in the 0-2
cm interval cf the four lake sediment cores in Red Indian Lake
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exceed the Canadian Ccouncil of Ministers of the Environment
{CCME) Canadian Soil Quality Guidelines. For Industrial use,
the maxXimum recommended Scil Quality Guidelines for Cu, Pb and
Zn zre 10C prm, 400 rpm and 380 ppm respectively. Until the
sediment that has been (and is currently being) deposited since
mine closure can be isolated and analyzed, 1t remains very

ficult £z dertermine the extent ¢o which the levels of Cu, Pb
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Zn are acruelly decreasing.

997 Envirenment Tanada started a rrocess tc revise

1
w3
j—

the MMLER and they decided that the impacts of metal mining

(T

effluent on the aguatic environment needed to be assessed. As
a result, the Assessment ¢f the Agquatic Effects of Mining in
Canada [AQUAMING was initiated on the basis <¢f that
reccmmendaticn. To ccnduct ACUAMIN it was necessary To obtain
as mnuch informaticn as possible. Varicus groups, :including

mining ccmpanies, the Mining Asscciation of Canada, Provincial
agencles and Federal Government agencies acrcss Canada were
asked tc submit relevant documents. In total, 18 case studies
and numerous ncn-case studies of various mining operations
across Canada were prepared to assess the effects on the

receiving envircnments. The finzl report was prepared in April,

=
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and it was determined that changes to sediment quality were

4]

eccrted 1in mcs ase studies where adequate sediment surveys

1
9]

were undertaken. The main conclusion from this review of



aquatic effects is that a variety of conditions (e.g. nature of
mining cperaticns and the receiving environment) affected the
magnltude and extent ¢f effects observed.

Fcr example, tThe ACUAMIN Supporting Deocument II:

Regicnal Syntheses showed that Newicundland Zinc cperated & mine

mines. As 2 resuit 2f the low levels ¢f pyrite in the ore and
the buffering capacity <¢f the carbcnate host rock, acid mine
drazinage and resulting metal contamination ¢f the receiving
waters were never a prcblem at this site. Conversely, Lac
Matagami mine site located in central Quebec included many base

metal mines. Sediment analysis hcwed that the mining

n

activities had an impact in terms of contaminating the beds of
waterccurses cver a distance of several kilometers downstream
from the discharge sites. The data demonstrated that there were

of zinc i(up t¢ ¢C0C ppm) and, to a lesser
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extent, copper in the sediments near the mine sites.
Furthermore, the Flin Flon deposits which straddle the
Manitoba-Saskatchewan border have produced 62 million tonnes of
Cu and Zn cre from 1930 to 1992. Conversations with Wayne
Fraser, Directocr of Envirconmental Services, Hudson Bay Mining
znd Smelting Company Limited, who have mined the depcsits, have

indiceted that proper dam installaticns in their tailings ponds
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since commencement of mining in 1930 have resulted in effective
tailings disposal. As a result, only slightly elevated levels

ase metals were detected in lake sediments of the downstream

O
H
o

receiving water bodies.

AQUAMIN reviewers ncted that there were major
difficulties in obtaining representative sediment samples and

ccacluded that guantitative estimates of the magnitude and

sites. Difficulties encountered included sediment particle
size, a lack of appropriate reference stations, sampling
problems, and the 1influence of geochemical properties of

individual metals (e.g. talilings, different orebodies, ore

-t

treatment technclogies and the receiving environment).
5.2 Summary - Sequential Base Metal Analysis

Sequential extracticn schemes have been developed in
the past 25 years to determine how trace metals are bound in
sediments. However, the lack of uniformity in these various
schemes does not allow for adequate comparison cf results nor
for the procedures to be validated. Indeed, the results
obtained by sequential extraction are cperationally defined.
That is, the ‘forms’ of the metals are defined by the method and
the distinctive procedure employed.

In this study, the most ‘labile’ fraction contains the
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metals associated with the Exchangeable/Carbonate phase. For
the sequential extracticn performed on both the ‘wet’ and ‘dry’
sediment intervals cf lake sediment core RIL2B, a significant
amount cf Cu, Pb zand Zn was assoclated with this fraction.

For lake sediment <core RILZB, the 1largest Cu
enrichment occurred in the 1Z-14 cm interval. For the enriched
sediment, significant amcunt of Cu repcrted to the first three

rhases with only a small fracticn repcrting to the fourth phase.

Fcr the ‘dry’ sediment, 715 ppm (31.9:) reported tc the
Exchangeable/Carbonate phase, 531 ppm (23.7%) reported to the
Fe/Mn oxide phase, 953 ppm (42.8+) reported to the

Organic/Sulphide phase, and cnly 37 ppm (1.7%) reported to the
Silicate phase in the 12-14 cm interval. For the same interval
of the ‘wer’ sediment, 382 ppm (l€.4:) reported tc the

Exchangeable/Carbonate phase, 919 ppm (39.5<) reported to the

]

e/Mn oxlde phase, 220 ppm (42.2%} reported to the

Crganic/Sulphide phase, and only 44 ppm (1.9%) reported to the

Silicate phase. Bearing in mind the inherent limitations 1in
drawing compariscns between the ‘wet’ and ‘dry’ sediments, it
appears that the drying process has very little effect on the

amount of Cu repcrting to the Organic/Sulphide or Silicate
phases in this sediment interval. However, drying appears to
significantly 1increase the amount of Cu reporting to the

Exchangeable/Carbonate phase and significantly decreases the
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Hcwever, as shown in Figure 5.2, most of the sediment
intervals in the upper enriched sections of the core indicate
that drving cof the sediment appears tco slightly decrease the
amount ¢f Pb that repcrts o the first phase.

For lake sediment <ccre RILZ2B, the largest 2Zn

nrichment occurred In the 10-12 cm interval. For the enriched

chases with the Iargest amcunt of Zn associated with the

Zrganic/Sulpnide phase. Fcr the ‘dry’ sediment, 1189 ppm
12.1 ' repcrted tc the Exchangeable/Carkbonate chase, 597 ppm
2.1 . repocrted tc the Fe/Mn oxide phase, 7832 ppm (80.0%)

repcrted ts The Crganic/Sulphide phase, and 172 ppm (1.8=)
regcrted tc the Silicate phase in the 10-12 cm interval. For
“he same interval of the ‘wer’ sediment, 967 ppm (2.5¢) reported
Z2 the Exchangeable/Cartonate rhase, 394 ppm (3.9-) reported to

~he Fe/Mn oxide cghase, %3222 ppm (82.9*) reported to the

Crganic/Sulrhide phase, and 362 ppm (3.62) reported to the

Hoewever, as shown in Figure 5.3, 1t appears that

drying the sediment appears to slightly decrease the amount of
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Hh

he mire 1l:ife. 2Zs well, improvements 1n ocre treatment

thrcughout the mine life resulted in changes to the chemical

ilings that were ultimately deposited into

[\

ccmpositicn ¢f the ¢

Red Indian Lake. Finally, the use of settling and tailings
pcnds after 1966 resulited in changes to the metal lecadings to

Buchans Brook and Red Indian Lake since that time.

Previous studies have shcown that drving oxic samples
at elevated rtemperzatures (50-1300 C; does have a significant
redistrikbution effect ¢on element associatlicns. Cven drying

causes Instant and malcr changes in cverall sediment equilibrium

DPryirng ¢f sediments caused changes 1in the extractability of
“race metals which were found tc be mostly consistent with their
partiticning bpetween Fe- and Mn-oxides, and c¢rganic matter
{Thomsen et al., 1980). The extractability of copper was found

ra2 be enhanced to more than twice that o©f the control by

During sampling, storage, and analysis of an

environmental sample, typically characterized by a pronounced

disequiliprium, speciles transformation occurs. In polluted
''stressed’:! systems entropy 1increases, and their is an
accompanying increase in instability. The greater the stress in

the environment, the more difficult is sample handling and



r o analysis. Reliable and generally applicable
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species in natural sediment samples do not vet exist. Thus, 1t
is impertant to be aware cf the kinds and degrees cof changes
taking place in the sediments while they are actually being

mical extractions have been shown to prcvide a
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convenlient means To determine the metals asscciated with the

crincipel accumulative rphases in the sediments (Kersten and

In practice, 1t 1s wusually 1impossible to retro-
actively <correct data that hnave been obtained from dried
sediments to those which exist criginally In the field. Such
data may even be of limited value <for comparing the bio-
allable concentraticns of trace metzls in samples collected
within the same envircnment (Bartlett and James, 1980).

It i1s alsc imperative to be aware of the different
time sceles invclved with sediment deposition and metabolic

ng typically of the same crder as
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sample handling times. Consequently, sampling variance, as well
as artifacts 1ntroduced during sample processing, can be more

alvtical technique

v

than an order c¢f magnirtude greater than
ariances in trace element speciation.
Two sequential schemes {(a modified Tessier procedure

with five steps and a three step protoccl designed by BCR) were
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aprlied ts heavy metal ccntaminated sediments (Lopez-Sanchez et
al., 1893:. The difference between the three step protocol
designed by 3CR and the protcccl used in this thesis is that
this <hesis 3dds & forth stepr to determine the Silicate phase
whereas the Silicate phase 1s calculated by subtraction from

al metal znalysis 1in the three step protccol. The study
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partitioning obtained with both procedures
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With <he three step prctccecel, significant amounts of

The modified Tessier procedure indicated that non residual

seccnd, third and forth
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, which zre related with carbonates, Fe/Mn oxides and
Crganic/Sulphide fractions, respectively. Coprer showed similar
Fehavior with both procedures. Significant amounts of lead were
extracted 1in the second and third fractions of the mecdified
Tessier procedure whereas with the three step BCR protocol, the
hydrcgen percxide reagent extracted the higher amount of the

metal. For =zinc, the amounts extracted with the mcdified

Tessier procedure in the second and third fractions are higher

“han the amount released with the oxidizing reagent. On the
centrary, with the three step protocol the amcunt of Zn

extracted in the Jrganic/Sulphide step is similar to the amount

extracted 1in the previcus two steps combined. The residual
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fraction obtained in the BCR prctocecl is in general higher than

that obtained using the modified Tessier procedure.

5.3 Environmental Implications

For the Red Indian Lake watershed, there has been a
significant burden of pollutants deposited to the lake sediments
in the area since mining began in 1928. In Red Indian Lake, it
has been shown that there is a significant enrichment in the
concentration of Cu, Pb and Zn in the upper sections of the lake
sediment cores. The fraction of metals reporting to the
Exchangeakle/Carbonate phase are the most labile 1in that
increases in acidity will remcve these metals first. Therefore,
if this fracticn only is ccnsidered as the environmentally
sensitive fraction, a considerable amount (ppm) of Cu, Pb and Zn
was asscciated wirth the Exchangeable/Carbonate phase and 1is
pctentially avallable for release in acidic conditions. As
well, a significant amount of base metals were found to be
associated with the Fe/Mn cxide phase. However, this study
failed to distinguish between the easily reduced substrates and
the moderately reduced substrates asscciated with the Fe/ Mn
oxide phase. Therefore, it is difficult to assess the amount of
metal that will be released to the environment with changes to
the redox potential of the system. Furthermore, depending on

the pH and redox conditions at the time of sediment deposition



ur to the time ¢f sediment retrieval, a significant porticn of
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Significant redistribution c¢f base metals between
the different phases cf the seguential extraction preocedure
occurs as & result of sediment drving. The drying process
T~ the bzse metals o varying degrees. In the
taminated upcer secticn cf the lake sediments from Red Indian
Lake, drying tends tcs significantly increase the amount of Cu
e firs:t phase but slightly decreases the amount
of Pp and Zn repocrting to the first tchease. Since the ‘wet'
sediments mcre closely resemble their state 1n the natural

anvirzcnment, the results c<f the ‘wet' sequential extraction

'_l
t

procaedure were usad in the zazssessment of the bio-availability of
Returning the lakes tc their original condition is
relither Zfeasiple cr lcgical. The sediments have incerporated a
considerakle burden cf pcllurtants and a significant portion of
the laks sediments from Red Indian Lake could potentially be
considered as hazardous waste. The sediment currently being
depcsited intoc the lake appears to have reduced levels of
pcllutants. This was difficult to assess in this study because
the upper 2 c¢cm of sediment most likely contains sediment

depcsited during the mining cperaticn as well as sediment
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dercsited since mine closure. Consequently, this can conly be
verified by isclating the sediment that has been depcsited since
~he mine clcsure. Further work that would assess the current
sediment depcsiticn to Red Indian Lake would aid in  the
understanding I the watershed recovery. &s well, a study to
zssess the water chemistry would be bensficial in the evaluation
£ The elifect ¢f sediment dissclution on water quality.
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site remediation must invsolve Dproper tallings management
including re-vegetaticn of exposed taiiings and possibkly liming
the existing tallings ponds o neutralize them and effectively
precipitate cut the metals in sclution. As well, surface runcff
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croperly treated. In summary, all effluent and runoff from the
mine site with metal concentrations exceeding the MMLER must be

ontained in polishing or settling ponds and properly treated to

reduce the metal levels. This can only be achieved with an
effective nonitoring regime that adequately assesses all



97
effluents that pctentially end ur in Red Indian Lake.

Finally, even with prcper site remediation, the
crocess ¢f lake sediment reccvery will take several years. 1In
today’s mining envircnment, the principle of pollution
preventicn at the source 1is proving to be much more effective
than dealing with polluticon at the ‘end of pipe’. 1In essence,

it is much easiler %¢ prevent peclluticon than to clean it up.
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Appendix A

Lake Zone Easting Northing NTS
Sediment .
RIL1A 21 520700 5403000 12A15
__RILIB 21 520690 5403000 12A15
RIL2A 21 504600 5392300 12A10
RIL2B 21 504610 5392300 12A10
BL1A 21 510200 5410300 12A15
BLLB 21 510200 5410290 12A15

Lake Sediment Core Length and Water Depth

Lake Water Core
_Sediment Depth (ft) Length (cm)
RIL1A 193 38.4

RILIB 190 338
_Ribea 293 34.2
__RIL2S _295 39.6
_ BLIA 26 462
BL1B 28 36.6
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Appendix B

Reporting Name, Wavelength and Methcd Detection Limit for Trace
Elements £y Fiscn Instruments Maxim III ICP-QES {(Finch, 1998}

Reporting Wavelength Method
Name (nm) Detection
Limit
AL 396.152 0.01%
_ Ba 455.397 1 ppm
o Be 313077 0.1 ppm
. Ca 42673 0.01%
o Ce 418673  lppm
G 28617 _lppm |
Cr 205561 | ppm
~ Cu 324574 1 ppm
Dy 353170 0.1ppm
o Fe 27144 _0.01%
| Ga 3294364  lppm
K 766.488 0.01%
o La 408.670 _lppm
__ L 670784 0.1 ppm
Mg 2719077 _ 0.01%
o Mn_ 403447 1ppm
__Mo 202.051 1 ppm
~ Na 588995  0.01%
____Nb _319.497 1 ppm
Ni 231.605 1 ppm .
P 213.617 lppm |
Pb 220.355 | ppm
Sc 361.383 0.1 ppm
Sr 407.771 1 ppm
Ti 307.864 1 ppm
\ 310.231 | ppm
Y 371.027 1 ppm
Zn 213.857 1 ppm
Zr 343.822 1 ppm
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: BL1A
Depth Mo Cr P Zn Pb Co Ni Fe Mg Ga
(cm) ppm ppR ppm  pPpR  ppm ppm  pPpm $ $ ppm

0-2 4 21 562 368 131 6 10 3.34 0.18 1
2-4 3 18 568 419 159 6 7 3.09 0.18 15
4-¢6 4 16 471 350 113 5 5 2.44 0.16 12
€-3 4 .8 47¢ 344 10¢ 5 6 2.44 0.18 15
g-10 4 17 564 318 111 5 6 2.49 G0.16 16
10-12 4 7 €27 3€0 160 5 6 2.48 0.14 13
12-14 4 20 648 180 237 s 9 2.47 0.16 13
i4-15 4 20 €79 528 263 5 9 2.54 0.16 13
16-18 4 20 £6¢8 £80 37 5 8 2.66 0,15 12
18-2 4 ie 585 745 594 5 7 2.61 0.14 13
20-22 4 7 78% 248 136 g 8 3.77 0.36 i5
22-24 5 27 762 13 31 9 8 4.08 0.40 16
24-2¢ % 34 52 104 25 9 13 3.0 0.37 15
26-28 5 38 750 1069 24 8 14 3.83 0.37 15
26-32 34 27 797 = 21 8 8 3.88 0.38 15
30-32 3 31 7€5 i08 21 S 10 4.28 C.36 15
32-34 4 27 A80 =19 19 9 7 4.08 0.3¢ 16
34-38 = 28 722 EE] ] 10 8 4.46 0.38 16
36-38 % 28 713 a3 i6 11 7 4.4¢ 0.39 15
38-320 ¢ Z8 72% G4 15 11 8 4.38 0.38 14
50-42 5 29 773 91 14 1¢ 8 4.23 0.38 14
42-44 4 27 716 g7 13 9 8 3.94 0.40 16
44-4¢ ¢ 28 771 138 14 9 8 4.25 0.39 15
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: BL1A

Depth Ti v Be Ca Nb Cu Na Zr Dy Sc
(cm) pPPm ppm  ppm % ppm  ppm % Ppm ppm  ppm

0-2 2087 55 1.5 0.38 6 82 0.70 78 4.4 5.3

2-4 25¢€0 €0 1.6 0.89 7 54 0.80 101 4.4 5.5

4-6 2503 52 1.4 0.62 7 53 0.81 103 3.7 4.9

6-8 2824 51 1.4 0.62 8 44 0.%9 112 3.6 5.2
3-10 2840 34 1.3 0.c0 8 55 0.82 100 3.5 5.1
10-12 254¢ 48 1.2 0.57 7 69 0.63 g6 3.4 4.8
12-14 2490 48 1.3 0.61 © 95 0.865 86 3.6 5.0
14-16 2407 50 1.4 0.58 S 117 0.64 81 3.7 5.0
16-19 2253 48 1.3 0.5¢% ) 143 0.82 76 3.3 4.8
18-20 2128 4 1.3 0.55 5 118 0.55 74 3.3 4.5
20-22 3112 8 2.0 0.74 7 41 1.25 109 4.3 7.9
22-24 3289 85 2.1 0.8C 8 20 1.45 116 4.6 9.0
24-26 3101 85 2.0 0.76 7 25 1.31 104 4.4 8.6
26-28 3105 86 2.0 0.77 7 26 1.30 103 4.5 8.6
28-30 3105 32 2.0 0.8¢ 8 18 1.49 119 4.4 8.5
33-32 3045 8¢ 2.1 0.83 7 25 1.34 106 4.6 8.6
32-34 31¢%¢ 86 2.1 .89 7 i8 1.53 113 4.6 8.8
34-30 3180 39 2.1 0.87 7 19 1.43 111 4.8 8.9
36-38 3231 89 2.0 0.85 7 17 1.45 112 4.7 8.9
38-4C 3z0¢ 8¢ 2.0 0.83 7 20 1.42 113 4.5 8.7
40-42 3153 56 2.0 0.84 7 17 1.37 109 4.5 8.7
42-44 3206 84 2.0 0.85 7 10 1.50 115 4.4 8.7
44-40 3214 38 2.1 0.85 7 15 1.37 108 4.7 9.0
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: BL1A

Depth Y Al Mn Sr La Ce Bar Li K
(cm) ppm % ppm ppm ppa Ppm  ppm PP! %
0-2 28 2.97 2229 48 27 77 329 3.9 0.68
2-4 28 3.22 2228 52 26 77 352 4.2 0.82
4-6 23 2.91 2261 51 29 6l 327 3.7 0.80
-8 24 3.54 1923 5¢ 20 60 343 4.5 1.05
8-10 23 3.23 1919 53 21 66 297 4.3 0.85
10-12 23 2.72 1987 47 21 58 259 3.9 0.65
12-14 22 2.78 1944 50 21 ol 266 3.9 0.68
14-16 23 2.78 1882 48 23 58 256 3.8 0.67
16-18 22 2.73 1892 48 21 54 251 3.7 0.65
18-2C 21 2.55 1794 45 20 59 229 3.1 0.58
20-22 27 4.24 1188 82 26 72 306 7.5 1.11
22-24 28 4.71 1058 91 27 80 318 7.3 1.20
24-26 27 4.55 106l 85 26 79 297 7.2 1.08
26-28 28 4.4%9 1077 8s 26 77 298 6.6 1.08
28-30 27 4.75 1017 2Q 2€ 71 329 6.8 1.23
30-32 28 4.54 1136 84 27 80 293 6.8 1.05
32-34 28 4.84 1050 91 26 77 323 7.0 1.23
34-36 29 4.77 1114 88 28 85 311 7.2 1.16
36-38 29 4.69 11C3 91 28 81 325 6.9 1.18
38-40 28 4.67 1098 88 26 75 325 6.6 1.15
40-42 28 4.68 1084 87 26 76 315 6.8 1.13
42-44 28 4.77 1020 90 25 79 323 7.0 1.23
44-46 29 4.72 1106 88 27 83 309 7.1 1.1

* HC1/HF/HCl04 digestion incomplete for barite
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Core: BL1B
Zn Pb
Ppm ppn
374 127
409 155
362 113
361 114
315 110
374 155
450 242
545 287
697 395
761 €04
274 108
109 27
167 25
109 1
101 15
112 20
85 18
63 1€

WO MW -J WO O oy O O

e

HoH\D@\O\DO\G\U‘U‘mU‘U‘O\‘J"Lﬂm
— =
D50 n

~J

Fe
%
3.42
3.16
2.42
2.39
2.50
2.48
2.48
2.55
2.72
2.69
3.57
4.21
4.00
3.87
3.983
4.19
4.24
4.50

>N NeleNoNoRsleoNoNeNoNoNolNolNoelNolNelNo

&

b b gp
~J 0 ]

@

.17

.15
.16
.16

18

o 4o

.38
.39
.38
.36
.36
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.35
.38

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Ga
Ppm
15
16
12
16
16
14
13
12
12
14
14
16
14

1
Py

16
16
16
15
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Appendix C
Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: BL1B

G O G M M M A C £ 4 U Jdx S U0 U U U
« e + s e . v e

Depth Ti v Be Ca Nb Cu Na 2r Dy
(cm) ppm ppm ppm % ppm  ppm 3 PP ppm ppm
0-2 2107 57 1.6 0.60 7 77 .73 81 4.1
2-4 25€0 59 1.¢ 6.6l 7 58 0.82 97 4.5
4-6 2578 54 1.4 0.862 7 55 0.82 104 3.9
6-8 2813 52 1.5 0.62 7 47 1.01 116 3.5
8-10 2848 5 1.2 0.82 8 55 0.82 53 3.5
16-12 262 S0 1.2 0.58 7 72 C.67 85 3.6
12-14 2507 51 1.3 0.6l 7 97 0.68 g3 3.5
l4-1€ 2441 48 i.4 0.€0 S 102 0.65 83 3.1
l6-18 23195 50 1.4 0.5¢ € 148 0.59 7L 3.2
18-20 2087 5G 1.4 0.55 ) 12 0.55 €9 3.4
20-22 31t2 82 2.1 Q0.oe% g 37 1.29 117 4.4
22-24 3274 7 2.0 0.79 8 22 1.50 112 4.6
24-26 3127 §8 2.0 (.80 7 25 1.45 100 4.7
26-28 3098 §6 2.1 0.81 7 27 1.31 102 4.6
28-30 2107 8s 2.1 0.8s8 8 23 1.42 109 4.6
30-32 3087 g9 2.2 0.85 7 2¢€ 1.30 111 4.7
32-34 3230 85 2.1 0.87 7 2C 1.43 113 4.6
34-36 3217 51 2.0 0.87 7 19 1.48 113 4.6

[7]
0

-3

D WO ~J U oY @I ~J WY O W W RN
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: BL1B
Depth Y Al Mn Sr La Ce Bat* Li K
(cm) ppm % Ppm ppm ppm ppm ppm  ppm .
0-2 3 3.02 2208 50 30 73 347 4.1 0.70
2-4 29 3.17 2230 50 25 77 362 4.3  0.80
4-6 24  3.01 2251 52 22 64 347 3.9 0.82
€-8 22 3.47 2007 57 19 59 343 4.5 0.99
§-10 23  3.20 1308 37 29 €2 321 4.5 0.92
19-12 23 2.68 1873 51 20 52 270 4.0 0.65
12-14 23 2.62 1950 52 22 51 272 3.9 0.69
14-16 23 2.74 1602 48 24 61 255 3.8 G.69
16-18 22 2.70 1907 49 20 57 230 3.8 0.64
18-20 22 2.52 1842 49 19 57 238 3.2 0.6l
20-22 29 4.1% 1145 85 28 75 287 7.4 1.14
22-24 2¢  4.84 1027 90 28 76 321 7.2 1.18
24-26 27  4.52 1046 85 27 79 312 7.2 1.1
26-28 29  4.55 1052 B¢ 26 74 307 6.9 1.11
28-30 28  4.54 1021 8% 26 75 301 6.7 1.27
30-32 2%  4.69 1117 86 27 81 308 6.9 1.10
32-34 29 4.61 1083 20 26 §2 337 7.2 1.23
34-36 28 4.80 1132 89 28 g0 316 7.1 1.20

* HC1/HF/HCl04 digestion incomplete for barite



110
Appendix C
Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RILI1A

Depth Mo Cr | 4 Zn Pb Co Ni Fe Mg
(cm) ppm ppm ppmi ppm  pp@ Ppn  ppm % %

0-2 51 3¢ 583 1961 2194 13 14 16.33 0.82

2-4 45 27 410 5740 2314 6 8 7.12 0.63

4-o 33 2¢ 381 523C 1750 7 g 6.22 0.65

6-8 21 33 436 5745 205¢ S 12 5.89 0.71
8-10 21 37 419 10301 11¢9 7 10 4.%2 0.83
10-x2 27 31 336 12247 1697 5 S 4.54 0.82
12-14 3¢ 31 303 10981 2038 5 8 5.35 0.88
i4-1¢ 46 32 276 8334 1834 5 8 7.07 0.87
ie-18 44 44 308 1155¢& 1899 4 8 7.25 0.81
i8-2¢ =7 47 33¢ 11CeE 2830 5 ] g.10 0.73
20-22 =4 30 400 12502 2593 6 10 7.55 (.64
22-24 ¢ 30 493 8890 1833 5 13 5.66 0.60
24-2¢ 10 44 40 38¢ is51 17 21 5.2 0.81
28-28 ¢ 41 882 1€0 44 17 17 6.78 0.70
28-30 ° 30 col 127 23 15 11 9.35 0.47
30-32 7 33 18643 13€ 13 17 14 8.31 0.53
32-34 ¢ 33 1054 140 17 16 12 8.48 0.51
34-3¢ 5 3% 1109 14 17 15 14 7.12 0.53
3e-38 8 27 1i€e 13¢ 17 16 ig 10.80 .44
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL1A

Depth Ti v Be Ca Nb Cu Na 2r Dy Sc
(cm) ppm ppm ppm $ PP®  PpR % PPR  PpPm  ppm

0-2 2218 80 1.3 0.48 4 502 0.78 67 3.4 9.9

2-4 19C4 o8 0.9 0.35 4 827 0.70 66 2.5 7.6

4-6 2143 28 1.0 0.42 4 §20 0.87 75 2.6 8.0

6-§ 2402 77 1.1 J.4¢ 5 855 0.%6 81 2.8 3.4
€-10 2240 80 0.2  0.40 4 826 0.78 69 2.3 9.4
i0-312 17e8 73 0.6 2.28 3 763 0.60 57 2.2 g.2
12-14 1470 67 0.5 0£.20 2 891 0.39 46 1.€ 6.9
14-16 1239 80 2.3 0.18 2 952 0.30 50 1.3 5.2
1€-18 1342 65 0.3 0.12 2 1374 0.31 51 1.3 5.4
18-20 1452 7 2.0 c.22 Z 1893 0.33 48 1.6 5.8
20-22 1650 21 9.8 .30 3 4270 0.38 47 1.7 6.3
22-24 2230 37 0.8 0.34 4 2532 0.59% 57 2.4 8.7
24-2¢ 373¢ 105 1.8 0.el 7 73 1.24 100 4.3 13.6
26-28 3245 100 2.0 .00 © 41 1.12 91 5.2 12.2
28-3C 2588 32 2.1 0.863 % 27 1.13 87 6.5 8.9
30-32 283z 89 2.3 (.é4 6 30 1.25 82 5.5 9.8
32-34 2851 85 2.4  0.64 & 29 1.258 96 5.5 5.6
34-3€ 2925 a2 2.4 0.66 7 32 1.23 97 6.C 2.9
36-38 2565 31 2.3 0.60 5 22 1.14 89 6.1 8.3
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Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL1A

Depth Y Al Mn Sr La Ca Bav Li K
(cm) ppm $ ppm  ppm  pPpm  pPpm  ppm  ppm %
-2 21 4.22 4894 344 i7 52 264 12.5 0.86
2-4 196 3.3 1¢83 507 S 32 128 10.2 0.¢1
i4-2 1% 4.00 1057 441 S 35 164 9.6 1.04
€-3 18 4.35 1015 371 12 36 17¢ 10.7 1.11
3-10 1% 1.22 878 24 I 25 150 11,1 1.14
10-12 I3 .80 823 482 7 7 136 11.1 1.08
i2-14 11 3.47 902 6053 € 15 136 10.5 0.93
14-1¢ 1C 3.6% 952 £43 5 22 185 12.0 0.98
_€=-18 10 4.0¢ 108¢ €53 4 15 122 12.3 1.05
13-20 12 3,70 1473 491 5 2 107 12.3 0.868
20-22 1t 3.21 2052 452 3 22 50 10.3 0.67
22-24 15 2.79 2895 455 8 37 156 11.% Q.75
24-26 25 £.12 4876 117 24 7 8§00 1€.7 1.28
25-28 2% 5.533 10701 73 27 77 1388 14.4 1.13
28-33 30 3.3 27%%C Z14 2¢ ge 880 5.6 0.98
30-32 32 5.11 ¢€le2 68 28 56 782 10.2 1.12
32-34 23 3.15 59506 67 29 &7 716  10.4 1.11
34-3¢ 3¢ 5.15 6632 68 32 112 673 10.3 1.10
36-38 3C 5.62 20881 €1 28 59 632 8.9 1.02

* HC1/HF/HCl04 digestion incomplete for barite
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Appendix C
Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL1B

Depth Mo Cr P Zn Pb Co Ni Fe Mg
(cm) ppm ppm PpPpm  pPpE  PPR  PPR  pPpm % % ppm
0-2 54 52 612 1894 2147 15 14 9.97 0.60
2-4  4¢ 27 §20 5776 2402 8 9 7.40 0.62
4~-6 25 25 401 5185 1782 7 9 6.22 0.64
-3 290 31 447 5722 2104 3 11 5.71 0.%6%9
8-10 Z2: 39 422 10512 2117 8 12 5.C1 0.73
10-12 2% 33 351 12403 1722 5 9 4.72 0.61
12-14 35 31 297 11104 2056 4 7 5.25 0.83
14-16 42 33 282 3407 1871 5 8 7.25 0.89
16-13 44 45 311 11562 1946 5 8 7.2%3 0.87
18-20 53 sc 348 111i2 2803 4 9 7.9¢ 0.75
20-22 =% 30 427 12576 2985 8 8 7.33 0.62
22-24 32 32 5Ce 8685 1817 5 11 5.67 0.63
254-2¢6 & 39 By 412 137 8 19 5.55 0.7
2e-2¢8 7 44 §7% 151 42 16 15 7.00 0.71
23-30 ¢ 39 1613 133 21 17 14 9.27 0.49
3g-32 ° 33 1062 139 17 17 12 8.54 0.52
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL1B

Depth Ti v Be Ca Nb Cu Na Zr Dy Sc
(cm) ppm pPpm  ppm % Ppm  ppm % FPPR  PP®  ppm

C~2 22690 79 1.4 0.49% 4 487 0.76 63 3.4 1C.4

2-4 1934 71 1.0 0.3¢ 5 862 .71 63 2.6 8.0

4-6 2173 08 1.0 0.40 4 826 (.87 72 2.6 8.0

6-3 2353 75 1.1 0.47 4 832 §.94 79 2.6 9.2
8§-13 2301 78 1.0 0.41 4 802 0.80 70 2.2 9.5
10-12 1774 72 0.7 0£.3¢ 3 778 0.60 57 2.0 8.2
12-14 15¢C2 ¢ 8 0.5 0.21 2 905 0.40 45 1.8 7.1
14-1e 1277 62 J.5 ¢.19 2 1007 0.32 49 1.4 5.4
16~158 1337 o7 J.€ 0.20 2 1501 0.31 51 1.3 5.4
18-20 14536 e 0.5 0.22 2 1976 0.33 47 1.7 6.0
20-22 1705 78 0.9 0.3C 4 4183 0.36 47 1.7 6.2
22-24 222¢ 87 1.0 0.36 4 2612 0.63 49 2.6 5.4
24-25 3¢€¢8 102 2.0 0.60 7 57 1.2C 55 4.7 13.1
26-28 3177 105 2.1 0.80C 7 36 1.18 54 5.3 12.3
28-32 2e74 87 2.4 0.64 g 32 1.13 51 6.2 9.4
30-32 2351 8% 2.3 0.64 7 3G 1.23 92 5.7 9.9
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Appendix C
Lake Sediment Geochemical Core Data - Total Elemental Analysis
Core: RIL1B

Depth Y Al Mn Sr La Ce Ba* Li K
(cm) ppm % PPR  pPPRM ppm ppm ppm  ppm %

0-2 23 4.32 5012 360 17 49 250 12.2 0.87
2-4 17 3.7 1715 487 10 34 141 10.5 0.90
4-6 17 3.89 1047 447 11 37 172 10.0 1.05
6-8 18 4.42 998 375 12 35 174 10.5 1.11
8-10 16 4.21 856 458 10 30 148 11.2 1.13
10-12 12 3.78 832 500 8 26 140 11.0 1.11
12-14 11 3.45 891 611 ) 14 140 10.9 0.95
14-1¢ 10 3.70 982 637 5 20 175 11.9 0.99
l6-18 9 3.99 1057 656 5 l¢ 127 12.4 1.02
18-20 10 3.74 1527 507 5 28 102 12.3 0.90
20-22 11 3.31 2111 471 5 24 101 10.7 0.71
22-24 14 3.97 2875 449 8 35 160 11.5 0.79
24-26 27 5.95 5019 108 25 74 702 16.2 1.24
26-28 30 5.57 11004 69 2 80 1256 13.9 1.15
28-30 30 4.60 275863 67 29 92 883 10.1 1.04
30-32 33 5.20 6405 68 31 96 756 10.5 1.12

* HC1/HF/HC104 digestion incomplete for barite
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Appendix C

Lake Sediment Gecchemical Core Data - Total Elemental Analysis

Core: RIL2A
Depth Mo Cr P Zn Pb Co Ni Fe Mg Ga
(cm) ppm PP Ppm ppm  ppm Ppm  ppm % % ppa

6-2 34 57 676 §39 2050 23 25 8.05 0.81 15
2-4 €8 51 657 1598 2565 19 20 8.38 0.86 16
4-6 12 56 626 2161 2607 20 22 6.44 0.99 i8
6~-8 17 61 571 6686 3669 11 15 5.20 1.10 25
§-10 21 54 458 8630 3850 8 13 4.34 1.06 25
10-12 2% §2 488 9732 4457 9 15 4.21 1.05 35
12-14 22 54 536 6743 2938 13 17 5.12 (.92 30
14-16¢ 8 80 729 838 185 21 25 6.75 0.97 19
16-18 14 42 1310 440 232 18 15 11.49 0.56 17
18-20 8 37 1352 277 56 20 17 g§.62 0.60 14
20-22 18 41 1518 229 €5 29 17 9.24 0.62 15
22-24 7 36 1240 162 28 22 15 10.90 0.52 13
24-26 7 38 1479 160 21 21 16 §.86 0.59 14
26-28 7 3¢ 1524 155 15 24 17 10.54 0.51 13
28-30 & 38 1614 156 i1¢ 21 16 2.69 0.53 13
30-32 7 44 1659 154 19 25 19 8.83 0.57 13
32-354 5 32 1405 169 19 24 17 9.17 0.55 14
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL2A
Depth Y Al Mn Sr La Ce  Ba* Li K
(cm) ppm % PPR  pPpm ppm ppm  ppm  ppm %
6-2 23 5.39 29728 205 22 59 1220 15.0 0.92
2-4 23 5.38 6905 326 22 56 808 15.6 0.99
4-6 24 6.16 3875 315 23 59 732 16.7 1.21
6-8 20 5.67 2677 567 19 49 313 15.0 1.42
8-10 16 5.34 2237 651 15 42 213 14.5 1.29
16-12 15 5.83 2806 458 13 37 177 15.7 1.45
12-14 16  5.40 3364 441 14 38 240 16.6 1.08
14-16 23 6.19 7326 113 23 58 1240 19.3 1.07
16-18 321 4.48 13855 107 29 86 741 10.6 0.62
18-20 33  4.82 15494 77 32 97 1194 11.1 0.65
20-22 32  4.83 12758 70 32 92 1817 11.1 0.65
22-24 32 4.41 20688 51 32 93 799 9.3 0.53
24-26 33  4.86 10532 56 33 100 665 10.8 0.62
26-28 34  4.51 23888 52 35 100 555 9.5 0.57
28-30 36 4.63 16534 53 37 111 537 9.9 0.58
30-32 35  4.87 12203 56 37 108 490 10.3 0.63
32-34 35 4.81 15698 54 35 104 494 10.0 0.63

* HC1/HF/HC104 digestion incomplete for barite
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Appendix C
Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL2B

Depth Mo Cr P Zn Pb Co Ni Fe Mg
(cm) ppm ppm ppm ppm ppm ppm  pPpm % § [EE=
-2 57 59 622 802 2102 21 25  8.32 0.79
2-4 70 54 660 1627 2497 2 22 8.61 0.85
4-6 14 &0 637 2220 2701 21 22 6.32 1.00
6-3 19 o) 67 6821 3840 12 14 5.03 1.07
g8-10 21 52 449 8583 3912 7 15 4.51 1.05
10-12 24 33 498 9575 4527 8 16 5.01 1.05
12-14 23 57 555 5894 3101 14 18 5.37 0.50
14-16 10 59 74 862 203 20 23 7.01 0.94
15-18 15 30 1283 429 227 20 17 11.72 0.59
18-20 3 37 1356 287 101 21 17 8.95 0.60
20-22 11 30 1492 2a: 55 21 17 9.45 0.60
22-24 8 36 1287 57 24 23 17 10.67 0.53
24-26 7 3¢ 1501 155 21 22 16 8.88 0.60
26-28 7 39 1525 154 19 21 1 10.21 0.52
28-30 7 40 1624 160 20 23 17 10.01 0.52
30-32 7 4 1668 157 20 23 18 9.12 0.55
32-34 8 34 1427 163 21 25 17  9.34 0.55
34-36 5 35 1482 154 1 24 18 8.86 0.57
36-38 6 32 1406 160 19 23 17  9.18 0.54

<
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis
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Appendix C

Lake Sediment Geochemical Core Data - Total Elemental Analysis

Core: RIL2B

Depth Y Al Mn Sr La Ce Ba* Li K
(cm) ppm % PPR ppm Ppm  ppm  ppm  ppm L
0-2 24  5.4%5 23056 138 22 60 1247 15.5 0.90
2-4 24 5.41 7205 330 2 56 836 15.7 0.99
4-6 24 5.%7 2797 327 22 60 94 16.3 1.19
-3 22 3.59 2651 582 21 &0 321 15.5 1.39
2-17 1% 5.42 2158 673 16 41 232 14.3 1.31
10-12 1% 5.€7 2302 4scC 12 38 18C  15.5 1.47
12-14 17 3.41 3331 441 14 42 272 16.2 1.05
14-15 23 6.07 7464 108 21 61 1175 18.7 1.04
16-18 2¢  4.358 13727 103 31 80 593 10.9 0.64
18-20 33 4.37 13604 76 23 9% 1256 11.0 0.65
20-22 33 4.92 132018 &7 33 91 1765 11.0 0.66
22-24 34  4.51 20883 53 2 94 825 9.5 0.56
24-26 33 4.95 12011 55 34 o8 642 10.6 0.63
26-23 33 4.50 23400 52 34 100 535 9.6 0.57
28~30 36  4.60 16293 53 36 107 542 10.0 0.58
36-32 36  4.%4 12272 55 37 111 507 10.2 0.61
32-34 35 4.78 15104 54 38 105 492 10.1 0.63
34-36 34 4.83 14087 54 36 108 512 9.7 0.63
36-38 36  4.81 13327 52 36 102 489 10.0 0.62

* HC1/HF/HC1l04 digestion incomplete for barite
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis

Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: Copper (Cu)
Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
_(em)
0-2 68 142 30 19 259
2-4 107 122 61 25 315
4-6 134 116 61 24 336
68 398 214 142 19 774
8-10 373 234 211 17 835
10-12 428 261 281 17 088
o 12-14 715 531 959 37 2242
~14-16 46 ~ 43 42 7 138
1618 13 40 9 24 86
18-20 5 40 12 10 67
2 20-:22 6 33 9 11 59
22-24 6 25 21 9 61
2426 6 36 6 9 57
26-28 6 32 1 8 47
28-30 4 29 9 12 54
- 30-32 2 23 3 9 37
32-34 4 32 5 9 50
- 34-36 4 37 6 8 55
36-38 4 31 10 8 53
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Appendix D

Lake Sediment Geochemical Data - Sequential Elemental Analysis

Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: Lead (Pb)
Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
02 366 1688 36 24 2114
2-4 793 1568 30 22 2413
4-6 1169 1519 34 18 2740
6-8 1695 2092 26 70 3883
~_8-10 1841 2142 30 82 4095
~10-12 2070 2468 45 74 4657
_12-14 1205 1819 46 69 3139
~ 14-16 64 148 2 4 219
16-18 19 198 9 7 233
18-20 3 102 4 1 111
20-22 2 72 4 l 79
o 22-24 0 28 7 4 39
24-26 1 31 0 2 34
26-28 0 29 0 0 29
28-30 0 25 4 2 32
30-32 1 22 2 3 27
32-34 2 30 1 1 34
34-36 2 32 0 0 35
36-38 1 23 1 1 27
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: 2Zinc (2Zn)

Sediment Phase 1 Phase 2 Phase 3 Phase {4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
0-2 317 173 275 88 852
24 603 249 698 130 1680
4-6 836 391 999 154 2380
6-8 1019 722 5063 203 7007
8-10 2160 691 6275 166 9292
10-12 1189 597 7832 172 9791
12-14 1014 802 4799 131 6747
B 14-16 269 158 430 42 899
- 16-18 121 70 115 83 389
~ 18-20 84 89 98 38 309
_20-22 97 73 52 42 264
- 22-24 45 37 58 24 164
24-26 67 38 39 27 170
26-28 55 62 28 22 168
28-30 58 58 34 24 175
30-32 57 63 24 23 167
32-34 59 65 20 22 167
34-36 50 52 32 25 158
36-38 56 52 52 17 176
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: Iron (Fe)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
0-2 6353 45377 2311 32394 80736
24 3723 37216 1262 41056 83257
4-6 3424 24865 855 30716 59860
6-8 3718 23921 294 22664 50597
810 4419 19646 1232 19256 44553
10-12 4616 22679 2517 18573 48385
_12-14 5685 19799 2973 23092 51549
14-16 4804 28516 1096 33862 68278
___16-18 4907 51627 3374 49831 109738
18-20 3081 65201 3756 19701 91738
| 20-22 3176 47105 6310 35727 92317
-4 3591 60128 4291 31402 99412
o 24-26 2948 40852 6696 34915 85412
26-28 3333 69474 4781 21872 99461
28-30 3189 61460 5076 28129 97854
30-32 3025 64670 3892 21558 93145
32-34 3168 57797 5464 27155 93585
34-36 2911 57980 4276 22144 87311
36-38 3373 58402 3953 23524 89252
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: Manganese (Mn)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm) ]
0-2 22775 2439 313 1114 26641
2-4 5679 503 106 606 6894
4-6 2852 226 49 390 3517
6-8 2147 138 27 352 2664
8-10 1917 114 30 295 2356
10-12 2176 139 32 252 2599
12-14 2561 180 51 311 3103
14-16 5905 848 163 720 7636
16-18 10936 1498 283 870 13587
18-20 13011 2793 117 293 16213
20-22 10253 874 267 626 12020
22-24 14437 3999 212 551 19199
! 24-26 9663 955 222 460 11301
26-28 16617 4127 162 352 21259
28-30 12554 1657 230 540 14981
30-32 9643 1563 142 342 11690
32-34 13206 1856 201 455 15718
34-36 11657 2215 137 318 14327
36-38 12475 1764 154 405 14798
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (0.5 gm Dry Sediment)

Element: Calcium (Ca)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)

0-2 1780 558 213 3858 6408
24 991 576 267 4445 6279
| 4-6 853 612 258 4490 6213

6-8 783 799 277 3351 5211

8-10 722 482 155 2446 3805

10-12 834 489 123 2471 3918
12-14 893 490 82 3273 4739
_14-16 886 506 280 4594 6266
16-18 1108 428 237 3836 5609
18-20 1975 502 180 2999 5656
20-22 1860 472 196 3357 5885
22-24 1701 484 189 3262 5636
24-26 1968 496 194 3289 5947
26-28 1984 512 201 2839 5535

| 28-30 1820 453 228 3206 5707
30-32 1855 463 242 3234 5794
32-34 2095 484 178 3073 5830
34-36 2044 497 198 3100 5839
36-38 1902 494 229 3324 5950
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Appendix D
Lake Sediment Geochemical Data -~ Sequential Elemental Analysis
Lake Sediment Core: RIL2B (1 cc Wet Sediment)

Element: Copper (Cu)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
0-2 86 75 5 38 204
24 69 113 26 49 257
4-6 88 135 50 51 324
6-8 387 301 172 32 §92
810 139 356 272 24 791
__ 10-12_ 227 502 425 26 1180
1.4 382 919 980 44 2325
| 14-16 5 99 49 41 194
~ _l6-18 4 28 7 25 64
18-20 16 24 0 21 61
20-22 4 19 4 15 42
L 22-24 4 21 1 15 41
| 24-26 4 21 0 15 40
26-28 8 18 0 15 41
28-30 5 18 0 15 38
30-32 5 16 1 15 37
32-34 2 20 0 14 36
34-36 3 16 1 16 36
36-38 2 20 1 26. 49
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (1 cc Wet sediment)

Element: Lead (Pb)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) {ppm) (ppm) (ppm) (ppm)
(cm)
0-2 697 1172 17 19 1905
24 1187 1178 14 8 2387
4-6 1537 1382 21 16 2956
68 1924 1762 15 61 3762
8-10 1604 2314 29 68 4015
10-12 2057 2698 435 67 4867
_12-14 1008 1570 41 37 2656
- 14-16 72 190 4 4 270
. le-18 35 162 2 0 198
~18-20 13 71 2 1 87
20-22 12 57 0 0 69
22-24 9 20 0 0 29
24-26 3 21 0 2 26
26-28 L 5 16 2 0 22
28-30 1 16 0 0 17
30-32 7 15 2 0 24
32-34 | 19 2 0 21
34-36 5 11 1 2 19
36-38 5 18 1 2 26
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (1 cc Wet sediment)

Element: 2Zinc (2Zn)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)

(cm)

02 524 184 50 206 964

2-4 989 162 300 301 1752

4-6 1534 220 756 300 2810

6-8 1499 284 5637 232 7652

810 2675 381 5685 185 8927

- 10-12 967 394 8399 368 10128

_____ C12-14 1365 699 4279 185 6528

14-16 1807 290 434 146 2677

| 1618 9% 33 24 96 247

18-20 108 23 2 66 199

20-22 76 14 4 47 141

o222y 69 19 1 53 142

- 24-26 83 25 5 60 173

26-28 89 23 2 50 164

- 28-30 i 99 23 5 57 184

30-32 61 18 5 43 127

32-34 84 18 2 45 149

3436 0 9% 24 0 48 164

36-38 90 23 4 44 161
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis

Lake Sediment Core: RIL2B (1 cc Wet sediment)

Element: Iron (Fe)
Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
0-2 12431 40075 0 37107 89613
2-4 22396 13174 37 38674 74281
4-6 22283 8480 85 35161 66009
. 6-8 16114 7525 152 22781 46572
8-10 18190 5351 1178 21652 46371
__10-12 19738 7254 2036 21304 50332
12-14 16623 8508 1509 22651 49292
- 14-16 29246 6546 331 38275 74398
___16-18 33708 15297 1185 49293 99483
18-20 60327 22713 97 19327 102465
20-22 31391 19448 1096 30337 82272
1 22-24 67613 25509 67 19201 112390
24-26 23544 17326 1071 36674 78615
26-28 31940 19849 1852 35443 89084
28-30 32782 20277 1166 37884 92109
30-32 58664 21970 836 26377 107848
32-34 45526 18366 465 27738 92095
34-36 47370 19027 712 28539 95648
36-38 41834 20062 339 33982 96217
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis
Lake Sediment Core: RIL2B (1 cc Wet sediment)

Element: Manganese (Mn)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 ' Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)

0-2 22960 939 154 1206 25260
2-4 4477 203 41 586. 5307
4-6 3367 118 36 527 4048
6-8 1920 81 21 406 2428
810 2003 82 26 354: 2465
10-12 2005 82 28 308’ 2423
12-14 2327 100 23 306 2756
1416 4327 227 68 592 5214
16-18 7049 364 120 703. 8236
18-20 27541 2187 28. 228 29984
2022 7306 328 104 434 8172
22-24 18634 2576 31 292 21533
2426 9055 431 131 624 10240
26-28 16251 723 197 935. 18106
28-30 13658 592 146. 805 15200
30-32 10816 516 58 437! 11826
32-34 13164 475 73 573 14285
34-36 11535 435 60. 448; 12478
36-38 13135 428 80 524 14167
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Appendix D
Lake Sediment Geochemical Data - Sequential Elemental Analysis

Lake Sediment Core: RILZ2B (1 cc Wet sediment)

Element: Calcium (Ca)

Sediment Phase 1 Phase 2 Phase 3 Phase 4 Total
Interval (ppm) (ppm) (ppm) (ppm) (ppm)
(cm)
0-2 1754 514 443 4325 7036
2-4 847 531 432 5013 6823
- 4-6 770 554 414 4915 6653
6-8 747 854 313 3806 5720
8-10 659 480 143 2931 4213
~10-12 688 469 115 3085 4356
~12-14 831 495 85 3717 5128
14-16 B 753 483 400 4598 6234
i 16-18 991 384 376 3951 5702
18-20 2229 505 331 2886 5950
o 20-22 1748 396 371 3387 5902
22-24 1701 402 274 2850 5227
24-26 1876 446 394 3704 6419
- 26-28 1864 471 366 3558 6258
28-30 1765 456 370 3698 6289
30-32 1784 481 403 3696 6364
32-34 1932 448 358 3110 5848
34-36 1752 435 392 3846 6425
36-38 1834 468 318 3485 6105
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Appendix E

Quality Control/Quality Assurance Data - Total Elemental Analysis

Lab Field Mo Cr P Zn Pb Co Ni Fe Mg
Number Number ppm ppm PpPpm PpPpm  pPpm  pPpm  ppa $ %
2620062 BL1Al4ls 4 26 679 528 263 5 5 2.54 0.1%
2620070 BL1Al4lé 4 18 652 511 247 5 8 2.45 0.15
2620085 RIL1A1012 27 31 336 12247 1697 5 9 4.54 0.82
2620090 RIL1AL012 26 31 329 12556 1666 5 8 4.57 0.80
2620106 RIL2A1012 25 82 488 9732 4457 9 15 4.91 1.05
2620110 RIL2A1012 24 80 489 9800 4698 9 14 4.78 1.04
2620129 BL1B1820 4 17 802 761 604 6 8 2.89 0.15
2620130 BL1B1820 4 18 €11 768 611 6 8 2.65 0.15
2620156 RILiIB1415 42 33 282 8407 1871 5 8 7.25 0.89
2620170 RIL1B1416 4 32 275 8378 1884 S 8 7.09 0.87
262018% RIL2B4-8 19 &C 567 6821 3840 12 14 5.03 1.07
2620190 RIL2BA-8 20 58 575 6784 3872 11 15 4.93 1.05
* LKSD-1 10 31 698 331 82 11 16 2.8 1.04
2620060  LKSD-1 9 24 681 324 81 12 15 2.85 0.99
2620140 LXSD-1 10 25 &892 328 83 1 15 2.82 1.01
* LKSD-2 <§ 57 1222 209 4" 17 26 4.3 1.01
2620080  LKSD-2 <1 47 1285 202 41 19 23 4.30 0.99
2620160 LKSD-2 <1 45 1268 205 43 19 24 4.32 1.00
* LKSD-3 <5 87 1091 152 29 30 47 4.0 1.20
2620100 LKSD-3 <1 72 1056 145 30 3¢ 46 4.17 1.14
2620180 LKSD-3 <1 74 1052 147 29 32 46 4.14 1.17
* LKSD-4 <5 33 1440 194 91 11 31 2.8 0.56
2626120  LKSD-4 2 28 1423 191 94 13 31 3.05 0.50

¢t (Certified Reference Material)
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Appendix E
Quality Control/Quality Assurance Data - Total Elemental Analysis

Lab Ga Ti v Be Ca Nb Cu Na 2r Dy
Number ppm ppm ppm PP § PP@ pPpa § PP® ppm:

2620062 13 2407 50 1.4 0.58 6 117  0.64 81 3.7
2620070 14 2325 47 1.3 (.60 e 114 0.66 79 3.6
2620085 22 1768 73 0.6 0.28 3 763 0.60 57 2.2
2520080 23 1778 73 0.7 0.28 3 764 0.60 58 2.1
2620106 35S 2568 117 G.2  0.40 4 986 0.64 €9 2.5
2620110 33 2474 114 0.9 0.40 4 987 0.64 €8 2.4
262012¢ 14 2087 49 1.4 0.55 5 12 .55 6% 3.4
2620130 14 2C3% 47 1.3 0.5¢ 6 120 0.55 71 3.4
2620156 23 1277 62 .5 0.1¢ 2 1007 0.32 42 1.4
2620170 22 1258 60 0.6 G.19 2 10062 0.32 50 1.5
2620189 23 2898 124 1.1 0.53 5 747 0.88 75 3.4
2620150 23 2940 121 1.1 0.54 8 755 0.86 80 3.4
LKSD-1 10 3010 50 1.1 7.7 ? 44 1.48 134 3.4
262005C 13 3C03 52 ¢.8 7.87 5 45 1.47 40 3.1
2620140 12 3008 51 0.9 7.82 5 45 1.48 42 3.2
LKsD-2 18 3460 77 2.5 1.6 8 37 1.43 254 7.3
2620080 18 3301 78 1.7 1.43 9 40 1.37 9% 5.9
2620160 18 3337 77 1.8 1.45 g 39 1.38 102 6.0
LKSD-3 17 3330 82 1.9 1.6 8 35 1.72 178 4.9
2620100 19 3245 83 l1.¢ 1.53 9 7 1.61 94 4.2
2820180 18 274 81l 1.7 1.53 9 38 1.64 92 4.3
LKSD-4 12 2270 49 1.0 1.3 9 31 0.54 105 3.7
262012C 10 1994 43 0.8 1.15 4 34 0.53 36 3.3

* (Certified Reference Material)
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Appendix E

Mn
Ppm
1882
1883
823
822
2808
2638
1842
1837
962
945
2651
271¢
700
743
727
2020
2200
2184
1440
1593
1571
500

618

1398

Sr
pPpm
48
47
482
508
458
421
49
47
837
618
582
601
250
270
255
220
236
232
240
252
249
110
133

La Ce Ba
ppa pPpa Ppm
23 58 256
21 59 251
7 27 13¢
7 25 137
13 37 177
14 32 185
ig 57 238
20 58 243
5 20 175
5 20 186
21 50 321
2 48 307
16 27 430
18 33 429
17 31 428
68 108 780
€6 117 769
cB 115 774
52 90 680
51 93 686
52 91 6084
26 48 330
28 52 353

Analysis
Li K
Ppa %
3.8 0.67
3.9 0.65

11.1 1.08

11.0 1.07

15.7 1.45

16.3 1.38
3.2 0.61
3.2 0.63

11.9 0.99

11.8 1.01

15.5 1.39

15.8 1.43
7 0.95
7.2 0.97
7.1 0.9¢6
20 2.19

21.5 2.22

21.3 2.20
25 1.84

28.0 1.89

27.7 1.85
12 0.68

12.7 0.64









