
THESE TERMS GOVERN YOUR USE OF THIS DOCUMENT  
 

Your use of this Ontario Geological Survey document (the “Content”) is governed by the 
terms set out on this page (“Terms of Use”). By downloading this Content, you (the 

“User”) have accepted, and have agreed to be bound by, the Terms of Use. 
 

Content:  This Content is offered by the Province of Ontario’s Ministry of Northern Development and 
Mines (MNDM) as a public service, on an “as-is” basis. Recommendations and statements of opinion 
expressed in the Content are those of the author or authors and are not to be construed as statement of 
government policy. You are solely responsible for your use of the Content. You should not rely on the 
Content for legal advice nor as authoritative in your particular circumstances. Users should verify the 
accuracy and applicability of any Content before acting on it. MNDM does not guarantee, or make any 
warranty express or implied, that the Content is current, accurate, complete or reliable. MNDM is not 
responsible for any damage however caused, which results, directly or indirectly, from your use of the 
Content. MNDM assumes no legal liability or responsibility for the Content whatsoever. 
 
Links to Other Web Sites: This Content may contain links, to Web sites that are not operated by MNDM. 
Linked Web sites may not be available in French. MNDM neither endorses nor assumes any 
responsibility for the safety, accuracy or availability of linked Web sites or the information contained on 
them. The linked Web sites, their operation and content are the responsibility of the person or entity for 
which they were created or maintained (the “Owner”). Both your use of a linked Web site, and your right 
to use or reproduce information or materials from a linked Web site, are subject to the terms of use 
governing that particular Web site. Any comments or inquiries regarding a linked Web site must be 
directed to its Owner. 
 
Copyright:  Canadian and international intellectual property laws protect the Content. Unless otherwise 
indicated, copyright is held by the Queen’s Printer for Ontario. 
 
It is recommended that reference to the Content be made in the following form: <Author’s last name>, 
<Initials> <year of publication>. <Content title>; Ontario Geological Survey, <Content publication series 
and number>, <total number of pages>p. 
 
Use and Reproduction of Content: The Content may be used and reproduced only in accordance with 
applicable intellectual property laws.  Non-commercial use of unsubstantial excerpts of the Content is 
permitted provided that appropriate credit is given and Crown copyright is acknowledged. Any substantial 
reproduction of the Content or any commercial use of all or part of the Content is prohibited without the 
prior written permission of MNDM. Substantial reproduction includes the reproduction of any illustration or 
figure, such as, but not limited to graphs, charts and maps. Commercial use includes commercial 
distribution of the Content, the reproduction of multiple copies of the Content for any purpose whether or 
not commercial, use of the Content in commercial publications, and the creation of value-added products 
using the Content. 
 
Contact:   

FOR FURTHER 
INFORMATION ON PLEASE CONTACT: BY TELEPHONE: BY E-MAIL: 

The Reproduction of 
Content 

MNDM Publication 
Services 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

The Purchase of 
MNDM Publications 

MNDM Publication 
Sales 

Local: (705) 670-5691 
Toll Free: 1-888-415-9845, ext. 

5691 (inside Canada,  
United States) 

Pubsales@ndm.gov.on.ca

Crown Copyright Queen’s Printer Local: (416) 326-2678 
Toll Free: 1-800-668-9938 

(inside Canada,  
United States) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


LES CONDITIONS CI-DESSOUS RÉGISSENT L'UTILISATION DU PRÉSENT DOCUMENT.  
 

Votre utilisation de ce document de la Commission géologique de l'Ontario (le « contenu ») 
est régie par les conditions décrites sur cette page (« conditions d'utilisation »). En 

téléchargeant ce contenu, vous (l'« utilisateur ») signifiez que vous avez accepté d'être lié 
par les présentes conditions d'utilisation. 

 
Contenu : Ce contenu est offert en l'état comme service public par le ministère du Développement du Nord 
et des Mines (MDNM) de la province de l'Ontario. Les recommandations et les opinions exprimées dans le 
contenu sont celles de l'auteur ou des auteurs et ne doivent pas être interprétées comme des énoncés 
officiels de politique gouvernementale. Vous êtes entièrement responsable de l'utilisation que vous en faites. 
Le contenu ne constitue pas une source fiable de conseils juridiques et ne peut en aucun cas faire autorité 
dans votre situation particulière. Les utilisateurs sont tenus de vérifier l'exactitude et l'applicabilité de tout 
contenu avant de l'utiliser. Le MDNM n'offre aucune garantie expresse ou implicite relativement à la mise à 
jour, à l'exactitude, à l'intégralité ou à la fiabilité du contenu. Le MDNM ne peut être tenu responsable de tout 
dommage, quelle qu'en soit la cause, résultant directement ou indirectement de l'utilisation du contenu. Le 
MDNM n'assume aucune responsabilité légale de quelque nature que ce soit en ce qui a trait au contenu. 
 
Liens vers d'autres sites Web : Ce contenu peut comporter des liens vers des sites Web qui ne sont pas 
exploités par le MDNM. Certains de ces sites pourraient ne pas être offerts en français. Le MDNM se 
dégage de toute responsabilité quant à la sûreté, à l'exactitude ou à la disponibilité des sites Web ainsi reliés 
ou à l'information qu'ils contiennent. La responsabilité des sites Web ainsi reliés, de leur exploitation et de 
leur contenu incombe à la personne ou à l'entité pour lesquelles ils ont été créés ou sont entretenus (le 
« propriétaire »). Votre utilisation de ces sites Web ainsi que votre droit d'utiliser ou de reproduire leur 
contenu sont assujettis aux conditions d'utilisation propres à chacun de ces sites. Tout commentaire ou toute 
question concernant l'un de ces sites doivent être adressés au propriétaire du site. 
 
Droits d'auteur : Le contenu est protégé par les lois canadiennes et internationales sur la propriété 
intellectuelle. Sauf indication contraire, les droits d'auteurs appartiennent à l'Imprimeur de la Reine pour 
l'Ontario. 
Nous recommandons de faire paraître ainsi toute référence au contenu : nom de famille de l'auteur, initiales, 
année de publication, titre du document, Commission géologique de l'Ontario, série et numéro de 
publication, nombre de pages. 
 
Utilisation et reproduction du contenu : Le contenu ne peut être utilisé et reproduit qu'en conformité avec 
les lois sur la propriété intellectuelle applicables. L'utilisation de courts extraits du contenu à des fins non 
commerciales est autorisé, à condition de faire une mention de source appropriée reconnaissant les droits 
d'auteurs de la Couronne. Toute reproduction importante du contenu ou toute utilisation, en tout ou en partie, 
du contenu à des fins commerciales est interdite sans l'autorisation écrite préalable du MDNM. Une 
reproduction jugée importante comprend la reproduction de toute illustration ou figure comme les 
graphiques, les diagrammes, les cartes, etc. L'utilisation commerciale comprend la distribution du contenu à 
des fins commerciales, la reproduction de copies multiples du contenu à des fins commerciales ou non, 
l'utilisation du contenu dans des publications commerciales et la création de produits à valeur ajoutée à l'aide 
du contenu. 
 
Renseignements :   

POUR PLUS DE 
RENSEIGNEMENTS SUR VEUILLEZ VOUS 

ADRESSER À : 
PAR TÉLÉPHONE : PAR COURRIEL :  

la reproduction du 
contenu 

Services de 
publication du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

l'achat des 
publications du MDNM 

Vente de publications 
du MDNM 

Local : (705) 670-5691 
Numéro sans frais : 1 888 415-9845, 

poste 5691 (au Canada et aux  
États-Unis) 

Pubsales@ndm.gov.on.ca

les droits d'auteurs de 
la Couronne 

Imprimeur de la 
Reine 

Local : 416 326-2678 
Numéro sans frais : 1 800 668-9938 

(au Canada et aux  
États-Unis) 

Copyright@gov.on.ca

 

mailto:Pubsales@ndm.gov.on.ca
mailto:Pubsales@ndm.gov.on.ca
mailto:Copyright@gov.on.ca


Olin

o 
O
CO

Ministry of
Northern Development
and Mines

Rene Fontaine
Minister

George Tough
Deputy Minister

Ontario

Ontario Geological Survey

MAP 80 757 

GEOCHEMICAL SERIES

Geochemical Stratigraphy of 
Organic Lake Sediments

Selected Lakes North and East of Lake Superior

 1986 Government of Ontario 
Printed in Ontario, Canada

Parts of this publication may be quoted if credit is 
given and the material is properly referenced.

This map is published with the permission of V.G. 
Milne, Director, Ontario Geological Survey.

"...although indisputably one purpose of experimen 
tation is to reach decisions, another purpose is to 
gain knowledge about the state of nature (that is, 
about the parameters) without having specific ac 
tions in mind."

D.V. Lindley, On a Measure of the information Pro 
vided by Expert/Denf,AnnaIs of Mathematical Statis 
tics, Volume 27. p.987, 1956.

INTRODUCTION
During the late 1970s the Ontario Geological Survey 
and the Geological Survey of Canada jointly com 
pleted a series of reconnaissance geochemical 
maps based on lake sediments and waters in an 
area along the northern shore of Lake Superior and 
further west. These maps (GSC-OGS 1978a. 1978b. 
1979a, 1979b) included information on the pH of 
waters of some 4600 lakes.

In 1980 the Ontario Geological Survey com 
menced a research program aimed at the study of 
effects of "acid rain" on lakes to the north and east 
of Lake Superior with the general objective of relat 
ing the geochemical stratigraphy of deep basin lake 
sediments to the acid rain problem. This work was 
carried out by a team including a limnologist 
(M. Dickman. Professor, Brock University) a paiynol- 
ogist (J. Terasmae, Professor, Brock University) and 
geochemical staff of the Ontario Geological Survey 
(Fortescue et al. 1981, 1984). By 1983 a method 
involving geochemical, limnoiogical, and palynolog- 
ical activity had been developed for the description 
o( the pH history of lakes based on detailed studies 
of the abundance of diatoms in the top 25 cm of 
lake sediment (Dickman and Fortescue 1984). Using 
this procedure, 4 different types of acid lakes have 
been identified:
1.

2.

3.

lakes which are humic and have been going 
acid gradually over the past 100 years (i.e. in 
Post-A/niwos/a time)
lakes which are clear and acid and have gone 
acid during the past 20 years, possibly due to 
acid rain
lakes which show signs of unstable pH con 
ditions in Post-^moros/a time owing to forest 
fires or some other type of environmental distur 
bance

4. lakes which have become acid as a result of a 
smelter in the vicinity (e.g. near Wawa). 
Information leading to these conclusions is in 

cluded in the first broadsheet in this series 
(Fortescue 1984).

Because lakes of type 3. had been found it was 
considered important to discover if other lakes 
which are presently "normal" (i.e. with the pH of 
their waters greater than 5.6) had shown signs of 
fluctuating pH earlier in their history. For this reason, 
in 1982 attempts were made to obtain 3 "long cores" 
which would include material from the 
lakewater/organic interface lo the organic 
matter/mineral matter interface indicating the com 
mencement of sedimentation in the lake. In fact, 
only 1 complete "long core" (from Furnival Lake, 
20 km northwest of Wawa), was obtained. When this 
core was examined using palynological and geo 
chemical methods 2 conclusions were drawn:
1. The geochemical stratigraphy for the organic 

core was relatively uniform for 2 m below the 
lake bottom, indicating that relatively stable 
lake conditions have existed during the past 
1000 years of sedimentation.

2. The abundance of elements in the core (e.g. 
calcium and copper) was found to change dra 
matically in the bottom 3 m of the core indicat 
ing that changes in inputs of elements and the 
relative mobility of elements associated with 
major changes in plant cover in the lake catch- 
men! area has occurred, as evidenced by the 
arboreal pollen taken from the same samples. 
The investigation also showed that the patterns 

for arboreal pollen in the Furnival Lake core were 
similar to those described in detail for Alfie's Lake 
(20km to the southeast) by Saarnisto (1975). A 
combination of palynological, geochemical, and 
stratigraphic information for the Furnival Lake core 
is included in Figure 1,

Briefly, on Figure 1 the peaks for Picea, Betuia, 
and Pinus pollen in the Furnival Lake core cor 
respond with the Wl (spruce), WU (birch), and Will 
(pine) pollen zones identified from Alfie's Lake by 
Saarnisto (1975). The dates of these events are 
given as 9000 years B.P., 7000 years B.P., and 6000 
years B.P. at the upper boundary of each zone 
(Saarnisto 1975). Since then, the plant cover (as 
evidenced by the pollen diagram) and the geo 
chemical stratigraphy (as evidenced by the calcium 
and copper curves) have remained constant with 
relatively small variations, This suggests, but does 
not prove, that geochemical stratigraphy may be 
used to establish the Quaternary stratigraphy of long 
cores taken from the centre basins of lakes in the 
vicinity of Wawa. More generally, such information 
can then be interpreted to describe portions of cores 
which were laid down when lake conditions wre 
unstable. The unstable geochemical conditions 
could then be explained on the basis of diatom- 
inferred pH measurements for these sections of 
core.

The geochemical study described on this broad 
sheet was designed to find out if the geochemical 
stratigraphy of the Furnival Lake core could be veri 
fied in another core from the same lake and to 
discover if geochemical stratigraphy from other lake 
cores collected from lakes in the same region of 
Ontario has a similar potential for use in Quaternary 
stratigraphy.

The fieldwork for the project was completed in 
early March, 1984 by a party that included J.H. 
McAndrews, Curator of Botany, Royal Ontario Mu 
seum, Toronto. The cores were segmented in the 
field laboratory and samples analyzed for major and 
trace elements using neutron activation and induc 
tively coupled plasma multielement instrumental 
methods.

OBJECTIVES
The objectives of the investigation are:
1. to verify the geochemical stratigraphy of Fur 

nival Lake using a second core collected from 
the same lake basin

2. to obtain geochemical stratigraphy from 5 other 
lake basins based on a single core from each 
lake

3. to interpret the geochemical stratigraphy of the 
previously unsampled lakes using published in 
formation on the Quaternary stratigraphy of 
lakes in the region

4. to draw conclusions regarding the possible role 
of long cores in future regional geochemical 
surveys which include an environmental (acid 
rain) component

METHODOLOGY OVERVIEW

An overview of the methodology is provided for 
readers who wish to pass on lo the interpretation of 
the data without reference to the details of the 
methods employed. The stages in the collection of 
information on the geochemical stratigraphy of the 
long cores were:

f. Choice of Lakes for Study Furnival Lake and 5 
other lakes (chosen to represent different limnoiog 
ical and geochemical conditions) were included in 
the study. The selection of lakes is described in 
detail below.

The core sampled al Furnival Lake was posi 
tioned in the same lake basin as that from which the 
1982 core was taken. Elsewhere cores were col 
lected from centre lake basins except where this 
was not practical owing to local conditions.

2. Sampling Procedure The cores were collected 
from holes through the ice using a modified Living 
stone corer device and casing by a team under the 
direction of J.H. McAndrews. The team was air-lifted 
to lakes by helicopter and sampling usually required 
about 90 minutes per lake. The metre lengths of 
core were extruded on the lake ice and wrapped in 
plastic sheet for transport to the field laboratory.

3. Sample Preparation Fresh core segments were 
cut into 10 cm lengths in the field laboratory. Each 
segment was cut vertically into 2 equal parts for 
geochemical analysis and a small subsample from 
the centre of the core was taken for palynological 
and diatom study.

4. Chemical Analysis Subsamples from each of 
Ihe segments of cores were dried and subjected to 
chemical analysis by instrumental multielement 
methods. The elements As, Au, B, Ba, Br, U, Mo, and 
Co were determined by neutron activation and Al, 
Ca, Cu, Mg, Ni, Pb, Sr, Ti, Zn, and Zr using an 
Inductively Coupled Plasma technique. Quality con 
trol samples were included at random within the 
batch of unknowns.

5. Normalizing the Data to the Clarke Index-l For
purposes of geochemical stratigraphy, which is de 
signed to involve visual comparison and matching of 
geochemical patterns, it is desirable to base the 
drafting of the patterns on a standard system which 
does the same job for geochemical stratigraphy as 
the standard pollen diagram does for pollen stratig 
raphy. The chemical data for the long cores is plot 
ted after being subjected lo the Clarke Index-l trans 
form which provides a standard geochemicafoasis 
for the comparison of elemenl abundance patterns.

6. Display of Data Geochemical data for the 6 
cores is plotted on a single "scan sheet" designed 
to facilitate comparisons between element patterns. 
Details of the geochemical data, printed on the re 
verse of this broadsheet, provide a source for de 
tailed interpretation of the element patterns.

7. Interpretation of the Geochemical Patterns A
general approach to the interpretation of the geo 
chemical patterns is used on this broadsheet based 
on a generalized conceptual model (derived from 
the Furnival Lake (1982) core) as a guide. The 
interpretation includes conclusions drawn regarding 
geochemical stratigraphy of the cores and the per 
tinence of the information to mineral resource ap 
praisal and. more importantly, to the problem of acid 
rain on lakes.

METHODOLOGY
1. CHOICE OF LAKES FOR STUDY ,

The location of the 6 lakes cored is indicated on 
Figure 2. The code letters refer to the lakes and the 
cores and have no other significance. More general 
information on Lakes QB, QD, and QE is to be found 
in Fortescue et at. (1984). Detailed information on 
Lakes QC and OF is included in a broadsheet by 
Fortescue (1985). Briefly, Ihe lakes were selected 
for the following reasons:

Lake QA

It was decided to sample a small pond in a flat area 
where the geological conditions were generally 
favourable for the presence of numerous trace ele 
ments in the core.

Lake QA is a small pond situated in Palmer 
Township some 90 km north and west of Sault Ste. 
Marie. The area is flat and open with a shallow pond 
surrounded by a marshy area. The bedrock is 
mapped as Archean mafic to intermediate metavol-
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Table 1. Data for the abundance of 18 elements in replicates of a standard mixture obtained from core QA material 
randomized in the batch of unknowns (in ppm).
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FtguTG ^.Diagram showing arboreal po/ten, calcium and copper, and stratigraphic information for a long lake 

sediment core collected from Fumival Lake, near Wawa, in J982 (from Fortescue et at 1984, with 
additions).

canic rocks within which minor mineralization has 
been mapped.

When measured in the Fall of 1983, the pH of 
the pond water was 6.5 with a high alkalinity of 
291 ^mho/cm It was found that the water was 1 m 
deep at the location of the core sample point. The 
shallowness of the water led to technical complica 
tions during core recovery and, unfortunately, it was 
not possible to obtain a complete core from this 
location.

LakeQB ' '"' ''* '

During the field work by the team in 1982, Lake OB 
(Upper Mallot Lake) is the only lake with organic 
layering in the core material which was encounlered 
(Fortescue et al. 19B4). Subsequent diatom-inferred 
pH measurements of the core from this lake are 
interpreted to indicate that the pH of the lake water 
had fluctuated between 4.9 and 5.5 during Post- 
Ambrosia time (Fortescue 1984). The lake was cho 
sen for long core sludy because of its complex pH 
history.

Upper Mallot Lake is 0.08 km2 in area and situ 
ated in a granitic rock basin. Bedrock outcrops occur 
around the margin of the lake. The lake catchment 
area is covered with a discontinuous layer of till with 
small pockets of sand at the northern margin of the 
lake. The forest cover around the lake is largely 
spruce (Picea spp.) with some large pines (Pinus 
spp.) jusl lo the north of the lake.

The pH of the lake was 5.3 with an alkalinity of 
5.4mg/! of CaC03in June, 1982, with a Secchi 
depth of 4.8 m. A complete core, 3.75 m in length, 
was obtained.

Lake QC

Lake QC is situated in a small rock basin underlain 
by Lorrain sandstone jusl to the north of Lake 
Wanapitei northeast of Sudbury. The lake was cho 
sen to provide information from organic material 
generated in an oligotrophic environment.

Lake OC is small and evenly shaped and is 
located in an area of moderate relief. A prominant 
quartzite ridge occurs along the western shore of 
the lake. Otherwise the lake is surrounded by 
marshy areas for about 40*A of its shoreline. The 
lake is encircled by a mixed deciduous-coniferous 
forest dominated by spruce (P. g/aucaand 
P. mariana ), poplar (Populus spp.) and birch 
(0. papyfera ). The pH of the water in Lake QC, from 
which a complete 5.45 m core was taken, was ar 
ound 5.0.

Lake OD

A small lake situated in the fume kill area from the 
Wawa smelter (Lake W4 in Fortescue ef al. 1984) 
was chosen as Lake QD. The lake lies in an area 
devoid of trees in a narrow rock basin on the east 
ern side of the Magpie River delta, The surface area 
of the lake is 0.07 km2and it drains an area of some 
1.56km2 .

The maximum depth of the lake is 2 m with the 
Secchi disc visible on the boltom (Fortescue et 
a/. 1984), Grasses, sedges, and water lilies fringe 
the lake in the littoral zone. The pH and alkalinity of 
the lake in mid-1982 were 7.3 and 1B.25mg/! of 
CaC03respectively, which is lypical of the area.

Analysis of the 1982 shorl core from this lake 
indicates a sharp change in the pH of ils waters 
since 1909 when the smelter operation commenced 
(Fortescue 1984). The 3.35m core taken from this 
lake did no! fully sample the organic rich layer.

Lake QE

The core from Furnival Lake (Lake QE) was located 
to verify the results of the 1982 core and to extend 
the geochemical stratigraphy to include other ele 
ments. Furnival Lake, the largest and the most north 
erly of the lakes sampled, is elongated with a sur 
face area of 0.5B km2and a catchment area of 
4.25 km2. The shoreline of the lake is complex and 
the lake has several islands. Greenstones dominate 
the bedrock geology and outcrops combined with 
sand and gravel occur along the shore The 
lakewater pH in June 1982 was 7.0 with an alkalinity 
of 16.6 mg/l CaCO3. The core from Lake QE is 
6.65 m long and is thought to be a complete record 
of the organic layer.

Lake QF
Like Lake QC, this lake is situated northeast of 
Sudbury and north of Lake Wanapitei. This lake was 
studied as "Lake KH4" in August 1983 when it was 
recognized as a relatively large, extremely 
oligotrophic lake which appeared to have become 
acid since 1963 according to diatom-inferred pH 
measurements (Fortescue 1984).

Lake QF has multiple basins and complex 
bathymetry. Approximately 30 0A of the area around 
the lake is rock outcrop, largely of Lorrain sandstone 
and related rocks. The trees around the lake are 
white pine (Pinus strobus ) intermixed with some 
poplar and birch. The maximum depth of Lake QF is 
21 m. In summer, the lake is deep blue with a tinge 
of grey with a Secchi depth of 15.4 m. The waters 
are very well oxygenated and conductivity varies 
from 42 ^mho/cm at the surface to 34 ^mho/cm at 
21 m depth. The pH of the lake water was around 
5.0 in August 1963. The QF core was 4.35m long 
and believed to be missing a few centimetres at its 
bottom end.

2. SAMPLING PROCEDURE

At each lake, sampling commenced by cutting 
2 20 cm holes through the ice using an ice auger. 
One hole was used for coring and the other for 
keeping the corer unfrozen following extrusion of 
the cores. Whole core segments were taken at 1 m 
intervals with a modified Livingstone corer. Casing 
was used to keep the hole in the lake bottom sedi 
ments open between core removal operations. The 
core was extruded, directly after reaching the sur 
face, onto a plastic sheet. After measurement and a 
brief description, the core segments were rolled up 
and sealed for transportation to the laboratory.

In general, the procedure worked well. Some 
difficulty was experienced In recovery of core from 
the top 100 cm and from the bottom of core QA 
owing to the woody nature of the organic material in 
the shallow pond. Similarly, core QD did not provide 
a complete core owing to poor core recovery at the 
bottom of the hole. In both cases duplicate holes 
had the same problems, suggesting that the method 
ology was not suitable for long core collection from 
every lake in the area. These problems have now 
been solved using modified equipment.

3. SAMPLE PREPARATION

At the field laboratory each core segment was un 
wrapped and described prior to subsampling with a 
knife at 10cm intervals. Small samples from each 
subsample were saved in plastic bags for pollen 
analysis and loss on ignition. The rest of the sample 
was placed in plastic vials and transported to To 
ronto for chemical analysis.

4. CHEMICAL ANALYSIS

The subsamples for chemical analysis were dried 
and analyzed under contract by X-Ray Assay Limit 
ed, Toronto, for arsenic, gold, bromine, boron, bari 
um, cobalt, molybdenum, and uranium using a mul 
tielement neutron activation technique, and by Bar 
ringer Magenta Limited, Toronto, for calcium, alu 
minum, copper, magnesium, nickel, lead, strontium, 
titanium, zinc, and zirconium using an Inductively 
Coupled Plasma (ICP) multielement technique.

The performance of the analytical methods was 
monitored using replicates of a standard mixture 
made from a core segment collected specially for 
this purpose low down in core QA. Altogether, 28 
subsamples of this mixture were sequenced at ran 
dom in the batch of test samples submitted for 
chemical analysis to the contractors. Results for the 
replicated mixture samples are listed in Table 1. 
Outliers and values below the detection limit were 
excluded from computations of mean and coeffi 
cients of variation.

In general, (he performance of the analytical 
methods, as evidenced by the coefficient of vari 
ation, is acceptable for core study of the type de 
scribed here. A coefficient of variation of 15"V or 
less, is likely to result in the recognition of signifi 
cant element abundance patterns in cores. Using 
this criteria the elements aluminum, arsenic, barium, 
bromine, calcium, cobalt, copper, manganese, nickel, 
strontium, titanium, uranium, and zirconium have 
been selected for the core comparison data sets.

Other elements which did not meet the precision 
criteria just discussed, are also included for various 
reasons. Gold is included even though some erratic 
high (14 ppb) and low values are found in the refer 
ence mixture because, to date, very little information 
is available on the level of gold in lake sediments. 
In addition, boron, molybdenum, lead, and zinc are 
included even though (as indicated in Table 1) they 
are often variable in lake sediment material. The 
important point is that the performance of the ele 
ments in the reference standard acts as a guide to 
the interpretation of geochemical patterns used in 
geochemical stratigraphy.

5. NORMALIZATION OF DATA TO THE CLARKE 
INDEX-1

Geochemical stratigraphy as described here is de 
signed to provide multielement sets of abundance 
patterns which can be compared with each other 
and with other, similar, patterns seen elsewhere. For 
this reason it is desirable to have standardized 
method of data presentation which reflects the geo- 
chemical abundance of elements. Consequently 
chemical data obtained from the contracled analyt 
ical laboratories was transformed into "geochemical 
data" using the Clarke Index-1 transform. The Clarke 
Index-1 is a normalizing technique which converts 
"ppm" (i.e. weight percent) geochemical data into 
"Clarke" units. The Clarke Index value of an elemenl 
is an estimate of its level in the earth's crust 
(see Rickwood 1983). The Clarke Index-l is the value 
for the Clarke listed by Ronov and Yaroshevski 
(1972) with some values from Bowen (1979) (Table 
2); any subsequent update of the Clarke value 
would be designated as "ir. Further information on 
the use of the Clarke Index-l transform for regional 
geochemical mapping is provided in Fortescue 
(1985). Eleclronic computers can very easily be pro 
grammed to normalize geochemical data to any giv 
en value of ihe Clarke.

6. DISPLAY OF DATA
Palynologisls and other scientists interested in the 
use of lake sediment cores for Quaternary studies 
are familiar with "pollen diagrams" which are a 
standard method for the display of arboreal and 
nonarboreal pollen described from lake sediments. 
In order to facilitate detailed comparisons between 
pollen diagram patterns and the data for multiele 
ment geochemical stratigraphy "scan sheets" (as 
described by Fortescue 1970) are used to display 
the multielement geochemical data.

A scan sheet for the display of organic sedi 
ment data consists of a row of vertical distribution 
patterns, one for each element, The rows of element 
patterns are sequenced in groups which have simi 
lar patterns in the core. When more than one core is 
considered, rows of vertical distribution patterns for 
each core are arranged in columns in order to facili 
tate visual comparison between the behaviour of 
different elements in the same core and the same 
element in different cores (Figure 3).

The geochemical data for the 6 cores is printed 
on the reverse of this broadsheet.

7. INTERPRETATION OF DATA PATTERNS

The sludy described on this broadsheet was de 
signed for the interpretation of the geochemical data 
patterns in the cores to be done visually. This was 
envisaged as a preliminary step to establish the 
feasibility of geochemical stratigraphy of long cores. 
Further work would include a second, statistical, 
step which would investigate in detail the relation 
ships between pollen abundances from individual 
species and the abundance of chemical elements 
within each core.

In order to facilitate a general interpretation of 
the geochemical patterns on Figure 3 a simple con 
ceptual model based on the 1982 study of a core 
from Furnival Lake has been drawn (Figure 4). The 
conceptual model is based on the Quaternary 
stratigraphic column for the area to the northeast 
and east of Lake Superior as described by Saarnisto 
(1974, 1975). For the purposes of this study the 
Quaternary stratigraphy of the area is characterized 
by the abundance of arboreal pollen, without taking 
into account local variations in the nonarboreal pol 
len. On Figure 4, four stratigraphic zones are iden 
tified which were described for the Wawa area (i.e. 
at Alfie's Lake) by Saarnisto (1975) as follows: 

"Birch and spruce zone (W IV). This zone is 
tentatively divided into four subzones: W IVa is 
characterized by falling curves ol Pinus 
strobus and Pinus banksiana/P. resinosa pollen. 
W IVb begins with a rise of Betula, W IVc with a 
rise of Picea, and W IVd with a weak rise in 
Ambrosia pollen. By assuming a constant rate of 
sedimentation the boundary between W IVa and
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3. Scan sheet illustrating the abundance of 18 elements in each of 6 long cores collected from lakes identified on Figure 2.

Table 2. Clarke Index  1 values for all elements.

Element

Aluminum

Antimony

Arsenic

Barium

Beryll f urn

Bismuth

Boron

Bromine

Cadmium

Calcium

Carbon

Cerium

Cesium

Chlorine

Chromium

Cobalt

Copper

Dysprosium

Erbium

Europium

Fluorine

Gadolinium

Gallium

Germanium

Gold

Hafnium

Holffllum

Indium

Iodine

Iridium

Iron

Lanthanum

Lead

Lithium

Lutecium

Hagneslum

Manganese

Mercury

Molybdenum

Clarke 
(ppm)

63600.0

0.2

1.8

390,0

2.0

0.0082

9.0

2.5

0.16

46600.0

180.0

66.4

2.6

126.0

122.0

29.0

68.0

5.0

3.45

2.14

844.0

6.14

19.0

1.5

0.004

2.8

1.26

0.24

0.46

0.000002

62200.0

34.6

13.0

18.0

0.54

27640.0

1060.0

0.066

1.2

Element

Neodymlum

Nickel

(ti ob1 urn

Nitrogen

Osml urn

Oxygen

Palladium

Phosphorus

Platinum

Potassium

Praseodymium

Rhenium

Rhodium

Rubidium

Ruthenium

Samarium

Scandium

Selenium

Silicon

Silver

Sod i urn

Strontium

Sulfur

Tantalum

Tel lurium

Terbium

Thallium

Thorium

Thulium

Tin

Titanium

Tungsten

Uranium

Vanadium

nterblum

Yttrium

Zinc

21rcon1um

Clarke 

(ppm)

39,6

99.0

20.0

19.0

0.00002

45.6005*

0.015

1120.0

0.0005

18400.0

9.1

0.0007

0.0002

78.0

0.001

7.02

25.0

0.06

27.300f

0.08

22700.0

384.0

340.0

1.7

0.004

1.18

0.72

8.1

0.5

2.1

6320.0

1.2

2.3

136.0

3.1

31.0

76.0

162.0

Crustal abundance data from Ronov and Taroshevsky 
{1972} unless otherwise stated.

Based on crustal abundance data for rocks from 
from Ewen (1979).

* Note that 10 000 parts per million - li.

W IVb can be placed at about 5000 y B.P., and 
the W iVb/W IVc boundary at about 3000 y B.P. 
The uppermost subzone, W IVd, covers 
approximately the last hundred years. 
"Pine zone (W III). The age of the upper 
boundary can be interpolated lo about 
6000 y B.P.
'Birch zone (W II). The age of the upper 
boundary is about 7000 y B.P. or somewhat 
more. The curve of Pinus strobus pollen starts 
rising in the middle of the zone approximately 
8140   190 y B.P, (Hel-465). In the upper part of 
the zone Abies pollen is important... 
"Spruce zone (W l). The age of the upper 
boundary is 9000 y B.P."

from Saarnisto (1975, p.328). 
In an earlier paper, Saarnisto (1974) pointed out 

that although the major features of the arboreal 
pollen zones identified at Alfie's Lake are the same 
further south (i.e. in the Sault Ste. Marie area) the 
nonarboreal pollen patterns are dissimilar. Note that 
Zone IVd is identical with the Post- 
Ambrosia component of short lake sediment cores 
mentioned above and described in detail previously 
(Fortescue ef a/. 1981, 1984).

Generalized patterns for the Picea, Pinus, Abies, 
and Betula pollen abundances in the Wawa/Sault 
Ste. Marie area are included in Figure 4 as a general 
guide to the establishment of geochemical stratig 
raphy for the region. The arboreal pollen patterns 
are observed in the 1981 Furnival Lake core 
(see Figure 1) which also provides detailed data on 
the vertical distribution patterns for calcium and cop 
per (see Figure 1).

The behaviour of the elements in the 6 long 
cores is described under the following headings:
1. element patterns for all cores
2. geochemical patterns for all elements at each 

lake
3. geochemical patterns obtained from each lake 

interpreted in relation to the general stratig 
raphic model (Figure 4)

RESULTS

GENERAL DESCRIPTION OF DATA PATTERNS

The vertical distribution patterns for 18 elements in 
all 6 cores are included on a standardized scan 
sheet (Figure 3). All of the data are plotted using the 
Clarke Index-l transform as described above. For all 
elements except boron, arsenic, and molybdenum 
the plotting scale is the same. For these 3 elements 
the scale was contracted by a factor of ten in order 
to save space. Similarly, for certain elements in 
certain cores, the plotting scale was altered for the 
same reason; for example, in the case of bromine 
(Figure 3). All of the data points are plotted as 
though they were the correct value and no verifica 
tion chemical analyses for high or low values were 
included in the study. For this reason isolated "high" 
values appear in brackets without the vertical trace 
line being joined to them.

The arrangement of the element plots on Figure 
3 is determined on the basis of inspection of the
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patterns as a whole. It is found that the patterns for 
the same elemenl in different cores are surprisingly 
similar and. consequently, it is simple to organize 
the scan sheet with the elements in groups as fol 
lows:
Group l   elements with a peak near the bottom of 
the core (copper, uranium, cobalt, and bromine) 
Group II   elements generally without a peak at the 
bottom of the core (nickel, boron, zinc, barium, and 
lead)
Group III   elements with a series of adjacent high 
values in the basal part of the core (calcium, zir 
conium, aluminum, titanium, strontium, and magne 
sium)
Group IV   elements with irregular patterns and 
noisy data (arsenic, molybdenum, and gold)

Let us briefly consider the geochemical data 
patterns for each group.

DATA PATTERNS BY ELEMENT GROUP

Group l: Copper, Uranium, Bromine, and Cobalt

Copper is the best example in this group. The peak 
in the lower core is best developed in core QE 
(Furnival Lake) although it is also seen in Lakes OC 
and OB (Upper Mallot Lake). It is recognizable in 
Lake QF (Figure 3). Only "half the copper peak is 
found in the patterns from Lakes QA and OD which 
seems to confirm the observation that these 2 cores 
did not reach to the bottom of the organic sediment 
layer.

The peak for uranium is best Illustrated in core 
QC although it can also be recognized in cores QF, 
QE, and possibly in QD. In the core from Lake QB 
(Upper Mallot Lake) a geochemical anomaly for ura 
nium occurs at the bottom of the core with values 
reaching over 70 K in several samples. This sug 
gests, but does not prove, that there is a bedrock 
and/or till source of uranium in the area, although 
the upwelling of uranium-bearing waters from a dis 
tant source into the bottom of the lake as a spring 
cannot be ruled out, It is interesting that these high 
values are confined to the bottom of the core and 
indicate that the uranium has not migrated upward in 
the core since deposition. Note that the uranium 
peak is located at the same level in the core as that 
for copper.

The Group l peak is less well developed in the 
case of bromine and cobalt (Figure 3). The peak is 
relatively well defined for bromine in cores QF, QD, 
and QE but is absent in the other 3 cores. Cobalt is 
included in this group on the basis of data from core 
QC only; in all of the other cores it is uniformly low. 
The absence of a cobalt peak in core QB might 
indicate that the uranium peak is due lo a trans 
ported, rather than a local, source of uranium.

Group II: Nickel, Boron, Zinc, Barium, and Lead

The elements in Group II are relatively uniformly 
distributed throughout the cores. Nickel could be the 
type example with only a very slight increase in 
cores QE and QC in their lower part. It should be 
noted that nickel, like copper, lead, and arsenic, is 
enriched in the uppermost (i.e. Posi-Ambrosia ) sam 
ples in cores QC and QF from the Sudbury area. 
These high values are considered to result from 
smeller fallout; this is also evident for lead and 
arsenic in core QD taken close to the Wawa smelter. 

The pattern for boron is generally similar to that 
for nickel in the lower parts ot the cores except that
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boron is at a high concentration relative to the 
earth's crust (Figure 3). The pattern for zinc is typi 
fied by a gradual increase toward the jpper part of 
the core compared with the lower part (e.g. in cores 
QF, QC, and QE). The overall content of zinc is 
different in each core suggesting different geologi 
cal source conditions in the catchment areas. Bari 
um has a pattern similar to that for nickel in all 
cores except QC where it is seen to be relatively 
high. This apparently is a local phenomena peculiar 
to the Lake QC calchment area. The pattern for lead 
resembles that for nickel except that in cores OF 
and QE (Furnival Lake) a series of adjacent high 
values occurs at the bottom of the core.

Group lit: Calcium, Zirconium, Aluminum, Titanium, 
Strontium, and Magnesium

The calcium pattern is typified in core QE from 
Furnival Lake where a series of high values are 
found at the bottom of the core with low values 
higher up (Figure 3) This pattern is also recogniz 
able but is less well defined in cores QB, QC, and 
QF. As expected, it is not present in cores QA and 
QD which are incomplete at the bottom. These ob 
servations also apply to aluminum, titanium, stron 
tium, and magnesium. Zirconium also has a gen 
erally similar pattern in all cores. The lower se 
quence of relatively high zirconium values tends to 
extend up the core further than in the case of the 
other elements (Figure 3). In core QE, zirconium 
increases lo peak at between 1 and 2 m depth in 
the core indicating some change in sedimentation 
conditions which also seem lo be related to a small 
peak in the pattern for boron at the same general 
level.

Group IV: Arsenic, Molybdenum, and Gold

The 3 elements in Group IV have more noisy data 
than the others in the chemical data as evidenced in 
Table 1. However, because they are often important 
in mineral resource appraisal and in environmental 
studies, they are included here.

The pattern for arsenic is uniformly low in cores 
QF, QB, and QE. Low values for arsenic are also 
found in core QA where the data is plotted on an 
extended scale to indicate the noise in the data. In 
core QC there is a strong arsenic anomaly in the 
lower part of the core which matches the patterns 
for uranium, copper, and cobalt in the same core 
(Figure 3). This indicates a source of mineralization 
in the catchment area of Lake QC. There is also a 
slight increase in arsenic in the lower part of in 
complete core QD from the Wawa area.

Molybdenum, although noisy, is relatively low In 
cores QF, QE, QA, and QD. In core QC there is an 
increase in molybdenum which is coincident with 
the arsenic anomaly but does not have nearly as 
high a contrast (Figure 3). In core QB a small molyb 
denum peak is coincident with the high peak for 
uranium described above.

As expected, the gold values are erratic in the 
lake sediment cores compared with other elements 
(Figure 3). This is evidenced in the data from cores 
QF, QE, QA, and QD. Like molybdenum, gold is 
higher than normal for the core at the bottom of core 
QC where the patterns of increase for gold and 
molybdenum are almost identical (Figure 3). There is 
also a small peak for gold in core QB which mimics 
that for bromine and uranium.

L
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Summary

A preliminary examination of vertical distribution pat 
terns for 18 elements in 6 long organic sediment 
cores indicates that the data patterns for each ele 
ment can be conveniently divided into 4 groups. 
Epch group shows a certain amount of pattern vari 
ation, which in several cases is attributed to min 
eralization in the catchment area or fallout from a 
smelter plume. From the viewpoint of reliability as 
indicators of regional geochemical stratigraphy the 
elements copper and calcium appear to be the most 
important.

DATA PATTERNS FOR EACH LAKE 

Lake QE

A general comparision of the vertical distribution 
patterns for calcium and copper in the 2 cores from 
Lake OE (Furnival Lake) (see Figures 1 and 4) 
shows that they are very similar. This indicates that, 
provided identical methods for a) the location of 
core sites within a lake, b) the sampling procedure, 
c) the core subsampling, d) the chemical analysis, 
and e) the data processing and display of geo 
chemical stratigraphy are used, then results can be 
reproduced from core to core within the same lake. 
The comparison also indicates that the pattern for 
copper in the lower part of the Furnival Lake core is 
real and related directly to the Quaternary stratig 
raphy as described by Saarnisto (1974, 1975).

The patterns for the other elements displayed on 
Figure 3 indicate that Furnival Lake is one with 
"normal" geochemical stratigraphy. In fact, the ele 
ments representing Groups l, II. Ill, and IV all fol 
lowed the general pattern for each group described 
above. More specifically, the pattern for copper was 
similar to that for uranium and bromine with no high 
values in the bottom of the core for cobalt. Nickel, 
boron, barium, zinc, and lead in core QE all have 
similar patterns. There are minor peaks for zinc near 
the bottom of the core and, as might be expected, 
lead is enriched in the uppermost part of the core 
(Figure 3). The remaining elements in Group III and 
IV have the patterns expected in areas away from 
the influence of mineral deposits. The small peak for 
zirconium 1.75m from the top of the core is, per 
haps, of interest because it may indicate the effect 
of a local environmental change in Ambrosia time, 
such as a forest fire. In general, the geochemical 
data for both of the cores from Furnival Lake dem 
onstrate that the approach to geochemical stratig 
raphy described here produces reliable patterns for 
elements which behave well during quality control of 
the methodology and the use of the Clarke Index-l 
provides a suitable, standardized method for the 
display of long core geochemical multielement data 
sets.

UPPER TWIN LAKE

LakeQF ; A -ji.
The geochemical patterns obtained for this core 
were similar to those for Furnival Lake (core QE) 
which is located about 360 km to the northwest. In 
Lake QF. all 4 of the elements in Group l (i.e. Cu, U, 
Br, and Co) have a peak in the lower part of the 
core (Figure 3). All of the other elements, except 
lead and gold, have patterns generally similar to 
those for core QE. The lead patterns differ from 
those seen in Furnival Lake in that Ihe content in the 
adjacent high values at Ihe bottom of the core is 
consistently double that seen in core QE The gold 
in core QF also occurs higher up than in core QE 
(Figure 3).

The data from core QF confirms that similar 
patterns for the same elements tend to be found 
throughout the region and, if this is proven to be 
characteristic of all cores, it may be used for a first 
approximation guide to the pollen (and Quaternary) 
stratigraphy of the area between Wawa and Sud 
bury.

Lakes QA and QD

The geochemical data obtained from cores QA and 
QD, which are incomplete records of the geochemi 
cal stratigraphy of the pond and lake from which 
they were collected, indicates that they have similar 
patterns for all elements determined. The fact that 
core OD is located in the Wawa smelter plume area 
is clearly evidenced by the high arsenic and lead in 
the topmost (i.e. PosM/niwos/a ) part of the core. 
The pattern for copper indicates that in both cores 
the material below the peak found in the other cores 
(i.e. core QE) is not included in cores taken from 
Lakes QA and QD.

Lake QB

The geochemical patterns for Groups l, II, and HI in 
the Lake QB (Upper Mallot Lake) core follow those 
described for cores QE and QF except that in the 
pattern for uranium there is a geochemical anomaly 
with several values over 70 K at the same stratig 
raphic horizon as the copper peak (Figure 3). This 
peak is associated with a small peak for molyb 
denum at the same stratigraphic horizon; another 
smaller uranium peak is associated with peaks for 
gold and bromine at a slightly higher elevation.

Although great care should be taken in the inter 
pretation of these observations, together they sug 
gest thai a source of uranium, molybdenum, and 
gold is likely to occur in the catchment area. The 
magnitude of such a source is an open question. It 
is interesting that the uranium anomaly, as well as 
those for molybdenum and gold, would not have

- ' -' ' ALFIESLAKE

been detected if grab sampling or short core sam 
pling had been used in Upper Mallol Lake. For this 
reason, these data provide an example of the poten 
tial of long core sampling as an aid to prospecting in 
areas of heavy overburden cover and many lakes.
  L'

Lake QC

The geochemical patterns obtained from core QC 
are the most interesting of all. In Group l there are 
well defined peaks for copper, uranium, and cobalt 
(Figure 3). Although lead is consistently low (except 
in the topmost samples), barium is high in this core 
with at least 2 well defined peaks. As expected in 
the cores from the Sudbury area copper, zinc, and 
nickel are high in the topmost part of the core due to 
fallout from the smelter plume. In core QC an ar 
senic anomaly is found in the same stratigraphic 
horizon as the copper and cobalt highs. This anom 
aly is accompanied by significantly higher levels of 
molybdenum and gold at the same level (Figure 3).

It seems clear that the calchment area for Lake 
QC includes a source of uranium, barium, cobalt, 
arsenic, and possibly molybdenum with gold which 
is sufficiently large to enhance the levels of these 
elements in lake sediments.

Summary

An examination of the geochemical stratigraphy of 
each core as a whole provides important information 
pertinent to the geochemical history of the lakes 
from which the cores were collected. The Furnival 
Lake (QE) cores confirmed that almost identical ver 
tical distribution patterns for copper and calcium can 
be obtained from duplicate cores from the same 
lake, and that of all the elements determined in core 
QE, calcium and copper are probably the most im 
portant for purposes of regional geochemical stratig 
raphy. The similar patterns for copper and calcium in 
cores QE and QF suggest that distribution patterns 
for these elements may be used to develop a geo 
chemical stratigraphy for the whole region although 
further work is required to establish this on a firm 
basis. The geochemical patterns obtained from the 
cores as a whole indicate that cores which indicate 
mineralization in the catchment area have markedly 
different individual element patterns from those in 
areas where mineralization is considered to be ab 
sent. From the viewpoint of geochemical exploration, 
the observation that "geochemical anomalies" are 
found in the deeper parts of the cores studied may 
have considerable significance, particularly in the 
search for gold.

GEOCHEMICAL STRATIGRAPHY OF THE LAKE 
SEDIMENT CORES

Geochemical stratigraphy has considerable potential 
as an aid to Quaternary stratigraphy of lake sedi 
ment cores obtained from midlake basins in the 
Canadian Shield. As in all stratigraphy studies of 
this type, simple core depth/age relationships do not 
occur owing to variations in the rate of sedimenta 
tion from lake to lake and the compaction within the 
layer of organic matter at the bottom of a lake 
during the past 9000 to 12000 years. Consequently 
the "form of the pattern components" is more impor 
tant for the purpose of comparative geochemical 
stratigraphy than the exact depth range over which 
the pattern occurs.

The conceptual model (Figure 4) provides gen 
eral information on the relationships between the 
pollen record for common tree species and the geo 
chemical patterns for copper and calcium in the lake 
sediment core from the Wawa area (i.e. Furnival 
Lake).

More detailed information on the arboreal pollen 
record in the Wawa/Saull Ste. Marie area is provided 
on Figure 5 where diagrams from Saarnisto (1975) 
for 4 lakes, 2 near Wawa and 2 near Sault Ste. 
Marie, and from Lui and Lam (1985) for 1 lake near 
Sudbury, are reproduced. Note the radiocarbon 
dates for the different zones which appear on the 
pollen diagrams.

The important feature of the diagrams is that, m 
spite of lake to lake variations the general pollen 
patterns are similar for all 5 lakes. The relationship 
between the model (Figure 4) and the 5 sets of 
pollen data on Figure 5 is stressed by using num 
bers derived from the model to relate to the individ 
ual pollen diagrams.

An attempt to interpret the patterns for calcium 
and copper from Lakes QE (Furnival Lake), QB 
(Upper Mallot Lake), QC, and QF using the mode! 
(Figure 4) was partially successful. With respect to 
calcium, the curve for Lake QE (Furnival) was simi 
lar to that obtained in the 1982 core (Figure 1). 
Unfortunately this feature of the geochemical stratig 
raphy was not well developed in cores from Lakes 
QB, QC, and QF (Figure 3). For this reason the 
calcium curve is not used further here for interpre 
tive purposes.

The copper patterns in cores QE, QB, QC, and 
QF are reproduced together with those of uranium, 
bromine, and cobalt on Figure 6. Using the iden 
tification system on the model (Figure 4) the pollen 
boundaries between Zones l and II. Zones II and III, 
and Zones III and IV have been indicated for copper 
on Figure 6 by the letters A, B, and C. Lines through 
these points have been drawn across the diagram 
for patterns of uranium, bromine, and cobalt (Figure 
6).

The 3 points A, B. and C (Figure 4) are easily 
picked out on the copper pattern for core QE 
(Furnival Lake) (Figure 6). Points A. B, and C may 
also be positioned on the uranium trace for core QE 
suggesting that uranium behaves like copper during 
the deposition and compaction processes which in 
volve the organic sediment layer. In the case of 
bromine the relationship to copper is less clearly 
marked with only A and B being recognized. As 
mentioned previously cobalt shows no pattern for 
sedimentation in core QE.

The patterns for core QB (Upper Mallol Lake) 
are a little less easy to interpret. Copper (Figure 6) in 
Lake QB was found to have a similar pattern to that 
of the model (Figure 4) with points A, B, and C 
easily identified. Neither bromine nor cobalt patterns 
mimicked those for copper which suggests that the 
conditions for deposition of bromine in this lake 
were different Irom those in Lake QE. The uranium 
pattern in Lake QB is extremely well developed 
owing lo the presence of a "uranium anomaly" in 
the lower part of the core which has exactly Ihe 
same form as that for copper. In general the patterns 
for copper and uranium are similar in cores QE and 
QB and can be related directly to the model in 
Figure 4. This is to be expected because Furnival 
Lake (QE) and Upper Mallot Lake (QB) are located in 
the same region.

In spite of the fact that Lakes QC and QF are 
located some distance to the east of Lakes QE and 
OB, and to the northeast of Sudbury, points A, B, 
and C can be identified on the copper pattern for 
core QC. The relationship for Lake QF is less well 
defined for this element (Figure 6). In core QC the 
pattern for uranium is better marked than for copper
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Figure 4.Generatized conceptual model for the interpretation of lake sediment 
core geochemical stratigraphy in the region between Wawa and Sudbury, 
Ontario. 
POLLEN STRA TIGRAPHY (Generalized from Saarnisto 1975)
1. Decrease in Picea pollen at end of Spruce Zone
2. Increase in Betula pollen at end of Spruce Zone
3. Minimum in Picea pollen a t end of Birch Zone
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5. Decrease in Betula pollen at end of Birch Zone 

-- 6. Decrease in Pinus pollen at end of Pine Zone
7. Increase in Abies pollen at end of Pine Zone
8. Increase in Betula at beginning of Birch and Spruce Zone

GEOCHEMICAL STRATIGRAPHY (from Fortescue 1984) 
A. Peak for calcium at end of Spruce Zone 
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Figure 6. Vertical distribution patterns for 4 elements in cores QE (Furnival Lake), QB (Upper Mallot Lake), QC, and QF.
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Figure S. Pollen diagrams for 4 tree species in lake sediment cores from 2 fakes near Wawa (Atfie's Lake and Antoine Lake, from Saarnisto 1975). 
2 lakes near Sault Ste. Marie (Prince Lake and Upper Twin Lake, from Saarnisto J975J, and 1 lake near Sudbury (Jack Lake, from Lui and Lam 
1985). Note the radiocarbon dates within each core.

and the pattern for cobalt also shows good agree 
ment with that for copper. Bromine was less suitable 
for stratigraphic purposes. Although cobalt was low 
in core QF, the patterns for both bromine and ura 
nium were similar to that for copper (Figure 6).

Summary

On the basis of information from the generalized 
model (Figure 4) the actual pollen zones described 
by Saarnisto (1975) and Lui and Lam (1985) (Figure 
5) and the geochemical stratigraphic columns for 
Lakes QE. QB. OC, and QF (Figure 6), it is possible 
to establish a visual relationship between the pollen 
and geochemical stratigraphy from core to core.

Although details of the patterns vary from ele 
ment to element it is found that copper is the most 
reliable stratigraphic element, followed by uranium, 
with bromine and cobalt also of interest in some 
cores.

An interesting observation is that in core QB the 
copper pattern is well defined and correlates in 
detail with that for uranium even though the uranium 
values are clearly geochemically anomalous.

Together these observations indicate that geo 
chemical stratigraphy is feasible for the recognition 
of the three prominant pollen zone patterns at the 
base of lake sediment cores taken from the Wawa- 
Sudbury area. Much more research on the relation 
ship between palynological and geochemical stratig 
raphy is required in the region before the reliability 
of the geochemical technique, described here, can 
be fully proven.

GENERAL SUMMARY
The element patterns for the 18 elements studied 
tend to be similar in each of the 6 cores studied 
except where there is evidence of a source of min 
eralization in the catchment area which causes en 
hanced values. Each element tends to have a 
unique vertical distribution pattern which belongs to 
a group. Within the 18 elements studied 4 such 
groups are identified. These are:
Group l   elements with a peak near the bottom of 
the core (copper, uranium, cobalt, and bromine)
Group II   elements without a peak at the bottom of 
the core (nickel, boron, zinc, barium, and lead) 
Group III   elements with a series of adjacent high 
values in the basal part of the core (calcium, zir 
conium, aluminum, strontium, and magnesium)
Group IV   elements with irregular patterns and 
noisy data (arsenic, molybdenum, and gold)

For purposes of Quaternary stratigraphy. Group l 
elements appear to be the most suitable and reli 
able, with the besl element being copper in the 
cores studied.

It is found that 3 of the cores are of particular 
interest from the viewpoint of Quaternary stratig 
raphy. These are cores QE from Furnival Lake, QB 
from Upper Mallot Lake, and QC from a lake north 
east of Sudbury. The Furnival Lake core evidences 
the ability of cores from Ihe same lake to verify 
patterns in each other. The cores from Upper Mallot 
Lake and Lake QC provide information on the effect 
of a source of elements within the calchment area 
on the abundance of the elements in the cores.

It was found that the three pollen zones at the 
bottom of the cores (i.e. the Spruce Zone, the Birch 
Zone, and the Pine Zone, Saarnisto (1974, 1975)) 
were associated with the greatest consistent 
changes in abundance of elements in Group l. II is 
believed that these patterns, which appear to be 
very similar to those obtained from palynology, re 
flect changing geochemical conditions in the lake 
and catchment area at the beginning of the lake's 
history.

The evidence described in this broadsheet in 
dicates that copper, uranium, and possibly bromine 
may be suited for geochemical stratigraphy in the 
area from Wawa to east of Sudbury. Further re 
search of this type, combined with detailed palynol 
ogy, is required to firmly establish this supposition.

CONCLUSIONS
1. Vertical distribution patterns for copper, and 

possibly other elements, can be verified Irom 
core to core when duplicate cores are taken 
from the same lake under good sampling con 
ditions.

2. For the purposes of geochemical stratigraphy, 
copper and uranium are the best indicator ele 
ments during the initial depositional stages in a 
lake's history whereas copper, lead, nickel and 
arsenic are found to be most important in Post- 
Ambrosia sediment from cores taken downwind 
from a smelter.

3. A detailed sludy of copper, uranium, bromine, 
and cobalt patterns in the lower part of com 
plete cores indicates that one or more of these 
elements may be used for geochemical stratig 
raphy on a regional basis.
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2.78

1.67

2.22

1.67

1

1

1

1

1

6

1

4

2

3

1

2

2

2

2

0.83

0.83

0.83

0.83

0.83

5.00

0.83

3.33

1.67

2.50

0.83

1.67

1.67

1.67

1.67

0.002

0.004

0.002

0.003

0.001

0.003

0.003

0.004

0.004

0.003

0.001

0.001

0.001

0.001

0.001

0.50

1.00

0.50

0.75

0.25

0.75

0.75

1.00

1.00

0.75

0.25

0.25
0.25

0.25

0.25

SELECTED LAKES NORTH AND EAST OF LAKE
SUPERIOR

QA 017

QA 018
QA 019

QA 021
QA 022

205
215

225

235
245

25.0 10.0
10. D 4.0

22.0 8.8

12.0 4.6
19.0 7.6

2.5
2.7

3.4

2.0

4.0

1.09
1.17

1.48

0.67
1.74

137
12B

147

143

159

2.02
1.B8

2.16

2.10

2.34

3.1
5.5

4.3

2.3

4.3

0.11
0.19

0.15

0.08

0.15

3 0.23

5 0.39

4 0.31

3 0.25

3 0.23

200

260

240
240
240

0.51

0.67

0.62
0.62
0.62

5 0.07

27 0.36

23 0.30
20 0.53
32 0.42

10 1.11

20 2.22

20 2.22
20 2.22

20 2.22

9 0.09

13 0.13
12 Q. 12
12 0.12

12 0.12

19 0.11
59 0.36

46 0.28

48 0.30

51 0. 32

8,230 0.18
9,340 0.20

9,760 0.21

10,100 0.22
9,410 0.20

10,100 0.12
27,800 0.33

21,900 0.26

22,200 0.27

21,400 0.26

343 0.05

1,040 0.17

862 0.14

651 0.14

956 0.15

40.3 0.17

43.1 0.17

82.0 0.21

84.2 0.22

85.8 0.22

QA 023

QA 024
QA 025

QA 026

QA 027
QA 028
QA 029
QA 030

QA 031

255
265
275

285

295
305
315
325

335

16.0
15.0
15.0

11.0

10.0

16.0

15.0

16.0

18.0

6.4
6.0

6.0

4.4

4.0
6.4
6.0
6.4
7.2

4.0
4.6

5.1

4.4

4.7
5.1

5.5
5.7
5.0

1.74

2.00
2.22

1.91

2.04
2.22

2.39
2.48

2.17

164

164
174

170

182
186
198
201

209

2.41
2.41
2.56
2.50

2.6B

2.77

2.91
3.00

3.07

4.6
5.0
6.1

6.6

7.5

7.2
7.1

6.0

5.1

0.16

0.17

0.21

0.23

0.26
0.25
0.25

0.21

o.ia

4

5

3

5

5
5

4

3

2

0.31

0.39

0.23

0.39

0.39
0.39
0.31

0.23

0.15

240
260

280

280

320

290

280

200

140

0.62
0.67

0.72

0.72

0.82

0.72

0.72

0.51

0.36

29

29

29

27

36

35

41

44

27

0.38
0.38

0.38

0.36

0.47
0.46
0.54

0.56

0.36

20
20

20

20

20
20

20

20
20

2.22

2.22

2.22
2.22

2.22
2.22
2.22

2.22
2.22

13

13

13
12

15
15
16
10
11

0.13

0.13

0.13

0.12

0.15
0.15

0.16

0.10

0.11

66

60

66

70

94

85

75

44

35

0.41

0.37
0.42
0.43

0.58
0.52

0.46

0.27
0.22

10,200
10,800
11,500

11,500

13,300
12,700
12,400
9,310
7,710

0.22
0.23
U. 25

0 25

0.29
0.27
0.27
0.20
0.17

26,000

29,000
31,100

31,300

38,100

35,500

32,500

20,200

16,300

0.31

0.35

0.37

0.37

0.46

0.43
0.39
0.24
0.20

1
1
1
1

1
1
1

1,160

1,140
1,260

1,340

1,630

1,490

1,340
795

0.19
0.18

0.20
0.20

0.26

0.24

0.21

0.12

108

112

125
124

154

141
130

78.6

0.22
0.29

0.33

0.33

0.40

0.37
0.34

0.21

899 0.03

2,830 0.10

2,250 0.08

2,390 0.09

2,590 0.09

3,250 0.12

3,340 0.12

3,610 0.13

3,610 0.13

6 3.33

7 3.89

5 2.78

2 1.11
4 2.22

4 2.22
4 2.22

5 2.78
5 2.78

3 2.50

3 2.50

3 2.50

2 1.67

3 2.50

2 1.67

5 4.17

3 2.50
2 1.67

0.002 0.50

0.002 0.50
0.001 0.25

0.001 0.25

0.001 0.25

0.002 0,50
0.003 0.75
0.003 0.75
0.001 0.25

611 0.10 59.6 0.16

4,320 0.16
4,020 0.15
8,700 0.13

2,310 0.08

1,910 0.07

6 3.33

6 3.33

7 3.89

7 3.89

7 3.89

3 2.50

3 2.50

2 1.67

2 1.67

3 2.50

0.001 0.25

0.002 0.50
0.002 0.50
0.003 0.75

0,001 0.25

QA 035

QA 034

QA 035
QA 036

QA 037

QA 036

QA 039

QA 040
QA 041

QA 043

QA 044
QA 145

QA 046

345

355

365

375

385

395

405

415
425

455

445
455

465

16.0

17.0

15.0

21.0

20.0

19.0

23.0

24.0
26.0

24.0

24.0
29.0
28.0

6.4
6.8
6.0

8.4

a.o

7.6

9.2
9.6

10.4

9.6

9.6

11.6

11.2

5.2

6.1

5.2

3. B

4.1

3.8

3.8
3.5

3.0

3.0

2.6

3.0

2.9

2.26

2.65

2.26
1.65

1.76

1.65

1.65

1.52
1.30

1.30

1.13

1.30

1.26

234

241

247
236

238

231
237

245

248

232

238

300

341

3.44

3.54

3.63

3.47

3.50
i

.'L

3.40
3.63
3.60
3.65

3.41

3.50
4.41
5.02

5.8

6.3

7.3

5.1

4.6

5.5

5.2

5.0

4.4

3.5

3.9
3.6
4.3

0.20
0.22
0.25
0.18
0.17

0.19
0.18
0.17
0.15
0.12

0.13
0.13
0.15

4
4
4

3
5

3
2

2

2
2

3
3
1

0.31

0.31

0.31

0.23

0.39
1".

0.23
0.15
0.15

0.15

0.15

0.23

0.23

0.08

200

220

260

1BO

220

200
180

16D

140

120

140
120

120

0.51

0.56

0.67

0.46

0.56

0.51
0.46

0.41

0.36
0.31

0.36
0.31
0.31

23
28
27

28

26

34
35
27

31
41

64
48
49

0.30
0.37
0.36

0.37
0.37

0.45
0.46
0.36
0.46

0.54

0.84
0.63
0.65

20

20
20

20
20

20
20
20

20

20

20
20
10

2.22
2.22
2.22

2.22
2.22

2.22
2.22
2.22

2.22

2.22

2.22
2.22
1.11

12
18
15
16
11

11
11
9

9

B

9
9

15

0.12
0.18
0.15

0.16

Q. 11

0.11
0.11

0.09

0.09

0.08

0.09
0.09
0.15

47

67

80

49

62

49

44

35

33
30

30
27
25

0.29

0.41

0.49
0.30

0.36

0.30
0.27
0.22

0.20

0.19

0.19

0.17
0.15

6,720
10,400

1 2 , 1 00

9,240

1 0, 700

9,780

9,010

7,660

7,430

6,850

7,180

7,270
6,780

0.19
0.22

0.26

0.20
0.23

0.21

0.19
0.16

0.16

0.15

0.15

0.16
0.15

23,300

28,600

31 , 600

21,000

25, BOO

22,200

20,700

17,200

15,600

14,500

14,400

12,500

12,100

0.28

0.34

0.38

0.25
0.31

0.27

D. 25

0.21

0.19
0.17

0.17
0.15

0.15

869

1,160

1,300

B55

1,010

648

806

611

572
510

510
437

399

0.14

0.19

0.21
0.14
0.16

0.14
0.13
0.10

0.09

0.08

0.08

0.07

0.06

84.8

116

134
79.7

105

85.9

75.3

59.4
51.6

45.3

43.0

37.9

37.6

0.22
0.30
0.35
0.21
0.17

0.22
0.20
0.16
0.13

0.12

0.11
0.10
0.10

2,760

3,450

3,740

2,490

3,020

2,610

2,470

2,080
1,840
1,660

1,60D

1,440

1,430

Q. 10

0.13

0.13

0.09

0.11

0.09

0.09

0.08

0.07

0.06

0.06

0.05

0.05

6

8

6

7
6

7

7

a
6

6

6

7
8

3.33

4.44

3.33

3.89

3.33

3.89

3.89

4.44

3.33

3.33

3.33

3.89

4.44

4
3

2
3
3

4
3
5

6

5

5

3

3.

3.33

2.50

1.67

2.50

2.50

3.33

2.50
4.17
5.00
4.17

4.17

2.50
2.50

D. 002

0.003

0.003
0.003
0.002

0.001
0.003

0.003

0.003

0.002

0.002
0.004

0.004

0.50

0.75

0.75
0.75

0.50

0.25
0.75

0.75
0.75
0.50

0.50

1.00

1.00

CORE QB (UPPER MALLOT LAKE)

Sample Depth

No. (cm)
Br

ppm K ppm

Cu 

ppm K

Co 

ppm K

Pb

ppm K
Ba

ppm K

Zn 

ppm K ppm K
Ni

ppm K
Zr 

ppm K
Ca 

ppm K

As 

ppm K

Mo 

ppm K

Au

ppm K

QB 047

QB 048

QB 049

QB 050

QB 051

QB 053

QB 054

QB 055

QB 056

QB 057

QB 058

QB 059

Q8 060

QB 062

QB 063

5

15

25
35

45

55

65

75

85

95

105

115

125

135

145

64.0

90.0

79.0

90.0

76.0

87.0

84. 0

70.0

70.0

70.0

74.0

66.0

53.0

52.0

69.0

25.6

36.0

31.6

36.0

30.4

34.8

33.6

28.0

28.0

28.0

29.6

26. it

21.2

20.8

27.6

9.6

12.4

14.5

14.2

14.5

15. B

15.9

13.3

12.3

14.6

14.8

17.7

14.5

12.2

21.0

4.17

5.39

6.31

6.17

6.31

6.86

6.91

5.76

5.35

6.55

6.43

7.70

6.31

5.30

9.13

33.7

31.6

29.5

33.7

37.6

30.9

34.1

33.0

31.3

33.2

26.1

33.1
-

29.2

38.2

0.50

0.48

0.43

0.50

0.55

0.45

0.50

0.49

0.46

0.49

0.38

0.49
-

0.43

0.56

5.2

4.2

4.4

5.1

5.0

4.4

4.5

3.3

3.6
3.6

3.7

4.1

3.3

7.2

4.3

0.1B

0.15

0.15
0.18

0.17

0.15

0.15

0.11

0.12

0.12

0.13

0.14

0.11

0.25

0.15

95

30

6

7

6

7

6

6

7

7

6

B
-

6

6

7.51

2.31

0.46

0.54

0.46

0.54

0.46

0.46

0.54

0.54

0.46

0.62
-

0.46

0.46

300

240

220

220

220

220

220

220

240

200

220

240

240

200

220

0.77

0.62

0.56

0.56

0.56

0.56

0.56

0.56

0.62

0.51

0.56

0.62

0.62

0.51
0.56

189

115

92

ioa
94

90

85

90

84

83

58

73
-

65

63

2.49

1.51

1.21

1.42

1.24

1.18

1.12

1.18

1.11

1.09

0.76

0.96
-

0.86

1.09

50

50

40

40

60

50

80
60

60

40

40

50

50

40

44

5.56

5.56

4.44

4.44

6.67

5.56

8.89

6.67

6.67

4.44

4.44

5.56

5.56

4.44

4.44

18

11

12

15

12

13

15
15

15

15

13

15
-

15

16

0.18

0.11

0.12

0.13

0.12

0.13

0.15

0.15

0.15

0.15

0.13

0.15
-

0.15

0.16

34

18
24

25

25

26

25

24

3D

26

21

36
-

26

29

0.21

0.11

0.15

0.15

0.15

0.16

0.15

0.15
0.19

0. 16

0.15

0.22
-

0.17

0.1B

4,000

4,650

4,630

5,460

5,250

6,170

6,830

7,290

7,930

7,500

5,460

8,220
-

7,450

8,900

0.09

0.10

0.10

0.11

0.11

0.13

0.15
0.16

0.17

0.16

0.11

0.18
-

0.16

0.19

38,300

40,300

41,700

41,900

42,100

41,400

41,500
40,900

43,200

41,500

26,600

44,900
-

22,900

44,500

0.46

0.4B

0.50

0.50

0.50

0.50

0.50

0.49

0.52

0.50

0.32

0.54
-

0.27

0.53

956

547

664

642

764

635

616

594

698

600

428

784
-

672

679

0.15

0.09

0.11

0.10

0.12

0.10

0.10

0.09

0.11

0.09

0.07

0.12
-

0.11

0.11

54.5

49.5

51.5

54.4

56.5

64.4

68.6

69.6

84.4
72.6

49.9

90.0
-

80.8

91.1

0.14

0.13

0.13

0.14

0.15

0.17

0.18

0.18

0.22
0.19

0.13

0.23
-

0.21

0.24

1,990

1,180

1,420

1,430

1,640

1,440

1,410

1,320

1,690

1,320

987

1,930
-

1,110

1,640

0.07

0.04

0.05

0.05

0.06

0.05

0.05

0.05

0.06

0.05

0.04

0.07
-

0.04

0.06

8

3

1

2

2

1
2

2

2

2

2

2

1

1

1

4.44

1.67

0.56

1.11

1.11

0.56

1.11

1.11

1.11

1.11

1.11

1.11

0.56

Q. 56

0.56

4

7

5

3

6

6

11

3

3

10

3

8

4

2

5

3.33

5.63

4.17

2.50

5.00

5.00

9.17

2.50

2.50

8.33

2.50

6.67

3.33

1.67

4.17

0.001

0.001

0.001

0.001

0.003

0.001
0.001

0.001

0.001

0.001

0.003

0.002

0.002

0.001

0.001

0.25

0.25

0.25

0.25

0.75

0.25

0.25

0.25

0.25

0.25

0.75

0.50

0.50

0.25

0.25

QB
QB
QB
QB
QB

064

065

066

067

068

155

165

175

185
195

66
67

72

57
59

.0

.0

.0

.0

.0

26.

26.

28.
22.
23.

4
8

8
8
6

21.
25.

22.
24.
27.

7
0

4
8
0

9.

10.

9.

10.

11.

43

00

74

78
74

42.8

41. B

45.6

46.5

40.1

QB
QB
QB
QB
QB

069

071

072
073

074

205

215

225

235

245

55

56

95
45

53

.0

.0

.0

.0

.0

22.
22.

38.
18.

21.

0

4

0

0

2

28.

3D.

60.
33.
42.

6
8
8
5

0

12.

13.

26.
14.

18.

44

39

43
57

26

52.4

56.8

53.2

58.6

63.7

QB 075

QB 076

QB 077

QB 078

QB 079

255

265

275

285

295

60.0 24.0 50.9 22.13 70.5
63.0 ?5.2 65.0 28.26 BO. 7

53.0 21.2 53.9 23.44 71.6
54.0 21.6 73.0 31.74 102.0
59.0 23.6 106.0 46.09 144.0

QB 080
QB 082
QB 083
QB 064
QB 085

305
315
325
335
345

54.0 21.6 196.0 85.22 173.0
55.0 22.0 180.0 78.26 186.0
57.0 22.8 220.0 96.65 244.0
10.0 4.0 59.0 26.65 193.0
32.0 12.8 130.0 56.62 97.4

0.63 3.7 0.13 8

0.62 4.9 0.17 6

0.64 4.4 0.15 7
0.68 5.0 0.17 7

0.59 5.6 0.19 6

0.77 4.7 0.16 6

0.84 5.0 0.17 9
0.7B 12.0 0.41 11

0.86 4.5 0.16 6

0.94 5.6 0.19 7

1.04 6.5 0.22 8

1.19 7.6 0.26 6
1.05 7.0 0.24 8

1.50 7.6 0.26 9

2.12 9.3 0.32 9

2.54 15.0 0.52 11
2.74 17.0 0.59 11
3.59 13.0 0.45 13

2.84 11.0 0.38 17
1.43 19.0 0.66 12

0.62 240 0.62
0.46 240 0.62

0.54 200 0.51

0.54 200 0.51

0.46 200 0.51

78 1.03 30

76 1.00 20
89 1.17 30
92 1.21 30

3.33

2.22

3.33
3.33

13
17

17
19

0.13

0.17
0.17

0.19

37

33

29

39

0.23

0.20
0.18

0.24

9,380

9,570
10,100
10,100

0.20

0.21
0.22

0.22

96 1.26 30 3.33 17 0.17 38 0.24 9,100 0.20

0.56

2.22

0.56
0.56

0.56

6 5.00

6 5.00
5 4.17
6 5.00

5 4.17

0.002 0.50

0.001 0.25

0.002 0.50
0.007 1.75
0.001 0.25

0.46 200

0.69 240

0.85 320

0.62 200

0.54 200

0.51

0.62

0.62

0.51

0.51

0.62 240 0.62

0.46 220 0.56

0.62 240 0.62
0.69 240 0.62
0.69 240 0.62

0.85 280

0.85 400

1.00 380

1.31 420
0.92 460

0.72

1.03

0.97

1.08
1.18

99

BS

105

89

B2

82

85

81

89

BO

131

104

84

103

1.30

1.16

1.38

1.17

1.08

1.08

1.12

1.07

1.17

1.05

1.72

1.37

1.11

1.36

20 

20 

30 

30 

3D

30

20

20
30 

3D

40
30

30
30

2.22 20 0.20 38 0.24 11,300 0.24

2.22

3.33

3.33
3.33

21
21

21

19

0.21
0.21
0.21

0.19

3.33 21 0.21
2.22 19 0.19

2.22 21 0.21

3.33 23 0.23
3.53 23 0.23

4.44 27 0.27
3.33 32 0.32

3.33 29 0.29
3.33 37 0.37

51

60

46
47

53
50
56

66

0.32
0.37
0.28
0.29

0.33
0.31
0.35
0.41

11,100 0.24

10,400 0.22
10,800 0.23
11,000 0.24

11,000 0.24
11,000 0.24
9,750 0.21

13,200 0.2B

1.11
0.56
2.22
1.11
1.11

9
10
11
11

6

7.50
8.33
9.17
9.17
5.00

0.007
0.010
0.001
0.001
0.002

1.75
2.50
0.25
0.25
0.50

61 0.38 14,900 0.32

71

79
64

91

0.44
0.49

0.40
0.56

18,100
18,800

25,600

27,200

0.39

0.40

0.55
0.58

49 0.65 30 3.33 28 0.28 140 0.66 36,900 0.79

QB 086 
QB 087

355
365

6.2 

6.5

3.0 

2.6

12.4

13.7

5.39
5.96

23.4 0.34 7.5 0.26
6.8 0.23

10 0.77 440 1.13
420 1.08

31 0.41 30

30

3.33

3.33

22 0.22 146 0.90 26,400 0.57

1.11
1.11
1.11
1.11
0.56

1.67
2.78

2.22

1.11
3.33

0.56
0.56

12 10.00
8 6.67

2 1.67
12 10.00

20 16.67

16 13.33
34 28.33

7 5.83

6 5.00

5 4.17

0.001 0.25
0.001 0.25

0.002 0.50
0.002 0.50
0.003 0.75

0.002 0.50
0.002 0.50

0.003 0.75
0.002 0.50
0.002 0.50

0.83
1.67

0.002
0.001

0.50
0.25

Sample 
No.

Depth Br 

(can) ppm K

O

ppm K ppm

Co Pb Be Zn 8
ppm K ppm K ppm K ppm K ppm K

CORE QC

Ni
ppm K

Zr
ppm K

Ca
ppm K

Al Ti Sr Mg

ppm K ppm K ppm K ppm K

AB 

ppm K

Mo 

ppm K

QC 199

QC 200

QC 201

QC 202

QC 203

QC 204

QC 206

QC 207

QC 208

QC 209

QC 210

QC 211

QC 212

QC 213

QC 214

5

15

25

35

45

55

65

75

85

95

105

115

125

135

145

57,0

46.0

5.4

45.0

47.0

47.0

40.0

39.0

47.0

51.0

53.0

130.0

55.0

43.0

49.0

22.8

18.4

2.2

18.0

18.8

16.8

16.0

15.6

18.8

20.4

21.2

52.0

22.0

17.2

19.6

1.9

1.1

2.8

1.6

1.6

1.4

1.6

1.5

2.2

2.0

1.8

2.1
2.3

1.8

1.7

0.83

0.4B

1.22

0.70

0.70

0.61

0.70

0.65

0.96

0.87

0.78

0.91

1.00

0.78

0.74

445.0

101.0

49.1

40.6

45.6

40.6

31.9

30.9

33.9

28.0

28.7

31.2

34.9

36.9

32.9

6.54

1.49

0.72

0.60

0.67

0.6D

0.47

0.54

0.50

0.41

0.42

0.46

0.51

0.54

0.48

46.0

18.0

15.0

20.0

19.0

16.0

18.0

21.0

27.0

24.0

26.0

32.0

39.0

18.0

20.0

1.66

0.69

0.52

0.69

0.66

0.55

0.62

0.72

0.93

0.83

0.90

1.10

1.35

0.62

0.69

150

61

15

10

11

8

4

4

1

1

1

1

1

1

1

11.54

4.69

1.15

0.77
0.85

0.62

0.31

0.31

0.08
O.OB

O.QB

0.08

0.06

0.08

O.OB

480

600

460

540

700

560
560

560

66Q

740

700

620

820

940

1,120

1.23

1.54

1.18

1.39

1.80

1.44

1.44

1.44

1.69

1.90

1.80

1.60

2.10

2.41

2.87

240

115

66

58

80

79

42

44

45

41

54

70

75

51

72

3.16

1.51

0.90

0.76

1.05

1.04

0.55

0.58

0.59

0.54

1.80

0.92

0.99

0.67

0.95

150

110

90

90

70

100

100

120

100

120

140

140

110

100

70

16.67

12.22

10.00

10.00

7.76

11.11

11.11

13.33

11.1 t

13.33

15.56

15.56

12.22

11.11

7.78

611

111

40

30

30

24

16

16

12

11

9

10
ID

13

13

6.17

1.12

0.40

0.30

0.30

0.24

0.16

0.16

0.12

0.1 l

0.09

0.10

0.10

0.13

0.13

30

27

23

23

25

24

27

25

31

26

24

25

29

30

24

0.19

0.17

0.14

0.14

0.15

0.15

0.17

0.15

0.19

0.17

0.15

0.15

0. IB

0.19

0.15

5,150

5,210

4,430

5,470

3,530

3,310

2,920

2,670

2,740

2,570

2,480

2,570

2,560

3,470

2,640

0.11

0.11

0.10

0.07

0.08

0.07

0.06

0.06

0.06

0.06

0.05

0.06

0.06

0.07

0.08

14,400

11,900

10,900

10,600

12,000

10,900

10,600

9,740

12,000

11,000

10,700

12,100

13,300

13,100

12,200

0.17

0.14

0.13
0.13

0.14

0.13

0.13

0.12

0.14

0.13

0.13

0.15

0.16

0.16

0.15

426

324

222

259

281

234

244

220

281

244

245

260

346
277

246

0.07

0.05

0.04

0.04

0.05

0.04

0.04

0.04

0.05

0.04

0.04

0.04

0.06

0.04

0.04

43.1

37.5

28.4
21.7

23.3

21.0

18.3

16.6

17. B

16.2

16.7

16.9

19.1

19.4

20.1

0.11

0.10

0.07
0.06

0.06

0.06

0.05

0.04

0.05

0.04

0.04

0.04

0.05

0.05

0.05

1,670

1,250

962

BB3

926

798

794

706

850

696

628

641

786

894

786

0.06

0.05

0.04

0.03

0.03

0.03

0.03

0.03

0.03

0.03

0.02

0.02

0.03

0.03

0.03

QC
QC
QC
QC
QC

QC
QC
QC
QC
QC

215

217

216

219

220

221

222

223
224
225

155
165

175
185
195

205

215
225
235
245

49.0
53.0

47.0

50.0
59.0

56.0
62.0
59.0

55.0
61.0

19
21
18
20
23

22

24
23

22
24

.6

.2

.8

.0

.6

.4

.8

.6

.0

.4

1.5
2.2

2.0

2.0
2.5

1.6

2.0

2.4

2.5
2.7

0.65
0.96
O.B7

0.87

1.09

0.70
0.87

1.04

1.09

1.17

32.8

47.4

42.5

42.4
44.8

43.2

46.5

44.7
44.7

45.6

0.48
0.70
0.63
0.63

0.66

0.64

0.68

0.66
0.66

0.67

18.0

22.2

36.0

36.0

36.0

29.0

34.0
39.0
30.0

27.0

0.62

0.76

1.24

1.24

1.24

1.00

1.17
1.35
1.03
0.93

63 0. 83

89 1.17

74 0.97

86 1.13

76 1.00

80

90

90

80

70

8.89

10.00

10.00

8.89

7.78

12 0.12

is o.ia
17 0.17

17 0.17

17 0.17

23 0.14

34 0.21

28 0.17

30 0.19

32 0.20

3,410

4,130

3,770

3,B60

4,280

0.07

0.09

0.08

0.08

0.09

11,500

15,400

13,000

13,500

15,200

0.14

0.18

0.16

0.16

0.18

222 0.04

388 0.06

265 0.05

331 0.05

316 0.05

17.6 0.05

23.2 0.06

20.8 0.05

22.7 0.06

21.9 0.06

727 0.03

1,130 0.04
864 0.03

1,000 0.04
988 0.04

76 1.00

94 1.24

96 1.26

82 1.08

82 1.0B

90

70

120

70

40

10.00

7.78

13,33

7.78

4.44

17 0.17

13 0.13
13 0.13

12 0.12
13 0.13

30 0.19

31 0.19

35 D. 20

35 0.22

35 0.22

4,260 0.09

4,040 0.09

4,170 0.09

4,310 0.09

4,230 0.09

15,100

14,600

14,100

15,100

14,000

0.18

0.18

0.17

0.18

0.17

298 0.05

556 0.06

328 0.05

310 0.05

317 0.05

22.5

21.9

21.3

22.1

21.7

0.06

0.06

0.06

0.06

0.06

962 0.04

1,010 0.04

988 0.04

1,000 0.04

1,050 0.04

QC 227
QC 228
QC 229
QC 230
QC 231

255
265
275
285
295

84.0 33.6
68.0 27.2

57.0 22. B

50.0 20.0
66.0 26.4

3.9 1.70

3.9 1.70
4.2 1.83

5.1 2.22
5.3 2.30

50.9 0.75

56.1 0.83

55.0 0.81
46.0 0.68
62.7 0.92

36.0 1.25

33.3 1.14

33.3 1.14

54.0 1.86

48.0 1.66

1 0.08
3 0.23

2 0.15

1 O.QB

1 0.08

1,040 2.67
840 2.15

680 1.74

600 1.54
640 1.64

68 0.90

71 0.93

65 0.86

42 0.55
41 0. 54

40

50
70

80
80

4.44

5.56

7.78

8.89

8.89

12 0.12

13 0.13
13 0.13

10 0.10
12 0.12

41 0.25
45 0.28

57 0.35

53 0.33

59 0. 36

3,820 0.08

3,720 0.08
3,550 0.08
3,280 0.07
3,560 0.08

14,300 0.17

14,900 0.18

18,700 0.22
10,900 0.13

14,800 0.18

296 0.05
373 0.06

60 7 0.10

257 0.04
306 0.05

19.0 0.05

21.0 0.06

25.3 0.07
14.4 0.04

17.3 0.05

988 0.04
1,200 0.04

2,010 0.07
903 0.03

1,D20 0.04

QC
QC
QC
QC
QC

QC
QC
QC
QC
QC

232
233
234
235
236

238
239

240

241
242

305
315
325
335
345

355
365
375
385
395

68.0

71.0
74. D

56.0

60.0

59.0
49.0

66.0

49.0

52.0

27.2

28.4
29.6

22.4

24.0

23.6
19.6

26.4

19.6
20.8

5.8

5.2

5.7

6.9

7.1

9.5

9.8

11.2

14.5

13.9

2.52
2.26
2.48

3.00

3.09

4.13
4.26
4.B7

6.30

6.04

46.9

68.6

74.7

90.5

104.0

93.9

110.0

139.0

178,0
248.0

0.72

1.01

1.10

1.33
1.53

1.38
1.62

2.04

2.62

3.65

42. D

39.0
47.0
71.0

67.0

51.0
36.0
43.0

64.0

59.0

1.45

1.35
1.62

2.45

2.31

1.76
1.24
1.4B
2.25

2.03

1
1
1
1
5

140

6

7

4

4

0.08

0.06

0.08

0.08

0.39

10.77
0.46

0.54

0.31

0.31

800
880

940

860
960

1,040
1,040

1,660

1,060

1,040

2.05
2.26

2.41

2.21
2.46

2.67
2.67

4.26

2.72

2.67

30

37

67

57
36

39
44

48

48

83

0.40

0.49

0.86

0.75

0.47

0.51
0.58

0.63
0.63
1.09

60
60

80

70
70

50
50

50

50

60

6.67

6.67

8.89

7.78

7.78

5.56
5.56

5.56

5.56

6.67

10

14

14

16
20

16
17
21
26
33

0.10
0.14
0.14

0.16
0.20

0.18
0.17
0.21

0.26
0.33

42
55
54

76

62

64

60
66

99

89

0.26

0.34

0.33

0.47

0.38

0.40
0.37
0.41

0.61
0.55

2,990

3,860

4,060

4,110

4,000

4,190
3,990
4,680

5,010

5,550

O.D6

O.Ofl

0.09

0.09

0.09

0.09
0.09
0.10
0,11

0.12

10,800

14,900

14,800

16,700

16,500

17,000

17,700

19,600

22,400

19,400

0.13
o.ia
0.18
0.22
0.20

0.20
0.21

0.23

0.27

0.23

230
340

422

574
535

405
499

597

514

586

O.Q4
D. 05

0.07

0.09

O.OB

0.06
0.08

0.10

0.06

0.09

14.6

20.1

26.5

26.1

23.6

27.5
33.0
37.9

36.1

45.4

0.04
0.05

0.07

0.07
0.06

0.07
0.09
0.10
0.09
0.12

789
1,100
1,280
1,680
1,450

1,330
1,550
1,750

1,520

2,170

0.03

0.04
0.05

0.06

0.05

0.05

0.06

0.06

0.06

0.08

22

24
24

30

33

30

33

29

31

56

QC
QC
QC

QC
qc

QC
QC
QC
QC
QC

243
244

245
246
247

248

250

251
252
253

405
415
425
435
445

455
465

475
485
495

63.0
27.0
21.0
43.0
24.0

24.0
23.0
21.0
26.0
15.0

25.2
10.6
8.4

17.2
9.6

9.6

9.2

8.4

10.4
6.0

12.0
B. 5

7.7

9.0

6.5

6.1

5.8

7.0

6.5
4.5

5.22
3.70
3.35
3.91

2.63

2.65
2.52
3.D4

2.83

1.96

289.0
201.0
143.0

200.0
116.0

138.0

149.0
161.0

209.0

131.0

4.25
2.96
2.10
2.94

1.71

2.03

2.19
2.37
2.D7

1.93

70.0
76.0

110.0
90.0

49.0

82.0

100.0

120.0
160.0
28.0

2.41
2.62
3.79
3.10
1.69

2.83
2.45
4.14
5.52
0.97

5

1

1
1

1

1

1

1
1
5

0.39 820 2.10 57 0.75

0.08 660

0.08 900
0.08 860

0.08 1,240

0.08 1,280
0.08 1,020
0.08 1,300
0.06 1,400

0.39 620

1.69 38 0.50

2.31 21 0.28
2.21 38 0.50
3.18 20 0.26

2.38 27 0.36
2.62 33 0.43

3.33 17 0.22
3.59 35 0.46
1.59 44 0.58

80 8.89

BO 8.89

80 8.69

70 7.78

90 10.00

35 0.35

26 Q. 28

24 0.24

33 0.33

23 0.23

95

88

82
98

74

0.59

0.54

0.51

0.61

0.46

7,740

5,100

5,290

6,780

6,240

0.17

0.11

0.11

0.15

0.13

19 , 300

14,500

9,670

12,300

7,670

0.23

0.17

0.12

0.15
0.09

635 0.10

487 0.08

363 0.06

375 0.06

245 0.04

48.1

39.3

31.2

43.9

33.8

0.13

0.10

0.06

0.11
0.09

3,610 0.13

2,120 0.08

1,570 0.06

2,290 0.08

1,590 0.06

70

70

70

60

40

7

7

7

6

4

.78

.78

.78

.67

.44

28

35

58
41

31

0.

0.

0.
0.

0.

26

35

3B

41

31

76

93

101

108

129

0.

0.

Q.

0.

0.

47

57

62

67

80

9

11

10

14

22

,01Q

.900

,300
,000
,50D

0.19

0.26

0.22
0.30
0.48

11,300 0.14 370 0.06 54.9 0.14 2,840 0.10
15,600 0.19 565 0.09 60.9 0.21 4,470 0.16
12,100 0.15 425 0.07 63.4 0.17 3,240 0.12
20,900 0.25 739 0.12 107.0 0.28 5,280 0.19
41,100 0.491,450 0.23 218.0 0.57 11,200 0.41

QC 254
QC 255

QC 256
QC 257
QC 258

505
515
525
535
545

16.0
6.0
1.6
1.3
1.7

6.4
2.4
0.6
0.5
0.7

5.2
6.7
4.9

1.8
1.1

2.26
2.91
2.13
0.78

0.48

127.0
42.8
13.2
12.6
10.1

1.87

0.63
0.19
0.19

0.15

33.0

11.0
6.3

5.3

5.0

1.14

0.38
0.22
0.18

0.17

11
7

7
B
5

0.85

0.54
0.54
0.62
0.39

620 1.59 48 0.63
460 1.18 26 0.34
360 0.92 13 0.17
340 0.87 15 0.20
360 0.92 10 0.13

40

30

20

20

20

4.44

3.33
2.22

2.22

2.22

35
22
15

15
13

0.35
0.22
0.15
0.15
0.13

130
123

85
86
67

0.80
0.76
0.53
0.53
0.41

19,600

1 1 ,600

9,100

8,880

8,510

0.42

0.25
0.20
0.19

0.18

46,700 0.56 1,730 0.27 225.0
38,500 0.47 1,680 0.27 181.0

36,600 0.44 1,260 0.20 U2.0
36,700 0.44 1,260 0.20 137.0
34,100 0.41 1,080 0.17 137.0

0.59
0.47

0.37
0.36
0.36

8,130
5,680
4,990
5,250
4,880

0.29

0.21
0.18
0.19
0.18

68 37.78 2 1.67

34 18.69 5 4.17
16 8.69 1 0.83

9 5.00 5 4.17

10 5.56 5 4.17

11 6.11 7 5.83

9 5.00 5 4.17

9 5.00 8 6.67
9 5.00 10 8.33

8 4.44 6 5.00

9 5.00 6 5.00

8 4.44 7 5.83
6 4.44 4 3.33

9 5.00 6 5.00
10 5.56 5 4.17

9 5.00 8 6.67

8 4.44 6 5.00

11 6.11 8 6.67
10 5.56 8 6.67
10 5.56 5 4.17

9 5.00 7 5.83
10 5.56 7 5.83

16 8.89 7 5.83

13 7.22 10 8.33

12 6.67 5 4.17

15 8.33 1 0.83

15 8.33 12 10.00
20 11.11 7 5.83
21 11.67 7 5.83

23 12.78 14 11.67

12.22 20 16.67

13.33 19 15.83
13.33 15 12.50

16.67 12 10.00
18.33 10 8.33

16.67 22 18.33

18.33 10 8.33

16.11 9 7.50
17.22 8 6.67
31.11 12 10.00

80 44.44 13 10.63

55 30.56 16 13.33
51 28.33 17 14.17
75 41.67 6 5.00

50 27.78 7 5.83

180 100.00 9 7.50

60 33.33 10 8.33
61 33.89 12 10.00
63 35.00 12 10.00
21 11.67 6 5.00

23 12.78 5 4.17
9 5.00 3 2.5D

12 6.67 2 1.67
2 1.11 1 0.83
1 D.56 1 O.B3

Au
ppm K

0.010 2.50

0.027 6.75
0.004 1.00
0.002 0.50

0.001 0.25

0.001

0.001
0.001
0.002

0.001

0.001
0.001
0.001
0.001
0.001

0.001
0.002

0.001
0.002

0.002

0.001

0.001
0.001

0.001
0.001

0.25

0.25

0.25
0.50

0.25

0.25

0.25

0.25

0.25

0.25

0.25

0.50

0.25

0.50

0.5D

0.25

0.25

0.25
0.25
0.25

0.004

0.001

0.009

0.005

0.005

0.005

0.005

0.005

0.005

0.004

1.00

0.25
2.25
1.25

1.25

1.25

1.25
1.25
1.25
1.00

0.005 

Q. 008 

0.006 

0.005 

0.005

1.25

2.00

1.50

1.25
1.25

0.005

0.002

0.002

0.005

0.005

0.005

0.005

0.005

0.005

0.005

1.25

0.50

0.50

1.25
1.25

1.25

1.25

1.25

1.25

1.25

0.005
0.004

0.001
0.005
0.001

1.25
1.00
0.25
1.25
0.25

QD 086

QD 089

QD 090

QD D 91

QD 092

Q D 094

OD 095

OD 096

O) 097

QD 098

QD 099

QD 100

QD 101

QD 102

QD 103

QD 104

OD 106

QD 107

OD 108

QD 109

QD 110

OD 111
QD 112

QD 113

QD 114

b

15
25

35

45

55

65

75

85

95

105

115

125

135

145

155

165
175

185

195

205

215
225

235

245

10.0

13.0

14.0

13.0

14.0

14.0

16.0

19.0

16.0

15.0

19.0

20.0
18.0

21.0

17.0

16.0

22.0
31.0

3B.D

16.0

22.0

17.0
19.0

26.0

20.0

4.0

5.2
5.6

1.2

5.6

5.6

6.4

7.6

6.4

6.0

7.6

8.0

7.2

6.4

6.8

6.4

8.8

12.4

15.2

6.4

8.8

6.8

7.6

10.4

8.0

1.4

1.5

1.1

1.2

1.0

0.7

1.0

1.1

1.0

0.8

1.0

1.1

1.2

1.1

1.0

0.9

1.3

1.8

2.0

1.5

1.4

1.2

1.4

2.0

1.8

0.61

0.65

Q. 48

0.52

0.44

0.30

0.44

0.48

0.44

0.35

0.44

0.48

0.52

0.48

0.44

0.39

0.57
0.78

0.87

0.65

0.61

0.52

0.61

0.87

0.78

68.2

91.1

103.0

83.6

86.4

93.2

102.0

91.3

109.0

103.0

88.5

80.9

128.0
95.4

92.3

103.0

112.0

129.0

194.0

177.0

203.0

185.0

162.0

300.0

285.0

1.00

1.34

1.32

1.23
1.27

1.37

1.50

1.34

1.60

1.52

2.40

1.12

1.88

1.40

1.36

1.52

1.65

1.90

2.85

2.60

3.00

2.72

2.38

4.41

4.19

6.2

5.9

5.1

2.6

2.6

2.4

2.6

3.1

2.8

3.3

3.4

3.3

4.2

2.4

2.2

3.0

2.5

2.7

7.7

2.2

2.6

3.3

2.8

4.0

2.5

0.21

0.20

0.18

0.09

0.09

0.08

0.09

0.11

0.10

0.11

0.12

0.11

0.15

0.08

0.08

0.10

0.09
0.09

0.27

0.08

O.OB

0.11

0.10

0.14

0.09

47

60

45

13

4

4

5

5

5

4

1

2

3

1

3

2

1

1

3

2

2

4

2

2

4

3.62

4.62

3.31

1.00

0.31

0.31

0.38

0.38

0.38

0.31

0.08

0.15
0.23

0.08

0.23

0.15

0.08

0.08

0.23

0.15

0.15

0.31

0.15

0.15

0.31

320

220

200

100

100

100

100

120

100

140

100

120

180

80

60

120

100

100

160

100

140

160

120

140

120

0.82

0.56

0.51

0.26

0.26

0.26

0.26

0.31

0.26

0.36

0.26

0.31

0.46

0.21

0.21

0.31

0.26

0.26

0.41

0.26

0.36

0.41

0.31

0.36

0.31

98

105

89

33

29

37

30

30

57

39

39

36

45

35

45

37

38

39

47

33

46

63

50

51

41

1.29

1.38

1.17

0.43

0.38

0.49

0.39

0.39

0.49

0.51

0.51

0.47

0.59

0.46

0.59

0.44

0.49

0,51

0.62

0.43

0.61

0.83

0.66

0.67

0.54

60

50

60

60

50

50

40

60

50

40

30

30

30

20

30

30

20

30

20

20

30

50

30

20

20

6.67

5.56

6.67

6.67

5.56

5.56

4.44

6.67

5.56

4.44

3.33

3.33

3.53

2.22

3.35

3.33

2.22

3.33

2.22

2.22

3.33

3.33

5.33

2.22

2.22

24

24

23

21

21

20

20

20

20

19

19

19

23

15

15

18

18

20

23

21

26

24

24

31

31

0.24

0.24

0.25

0.21

0.21

0.20

0.20

0.20

0.20

0.19

0.19

0.19

0.23

0.15

0.15

0.18

0.18

0.20

0.23

0.21

0.26

0.24

0.24

0.31

0.31

70

60

45

15

19

19

17

16

19

31

25

25

34

19

22

24

21

22

29

18

29

36

24

37

20

0.43

0.57

0.28

0.09

0.12

0.12

0.11

0.10

0.12

0.19

0.15

0.15

0.21

0.12

0.14

0.15

0.13

0.14

0.18

0.11

0.18

0.22

0.15

0.23

0.12

11,500

10,700

9,350

6,340

6,950

6,210

6,570

5,970

7,200

7,900

7,200

6,470

9,690

6,060

6,610

7,060

5,540

7,460

3,520

6,860

8,870

9,270

8,250

10,800

4,470

0.25
0.23

0.20

0.14

0.15

0.13

0.14

0.13

0.15

0.17

0.15

0.14

0.21

0.15

0.14

0.15

0.12

0.16

0.08

0.15

0.19

0.20

0.18

0.23

0.10

34,400

29,300

21,600

9,510

10,500

9,950

9,780

10,500

11,300

16,900

13,400

12,700

15,400
10,300

10,100

11,200

11,100

11,100
14,400

9,180

14,400

17,000

12,700

18,800

10,600

0.41

0.35

0.26

0.11

0.13

0.12

0.12

0.13

0.14

0.20

0.16

0.15

0.16

0.12

0.12

0.13

0.13

0.13

0.17

0.11

0.17

0.20

0.15

0.22

0.13

1,990

1,570
1,070

359

382

385

375

362

415

639

517

495

605

362

391

447

405

413

504

317

563

696

519

749

392

0.32

0.25

0.17

0.06

0.06

0.06

0.06

0.06

0.07

0.10

0.08

0.08

0.10

0.06

0.06

0.07

0.06

0.07

0.08

0.05

0.09

0.11

0.08

0.12

0.06

117.0

95.1

67.5

28.1

52.9

29.5

27.6

26.3

32.0

51.8

37.8

36.9

48. B

28.1

27.1

31.5

27.4

30.8

36.9

24.6

42.9

52.7
33.7

60.3

26.4

0.31

0.25
0.18

0.07

0.09

0.08

0.07
0.07

0.09

0.14

0.10

0.10
0.13

0.07

0.07

0.08

0.07

0.08

0.10

0.06

0.11

0.14

0.09

0.16

0.07

5,490

4,400
3,150

1,460

1,560

1,500

1,420
1,330

1,530

2,190

1,810

1,750

2,140

1,330

1,320

1,510

1,380

1,420

1,980

1,180

2,000

2,250
1,640

2,580

1,420

0.20

0.16

0.11

0.05

0.06

0.05

0.05
0.05

0.05

0.08

0.05

0.06

0.08

0.05

0.05

0.05

0.05

0.05

0.07

0.04

0.07

0.08

0.06

0.09

0.05

220

220
110

19

10

33

15

16

16

9

2

2

3

2

2

2

3

3

7

3

4

3

5

7

6

122.22

122.22
61.11

10.56

5.56

18.33

8.33
8.89

8.89

5.00

1.11

1.11
1.67

1.11

1.11

1.11

1.67

1.67

3.89

1.67

2.22

1.67

2.78

3.89

3.33

2

2

2

2

1

1

2

2

3

1

1

2

2

1

4

2

3

6

2

4

2

3

3

5

6

1.67

1.67

1.67

1.67

0.83

0.83

1.67
1.67

2.50

0.83

0.85

1.67

1.67

0.83

3.53

1.67

2.50

5.00

1.67

3.33

1.67

2.50
2.50

2.50

5.00

0.005

0.003

0.002

0.001

0.001

0.001

0.001
0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.002

0.001

0.002

0.003

0.001

0.001

0.002
0.001

0.005

0.002

1.25

0.75

0.50

0.25

0.25

0.25

0.25

0.50

0.50

0.25

0.25

0.25

0.25

0.25

0.25

0.50

0.25
0.50

0.75

0.25

0.25

0.50

0.25

0.75

0.50

QD 115 255
OD 116 265
QD 116 275
OD 119 2B5
QD 120 295

QD 121 305

QD 122 315
QD 123 325
QD 124 335

30.0 12.0
77.0 30,8
75.0 30.0
46.0 19.2

38.0 15.2

41.0 16.4

47.0 18.8
77.0 30.9
74.0 29.6

2.0 0.87 317.0 4.66 3.6 0.13
3.0 1.30 310.0 4.56 11.0 0.38
4.9 2.13 318.0 4.67 8.7 0.30

2.6 1.13 399.0 5.87 4.7 0.16

2.0 0.87 414.0 6.09 4.8 0.17

3.4 1.48 407.0 6.00 4.3 0.15

4.0 1.74 487.0 7.16 4.3 0.15
5.0 2.17 463.0 6.81 5.6 0.19

5.7 2.48 542.0 7.97 5.3 0.18

4 0.31 160 0.41

5 0.38 220 0.56
4 0.31 180 0.46
4 0.31 180 0.46

2 0.15 180 0.46

3 0.23 160 0.41
3 0.23 160 0.41
3 0.23 220 0.56

3 0.23 200 0.51

59 0.76

75 0.99

73 0.96

73 0.96

60 0.79

20

20
20

20

20

Z. 22

2.22

2.22

2.22

2.22

55 0.55

46 0.56

34 0.34

58 0.38

36 0.36

42 0.26

53 0.33
40 0.25

46 0.28

38 0.24

11,500 0.25

13,300 0.29
12,200 0.26

7,990 0.17

11,900 0.26

21,300 0.26

24,500 0.29

20,400 0.24

19,300 0.23

17,900 0.21

895 0.14

988 0.16

830 0.13

620 0.13

677 0.11

63.8 0.17

80.7 0.21
59.3 0.15

45.3 0.12

42.7 0.11

2,920 0.11

3,290 0.12
2,800 0.10

2,640 0,10

2,320 0.08

7 3. 89

12 6.67
19 10.56

9 5.00

8 4.44

4 3.53

3 2.50
8 6.67
4 3.35

5 4.17

0.003 0.75

0.001 0.25

0.003 0.75
0.002 0.50
0.002 0.50

67 0.88

80 1 .05

82 1 .OB

78 1.03

10

10
20

20

1.11

1.11

2.22

2.22

39

43

41

43

0.39

0.43

0.41

0.43

32

37

38

31

0.20

0.25

0.24

0.19

12,200

5,670

15,200

5,260

0.26

0.12

0.53

0.11

13,900

17,400

16,600

13,500

0.17

0.21

0.20

0.16

525 0.08

705 0.11

696 0.11

536 0.08

35.9 0.09 1,740 0.06

39.8 0.10 2,300 0.08

47.B 0.12 2,170 0.08

29.5 0.06 1,820 0.07

CORE QE (FURNIVAL LAKE)

Sample
No.

QE 126

QE 127

QE 128

QE 129

QE 13D

QE 131

QE 132

QE 133
QE 134

QE 155

QE 136

QE 138
QE 139

QE 140

QE 141

QE 142

QE 145

QE 144

QE 145
QE 146

QE 147

QE 149

QE 150

QE 151

QE 152

QE 153

QE 154

QE 155

QE 156
QE 157

QE 159

QE 160

QE 161

QE 162

QE 163

QE 164

QE 165

QE 166

QE 167

QE 168

QE 170

QE 171

QE 172

QE 173

QE 174

Depth

(on)

5

15

25

35

45

55

65

75

85

95

105

115

125

135

145

155

165

175

185

195

195

215

225

235

245

255

265

275
285
295

305

315

325

335

345

355

365

375

385

395

405

415

425

435

445

ppm

45.0

31.0

42.0

46. D

44.0

43.0

42.0

39.0

40. D

41.0

40.0

43.0

40.0

40.0

40.0

40.0

22.0

40.0

37.0

35.0

39.0

36.0

36.0

36.0

35.0

36.0

35.0

37.0
35.0

33.0

34.0

33.0

33.0

33.0

37.0

34.0

34.0

34.0

35.0

34.D

32.0

38.0

30.0

30.0

30.0

Br

K

18.00

12.40

16.80

18.40

17.60

17.20

16.80

15.60

16.00

16.40

16.00

17.20

16.00

16.00

16.00

16.00

8.80

16.00

14.80

14.00

15.60

14.40

14.40

14.40

14.00

14.40

14.00

14.80

14.00

13.20

13.60

13.20

13.20

13.20

14.80

15.60

15.60

15.60

14.00

13.60

12.80

15.20

12.00

12.00

12.00

U

ppm

1.3

1.1

1.5
1.5

1.6

1.6

1.4

1.5

1.5

1.3

1.6

1.4

1.7

1.9

1,5

1.8

1.0

1.5

1.6

1.4

1.4

1.6

1.5

1.4

1.4

1.3

1.2

1.3

1.4
1.4

1.1

1.3

1.1

1.2

1.7

1.5

1.5

1.3

1.4

1.6

1.7

2.2

1.9

1.B

2.9

K

0.57

0.48

0.65

0.65

0.70

0.70

0.61

0.65

0.65

0.57

0.70

0.61

0.74

0.83

0.65

0.78

0.43

0.65

0.70
0.61

0.61

0.70

0.65

0.61

0.61

0.57

D. 52

0.57

0.61

0.61

0.4B

0.57

0.48

0.52

0.74

0.65

D. 65

0.57

0.61

0.70

0.74

0.96

0.85

0.7B

1.26

Cu

ppm

60.3

-

74.6
79.0

103.0

8B.8

89.9

90.2

88.1

98.3

99.9

82.7

109.0
107.0

96.6

98.0

106.0

115.0

113.0
120.0

120.0

110.0

114.0
119.0

116.0

117.0

112.0

115.0

127,0

124.0

124.0

119.0

112.0

129.0

143.0

131.0

144.0

150.0

155.0

172.0

154.0

172.0

190.0

212.0

174.0

K

O.B9
-

1.10
1.16

1.52

1.31

1.32

1.33

1.30

1.45

1.47

1.22

1.60

1.57

1.42

1.44

1.56

1.69

1.66

1.76

1.76

1.62

1.62

1.75

1.71

1.72

1.65

1.69

1.87

1.83

1.B3

1.75

1.65

1.90

2.10

1.93

2.12

1.91

2.28

2.53

2.27

2.53

2.79

3.12

2.56

Co

ppm

11.0

9.5

14.0
14.0

14.0

15.0

16.0

16.0

15. D

16.0

16.0

17.0

15.0
15.0

14.0

14.0

7.5

13.0

11.0

11.0

12.0

12.0

12.0

12.0

12.0

12.0

10.0

11.0

11.0

11.0

11.0

9.5

9.1

9.5

11.0

11.0

12.0

9.6

9.3

9.4

7.5

9.2

7.3
8.4

7.2

Pb

K

0.38

0.33

0.48
0.48

0.48

0.52

0.55

0.55

0.52

0.55

0.55

0.59

0.52
0.52

0.48

0.48

0.26

0.45

D. 38
0.38

0.41

0.41

0.41

0.41

D. 41

0.41

0.34

0.38

0.38

0.36

0.3B

0.33

0.31

0.55

0.3B

0.38

0.41

0.33

0.32

0.32

0.26

0.32

0.25

0.29

0.25

ppm

75

-

31
15

4

4

5

5

3

6

5

10

4
3

4

4

4

4

5
4

4

2

3

4

2

4

4

3

3

3

4

4

3

4

3

2

1

1

1

1

1

1

1

1

1

K

5.77

-

2.39

1.15

0.31

0.31

0.39

D. 39

0.23

0.46

0.23

0.77

0.31
0.23

0.31

0.31

0.51

0.31

0.23
0.31

0.31

0.15

0.23

0.31

0.15

0.31

0.31

0.23

0.23
0.39

0.31

0.31

0.23

D. 51

0.23

0.15

0.08

0.08

D. 08

0.08

0.08

O.QB

0.06

0.06

0.06

Ba

ppm

260

200

240
220

240

260

260

26D

240

240

240

220

220
240

260

240

120

240

220
220

220

220

220

240

240

240

260

260
240

260

260

240

240

200

200

180

220

140

14D

140

100

140

100

140

160

K

0.67

0.51

0.62
0.56

0.62

0.67

0.67

D. 67

0.62

0.62

0.62

0.56

0.56

0.62

0.67

0.62

0.31

0.62

0.56

0.56

0.56

0.56

0.56

0.62

0.62

0.62
0.67

0.67

0.62

0.67

0.67

0.62

0.62

D. 51

0.51

0.46

0.56

0.56

D. 36

0.36

0.26

0.36

0.26

0.36

0.41

Zn

ppm

160
-

126
114

108

110

109

104

105

115

113

105

111
104

97

104

106

102

98

99

125

101

102

101

109

96

95

94
110

92

90

103

78
75

83

34

91

78

86

78

69

79

76

76

67

K

2.1
-

1.66

1.50

1.42

1.45

1.43

1.37

1.38

1.51

1.49

1.36

1.46

1.37

1.28

1.37
1.40

1.34

1.29

1.30

1.65

1.35

1.54
1.33

1.43

1.29

1.25

1.24

1.45

1.21

1.18

1.36

1.03
0.99

1.09

1.11

0.20

1.03

1.13

1.03

0.91

1.04

1.00

1.00

0.88

ppm

100

60

80

100

80

50

80

70

90

ao

130

60

60

40

60

50

40

50

20
40

40

40

50

30

3D

40

50

30
30

50

3D

30

30

3D

30

5D

40

50

30

30

50

40

30
30

40

B

K

11.11

6.67

8.89

11.11

6.89

5.56

8.89

7.78

10.00

8.89

14.44

6.67

6.67

4.44

6.67

5.56

4.44

5.56

2.22

4.44

4.44

4.44

5.56

3.33

5.33

4.44

3.33

3.33

3.33

5.56

3.33

3.33

3.33
3.33

3.33

3.33

4.44

3.33

3.33

3.33

5.56

4.44

3.33
3.33

4.44

Ni

ppm

43
-

51

52

61

57

58

57

59

61

62

56

63

62

59

59

56

56

54

55

61

54

53

54

58

54

52

50
55

52

51

44

40
35

35

39

44

36

31

31

33

42

41
38

35

K

0.43
-

0.52

0.55

0.62

0.56

0.59

0.58

0.60

0.62

0.63

0.57

0.64

0.63

0.60

0.60

0.57

0.57

0.55

D. 56

0.62

0.55

0.54
0.55

0.59

Q. 55

0.53

0.51
0.56

0.53

0.52

0.44

0.40

0.35

0.35

0.39

0.44

0.36

0.31

0.31

0.33

0.42

0.41

0.38

0.33

Zr 

ppm K

Ca 
ppm K

Al 
ppm K

Ti 

ppm K

Sr 

ppm K
Mg

ppm K

41 0.25 16,600 0.36 25,700 0.31 1,060 0.17 79.7 0.21 6,200 0.22

49 0.30
46 0.28

52 0.32

49 0.50

57 0.35

50 0.31
52 0.32

59 0.36

55 D.34

50 0.31

54 0.53
55 0.34

84 0.52

16,700 0.36
16,200 0.35

16,700 0.56

28,300 0.54
28,300 0.34

29,900 0.36

16,200 0.35 29,500 0.36

16,700 0.36 30,700 0.37

15,BOD 0.54 30,600 0.57
16,500 0.35 31,200 0.37

17,600 0.58 32,200 0.38

17,500 0.38 31,300 0.37

16,500 0.35 29,100 0.35

16,900 0.36 30,400 0.36
17,000 0.36 29,900 0.36

16,900 0.36 29,300 0.36

45 0.90 16,200 0.35 28,900 0.34

164

107
45

119

1.01
0.66
0.28

0.73

16,300

15,300
15,100

15,900

0.35

0.33
0.32

0.34

28,600 0.34

26,500 0.32
25,400 0.30

27,000 0.32

QE 175 455 33.0 13.20

QE 176 465 34.0 13.60

QE 177 475 57.0 14.80
QE 17B 485 39.0 15.60

QE 179 495 35.0 14.00

QE 181 505 49.0 19.60

QE 182 515 43.0 17.20
QE 183 525 45.0 18.00

QE 184 535 29.0 11.60
QE 185 545 30.0 12.00

2.3 1.00 215.0 3.16

2.9 1.26 278.0 4.09

3.6 1.57 344.0 5.06
3.3 1.43 322.0 4.74

3.3 1.43 313.0 4.60

6.7

6.6

7.9

6.3

7.9

0.23

0.25

0.27

0.29

0.27

1

1

1
1

1

0.06

0.06

0.08

0.08

0.08

100

120

120

180

200

0.26

0.31

0.31
0.46

0.51

75

108

66

149

67

1.00

1.42

1.13
1.96

0.88

4.2

5.2
5.1

2. B
2.0

1.83

2.26

2.22

1.22

0.87

421.0
440.0

480.0

474.0

413.0

6.19

6.47

7.06
6.97

6.07

10.0

11.0

11.0
13.0

13.0

0.34

0.38

0.38

0.45

0.45

1
2

2

4

6

0.08

0.15

0.15
0.31

0.46

220

240

280
360

360

0.56

0.62
0.72
0.92

0.92

83
B8

95
66

76

1.09
1.16
1.25
1.13

1.00

40 4.44 41 0.41

30 3.33 44 0.44

30 3.33 46 0.46
40 4.44 51 0.52

40 4.44 53 0.54

40 4.44 66 0.67

50 5.56 74 0.75

50 5.56 69 0.70
50 5.56 86 0.87
50 5.56 76 0.77

49 0.30

43 0.27

43 0.27

43 0.27
51 0.31

46 0.28
48 0.30

49 0.30
52 0.32

48 0.30

45 0.28
45 0.27

52 0.20

51 0.19

28 0.17

37 0.23
37 0.23
23 0.14
21 0.13

18 0.11

16 0.10

24 0.15

24 0.15
31 0.19
31 0.19

22 0.14
19 0.12
25 0.15
33 0.20
35 0.22

15,400 0.33 26,000 0.51

16,300 0.35 25,800 0.31

16,100 0.35 24,800 0.30
15,900 0.34 25,900 0.31
17,500 0.58 28,100 0.34

17,000 0.36 26,900 0.32
16,600 0.36 26,900 0.32

16,500 0.35 26,800 0.32
16,500 0.55 28,000 0.33

15,900 0.34 27,500 0.33

16,100 0.35 26,400 0.31
14,400 0.31 24,200 0.29

13,400 0.29 29,800 0.24
13,500 0.29 19,200 0.23
13,000 0.28 17,300 0.21

11,700 0.25 16,800 0.20
13,600 0.29 20,300 0.24

11,600 0.25 13,200 0.16
11,000 0.24 12,000 0.14

9,900 0.21 11,000 0.13

9,250

11,100
10,500
10,600

8,570

0.20
0.24

0.23
0.23

0.18

8,610 0.1D

10,800 0.13

11,200 0.13
15,800 0.19

15,500 0.19

11,000 0.24 9,750 0.12
10,500 0.23 8,550 0.10

10,600 0.23 9,490 0.11
11,900 0.26 13,200 0.16

12,800 0.27 14,900 0.18

45 0.26 15,800 0.34
47 0.29 15,500 0.35

53 0.33 16,300 0.35
90 0.56 20,600 0.44

84 0.52 20,000 0.43

16,800 0.20

18,100 0.22

21,300 0.25
37,300 0.44
38,300 0.46

QE 186

QE 187

QE 188

QE 189

QE 190

QE 191

QE 193

QE 194

QE 195

QE 196

QE 197

QE 198

555
565

575

585

595

605

615

625

635

645

655

665

13.0

9.1

6.5

6.1

5.5

5.6

B.2
5.0

3.9

3.2

1.6

1.8

5.20

3.64

2.52

2.44

2.20

2.24

3.28

2.00

1.56

1.28

0.64

0.72

1.8

1.6

1.5

1.1

1.1

1.1

1.6

1.3

1.4

1.7

0.9

1.1

0.7B

0.70

0.65

0.4B

0.48

D.4B

0.70

0.57
0.61

0.74

0.39

0.46

211.0
126.0

97.4

89.1

88.8

89.6

115.0
86.7

49,1

33.0

27.0

20.9

3.10

1.85

1.43

1.31

1.31

1.32

1.69

1.28

0.72

0.49

0.40

0.31

12.0

11.0

10.0

9.3

8.6

8.7

9.2

9.1

8.6

6.7

9.6

9.2

0.41

0.38

0.34

0.32

0.30

0.30

0.32
0.31

0.30

0.30

0.33

0.32

5
17

ia
13

11

12

15

14

15

21

13

11

0.59

1.31

1.39

1.00

O.B5

0.92

1.15

1.06

1.15

1.61

1.00

0.85

420

580

400

580

560

360

400

400

380

400

3BO

360

1.08

0.97

1.03

0.97

0.92

0.92

1.03

1.03
1.97

1.03

0.97

0.92

54

48

44

39

38

40

38

39

37

55

41

55

0.71

0.63

0.58

0.51

0.50

0.53

0.50

0.51

0.49

0.46

0.54

0.72

50

40

40

40

40

40

40

40

40

40

40

40

5.56

4.44

4.44

4.44

4.44

4.44

4.44
4.44

4.44

4.44

4.44

4.44

61

50

45

41

41

42

40
38

39

40

43

40

0.61

0.51

0.45

0.41

0.41

0.42

0.40

0.36

0.39

0.40

0.43

0.40

129

126

116

108

84

80

96

118

113

12B

105

104

0.80
0.78

0.72

0.67

0.52

0.50

0.59

0.73

0.70

0.79

0.65

0.64

58,700

51 ,700

72,600

75,500

103,000

103,000

59,000

59,400

70,400

68,000

87,600

67,600

0.85

1.11

1.55

1.62

2.20

2.20

1.30
1.30

1.51

1.46

1.88

1.88

54,100
55,000

54,900

54,500

51,100

49,300

50,500
53,500

56,700

56,300

58,200

49,600

0.64

0.66

0.65

0.64

0.61

0.59

0.60

0.64

0.68

0.67

0.69

0.59

2,440

2,400

2,400

2,210

1,910

1,780

1,890
2,100

2,210

2,050

2,350

2,140

0.39

0.38
0.55

0.35

0.30

0.26

0.50

0.33

0.35

0.32

0.37

0.33

249.0

258.0

255.0

259.0

253.0

244.0

254.0

251.0

266.0

275.0

266.0

253.0

0.65

0.67

0.66

0.68

0.66

0.64

0.61

0.65

0.69

0.72

0.69

0.66

24,700

51,700

34,300

32,300

32,900

31,000

31,100

32,800

34,000

30,200

34,400

27,800

0.89

1.14

1.24

1.17

1.19

1.12

1.13

1.18

1.23

1.09

1.24

1.00

1

1

1

1

1

1

1

1

1

1

1

1

0.56

0.56

0.56

0.56

0.56

0.56

0.56

0.56

0.56

0.56

0.56

0.56

1,180

1,190

1,310

1,290

1,330

1,310

1,300

1,350

1,330

1,220

1,270
1,300

1,220

1,160

1,120

1,040
992

1 ,02Q

972

1,060

1,000
1,050

1,230

1,110
1,040

1,090

1,160

1,180

1,110

1,060

827

752

681

753

882

537

461

410

355

431

470
682

693

441

378

424

724

748

856

951

1,000
1,820

1,750

2,440
2,400
2,400

2,210

1,910

1,780

1,890
2,100

2,210

2,050

2,350

2,140

0.19

0.19

0.21

0.20

0.21

0.21

0.20

0.21

0.21

0.19

0.20

0.20

0.19

0.18

0.18

0.17

0.16

0.16

0.15

0.17

0.16

0.17

0.19

0.18
0.17

0.17

0.18

0.17

0.18

0.17

0.13

0.12

0.11

0.12

O.I 4

0.08

0.07

0.07

0.06

0.07

0.07

0.11

0.11

0.07

0.06

0.07

0.12

0.12

0.14

0.15

0.16

0.29

0.28

0.39

0.38
0.55

0.35

0.30

0.26

0.50

0.33

0.35

0.32

0.37

0.33

94.0

92.7

98.6

97.9

101.0

97.2

98.6

109.0

107.0

95.5

99.9

96.3

90.9

89.3

86.0

76.5

73.1
77.7

70.6

71.7

72.0

77.2
87.6

79.9

81.0

78.6

84.0

80.4

76.6

66.9

49.8

49.7

47.7

46.9

55.3

36.4

31.4
27.6

23.9

27.8

31.7

3B.4

31.5

30.9
26.3

29.4

37.5

45.7

65.3

70.4

77.1

161.0

163.0

249.0

258.0

255.0

259.0

253.0

244.0

254.0

251.0

266.0

275.0

266.0

253.0

0.25

0.24

0.26

0.26

0.26

0.26

0.26

0.28

0.28

0.25

0.26

0.25
0.24

0.23

0.22

0.20

0.19

0.20

0.18

0.19

0.19

0.20
0.23

0.21

0.21

0.21

0.22

0.21

0.20

0.17

0.13

0.13

0.12

0.12

0.14

0.10

0.08
0.07

0.06

0.07

0.10

0.10

0.08

0.08

0.07

0.08

0.10

0.12

0.17

0.18

0.20

0.42

0.43

0.65

0.67

0.66

0.68

0.66

0.64

0.61

G. 65

0.69

0.72

0.69

0.66

7,350
7,590

8,360

8,180

8,260

8,420

8,300
8,680

8,570

7,650

8,290

8,170

7,990

7,550

7,310

6,810

6,430

6,630

6,190

6,380

6,350

6,500

7,320

6,640

6,520

6,330

6,790

6,680

6,340

5,810

5,000

4,610

4,140

4,110

5,150

3,290

2,680

2,370

2,110

3,110

2,910

3,350

2,900

2,720
2,290

2,730

3,450

4,220

5,310

5,630

5,510

12,700

12,500

24,700

31,700

34,300

32,300

32,900

31,000

31,100

32,800

34,000

30,200

34,400

27,800

0.27

0.27

0.50

0.30

0.30

0.30

0.30

0.31

0.31

0.28

0.30

0.30

0.29

0.27

0.26

0.25

0.23

0.24

0.22

0.23

0.23

0.24
0.26

0.24

0.24

0.25

0.25

0.24

0.23

0.21

0.18

0.17

0.15

0.15

0.19

0.12

0.10

0.09

O.OB

0.11

0.11

0.12

0.11

0.10

0.08

0.10

0.15

0.15

0.19

0.20

0.20

0.46

0.45

0.89

1.14

1.24

1.17

1.19

1.12

1.13

1.18

1.23

1.09

1.24

1.00

Sample Depth Br U Cu Co 

No. (on J ppm K ppm K ppm K ppm K

Pb
ppm

Ba

ppm K
Zn

ppm K

B
ppm K

CORE QF

Ni 

ppm K

Zr 
ppm K

Ca 
ppm K

Al 

ppm K

Ti
ppm K

Sr 

ppm K

Mg

ppm K

QF 260
QF 261

QF 262

QF 263
QF 264

QF 265
QF 266

QF 267

QF 268

QF 269

QF 271
QF 272

QF 273

QF 274
QF 275

QF 276
QF 277

QF 278
QF 279

QF 281

QF 282

QF 283

QF 284

QF 285

QF 286

QF 287

QF 2B8

QF 289

QF 290

OF 291

QF 293

QF 294

QF 295

QF 296

QF 297

QF 298

QF 299

QF 300

QF 301
OF 302

QF 303

QF 304

QF 305
QF 306

5
15
25
35
45

55

65

75

85

95

105
115

125

135

145

155
165

175

185

195

205

215

225

235

245

255

265

275

285

295

305

315

325
335
345

355

365

375

385
395

405

415

425
435

17.0
11.0
12.0
12.0
9.7

9.5
9.0

8.8

9.6

8.7

7.8
10.0

8.8

9.2

6.6

7.1

6.1
6.9

4.3

5.3

6.4

4.2

4.4

5.4

6.3

4.9
5.2
4.9

7.2

a.o

7.2
5.8

6.0

6.5

a. B

10.0

8.7

8.7

5.4
5.3

2.6

1.2

1.5

1.5

6.80

4.40

4.80
4.80
3.88

3.80
3.60
3.52
3.84
3.4fl

3.12
4.00
3.52
3.68
2.64

2.84
2.44

2.76

1.72

2.12

2.56

1.68

1.76

2.16

2.52

1.96

2.0B

1.96

2.88

3.20

2.88

2.32

2.40

2.60

3.52

4.00

3.48

3.48
2.16
2.12

1.04

0.4B

0.60
0.60

2.1
2.1
2.3
2.7
2.8

2.6
2.2
2.3

2.2

2.1

2.0

1.B

2.2

2.5
2.2

2.2
1.9

2.0

1.9

2.2

2.3

2.4

2.4
2.6
2.6

2.6
2.4

3.1

3.5

3.7

2.5

2.3

2.6

2.7

3.8

4.8

3.2

4.0
2.6
3.5

2.2
1.7

2.2
1.1

0.91

0.91

1.00

1.17

1.22

1.13

0.96

1.00

0.96

0.91

0.67

0.78

0.96

1.09

0.96

0.96

0.83

0.87
0.83
0.96

1.00
1.04

1.04

1.22
1.13

1.13

1.04

1.35

1.52

1.61

1.09

1.00

1.13

1.17
1.65

2.09
1.39

1.74

1.22

1.52

0.96

0.74

0.96

0.48

102.0
24.2

18.0

17.2

17.0

18.0

14.9

14.7

14.4

12.7

12.4

12.7

13.6

15.3

15.0

13.5

13.4

15.0

13.3

15.2

15.9

15.9

15. B

16.1

17.9

18.7

17.8

22.5

30.6

48.2

35.1
27.6

31.5

39.1

51.5

76.1

59.2

92.5

67.9

46.2

2B.3

29.1

36.2

21.7

1.50
0.36

0.27

0.25
0.25

0.27

0.22

0.22

0.21
0.19

0.19

0.19

0.20

0.23

0.22

0.20
0.20

0.22

0.20
0.22

0.23
0.23
0.23
0.24

0.26

0.28

0.26

0.33

0.45

0.71

0.52
0.41

0.46

0.58

0.76

1.12

0.87

1.36

1.00

0.68

0.42
0.43
0.53
0.32

11.0
15.0

18.0

16.0

18.0

16.0

15.0

13.0

13.0

12.0

13.0

13.0

13.0

14.0
10.0

9.5

8.9
9.2

6.7

B. 7

9.2

8.5

9.2

9.1

9.7

9.4

9.4

10.0

15.0

12.0

12.0

9.7

9.8

9.6

10.0

11.0

12.0

31.0

14.0

13.0

9.6

11.0

14.0

10.0

0.38
0.52

0.62

0.62
0.62

0.55

0.52
0.45

0.45

0.41

0.45
0.45

0.45

0.48

0.35

0.33
0.31

0.32
0.30
0.30

0.32
0.29

0.32
0.31
0.34

0.32

0.32

0.35

0.52

0.41

0.41

0.34

0.34

0.34

0.35

0.38
0.41
1.07
0.48

0.45

0.33

0.38

0.48

0.35

60
16

9

6

10

5

5

5

4

5

3
5

6

5

7

5

6

6

5

7

6

7

6

6
5

6

7

6

5

6

5

7

a
26

22

25
30
35
33
31

32
36
39
38

4.62
1.23

0.69

0.46

0.77

0.39

0.39

0.39

0.31

0.39

0.23
0.39

0.46

0.39

0.54

0.39
0.46

0.46

0.39

O.b4

0.46

0.54

0.46

0.46

0.39

0.46

0.54

0.46

0.39

0.46

0.39

0.54

0.62

2.00

1.69

1.92

2.30

2.69

2.54

2.38

2.46
2.77

3.00
2.92

360

420

460

440

460

440
440

400

420

420

420
420

380

420

460

420

400

440

440

420

440

420

440

420
440

440

440

420

460

560

480

460

460

460

460

520
460
460
480

480

460
520
600
480

0.92
1.08
1.18
1.13
1.18

1.13
1.13

1.03

1.08

1.0B

1.06

1.08

0.97

1.08

1.18

1.08

1.03

1.13

1.13
1.08

1.13
1.08

1.13
1.08

1.13

1.13

1.13

1.06

1.18

1.44

1.23

1.18

1.18

1.18

1.18

1.33

1.18

1.18
1.23

1.23

1.18
1.33
1.54
1.23

96

58

57

56

53

53

44
47

44

41

39
39

42
41

41

27

28

27

25
11

8
5
2
1
1

30
1
1
5

24

22

20
26
45

41

39

39

49

36

39

63

33
43

28

1.26

0.76

0.75

0.74
0.70

0.70

0.58

0.62

0.58

0.54

0.51
0.51

0.55

0.54

0.54

0.36

0.37

0.36

0.33
0.15

0.11
0.07
0.03

0.01

0.01

0.40

0.01

0.01
0.07
0.32

0.29
0.26
0.34

0.59

0.54

0.51

0.51
0.65
0.47

0.51

0.83

0.43
0.57

0.37

50

40

40

40

40

40

40

40

30
30

30
30

30

30

20

20

30

30
30
30

30
30
3D

30

30

30
30

30
20
20

30

30

30

30

20

20

40

30
30

30

40

40

40
30

5.56
4.44

4.44

4.44

4.44

4.44

4.44
4.44

3.33
3.33

3.33
3.33

3.33
3.33
2.22

2.22

3.33

3.33
3.33
3.33

3.33
3.33

3.33

3.33
3.33

3.33
3.33

3.33

2.22

2.22

3.33

3.33
3.33
3.33
2.22

2.22
4.44

3.33
3.33

3.33

4.44

4.44

4.44
3.33

102
27

22

20

20

19

19

19

19

20

21

17

20
19

19

20

19

19
20

20

20
20

20
22

21

22
22

21

24

24

23

22

22
24

24

29

28

45

36

31

31
36
45
34

1.03
0.27

0.22
0.20
0.20

0.19

0.19

0.19

0.19
0.20

0.21
0.17

0.20
0.19

0.19

0.20

0.19

0.19

0.20

0.20

0.20
0.20

0.20
0.22

0.21

0.22

0.22
0.21
0.24
0.24

0.23
0.22
0.22
0.24

0.24

O.Z9

0.2B

0.45

0.36

0.31

0.31

0.36

0.45
0.34

80

86

83

91

85

67
91

94

99

98

97
95

92
90

115

117

121

123

122

128

129

131

133
133

126

134

128
129
113
112

115
131
142
148

132

133

141

149

149

135

130

126
122
118

0.50

0.53

0.51

0.56

0.53

0.54
0.56

0.58

0.61

0.61

0.60
0.59

0.58

0.56

0.71

0.72

0.75

0.76

0.75

0.79

0.80

0.81

0.82

D.B2

0.78

0.83

0.79

0.80

0.70

0.70

0.71

0.61
0.88
0.91

0.82

0.82

0.87

0.92

0.92

0.83

0.80

0.78
0.75

0.73

4,770
6,690

6,190

6,130

6,240

6,330
6,450

6,410

6,790

7,210

6,730
6,790

7,110
6,990

8,600

8,940

9,060

9,480
9,300

9,650

9,890

10,100

9,800

9,780

9,520

8,890

9,600

9,680
9,200

9,030

9,740

11,500

12,300
1 1 ,600

11,000

11,500

13,100

15,200

17,500

13,900

12,000

11,300
11,400

28,400

0.10
0.14
0.13

0.13

0.13

0.14
0.14

0.14

0.15

0.16

0.14

0.14

0.15
0.15

0.18

0.19

0.19

0.20
0.20

0.21

0.21

0.22
0.21
0.21
0.20

0.19
0.21
0.21
0.20

0.19

0.21

0.25

0.26

0.25

0.24

0.25

0.28

0.33

0.38
0.30

0.26
0.24
0.25

0.61

34,500

38,400

38,400

41,100

40,900

41,800
40,900

39,000

40,300

42,200

38,900

38,000

40,100
39,900

45,000

43,500

44,100

45,100
43,800

46,400

45,900

48,000

45,800
45,800

45,100

47,800

45,100

45,000
42,700

43,800

44,500

51 ,000

49,600

49,400

51,300

48,500

50,800
53,300

57,500

56,900

54,800

63,200
70,900

58,800

0.41

0.46

0.46

0.49

0.49

0.50
0.49

0.47

0.48

0.51

0.47

0.46

0.48
0.46

0.54

0.52

0.53
0.54
0.52

0.56

0.55

0.57

0.55

0.55

0.54

0.57

0.54

0.54
0.51

0.52

0.53

0.61

0.59

0.59

0.61

0.58

0.61

0.64

0.69
0.68

0.66

0.76
0.85

0.70

1,260

1,280

1,280
1,430

1,290

1,320

1,410

1,370
1,470

1,420

1,400

1,380
1,350
1,270
1,660

1,580
1,690
1,740
1,740
1,780

1,820
1,800
1,880
1,860
1,750

1,820
1,780
1,720
1,470
1,440

1,560

1,890
1,980

2,090
1,840

1,750

1,960
2,010
2,120
2,030

2,120
2,350
2,550

2,340

0.20

0.20
0.20
0.23

0.20

0.21

0.22

0.22

0.23

0.23

0.22

0.22

0.21

0.20

0.26

0.25

0.27

0.28

0.2B

0.28

0.29

0.29

0.30

0.29

0.28

0.29
0.26
0.27

0.23

0.23

0.25

0.30

0.31

0.33

0.29

0.28

0.31
0.32

0.34
0.32

0.34
0.37
0.40

0.37

93
117
109
110
116

116

117

117

124

134

123
121

129

122

150

152

159

158

152

167

162

173

163

162
163

158

164
165

153
140

164
205
211
210

196

189

225
261
ZBB
251

215
209
198
229

0.24 2,760 0.10

0.31 4,160 0.15
0.28 4,160 0.15
0.29 4,240 0.15

0.30 4,160 0.15

D.3D 4,250. 0.15

0.31 4,230 0.15

0.31 4,330 0.15
0.32 4,290 0.16

0.35 4,560 0.17

0.32 4,390 0.16
0.32 4,340 0.16
0.34 4,460 0.16

0.32 4,300 0.16

0.39 5,520 0.20

0.40 5,540 0.20

0.41 5,570 0.20
0.41 5,880 0.21

0.40 5,900 0.21

0.43 6,100 0.22

0.42 5,920 0.21

0.45 6,180 0.22

0.43 6,020 0.22

0.42 6,120 0.22
0.43 5,910 0.21

0.41 6,280 0.23

0.43 5,820 0.21
0.43 5,720 0.21

0.40 5,310 0.19
0.37 5,200 0.19

0.43 5,520 0.20

0.53 6,550 0.24
0.55 6,050 0.22

0.55 6,530 0.24
0.51 6,210 0.22

0,49 5,820 0.21

0.59 6,190 0.22
0.68 6,590 0.24

0.75 6,890 0.25
0.65 6,990 0.25

0.56 7,850 0.28
0.54 11,000 0.40

0,52 13,800 0.50
0.60 16,300 0.59

13 7.22

14 7.78
15 8.33

16 8.89

9

10
11
11

7.50

8.33
9.17

9.17

0.003 0.75
0.003 0.75
0.003 0.75

0.005 1.25

As

ppm K

10 5.56

10 5.56

10 5.56

5 2.78

3 1.67

2 1.11
3 1.67
2 1.11

1 0.56

2 1.11

2 1.11
2 1.11
1 0.56

1 0.56
1 0.56

1 0.56

1 0.56
1 0.56

1 0.56
1 0.56

2 1.11
1 0.56

2 1.11
1 0.56
1 0.56

2 1.11

1 0.56
1 0.56

1 0.56

1 0.56

1 0.56
1 0.56
1 0.56
1 0.56
1 0.56

1 0.56
2 1.11
2 1.11
2 1.11
1 0.56

1 0.56
2 1.11

1 0.56
1 0.56
2 1.11

1 0.56
2 1.11
1 0.56
2 1.11
2 1.11

3 1.67

3 1.67

2 1.11
2 1.11

2 1.11

Mo 

ppm K

2 1.67
1 0.83

3 2.50

43 35.83

2 1.67

1 0.83

1 0.83

1 0.83

2 1.67

2 1.67

1 0.83

2 1.67

5 4.17
3 2.50
2 1.67

Au

ppm K

O.OD1 0.25
D.OD1 0.25

0.002 0.50

0.001 0.25

0.003 0.75

0.002 0.50

0.001 0.25

0.001 0.25

D.G02 0.50
0.001 0.25

0.002 0.50

0.002 0.50

0.002 0.50
0.003 0.75

0.001 0.25

4 3.33 0.001 0,25

2 1.67 0.001 0.25

3 2.50 0.001 0,25

1 0.8J 0.003 0.75
1 0.83 0.003 3.25

3 2.50 0.001 0.25

1 0.83 0.002 0.50
1 0.83 0.002 0.50

1 0.83 0.001 0.25
2 1.67 0.001 0.25

2 1,67 0.001 0.25

1 0.83 0.002 0.50
3 2.50 0.002 0.50

1 0.83 0.001 0.25

1 0.85 0.001 0.25

Z 1.67 0.001 0.25

1 0.63 0.001 0.25

1 0.83 0.001 0.25

1 O.B3 0.001 0.25

3 2.50 0.001 0.25

4 3.53 0.001 0.25

1 O.B3 0.001 0.25

3 2.50 0.001 0.25
2 1.67 0.001 0.25

2 1.67 0.001 0.25

4 3.53 0.001 0.25

2 1.67 0.002 0.50
3 2.50 0.001 0.25

T 0.83 0.001 0.25
2 1.67 0.001 0.25

3 2.50 0.001 0.25
3 2.50 0.009 4.75

5 4.17 0.001 D.25

5 4.17 0.001 0.25

6 5.00 0.005 1.25

7 5.83 0.001 0.25

5 4.17 0.004 1.00
7 5.00 0.002 0.50

2 1.67 0.003 0.75

2 1.67 0.002 0.50

2 1.67 0.003 0.75

2 1.67 0.001 0.25

1 0.83 0.001 0.25

1 0.83 0.001 0,25

1 0.83 0.001 0.25

2 1.67 0.001 0.25

2 1.67 0.001 0.25

1 0.85 0.001 0.25

1 0.63 0.001 0.25

1 0.83 0.001 0.25

2 1.67 0.001 0.25

5 2.50 0.001 0.25

As

ppm K

24 13.33
4 2.22
2 1.11
4 2.22

3 1.67

Mo 

ppm K

Au 
ppm K

3 2.50 0.010 2.50
3 2.50 0.001 0,25

3 2.50 0.001 0.25

2 1.67 0.004 1.00
7 5.83 0.001 0.25

3
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2
2
4

2

3.33

1.67

1.67
3.33
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9
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