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" _ABSTRACT ' g

This study is an investigation of the Pt ~ in
abundances in the Lower Paleozoic rocks of‘Sohthwesfern

Ontario, in Essex and Kent Counties. Rock samples from

PreGambrian to Upper Ordovicianlfdrmations were collected

from 30 drill holes in the study area., A total of 330
determinations for %n, Cu, Pb, Ni, Cr, In, Ee, Ca, and
Eg on 30 sémple sites were made by atomic absorptlon,
The data indicate a geochemical anomaly pattgfn; which

can be related to the ekistence of regional faults

penetrating the Paleﬁvoic sequence, from the PreCambrian.

basement It is suggésted that upward migration of
mineralizinp fluids along fault zones is responsible

for the observed geochemical dispersion patterns.

© The metals were probably derived locally from the

‘PreCambrlan basement, and have been eluted by deep

cireulating groundwaters.
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 INTRODUCTION.

ﬁésex»and Kent Countiéé\form the western portion
of Southern Ontario, lying between latitudes 42° 00" ¥,
 and 42° 360 and 81° 45! W, to 83° 151 y. longitude. .
 This fand area comprises some 4400 square kilometres
( 1700 square miles ), the bound/ﬁies of which are shown
in Figure 1. _

This study was undert;ken to establish the
abundances of base metal content in Essex and Xent
Counties. In this respect, it is an exten51on of
-earller work by Delevault and Warren ( 1961 ), which is
a more general geochemical study of various Pa1e0z01c
formations of Eastern and Central Ontario. Empha31s has
been placed on the abundances of Zn, Cu,- and Pb_becaﬁée'
these metals can achieve concentrations:of economic value,
particularly in carbonate‘fbcks. Moreover, thake carbonate‘
rocks are a maaor Source of industrial stone, agricultural
llme, and food Dreservatives such as Ca012 ’ for which
only very low concentrations 0f base metals are'permissible.

Pb - Zn mineralization is well known in Southern
Ontario. Liberty ( 1971 ) discussed the oceurrences in
the Bruce and Niagara Peninsu}as and attributed their
origin to biogenic activity, While concentration by
organic activitj is a possible mechanism, other processes

muét also be considered. Metal concentration can oceur
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.in normal sedimentary sequences bj 1on exchange in’ clay
minerals, with subsequent digpers*on and distribution
during dlagenesis. Minerallzation may alsc occur from
.groundwater percolatlng through permeable rock formatlons,
301nts, faults, and fracbures. \

Therefore, the objective of thiS'study is to
evaIﬁate the Tole of these processes on the basis of

-

new geochemical analytical work, completed in the course

-

of this 1nvest1gationw
/
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_about 1100 metres ( 3100 feet ) of Cambrian to Upper

L}

GENERAL STRATIGRAPHY

The bedrock of Essex and Kent Counties consist;w;f
Devonian sediments, underlain by the PreCambrian basement,
belongihg to the Grenville @rovincé of the Canadian
Shield I Stockwell 1965 ) .

The following is a brief deseription of the
studied formations of- the area, relevent to the discussion ‘
of metal distribu?ion. This stratigraphic sequence 1is
illustrated in Figure 2. - ‘ ' \“

Prelambrian Basement

The PreCambrian basement rocks of Essex and Kent

Counties are quartz rich metamorphic rocks, mainly

impure meta - quartzites and gneisses.-Drill core and-

chip samples from petroleum exploration_indicaté a

predominance of quartz over K - feldspar and biotite.

‘Chloritization in the more impure gneisses appears 1o

be local, although it may be extensive. Age determinationé

for the basement rocks of Southwestern Ontario, as

reported by Tilton ( 1960 ) , indicate a radiometric

K - Ar age range from 1750 + 40 Ma. to 950 + 30 Ma. !
Wanless et al. {( 1964 ) published two other .age S
determinations. The first is a ¥ -~ Ar biotite age,

Gsc 65 - 111, from Burford Township, Brant County, _f g\,

Tt
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at 920 + 49 Ma. The second is another K - Ar age

: determination for sample GSC 63, 112 from Romney

Township, Kent County, with an age of- 835 + 40 Ma, .

Cambrian Formations

Unconformably overlying the. PreCambrian basement
is- a sequence of predominantly dlastic sediments of
Cambrian age. In southwestern Essex County, this

sequence is well developed add consists of .

Trempealeau Formation : sandstone with sandy
) dolomite lenses throughout.

- . Fau Claire Formation : partially dolomitized -

sandstone.

/

Mt. Simon Formation : clean quartzose'sandstone.
Elsewhere, in the study area, only the Trempealeaun
Formation is well defined.

The Cambrian formations are nonformaole to each -

other, but unconformable to underlying and overlying
a . ‘ )

‘beds. In Bssex County, thicknesses range from 100 to

¢ 140 metrps ( 300 to 400 .feet ). In Kent County, these

thlcknesses diminish to O to 50 metres ( O to 150

B LT

,feet ), due to pos¥ - Cambrian uplift and erosion.

Towards the Allegheny Basin of New York and Penn-:
sylvania, the three clastic formations are succeeded

by the Little Talls and Theresa Pormations, both of

which are fine grained sandy dolomites, Within the study
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- area however, these twé formations are absent
pr . Al

(. Brigham, 1971 ) .

‘Ordovician Formations

o

- The succeeding Sequence of sediments is of

.

Early Middle.to Late Ordovieian in age, It consists

-mainly of a thick sequence of clasties and carbonates,

~ -

called the Black River and Trenton Groups, from the

original - classification of Kay ( 1942 ). The following

-'Stratlgraphic description is taken from Seiizja ( 1961 ).

Black River Group e
' . -

LGWEP\Qrdovician sediments are not found in the

study area, having been eroded away in the post -
Cambrlan uplift. The oldest member of tfe Black River
Group is the Shadow Lake Pormation, consisting of a
pyrltlferous, multlcoloured shale to argillacedus
llmestone. This formation is certainlyixariable in
thickness, from 0 to 15 metres ( 0 to 50 feet ), due
to irregularities in the Cambrian surface. . '
The succeeding Gull River Formation is a thieckly
bedded lithographic buff coloured limestone, ranging
in thickness from 15 to 125 metres ( 50 to 410 feet )
It is flat 1lying and tpickex(s towards the northwest.

The top of the Black River Group is composed of

¢
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Coboconk Formation, a buff, fine grained iimeetone, with
minor che;t This formation varies in thickness from 40
. to 50 metres { 130 to 165 feet ) in the study area.

o

Trenton Grouﬁ

;£e oiﬁest member of-the Trenﬁon Group is thee
Kirkfield Formation, which is an argillaceous-limestone
with interbeddee shale. Average thickpeséés are in the. .
range of 40 ta Sb metres ( 130 to 165 feet )_in.Eseex and
Kent Counties. ’ _ . | _

The hirkfleld Formation- is succeeded by the Sherman
Fall Formation, whlch is an argillaceous llmestone, with
minor‘ﬁplomlte 1enses. Humerous shale stringers are

. present “The upper T metres or so are cheracterized by
n pirdseye structures " . Thicknesses of this formation

. range from 27 to 38 metres ( 90 to 125 feet ) .

ﬂThe youngest member of the Trenton Group ig the

Cob%prg,Formatioq. This is an argillaceous to ¢lean porous
1i§estene. Along fault and fracture patterns or where

. porosity is quite high, dolomite replaces limestone as
the rock type. This formation is more porous than the
othe£ members of the group. Its thickness averages
34 metres ( 145,feet ) .

Generally, the members of the Black River and

¢ Trenton Groups are conformable to each other. According



‘members of the so-called " Upper Shales " Group,

» . ' 9

.

to Liberty ( 197t ) , these sediments mark a period of

nearly uniform shallow water carbonate development.

-~

’

Upper Shales Group

The‘Trenton Group is succeededvuncohformably by
principglly'thg Collingwood, Meaford - Dundas, and .
Queenston Forma?ioné ('Kay, 1942 ) . These formations
have an overall thickne;sxgggging_from 200 to 360
nmetres ( 660 to 1180 feet ), thibkening to the
southeast.

The oldest member of the " Upper Shale® " Group.’
is'the Collingwood Formation, which is a highly
bitumenous, putrid - black shale, indicative of ‘
euxinic conditions. The average thickness of this
formation in the study area ig 30 metres ( 100 feet ) .

Overlying the Collingwooj Tormation is the
Meaford - Dundas Tormation, consisting of .
intercalated éray shales and limestones. Thicknesses vary
from 80 to 115 metresA( 260 to 380 feet ), thickening
to the southeast., This formation is indicative of ‘
marine muddy conditions, with some carbonate formation
( Liberty, 1969 ) . _

The youngest member of this group is %hé Queenston

Formation, consisting of a typical brick - red shale,
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mottled green‘throughout. Locally, it is balcareous with

minor 1imestone lenses. In Essex and Kent -Counties,

.'v

this formation ranges in. thickness from 90 to 120 metres
( 300 to 400 feet ) . _ _

Overlying the Queenston Formation is a thick
sequence of carbonates. and evaporites of Silurién age,
which includes the Salina Group. This group consists
of over 300 metres ( fOOO«feef + ) of intercalated
carbonates and evaporites. Further carbonate f&tmatlons
succeed the Salina Group into the Middle Devonlan._

The post - Ordovicidn formations are unconformable

to the Queenston Formation. B

m
o

_
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FAULT PATTERNS IN ESSEX AND KENT COUNTIES

S

In the study area, thére are_ihree prominent

faults, which are significant as possible conduits for

. the upward migration of fluids containing Zn, Cu, and

‘Pb, The fgults‘also provide structural traps for the
accumilation of petroleum in the Cambrian and Ordovician
-sediments._For example,\the Nover Fleld, first diséafered
in 1917, produces from the Middle Ordovician Sherman
Fall Formation. The trap“qu 0i1 accumilation occurs on
a ®mb of a faulted syncline, The Clearville oil and
natural gas field, discovered in 1963, is a Cambrian
based ﬁroducef_in southeastern Kent County. Here the
main prodﬁction occurs oh_the ﬁplifted block between two
parallel faults, | | )

Figure 3 illustrates the main structural elements
‘" of the étudy area. The following deseription of tﬁe ‘
fault ﬁgnes and their efféct on local stratigraphy is
1arge1y‘taken from Brigham ( "1971 ) .

The Dover Fault ( strike N 72° W., dip 60° s. )
occurs in Dover ILast an’ Dover West Townships, Kent
County. It is a steeply dipping reverse fault, with
displacement varying from 25 .to 35 metres ( 80 to 115
feet ). S%ructurally; the rift occurs on the southern

limb of a small syncline, -and can be traced to the

11
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B ¢

PreCambrian- basement. Age of movement appears to be -
post - Ordovieian'ip age,-probebly Devonian, - ; Yy

The Clearfille'Faﬁlt isireally a fault giock,'located
in.Orforleownship, Kent‘County. The two parallel faults
are normal in character, striking N 11° V., with vertical
dips. The western fault, called the Clearville Fault,
has a vertical diéplacement_of from 40 to 60 metres .
.( 130 to 200 feet ). some 8 kilometres ( 4.8 miles ) east
ef the mein fault, is a small rlft with vertical displace~-
ment ranging from 7 to 15 metres ( 25 to SO feet ),
Movement along the two faults may have occurred in
post - Ordovician time, coinciding with leaching of
tﬁe Salina Group, according to'Rrigham ( 1971 ) .

The most extensive fault is: the Electric Tault,
which extends ,across the northern portion of .Kent County.
This fault strikes east - west » and dips vertically.
Vertical displacements along this fault vary from 92
to 101 metres ( 300 to 340 feet ) . The western end of
the Electrﬁc Fault is assumed to be somewhere in
Lake St. Clalre, since no trace can be found on the
Michigan side ( Stonehouse €t al., 1973 ). The eastern
terminus is in the Wiley Tield of Elgin Count& ( Sanford,
1961 ) . The tectonic stimulus which generated the
Electric Fault may have been regional adjustment to
basinal subsidence, or leaching of the Salina R Salt

Unit, as suggested by Brlgham ( 1971 ) .,

“ t

\_, o
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There appears +to Be somesecvidence of faulting in
Essex County. Correlation of drill holes " Iﬁperial

Mersea 280 N.T.R., " and " Imperial Mersea 287 N.T.R. ™

in the Mersea Fleld, indicate a rapid closure on the .
Cambrian and Of@gviciaﬁhdgntour lines, A considerable
shortening in the thickmess of the Collingwood Formation
is associated with this closure ( Sanford, 1961 ) .»
Some shearing and secondary mineralization can be seen
in available core samples, whiéh lends credence to the
' theofy_of possible faulting. ‘

This faulting cannot be:traced to the PreCambrian
" basement surface, and appearslto affect only Ordovocian
sediments. This featdre has béen called the " Mersea
Fracture " and its relationship to'the fanlts of

the study area can be seen in Figure 3. The shortening

of shortening of strata may also be gstratigraphie

readjustment on a regional'basis, r salt leaching.

Other faults, outside of Essex and Kent Counties
include the eastern extension of'the Tlectric Fault
into ¥lgin County, as well as the east - west trending

faults of Dawn and loore Townships, Lambton County.

*

o



lSAN?LING AND ANALYTICAL PROCEDURES &

In Essex and Kent Counties, several thousand drill
holéé have been put down in connection with o0il and natural
gas exploration, as well as gas“sfbrage: A good portioﬁ_
of these welis reéch the Ordovicdian and Qambrian |
sedimente. Prom these, some thirty drill holes were
chosen for the study. The selected holes penetrate the
PreCaﬁbrian basement to depths of 20 feet or more, and
cover the_démbro - érdovician sequenée without'samplé
loss. = -

Material from the thirty sampie sites‘was in the form
of chip sampies, each vial represenfing a ten foot
section of each target formation. Since this material
was obtained from a government repository, only a small
amount of sample could be taken. In order to max;mize
thisqlimited quantity of materiél, a composite bulk sample
for each formation was made up as follows. The target
formation was divided‘into three sub - units of uniform
) thickness. Ch:p samples were taken from each vial
containing a typical 1lithology of each sub - unit. The
composite sample was then obtained by ﬁlending the three
sub -~ unit samples.

The composite Samples were then crushed to - 180
mesh size, using a shatter box and screen. About 2.0 g

of the powder was then weighed out to 0.1 g into a 100

ml beaker and ignited For five minutes at 500°% C. on a
5 ’
16
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Bunsen burner. This des%royed any natural hydrocarbons
N i . N

present in the sample, which would interfere with the w

analysis of some elements :2( In partieular, Zn
concentrations are enhanced in atomic aﬁsorption using'
an .air / acetylene flame, due to the formation of
proteins, which absorb in the In wavelgngth region. )
After cooling the sample, is was then reweighed and
digested in 10 ml of aqua regia ( 1 part W05 and 3
parts HC1 ) on a hot plate for one hour. Care was taken
not to allow the samﬁle to go to dryness. Tollowing
digestion; the sampie was then filtered throuﬁh

Wattman #4 Tilter paper into a 100 ml volumetric flask,
the filtrate washed with dilute 7Cl ( 2.57 ) and triﬁle
distilled water, and the solution was made up to volﬁme
with triple distilled water. Tt was then transferred to

plastic bottles for storage.

The solutions were analysed by atomic absorption
using a Varian Techtron AA - 5 intrument.” The following
elements were determined :

Zn, Cu, Pb, Wi, °r, Fn, Te, Ca, lg .
All analytical data are reported in parts per million

and given in Appendix A.

Standards uséd in the analyses were prepared from
Pisher ionic standards. Tn the preparation of the
working standards, a " buffer " solution containing_

48% Ca and 15% Iz by weight was used. This was done to



v '

approxim&te expected Ca and Mg levels in the carbonates,

S

thus negating ahy matrix 6r non-atomic.absofption v
&ﬁterféience. i . |

Use.oﬂithe atomic gﬁsonption techniqué is well
eatablished in geochemical exploration studies, The
precision of analysis in the department“hgs been

reported by Turek et al. ( 1976 ). Most-elements

e

are determined to + 5 %, Héwe%er,‘Cr and Ni concentrations

Am

.are very low, and‘the error faetor tay be as mich as

. + 50 %, Therefore, interpretation of this: data must be

' >~
made cautiously.'.
!

— .
’a . B _
/ ! A .
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MAP ANALYSES .
\ . -
. The obncentratlons of Zn, Cu, and Pb in the
Lower Paleqw01c sequence of the sgﬁ‘g area. weTre plotted
as geochemical contour maps to show ¢ ir spatial
varlatlons and associations betweenxmetals. "hese three !
elements are of prlme economic interest. The other s-x
analvseﬂ elements may have some bearing on variations:
in “n, "u, and Tb, However, these metals and their
significance in the overall metalidispersal patterns.
will be dealt with at lemrth in the section concerning
faotor analysis.. - --, oE
The Lower Poleozoiq sequence-@as divided into 5
groups, based on lithologic similarity, as follows :
Group 1 -Upper Shale Group : Gray marine to euxinic
. shales and minor lime-
stones of the Queenston,

Meaford - "undas, and
“Collingwood Tormations.

A

Group Trenton Group : Mainly argillaceous

. to clean 11mestones and
, . minor shales of the
. : Cobourg, Sherman Tall,

" ~ and Kirkfield Tormations.

\H

Group Black River Group : Argillaceous to clean
' limestones of the

foboconk and Gull River

@ Tormations.

droup 4 Shadow Lake Group . Calcareous shales and
sandstones of the
Shadow ILake and
Trempealeau Tormations.

iroup 5 PreCambrian Group : Ipneous and metamorphic
" rocks of the basement.
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v e “igurss 5, 6, and 7 are cumalative geochemical,

—

. contour maps of Zn, Cu, and Pb concentrations in Essen
and Vent Counties. Anomalous netal concentrations oceur

. 3
in proximlty to the 7learville and Dover 'aults, however,-

this relationship is not as obvious in proximltv to the

" ilectric PFault.

1 st

This initial flndlnp warrants +‘urther investlpatlowf
The study area was broken up into four regions, based on
location relative to fault zones. Three regions were
established, each covering an area of 3080 metres ( 10,000
feet ) onneifher side of the faultlzone, and a fourth '
region taking in the area outside, of these boundaries.,

These regions are defined as follows :

. 1. Clearville Fault “egion : Sites 24, 25, 26,
S h . = . N - 27, a.nd 28-

2. TDover Fault Region

e

Sites 29, and 30.

3. Electric Fault Region Sites 13, 14, 17,

. | 18, 19, and 21.
- 4. Cutside Tegion + Sites 1, 2, 3, 4, 5,

. ' ¢ 6, 7, By 9, 10,
11, 12, 15, 16,
19, 20, 22, and

a 23.

l“-.-\ - ﬁ -

) .
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Tigure 8 gives the distribution of Zn vs. the 5
stratigraphic groups for each of the\;aqf regions. The
@utside Region shows a gfadual decrease in Zn ‘toward s
Group S.TMinor enrichment of Zn occurs in the ié*er
group.

The faﬁlt regions shoﬁ-a different Zn-distribution;
An comparison to the Qutside Region. Plots for tﬁe Nover
and klectric Fault Refgions are erratic. In the Dover

Fault Region, Zn decreasds to Group 3, and increases

" thereafter. The FElectric TFault Région shows a similar

pattern, except that Zn content decreases to Group i,
and increases thereafter. The Clearville ‘Fault Region _
plot shows an enricﬂﬁent in Zn content.through to \

Group 5.

»

»

Copper .

Figure 9 is the plot of Cu vs. the stratigraphic
groups for each of the four regions. The ?utside and
Electric Fault Regions have similar trends, with
decreasing Cu content fo Group 4, and a sharp increase
Jintoe Group 5.

The Dover Fault Region shows 5 decrease in Cu to
Group 3, and a sharp increase.thereafter to Group‘S.
In Egérélearville Pault Region, there is a sharp |
increase in Cu to Group 3, and a decrease through to

Group 5.
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Lead

Plgure 10 1s the plot of Pb vs, the five stratiyraphic
groups for the four regions. The Outside Region shows a
decrease in Pb to Group 4, and an incredse thereafter
into Group 2

The three fault‘regions all show increases 1n b
content to Group 2. From this point, the patterns
become divergent. In:the Dover and Clearville-Fault Regions,
Tb content increases to Group 3, with this trend more |
pronounced in the Dover Fault Reéion.,ln the Electric
mault Region, Pb concentrations decrease to Group 3.
The three fault regions all show a decrease in Fb from
Group 3 to Group 4, and a subsequent increase thereafter
into Group 5.

The data presented above and illustrated in
Pigures 8, 9, and 10 all show.an apparent variatibn
in metal content due to stratigraphic and structural
controls. The relative concentrations of Zn, Cu, and Pb
ghould then be examined in order to better understand

the metal patterns seen.
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TERNARY DIAGRAMS

Ternary diagrams of Zn, Cu, and fb for the sample.-
hpies were drawn in order to diéplay these metals'
relative variability. Sincqflarge amouﬂts of variation
can occur in the metal concentration of a certain séries
of formations, the ternary diagram gives some~insight into
the underlying trends in the data., Krumbein and Sloss
( 1963 } indicate that such plots can then point to
other miée deta%led and rewarding methods of data analysis,

Data for these diagrams were geﬁerated'by taking the
sum of the concentrations of Zn, Cu, and Pb for each

sample, and taking eacH value as a decimal portion of -

the whole, For example :

1

Values for Zn, Cu, and Pb concentrations for a

certain formation may be as follows, >

Metal Initial Concentration

Zn ) 9.7 ppm

Cu 3.7 ppm

Pb 1.6 ppm
Total 15.0 ppm C
Zn value for the ternary diagram = 9.7 / 15.0 = 0.647
Cu value for the ternary diagram = 3,7 / 15.0 = 0.246
Pb value for the ternary diagram = 1,6 / 15,0 = 0.106

: 0.999

These data values will be referred to a " Q " values.

29
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Ternary"diagraﬁs have foundia wide use in geology.

In geochemistry, such diagrams are well suited to show

. the chemical comp051tion of three components of various

rocks,

as well as the relations between the three metals,

The generated data was also plotted on vertical vardograms,

which a shown beside the ternary“diagrams.

A Bignificant ¥ariation in meta] content was

observed between the fault regions and the outside region

in the preceeding analysis,

A certain degree of variation

in metal concentrations was observed when fault regions

‘WeTe compared to each other,

this variation,

In order to further examine

a further division of the study area,

a5 set out in the initial map analysis was made, in order

to evaluate any relations between metal content in the

untry rock and the faults.

) Clearville Fault Region

b) Clearville Fault
Periphery Region

-

Dover Fault Periphery
Region

This division is as Tollows:

The sample hole 1s located
within 154 metres ( 500 feet
of a fault zone, Only one
hole ( # 25 ) is in this
category.

The sample hole is located
outside of the fault zone,
but within 3080 metres

10,000 feet ) of the fault.
Holes 7 24, 26, 27, and 28
are in this category.

The sample hole is
classified on the criteria
stated above, Holes # 29
and 30 are in this category.

)
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v - - /'
~ Llectric Fault Periphery’ : The sample hole was
Region classified as in the case
: of the Clearville Fault
Periphery Region, Holes
- #13, 14, 17, 18, and 21
. are in thiih:atqgory;

c) Outside Region ™~ : A1l holes that are located
o away from the faults., 4 -
total of 18 holes are in
this category.

A~

Clearvilie Fault Region

Figures 11 a) and 11 b) are the ternary diagram and
varlogram for the Clearville Fault Region respectively.
The ternary diagram ;1lustrates a tightly clustered
pattern in the Zn pyrtion of the plot. Zn is the most
important metal, with Q averaging 0.85 ., This is followéd -
by ¢u (@ =0.10 ) and Pb ( Q = 0.05 ). ‘f////
The vertical plet is highly variable with 2n .
concentrations increasing to Group 5. Pb apd Cu bontent
both decrease'to Grpup 5. Pb concentrations are ®he
verse of Zm, wﬁile Cu shows little relafionship_to ﬁhe

< '
other metals,

- 1

Clearville Fault Periphery Region

Fiéures 12 a) and 12 b) are the‘térnary diagram and
variogray for the Clearville Fault Periphery Region. -
The fernary diagram is a tightly clustered pattern,
with Zn the dominant metal ( Q = 3.80 ), followed by- .
Cu (Q=0,10 ) and Pb ( Q = 0.05 ) .
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od ¢Mhe variogrim is not as erratic as that of the

" "learville ¥ault Region. 7n concentrations increase,

¥

. X .
while Cu content decreases toward Grodp 5. Pb content
shows two 'distinct ﬁétterns. Trom Groups 1 to 3, Pb
behaves similarly to'%n, while in:Groups 4 and 5, this

metal behaves comparably to that of Cu.

TNover Rault Periphery Region

Figures 1% a) and b) are the ternary diagram and

vertical variogram for ‘the Do#er.?ault FPeriphery Region.
The ternary diagramwshows two populations of data. One
ipopulatibn is found in the ﬁ%ﬁérfth;ée stratigraphic
gToups, and the‘other grouﬁ in the lower two groups. -
The ovérall pattern is more scattered fhdn the _
Clearviile Tault Periphery Region. Zn is thé‘&omina#f'
ﬁetal (Q = 0.70_), fo}lowed by equal portions of. .
‘Cu an? Pv ( Q = 0.15 in both cases.). However, the
tﬁo popuiations are not'very distincf.a

The variogram shows that Zn_poncenffétions
tdecfeaée toward Group 5.'iﬁ Groups 4 and 5, this ﬁécreasd
is more pronounced. Cu ;oncentrations increase toward | g
Group 5. Pb content decreases towérd'Gfoup S, bqt there
is:no apparent relationship betweenZZp‘and Pb.

Elebtric FPa®lt Periphery Pegion

Tigures 14 a) and b) are the ternary diagram and
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‘variogram for the Ilectric ?aglt Peripher& Region. o
The terna:y diagram shows that 7Zn is the dominant etai_
( Q.= 0.70 ) in a tightly clustered pattern. Thisiis.
followed by Pb ( Q = 0.20 ), and finally Cu ( Q = 0,10 ).
The‘variograq shows that Zn concentrations’ decrease
while Cu content inéreases toward Group 5; Howevef,'Pb
concentrétions are constant thrqugbout the five

- groups.

Qutside Region

Figures 15 a) and b) are the ternary diagram and -
‘vertical variogram for the Outside Region. The ternafy
plot indicates the presence of two populations of data,
as 1s the case in the_Dover'Fault Periphery Region plot,
However, in the Outside Region, these populations are
now quite distinct. The upper popﬁiation, representing
Groups 1, 2, and 3 show dominant 2Zn ( Q = 0., 60 ),
followed by Pb ( Q = 0.27 }. The lower cluster,
representing Groups 4 and 5, has a higher Zn cdntent
( Q@ =0.78 ), but a mch lower Pb content ( Q = 0.11 ).
In both clusters, Cu is the least abundant metal
(Q=0.11) .

The vertical blof is highly variable with Zn
&onéentrations increasing to Grduﬁ 5. Cu content is
éngstant throughout the five groups, whileinlconcentrations

T

decrease to 'Group 5.
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411 ternary diagramé show a dominanée of Zn over
Cu and Pb, Only in the Clearville Fault and Fault
Peripherijegion, is Cu dominant over Pb. In the Dover
Fault ?eriphery and Oﬁtsidé Regions, there is evidence
of two popuiations of data, which are stratigraphically

controlled.

"CORRELATION COEFFICIENTS

The variogramg/of the preceeding analysis show

possibly related trends of Zn 4 Cu - Pb variation
throughout the stratigraphic sequence. In order to
determine and test the vali&%ty of these proposed
relationships, correlation coefficients for the
three metals'wéaﬁ detérmined. The correlgtion
coefficient is a‘measurq of the degree of association
between two variables.- Its values range from - 1.0 to
Y 1.0 , indicating a perfectly negative to positive
relationship respectively.
Tables 1 to 5 list the arithmetic means, and
Tables 6 to 10 contain the correlation coefficients
for Zn, Cu, and Pb of each formation,.in the five regions,
Three interesting correlations-emerge from this
analysis, Zn and Pb show a'posit;ve correlation in all

five regions, with " r " values ranging from 0.61 to 0,82.

There is a positive correlation between Zn and Cu in the
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TABLE 1

MEANS FOR Zn, Cu, AND Pb FOR THE OUTSIDE-REGION

-

Formation Zn
Queenston 9.6
Meaford Dundasg 11.5
Collingwood 14.1
Cobourg ' 5.5
Sherman Fall : 8.7
Kirkfield \\ 6.6
Coboconk 5.5 ‘
Gull River 4.9
Shadow Lake 4.0
Trempeaulean 3.6
PreCambrian 49.8

TABLE 2 .

MEANS FOR Zn,” Cu, AND Pb FOR THE CLEARVILLE FAULT REGION

Formation Zn
Queenston 20.3
Meaford Dundas 22.6
Collingwood 18.6
Cobourg . 83.5
Sherman Fall . 79.3
Kirkfield 60.2
Coboconk - 87.5
Gull- River 106.7
- Shadow Lake ) 383.2
- Trempeauleau 489.2

PreCambrian 527.4
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TABLE 3
MEANS FOR Zn, Cu, AND Pb FQR THE CLEARVLLLE PERIPHERY
.REGION .
'-Formation, ‘ Zn Cu Pb
. ™
Queenston 76.1> 9.4 3.2
Meaford Dundas 65.7 18.7 1.5
Collingwood 63.8 19.6 1.9
Cobourg 57.1 6.4 3.7
* Sherman Fall . Lt .2 7.2 4.5
Kirkfield 113.2 6.1 4.6
Coboconk - 147.2 8.7 6.3
" Gull River ‘ 128.2 7.1 8.0
Shadow Lake 132.6 11.8 3.3
Trempeauleau 148.2 10.5 2.3
PreCambrian 207.9 18.2 bk
TABIE 4

MEANS FOR Zn, Cu, AND Pb FOR THE DOVER PERHIPHERY REGION

. Formation Zn Cu Pb
Queenston 39,9 3.7 1.
Meaford Dundas . 36.9 9.8 1.

~ Collingwood . 15.5 6.1 2
Cobcirg 53.7 ‘9.0 2.
Sherman Fall 38.8 4.7 > 5.
Kirkfield . - 27.1 5.9 6.
Coboconk : 19.4 5.8 6.
Gull River 22.5 2.5 6
Shadow Lake - 39.2 5.1 3.
Trempealeau 74.1 11.7 2.
PreCambrian 94%. 20.6 3.

O NN TwOw 03
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_TABLE 5

MEANS FOR Zs, Cu, AND PE‘FOR THE ELECTRIC PERIPHERY REGION

Formation - Zn

Cu Pb
Queenston 18.4 2.3 2.5
Meaford Dundas 28.4 3.3 6.1
Collingwood 32.6 4.9 5.8
Cobourg 35.9 3.4 v 1.5
Sherman Fall 34.0 1.% 5.8
Kirkfield 106.9 1.4 8.7
Coboconk 69.0 1.9 6.9
Gull River 91.4 3.1 8.7
Shadow Iake 71.6 2.0 7.4
Trempealeau 62,6 1.5 3.5
PreCambrian 138.0 8.2 10.3
TABIE 6

CORRELATION COEFFICIENTS FOR THE QUTSIDE REGION

Metal. ' Zn " Cu Pb

Zn 1.0 0.238 0.691
Cu : 1.00 0.480
Pb 1.000



"

. . PABLE 7
CORRELATION COEFFICIENTS FOR THE CLEARVILLE FAULT PERIPHERY
) REGION -
lietal Zn Cu | ‘Pb
Zn 1,000 0.3 0.671
Cu 1.000 . 0.542
P 1.000
PARLE 8
CORRETATION COLFFICIENTS FOR THZ DOVER FAULT PERIPHERY 5
REGION 3
Netal . Zn T ou ‘ Pb
/n 1.000 0.414 0.411
Cu : 1.000 0.424
Pb 1.000
TABLE 9

" CORRELATION COEFFICIENTS FOR THE ELECTRIC FAULT PERIPHERY

REGION

Vetal _ 7n cw Pb

Zn 1.000 0.424 0.648

Cu < 1.000 * 0,448

Pb ‘ 1,000
TABLE 10

CORRELATION COEFFICIENTS FOR THE CLEARVILLE FAULT REGION

Metal , Zn Cu Pb
n 1.000 0.667 0.R822
Cu 1,000 0.844
Pb : ' 1.000

: -
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Clearville Fault Region only. Here, an " r " value of 0.67
is recorded. Cu and Pb show a positive correlation only;
e :

in the Clearville Fault and TFault Periphery Regions,

" with ® r " values of 0.84 and 0.52, respectively, -
DISCRIMINANT ANALYSIS

Discriminant analysls was performed to determine
the presence of inéividual’populations within the sample
data. Briefly, thié method of analysis classifies an
individual data point iﬁto a group, for which its
estimated probability density is greatest. The
computational procedure evaluates the linear function,
correspond@ng to each of the groups. It fhen assigns
the individual data point. to the group for which the
calculated density value is greatest, In this way,
the lineér'function is used an an index of discrimination
between groups or populations of data, An eicellent
rendition of theory and pfactice can be found in Anderson
(1958 ), and Anderson et al. ( 1965 ). s

In general,‘the five regions can be placed intbj
three categories : Fault, Fault Periphery, and Outside,
from this, the foilowing category pairs were developed:,

Case 1T | Fault : Fault Periphery

Case IT ault Periphery : Outside
Case III1 JFault : Outside
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Case I wault : Fault Periphery

© Table 11.contains category means for in, du, and
Pb, as well as standara‘deviations and déifferences
between the ‘means. rrom this, one can see that
anomalous differences occur only for the Zn cat;gory '
means. )

Table 12 lists the thre " 13 and anomaly values
for Case I. In this instaxce, the anomaly values for
the Fault category were ¢ e ith actual %n, Cu,
and ‘Pb concentrations in the fault hole. Anomalous
Zn concentratlons'occurred in the Shadow Lake,
Trempealeau, and PreCambrlan Formations of hole # 25.

Overall ranking of the two catepories indicate only

metal concentrations of the Shadow lLake, Trempealeau,

and PreCambrian Formations of the Fault categdry are

~

1

separate from the main body of values. This'
. differentiation occurred for the metal pairs Zn : Cu ,_
and Zn : Pb |

Very little difference ex1sts between the Wault'
and Fault Periphery categories. There are no Pb or .Cu -
‘concentrations exceeding the’tﬁréshoiﬂ limits set out
in Table 12. Only ?n concentrations in the Shadow Lake,
Tremﬁealeau, and PreCambrian Formations ‘of hole # 25
are'anomalous. This is due in part to the” proximity

of the PreQambrian basement. .

!
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Case II  Famli Periphery ¢ Outside
K T
Table 1% lists the category means for 7n, Cu, -

and Pb as well as étandard‘deviaékbqg'and differences. ..
betweeﬁ the category meané for this case. There are |
'§ignificant differences ﬁetween the cgtegory means for f
all three metélg. ‘ . v
Table 14 gontains the thresﬁold and anomaly values
~ for CaSé IT . The anomély values for the Outside;cateébry
'wereJcompgred to thé;Zn,ICu,'apd Pb concentrations of
the TFault Periphery . Anomaloﬁs concentrations of Zn
and Cu in- the Fault Periphery category éonsistentlj
occufi Aé older formations are penetrated, the numper-
of sample. 'holes with anomalous Zn aﬁd Cg_éontent increase
markedly. In the PreCambrian rormation, over 50% of all
samplé holes show anomalous concentrations.
fhomalous Pb conéenfrat;ons oceur in-the Fault .
Pgriphery'cafegory, in the Kirkfield, Coboconk, and Gull
River Formations of the Dover Fault Periphery Region -
only. B ' -

. 'Rankiné of the twq categories for the metal pairs
Zn : Cu and Zn : Pb show that-75% of the Fault
ﬁériphery.values are distinct from the Outside values.
The remainder of the FQPlt.Periphéfy values form a f
transition zone between the two categories.

Bqﬁking of values for the metal pair Cu : Fb
inﬁicates‘Zhat-veryjfew Fault Periphery values are
... separate from the Oﬁtsidg category values,
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Case TII Fault : Outside

[ -
S *

-The validity cof using the Faﬁlt category, based

-~ i

on only one hole is questlonable. However, ‘results “from
ana1y31s of this case 1ndicate that its usage is
Justifled.

Table 15 contains the cetegory ﬁeans, staﬁdard
de;iation, and differences between means for Zn,.Cu,
and Pb, Again, there are significant differences
'betgeen Zn, Cu, and Pb means -for the two categories.

Table 16 -ligts the threshold and anomaly values
‘for this case. Except for Formatiomns 1, 2, and 3 ( see
Figure 2 ), all Zn and Cu values in $HE Fault category
exceed the anomaly values or*the Outside category.

The upper . three formations form a transitioe zone
between the two categories;'Anomalous Py concenfrations
are seen only in the Eobourg, Gull River, and PreCambrian
Formations of the Fault Ca%egory.

Ranking of the metal pairs Zm : Cu and Zn : Pb
jllustrate the same pattern as above. Ranking the metal
pair Cu : Pb indicates that only Formations 1, é;‘and 3
of the Fauit category are distinct from the Outside
category.'

Step - wise discriminant analysis was then performed
on the data, in order to generate canonical variables,

which will indicate the presence of one Or more populations

in the data. ) \\\\

hY
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- The'ﬁlbt of canonical variables for Zm, Cu, and'Pb in -
the three categories is seen in Figuré 16.
The plot indicates that tWo separate populations
~ofeur in fthe study'area; one cqmprised of the Fault and
Fault Periphery categories, and the other'formed from ‘
thé\ﬁuxside categor&. The development of two pépulgtions
s also seen in the distinet differences found in the
ranking of wvarious cases. . -‘ ' | .
Results of discriminant analfgis suggest several
mechanisms, which may influence metal distribution in

these rocks. The anomalous Zn coneentrations in the

—

Shadow Lake, Trempealeau, and PreCambrian Formations of
the Fault category are due to the influence of the
PreCambrian basement. The presence of residual brinés
with high concentrations of Zn may be locally important
as well. . '
7n and Cu concentrations show a definite separation
between the Fault and Outside categories, On the other
.hand, the separation of Pb concentrations in these two . .
categgries is not as distinctive. This may be due to
an overall lack of Pb in the original metal supply, or
selective 1eaching-of Pb after diagenesis.

The similarity of the Féult and Fault Periphery
categories, as.a whole, indicates lateral migration of
metals by groundwaters. lMetal concentrations tend to be
uniform and continuous in beds S)?good porosity and
permeability. Since there is little difference between
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the Fault and Fault Periphery categories, porosity and
permeability is high enough to allow for lateral
migration of metals away from the fault. A good example
of this ia in the Cobourg Formation of the Clearville
"Fault Region. In hole # 25, the porosity of this formation
exceeds 10%. The Cobourg Formation is highly dolomitized
and possesses good horizontdl permeability. Little
difference can be seen in the Zn and Cu concentrations
between holes # 24.and # 25,

Different 1lithologies have certain_affinitiee,for
Zn, Cu, and Pb. Marine shales, such as the Meaford. -
Dundas Fdrmation,'attract significant concentrations
of Zn and Cu, with mlnor Pb. The average content of
these metals for this type of lithology is .33.0 ppm Zn,
6.9 ppm Cu, and 2.7 ppm Pb, Organic - rich shales, such
as the Collingwood Formation alao contain large
concent?ations of Zn and Cu, with minor Pb, Average
metal content fof this Z+thology is 38.9 ppm Zn, 6,8 ppm
Cu, and 2.5 ppm Pb. Ciii::Zte rocks tend to attract
-hlgher concentratlons of Zn and Pb than .do shales .
Average metal content of carbonates is 57.5.ppm Zn,
4.0 ppm Cu, and ‘7.6 ppm Pb. Shales'appear to have a
stronger affinity for Cu than do carbonates., In general,
these tgo lithologies are not very distiactive, because

carbonate rocks include a variable amount of ghale,
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Clastic sediments, Such as sandstones and arkoses show

é high concentration of Zn and Cu, but not Pb, Average
metal contents for this lithology include 70.4 %pm Zn,

' é.3 ppm Cu, and 3.1 ppm Pbg The high concentrations of
Zn and Cu refiect the influence of the PreCambrian
basemént. The low affinity for Pb is éoméwhat puzzling.
The PreCambrian basement has é fair amount of K - feldspar
as a conégg;uent mineral, Acéofding'tg Helgeson { 1964 ),
Epis mineral serves as a source of Pb in various

clastic sediments, such as arkoses and sandstones,

The low concentrationg of Pb in the clastic sediments

of the study area\indicate that any available Pb is
"easily complexed and carried off. It may also mean that

local sandstones contain little K - feldspar, or K =

»

feldspar which is low in Pb .

s



LATERAL MIGRATION OF METALS AGROSS THE CLEARVILLE -

FAULT ZONE
Late;i} variation stﬁdiés were done in order to k
examine t variation in Zn, Cu, and Pb with respect to
both 1atera1 and vertical components, Figures 17 to 20

illustrate the lateral variation of these metals

- .
8T

across the Clearville Fault block, in terms of
stratigraphic groups. The location of holes # 24, 25, 26,
and 27 can be seen in Figure 1.

Table 17 lists the average éoncentrations of Zn,
! Cu, and Pb in various types of carbonate rocks, from .
Hawkes and Webb ( 1962 ).

Figures 17 to 20 show the distribution of Zn, Cu,-
and Pb stratigraphically. As one ‘examines each group
in turn, it becomes apparent that Zn is the most abuﬁdant
and variable metal, followed by Cu and Pb, This variability
is due to the relative mobilities of the three metals
in various environments, '

Overall enrichment of Zn along the fault zone oceurs
- initially, in the Trenton Group, where Zn conéentrations
‘are from 2 to 4 times as high as the limits set out in
Table 17; In the Shadow lake - PreCambrian éompoSite
Groups, Zn is enriched some 10 times. In all groups,
Cu and Pb concentrationsAfall within the limits, as.set
" out in Table 17. '
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FIG. 18. VARIATION OF Zn,Cu, AND Pb ACROSS
THE CLEARVILLE FAULT ZONE-
(TRENTON GROUP)
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The Upper Shales, Trentdn, and Black River. Groups
appear to ha%e thei¥ mefa} distribution patterns
controlled by local micro—envirdnmenté. Eaéﬁ-lifhologic-
group represents a vertical‘gnd-lateral geochemical
barrier to migrafing metal complexes. Therefore, these
litholégic groups present a very‘complex‘geochemi;al
pidture. ' . - |

On the other -hand, the Shadow Bake and PreCambrian
Groups show the overall influence of the PreCambrian
.basement or Zn and Cu concentrations. This is especially
apparent when hole # 25 is compared to surfounding'holes.
< The presence of the Clearville Fault plays an
important part in the'.distribution of metals in the
fault block. In the lower stratigraphic groups, the
faﬁl@ proVideé a ready conduit for the upward migration
of metals from the basement, Lateral migration of metals
is not gréat from the fault intorsurrounding areas,
except in the Cambrian-clastic rocks. Iﬁ the upper‘
ﬁhree groups however, local micro-environments of
deposition appear to be of importance. Lateral migration
from the fault into surrounding areas is better, éihce

metal concentrations appear to be more uniform.



e  pacTOR AMATYSIS . o

- Since statisticalﬁanalysis and correlations
between two variables tells us 1itt1e about the
causal connection between them, further analysis was
required. By employing factor ana1y31s, we are able to: ’ ) ‘ ﬁ?
study the intercorrelations between all analysed =~ =° .i:‘ﬂl
elements and delineate the number of causal factors |
which help to. explain the observed data patterns.
Several‘applicatgons of factor analysis to
problem solv1ng in geology have been madg in ° the last
twenty vears. Among these, are works by Imbrle andd’ff/1
@ Andel ( 1964 ),as well as Klovan ( 1966 ) and McCammon
(19 ) .
The first portiOn of factor analysis, according
to Klovan ( 1966 ), involves an algebraic solution
to the question about ths‘total number of factors -
requlred to represent all correlatlons. This. constitutes
~ the so-called " R Iode n type of ana1y51s. Here attention\\f/“
is paid to the correlatlon coefficients between the
variables. The initial starting point of faetﬁr.analysis
is a matrix erresenting the correlation coiﬁficiaats v
for a1l variable pairs, This matrix contains all
?inf tion concerning variable relationg ips.
The second portion of this analysis is the " Q HMode ™
section, in which the correlation coegficient matrix

ig transformed into a factor matrix, by employing the

H
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" " method of_péI;;éble components " . The resulting
variéble factor maprix'undefgoes further transformation
or rotation,. thereby yielding a fact&% score mat;ix.
‘This matrix ﬁélls us how ;uch a factor or causal
influence affects each'variable's-behaviogr. Thls factor
is a hyﬁotheticél component, governed bj‘fhe following
empirical formla:

fSn -~ delta’ no, of factors *

2 - I =
) n = no, of variables .
1 delta = a triangular numbexr
(1, 3, 6, 9y ee0e )
which does not
» : exceed n in value.

-

In this étudy, pipe variables were analysed and ~—
their intércofrelations were réauced élgebraically to
three factors by the above metioned rule. Further
apalysis of any'non'—lchange ¢correlations amay yield a
smaller number of factors, than generated by the formula,
In this case, twosfactors may account fofZ¥he . bulk of
variation in varioué};@lationships, rather thanvthree
fae%ggb generated algebraically. This reduction occurs
in analysis of the fault zone; v?l

This mode of analysis 1s followed by a closer
examination of the associations of variables, ' ;//
represented by each factor. l -

As is the case in discriminant analysls; th?ré are
three potential categories in the study area, namély the
Fault, Fault Périehery, and - Cutside éategories. |

Y
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In the Outside category, 209 samples for 19jholes .
were evaluated, The squared multiple ¢orrelations for
each variable are not significant, except that of'Fe‘

( r? = 0,54 } ., A numerical measurement of the overall )
éampling adeqqaqy of this category was then completed

to ensurewé'godd reppeseytafion of the gioup. This is
known as the Mean Sampling Adequacy ( IMSA ). For the
‘Outside éategory, this value is 0.66, which is fairl

"for the overall number of samples,

Before matrix transforﬁation, three factors explained
58.0% of the total, variance, After transformation and
rotation, Factors 1, 2, and-3 accounted for 52.9% of
the total variance. This leaves some 47% of the remaihing‘
" yariation to be explained by the other six minor factors.
. In the Fault Periphery category, 110 samples for
10 holes were analysed. The squared mﬁltiple cﬁrrelatibns
of éach v i@blé again are not significant, except that,
“of Gr and Mn)( r2 = 0.997 in both cases ) . The NSA for
this category is 0.51, which is some 15% lower théﬁ.fhe
MSA for the previous category. This_ﬁéy be accounted
for by a 45% reduction in the total sample size.

Initial factor analysis indicates that some 58,8%
of the v%riance seen 1s explained by three factors,

After rotation, Factors 1, 2, and 3 explained 57.8%
of the total varidnce of the factor matrix. This leaves
41.2% ;f fﬂé_remainiﬂ;w—ﬁariatioﬂﬁfo bé.explained_by

the other gix factors. These three factors account for

b
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i

some % more of the overall variance, as compared with -
‘the Outside category.

The Tault gatégory contains a.sum,toéél‘of 11
samples for one;hole. The squared multiple correlations
for all variables are significant for the first time,
In all .cases, r° v lues are greater than 0.50 . However,
the MSA is undera4? dably low at 0,38 , which may
be explained by'the small sample size, _

Initial factor analysis of this category indicates
that only two factors are dominant, and explain 72,6%
of the total varlaflon in the un;otated matrix,‘and
a resulting 58.0% of the variatién.afté; rotation.

This indicates that there is some control on variation
exercised byla small number of factors, It may also
indicate that a distorted picture is developing, due to ‘
a lack of sample data., , | L8

Tables 18, 19, and o0 list the fa'ctor scores for
each metal under study in all three categories. Bar
graphs of the data were then drawn to further evaluate
any interrelationships between various elements. These
are seen in FPigures 21, 22, and 23,

The bar graphs and tables show several interesting
relationships; A number of metal sets are discussed

and examined in more detail.
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- TABLE 18

FACTOR SCORE COEFFICIENTS FOR CASE I

Variable ' Factor 1. Tactor 2 _Factor 3
Zn ' 0.245 0.088 20.054
Cu -0.106 0.489 0.209
Pb . 0.322 0.054 0.242
Ni T 04434 ~0.121 1 0.041
Cr ' 0.409 ~-0.206 -0.065
Fe 0.091 0.317 -0.084
Ca- -0.052 -0.097 . 0.464
g | 0.102 0.1273 0.640

f
) TABLE 19

FACTOR. SCORE COEFFICIENTS ¥OR CASE II

Variable Tactor 1 Tactor 2 Factor 3
Zn -0,046 0.201 0.284
Cu 0,048 0.379 -0.068
PH 0.000 -0,089 0.378
ni : 0,075 0,081 0.385
Cr 0.489 0.081 -0.009
Mn 0.490 0.027 -0.015
Fe o -0.009 0.382 0.163
Ca - =0,006 -0.3R6 - 0.191

Mg -0,088 -0.173 0.330

o
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TABLE 20

FACTOR SCORE COEFFICIENTS FOR CASE IIT

Variable Factor 1 Factor 2
Zn . 0,061 0,401
Cu 0.238 0.067
Pb » o 0.159 0.2853
Ni - . =0,044 0.311
Cr 0.000 - 0,000
Mn -0,232 . 0.085
TFe ' -0,191 0.079
Ca - 0.177 . -0.315
Mg - 0,254 0.054

k .
L
R
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/n - Pb - Ni

Since these metals are chalcophlle in nature, they
are thought to behave in a similar mannér. The trend
+7n+Pb +Ni 1is dominant in the Fault and portions of
tﬁe*Fault Periphery categories. This indicates that
overall enrichment of these metals is due to the presenée-
of the major faults. The second trend of +7n +Pb -Ni is
prevalent in the Outside and parts of the TFault' Periphery
categories and indicate the normal distribution of“these
metals away from fhe fault zOnes. Therefore, it appéars
fhe Ni enrichment occurs in association with major fault

zones, and is derived from the PreCambrian basement.
Ni - Cr

Association of these two metals in mafie to
ultramafic rocks is well known. The trend +Ni ;Cr is
dominant in the Fault and Tault Periphery categories.
The trend +Ni +Cr is found in the Cutside -category.
These two trends indiecate that in the fault =zones,

Cr appearé not to be related to Ni, and is probably
not derived from thé basement. In the Outside categofy,
the strong association of Ni and Cr reflects the normal
association of these metals. However, this discussion
}sﬁouid pe treated with caution, since concentrations

of Cr and to some extent, Ni are quite low.



"Ni - Pe - Mn -

-

In-the Fault and Fault Periphery categories,
fﬁe dominant trend is +Fe +Mn +ﬁi. In the Outside
category; the trend of +Fe +Mn -Ni is found in
conjunction with the first trend. In the fault zone,
Ni is affected by the presence of the scavenger oxldes of
Fe and M, as well as the presence of the PreCambrian
basement. In the Outside eategory, the presence of Fe
and Mn is not as noticeable. However, since littlé Ni
i§ present, it would be difficult to draw any conclusions.

L]

Cr -« Mn - PFe

In the Fault and Fault Periphery categories; the
treﬁd +Fe +Mn +Cr is doﬁinant. In the Outside category,
however, the trend&?f +Fe +Mn -Cr is found. Away from
the fgult zones, Cr is only partially affected by the
presence of Fe and Mn, whereas Ni is not.’In the Fault
category, Cr is strongly tied up with Fe and Mn.

There is a dichotomy in Cr : Mn and Cr : Fe in
the various categories. Where Fe is low, there is mno
relationship petween Cr and Mn. Therefore, it appears

that both Ni and Cr are affected more by the presence
of Fe than by M. -

Zn - Cu = Pb

L

Since the metals of this set are strongly

chalcophile in nature, it is expected that they should

—



.
behave similarly. In the Outside categofy, the dominant
trend is +Zn +Pb -Cu. In the Fault and Fault Periphery
categories, the trend +Zn +Pb +Cu is;importapt. In
the 1attéi case, the strong association of all metals
indicates a possible influx of Cu from the basement,
which may obliterate the péttern seen in the Outside

category.

Mn - Fe - Cu

In the Outside and Fault categories, the dominant
trend "is +Fe +Mn +Cu. This indicates tha% Cu is partially
controlled by the presence of Fe and Mn. However, an
influx of Cu from thé basemenf may aléer this pattern

and yield a distorted picture.

Ca - Mg

In the Outside category, there is a dominant
trend of +Ca +MNg , which illustrates'the naﬁpral
association of these metals in carbonate rocks. In
the Fault category, the trend +Mg -Ca is dominant.
This trend indicates the dolomitization of the carbonates

occurs along the fault zones. In the Fault Periphery -

category, both trends appear.
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Followiné this‘analysis, the average estimated
factor scores for each of the categories were found and
.plotted in Figure 24. From this, a general model was
patterned

In terms of average scores; the basement rocks
exhibited the heghest values ( 1.7+ ), followed by the
shales ( 0.55 ), the Cambrian clastic rocks .(: 0,40 },"
and finally , the carbonates of the Trenton and Black
River Groups.( 0.25 ) _‘

The carbonate rocks Show'highly divergent.faotor
scores, due to the variation in their litholeogic
composition. The shales and PreCambrian rocks tend
to show the least variation, due to a minimum in
compositional make up, However, differences in estimated
factor scores for, different portioms of the PreCambrian
basemenf may mirror the gradual change in 1ithology‘
from Essex to Kent Counties. .

This factor analysis substantiates earlier flndings
based on the analysis of Zn, Cu, and Pb, It also IS
introduces th;yeffect of the other analysed metals
on the distribution of Zzn, Cu, and Pb. Several metal
associations become apparent, Ni:is remored from the
' .PreCambrian basement, and introduced into overlying
rocks along the fault zones. In other areas, Cu, Ni, and
Cr appear to be affected by the presence of Fe‘and Mn, *

Ca and Mg relationships a;e typical for carbonates and

for dolomitized zones .
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MAJOR Pb - Zn DEPOSITS IN CARBONATE STRATA ~
‘ ./'/ < - /

t

Vs

-~

Dep&gttsfof‘Pb and 2n are.common in carbonate .~

"rocks. Examples from North America include the Pine

Point depo%it of Canada ( Campbell, 65 ), and the'
Tri State dep051

of the midWestern United States
( Heyle, f964 ) ; bot

4

Ordoviclan Pb - un dep 51ts ocecur in the hnox Group

of which are-Devonlan in age.
in rr‘enn?'sssee and Ken ky ( anﬁland 1964 ).

e from Devonran t0~Carboniferouei
in agef and inglude fthe deposits in the Calcareous
Alps‘%f ‘pustria ( Schnelder, 1966 ) and France

( Amstutz, 1964 ), as well as large occurrences in .

'Poland ( Berce, 1964 ), as well\is those in the

Western Carpathian lMountains of zechoslovakia B

S’Duhovnikf‘1964 Yo _ ) ;i

An exten51ve survey of Pb - Zn dep081ts in

. carbonate roc&s wae completed by Sangster and

Lancaster ( 1976 ), who classify them rnto'two ]
groups. The first is called the stratabound- type of,
occurrence, created after the formation and diagenesis
g% the carbonate host rock. *xamples b} thls type
1nc1udeﬂthe depogits. of T%nnesseeJand Yentucky, as
well'as thé Sardinian deposits ( Zuffardo, 1964 )

. The” second type of occurrence is the‘stratlf@rm

type, formed during geposition of the carbonate rocks.

J 13

"
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-( MacQueen, 1976 ), as well as the low grade deposits of

of the ore deposits and the local occurrences. There is

.7z
Examples of this type include the occurrerces in the

Mackengie Mountains of nqrthern British Columbia, Canada)

the western Carpathian Mountafns ( Duﬁgtnik, 1964 ).

| 'Botn Heyle ( 1974 ) and MacQueen. ( 1976 ) have
studied and compiled the general characteristics of

the North American " Mississippi- Valley " type deposits.

No direct comparison can be made between their findings
and the occurrences in Essex and Kent Counties ; nowever, .
both the ore deposits and local anomalies occur in
carbonate rocks, with'Zn : Pb ratios greater than 10 ¢ 1.
Porosity’ and per;eabilitf characteristics in the host

rock as well as the presence of fault / fracture /. joint

patterns play 1mportant roles in the metal enrichment

. axf association of metal enrichment with shale i carbonate

interfaces, such as” the Collingwood - Cobourg bound%rﬁ\
Petroleum is nresent in severalch the North Amerlcan
ore deposlts, as wellyas soume of the anomalous Zn
concentrations in Essex and Kent Couﬁties. For example,
hole # 23 is an oil producer, and exhigitslhigh |
concentratiOns of 8n and Pb., -

:

i
Jackson and Beales ( 1§67 ) discuss a general

" }hssiss1pp1 Valiey " type deposit, formed through

" the interaction of normal diagenetic processes oOn

L
sedimentary sequences uponfburial. There pi soﬁe\

connection betyben this type of deposijf— forming )_
\

IRV SPRLEAICI P oreL )
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‘\jprocéss and the anpmalous Zn coﬁcentrations:Qithin'the'_
study areél We shéuld’theréfore use this mo@el closely
to examine the 1nitia1‘soﬁrces, migration,.and processes
of deposition, which affect the local metal dispersal
pattern. : ' . :)

Sources

' Thelafiginal soﬁrce of all metals ia‘the-inﬁgrion
rof thé eﬁfth ( Helgesonf/1964 ) . Secondary sources are
quite variable and couldfhave included basément rocks,
shale formations, evaporite deposits, as ﬁell as petroleum
téécumulations. Carbonate rocks, excluding the Host rocks,
may also have been considered as a potentiél‘source of
ﬁetals. L

‘ The basement rocks of the study area are metamorphic
in character, An intermediate rock ( probably a meta -
diorite )hoccurs in the Clearville Fault area. According
to Helgeson ( 1964 ), an ore aﬁpmaly can occur if the
source rock contains as little ag‘3.0 ppﬁ Zn, over a

]
© - terrain of 100 square kilometres, Table 21 lists the

average concentrations of metals in igneous and
metamorphic rocks, based on a study by Vinogradov ( 1962 ).
| The presence of shale formations in the
stratigraphic column may have been a source of metals.
Table 17 lists common concentrétipns'df Zn, Cu, and Pd
- ih marine and ‘euxinic. shalés, from Hawkes and Webb ( 196
From this table, it can be seen that euxinicAshéies h

[ =)

higher concentratibns of.metals than do normal marine

[ '1€
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shales. The 7ollingwood Tormation, which, is about 30 metres
( 100 feet ) of black euxinic sha]e, mnay have served

4

as a local source of metals. During the iormaj}on of this
lithology, %n, u, and Tb ions were trapped i

the
iattice structure of the clay minerals, as well a§
components in organo - metallic complexes. Muring | L
1ithification, a portion of the metals were expelled”

and carried awav by circulating proundwaters.

Tvaporites as well, contain large. eoncentrations
of metal ions; in the form of chloride complexes.
AccoFding to Barton ( 1964 ) , leaching 0? evaporites
could release these getal complexes into ciculating
groundwa%efs, to beJdepositeﬁ elsewhgge under favourable
conditions. "owever, the Jower Paleogzoic sequence o® the
stuﬁ& area lacks any 1arge‘scale evaporite deposit.
Minor amounts Bf gypsum occur in the Kirkfield and
Coboconk Formations only. The largest accumulation of
: evaporltes occurs in the Upper Sllurlan Sallna Frowp,
where over 340 Ce%%es 1000 feet + ) of gypsum, halite,
and sylvite are found. Leaching of this evaporite
sequence by percolating groundwaters could deposit
the reaunired metals into the underlying Lowe; Paleogyic
sequence, only if faults or fractures are Present to
allow for this ¢ownward movemen+ Such a process could
have conceivably occurred in the Cléarville and Flectrlc

-

7Taults, since both can be found interrupting Iiddle
- * N *
Devonian strata.

+ \
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The presence of petroleum in the study area may have.
constituted a local source df metals,’ig'locations removed
from any known'fau&t zone, This would aécount for high
concentrations of metals.around hole # 23 in Kent County,
for instance, Qolumbo'( 1967 ) States that very low
concgntrations ( 0.003 ppm ) Af metals can be dérived
from the breakdown of organo - metallié.complexes. The
two maiﬁ Pypes of compounds, which have a strong affinity
for metals, are the phenol and prophyrin groups., Zn and Cu
" form unstable complexes in these two groups, wh%ch are
easily destroyed with pressure and time., Small amounts
of Zn and Cu ( 0.003 ppm‘) are then released into migrating
brine waters, which are coﬁstantly being e%pelled.

Carbonate rocks could have been another potential
source of metals. Table 17 lists the average concentrations
of Zn,‘yu, and Pb in carbonate rocks. Zn and Pb
are tied up in the calcite lattice structures of limestones.
Dolomiitization of these limestones causes a shrinkage
of thése lattice structures, which resultg,in the expulsion
of Zn and Pb. These two metals arg;theg/p%mplexed and
carried off by formation waters. Sinee the process of
dplomitization can occur early in the diagenetlic cycle,
thé metal content of carbonatesris generally too low °

to be important sources in later metal enrichment,
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Migration @ ' . -
Given a series of potenfial gources of Zn, Cu, and
Pb, the actual migration from eource to host strata

is important. In order to better comprehend the controls

which affect the dispersal of‘Zn,“Cu, and Pb , a brief look

~at the geochemical characteristics of these metals is

2 . . el )
in order, : g

Zine _ : >3

Zn’ is the most mobile element in the metal set
Zn :.Cu : Pb , Primarily, 2n in .concentrated in the mafie
fraction of gcidic igneous rocks, and is easily leached ’

out by acidic groundwaters, or by absorption onto
-

crystal chlorite or magnetite,

P

In %he‘sedimentary cycle, Zn is found in the shale

frac%?%n, wit /;ome eniichmgnt in carbonate rocks,
Enrichment

positions in the clay mineral lattice structure, as well

as adsorption onto Fe203 ¢ nH,0, and MnO These

o
Scavenger oxides aré found in organig debris or as
prédcipitated minerals, within the shales. '

Carbonates show some concentration of Zn, which is ;
due to the presence of a small shale fraction. QEall
amounts of Zn are tied up in the calcite lattice
structure, During dolomltization, the 1nf1ux of Mg ions
causes the eaeing out of Zn into circulating groundwaters.

Zn 1s transported by hydrothermal solutions as ’

™ .

'

shales is due to the affinity of Zh ions for



chloride complexes. The assimilation of Zn.into these
solutions is directly proportional to the temmperature |
of the fluid, ‘according to Barnes and Cymanske (| 1967 ).
Zn can be either.complexed by the chloride“of
bisulphiﬁe fon. At high temperatures ( 300° C. + ), Zn
“is casily taken up in slightly acidic to neutrél
brines, -which are rich in chlorides, acbording to
Helgeson ( 1964 Yo In this instance, the bisulphide
ion concentration-is very low.
In weak alkaliﬁe gsolutions ( PH range from 7. 0 to
8.5 ), Zn is complexed by bisulphide ions. Barnes and
Cymaﬁske ( 1967‘) gtate that, at a pH of 8.2, Zn forms
(\Zn(HS)3"? ions, in H,S saturated waters. In this case,

2
chloride ion concentrations are low.

\

Low cgncentrations of 7n can be found in the hemins,
chlorins, and porphyrins of oil field brines. Zn bonding
« in these organo - metallic complexes is wegk, and easilj
’ destroyed by the application of pressure and / or time,
.The Zn ion 1s releaged and taken. up by either thé chloride

or bisulphide ion, dependent upon their respective

soncentrations, as well as the pH and Fh of the sclution.

Iike Zn, Cu is derived from mafic igneous and
metamorphic rocks. The leaching of hornﬁiende and
pyroxene by scidic waters yield appreciable concentrations

« of Cu for transport.
x

—S——at
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In sediments, Cu is mainly.concentrated in the
‘black shales, due to radsorption by clay minerals. Some
scavengering vy Fe,aﬁz Mn oxides is also important.

Cu concentrations in carbonate rocks are low and
can be attributed to the presence of shales or organic.
matter in the.rock, ' ’

Pransportation of Cu is achieved mainly by chloride
complexing in a fsirly acidic environment,'with low
concentrations of bisulphide ions. According to Helgeson
( 1964 )} , the solubility of Cu is more temperature
dependent than is Zn. Its solubility is also 11mited
by the presence of sulphides, carbOnates,\end sulphates,
which have low golubilities in natural groundwaters.

Where the chloride ion concentration is low, in
alkaline condltions, Cu can be complexed bylthe
bisulphide iou. In this instance, Cu(HS)4 2 1ons are
formed. However, this form of complexing is most N
insignificant in the overall transportation picture of Cu.

’ Low concentrations of Cu can be found in the
chlorins and phen§¥s of oil field brines, Like Zn,
Cu complexing with organic compounds are unstable and
" easily destroyed. This yields free Cu ions for complexing

and subsequent transport.
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According to Hawkes and Webb ( 1962 ), Pb is the
least mobile of the metal set Zn : Cu : Pb . Initial
concentrations of Pb are found in the felsic igneous

rgcks. TIts wbundance is directly related to the amount

of K -~ feldspar in the "source rock. Helgeson { 1964 ) .

states that there are large concentrations of Pb
linked together in the K - Al sheets, in the feldspar
lattice. Granites and granodiorites, therefore, may
yield as much as 20 ppm Pb, since these rocks ébntain
an appreciable amount of K - feldspar.

In sediments, Pb is concentrated in the black
shale fraction, due to adsorption by clay minerais,
scavengering TFe and Mn aéides, as well as the presence
of:organic chelating compounds, High concentrations
of Pb in clastic sediments are proportional to the .

presence and amount of K - feldspar. In carbonate

rocks, Pb concentrations are low due in part to the initial

meagre amount of this metal in seawater.

Transportation of Pb in solution is strictly

pH dependent, In acidic mine waters, Barnes and Cymanske

4

( 1967 ) state that chloride complexing is most important.
—

However, from slightly acidic to neutral conditions,
complexing by -sulphide ions becomes increasingly
important. In this region, the complex is PbS ‘rnst.

In alkaline conditions, bisulphide complexing of Pb

a

]
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.is important According to Helgeson ( 1964 ), the%

complex here is Pb(HS)3 . '
Organic complexing of Pb is minor in nature;

In the hemins ccording to Columbo ( 1967 ), Pb forms

very weak bonds, surpassed only by Zn,

Causes of Ore Deposition

Thus far, an examination of potential sources,

and the gedchemical character of the metals, with furthe
application to Essex and Kent Counties has been done;
'There are several methods of induciné the deposition

of Zn, Cu, and Pb in the steady state. Therefore, we shall_ S
llook at some of these mechanisms, that appear to be
important w1th respect to local metal patterns. The,
followingléeseriptios is based upon the theoretical work:
of several researchers, ineluding Helgeson ( 1964 ),

and Barnes and Cymanske ( 1967 -).

Cooling. of Ore Solutions

Ore deposits can be formedjey the cooiing of 7
brine solutions. As the heated brine migrates from
the depths, the loss of heat to the surrounding count;y
reck‘in eases the stability of the sulphide phase,
and lowers the activity product constants of Zn, Cu, and
Pb, This wil?étendto induce precipitation of these metals
as sulphides at specific temperatures. Further

concentration and enrichment of sulphides can occur by

¢
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leaching and.redeposition of the sulphide phase,

Mixing of Brines

The ﬁixing ofrﬁrines with 00nﬁate'wateré can
induce ore depoqition. This intermingling of ‘waters
increases the hydrogen ion concentration, which in turnm
lowers the pH of thé solution, as well as %he activity
constants of the three metals, according to Helgeson
( 1964 ). This will create a tremendous change in the
envirohment of the metal species and induce déposi£ion.
This process is directly dependent upon the éblubility
product ( S.P. ) of the existing metal complex. The
mixing of the heated brines with éool connate waters also
reduces the temperature of the brine, which hastens

a change in the chemical environment.

Alteration of the Wall Rock

Alteration of the wall rock by asceﬁqug-heated
brines invglves a +transfer of hydrogen ions from the
outside info tﬁe brine, and a concomitant removal'of
alkali ions from the brine inﬁ@bfhe wall rock, This

~ exchange of material will alté; the geochemical
character of the brine, and change the state of the
‘solutio;. Since the steady stat? of the bfine is fragile,
specific metal species will_comé out of solution as soon

as their solubility products are exceeded.Greater
/

concentrations of sulphides are depogited in areas,
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where mo:g surface area of wall rock is presented to

the brine;

bresence_gg Oxidizing Metal Species -

 'Exposure of‘the brine to Fe and Mn oii@gs, as weil
as their carbbﬁatq form, will promote deposition,of
7n, Cu, and Pb. Thé oxidation of a metal species tends
to release hydrogen ions, which lower the pH of
the'301ution. Regction'of the hydrogen. ions with available
S™2 and HS™ ions decrease the activity states of the

\.
stronger complex forming metals and thereby induce

'depOSLtion. This process is common at watertable interfaces,

where an anerobic groundwater is being oxidized, forming

a low grade metal enrichment zone,

I

»
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DISCUSSION AND CONCIUSIONS,

A review of the main asPects'ef the-analjeis, and
eﬂdieéussion of their implications, is now in order.

Map analysis indicates that anomalous concentrations
of Zn are found around fault zoﬁee. This, can be seen.
particularly in the strata of hoies # 29 and 30 of . _
the Dover Fault, holes # 13, 14, and 21 of the Flectric.
Tault, and holes # 24, 25, 26, aﬂE 21 ef the Clearville
Fault, -

The discriminant analysis similarly indicates
that twp major data populations exist in the study area.

One comprises the Pault and Fault Perlphery Regions,

‘ the other comprises the Outside Region, The redults

of factor analysis of all nine elements, though complex,
also suggest that fault zone processes affecting metal
distribution are different from those of the Outside
cetegory.

The ternary diagrams irply some stratigraphic
control of metal concentrations. Data for the Clearville

Fault and Fault Periphery Reglons, as well as for the

Electric Fault Periphery Region, are tightly clustered

- on the ternary plots. However, the Dover Pault Perlphery

Reglon indicates Bome separatlon between the upper shales

-and carbonates, and the lower clastics and basement,

o

This pattern becomes much more prenounceﬂ in the

T . :
\ . . . .‘ .

s :
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Outside Region. In this case, the two data clustersuare.f*“\\\d;
' N

-

distinguished by an increase’ 1n dn “and ‘a corresponding !\‘ : \

decrease in Pb, in-the lower stratigraphic groups. f‘é \\\"c
‘ A

The correlation coefficients indicate that there

. /
is a positive relationship between Zn and Ph concentrations.

In the Electric Fault, there is.a nositive Zn Cu

correlation, and in the Clearville Fault area positive

-correlations between Zn : Cu and.Cu : PvY o

These results support a theory of metal emplacement
along fault zones by‘ascending ‘saline brines. The .
source of metals associated with the faﬁlt zones is the
' PreCambrian basement Concentrations of Zn, Cu, and Pb
greater. than 5 0] ppm, found in acid, igneous rocks,‘are
generally V1ewed as sufflcient to create an ore
deposit ( Helgeson, 1964 ) . The variable concentrations

il

of these metals in the basement of the study area are .

most likely due to variations in 11thology, but may - - .

*also 1ndicate that varlous faults ( in particular the -
e

Clearv111e Fault ) extendﬂinto the basement and :

provide‘:zones of primary enrichment .

e

The raw data and oorrelations indicate that the
initial brines were rich in Zn, with some Cu and Pb. o
The genetally 1ow concentrations of Cu suggest a slightly
acidic brine { pH range from 5 5 to 7.0 Y.
concentrations are eignifiCant in the Clearville area,
where it would seemfthat the basement rocks contain

- ]
- ¥

more Cu,

~ -
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" The ternary plots show that in addition to

' fault zone enrichment through the stratlgraphic column,

I
there is an overall enrichment of Zn, and to some extent,

Pb in the lower clastic sediments.s This 1is due to the
fact that thesé sediments are derived in situ, Metals

such as Pb in K - feldspaﬁ,mgy then be released from these

ssecondary*sources for the enrichment of younger sedimentsr

The study of metal’ distribution across the Clearville
Fault block also indicates the. overriding influence of

+

the PreCambrian basemgnt\bn.metal concentratlon patterns .
in the lower sediments. However, the variable metal
content in the upper shales’and carbonates reflects a

compiex geochemical history for each group, incompletely

. masked by fault controlled enrichment, Idcal enrichment >

"‘

of metals may occur when connate waters are expelled

from shales into adjoining carbonate fofmations.
Similarly, the enrichment of Zn in the Black River Group
and older sediments may indicate late stage Zn deposition,
initiated by dolomitization. Another minor source qf
anomalous metal cqncentrations in this generél fqamework
of events is the breakdown of 9erganic materials, sucﬁ as
in the " region of hole # 23. Yet another urious pattern
of metal distribution occurs in the Coﬁourg Formation;
which contains zones of iron staining, Analysis of: the

staine& zones shows a two to five fold increase in Zn_'
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and Cu, rela&i%e to non-stained areas, suggeating
enrichment due to the scavengering properties of ifon..

The features whlch aharacterize in concentratlons
along fault zones also appear in the. surrounding
-peripheral areas, though they are not as well developed.
Althouph discriminant analysis elassifles the peripheral -
regions with the fault rather than w1th the outside -
areas, lateral migration of fluids from the fault zone
outward is ngticeaply limited by porosity and‘ﬁérmeability.
A hiéh effective permeability occurs only in the Cobourg
' Fdfﬁation, and only the Cobourg Farmation has porosity

values iﬁ;excess of 10 %, A11 other carbonate formations

have porositiés ranging from 3.0 to 5.0 %. ( Sanford, 1961 ).

The chemical processes responsible for the

[

observed metal patterns ngy be elucida%ed by !

observations of present day groundwater in the study\eree;
At depths of 1300 metres ( 4000 feet ), brines exist .-

in the PreCambrian basement and Camgrian claaE}C’ggazﬁents.
"Average flow rates in holes # 24, 25, 26, and 27 in the
Clearville area are in the vicinity‘of 48 gallons / haur.
These waters are decidedly acidic in character, with pH
values ranging from 4,0 to 5.0 . Any available-Zn, Cu,.

or Pb is leached from the basement, forming chloride
complexes, in situ, At high lithostatic bressurés,

the brines are quite ﬁarm,_with temperatures averaging

300°¢, Under these conditions, 2Zn is appreciably more

-
-

mobile than Cu or Ph. -
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Studies of,groeﬁdwater‘resourees-indicate the domieance
of chloride over Bisulphi&e ions at depth, ane the
< réverse of this in the upper carbonates, The presence of
" bisulphide ion is due to the breakdown of organic naterial
by anerobic bacteria, releasing WS~ and S™2 ions, The -

brine solution is thought to partially bduffered by

the host carbonates ; this fixes fthe lower limit of the

¥
L% hd

pH of.' the solution from 4.5 to 6.5, dependent upon the'

amount of free sulphur. present, The upper 1limits are

set by_theugreSence and concentrations of alkaline
;epeCies in the groundwater, This has been set at

approximately 8.5 to 9.0 .

™ T_We may now suggest a geoleéic environment of

" deposition for the local Pb - “n occurrepce. The

' depositional setting was one of low temZS?Eture
( 60 to 100° C. ) and low’pressure ( 2.0 atm. ) .
QOﬁditions ranged from marginally oxidizing to reducing

o

in nature, with Fh values ranging from 0.00 to

- 0,05 , Tte pH conditions varied from 6,0 to 10.0 .
. Uﬁéig; migration of the heeted brine from the basement
Aoccurred in response to a decreasing pressure graﬁient
- developed frpm the PreCambrian into the Mlddle OrdOV101an
sediments. T %\jpulsatlng movement probably 001n01ded
with major tectonmc events .in the region-, accordlng to
Tockett ( 1947 ). The ascent of the brines immediately”
caused an 1ncrease in the original volume per unit mass

'3

f‘*\\k\\ of the fluld, ‘with a cojcomitant transfer of heat.
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IMass exchanges of material from the wall rock to the brine
also ocecurred, which-Barton ( i964 ) felt would“sufficiently
decrease the mobility of the Zn and Pb ions in solution;
Purther changes in the chemical character of the brine
accurred when ﬁye saline.fluids mixed with connate waters

of the carboné%es, rich in HS™ ions. Deposition of metal o
ions was then initiated, when the solubility product

( S.P. ) of-the most immobile metal ( in this case , Pb)
was reached and exceeded. ' '

- As tﬂe brine further coocled and was diluted, the
stability of the metal complexes_phanggd, with the
deposition of Zn and Pb ;n' he sulphlde phase. In thls
case, the original ch%ogide_complexes of Zn and Pb ‘became
Y

unstable, and ionic Zn'and Pb then complexed with available

HS™ ions,.-Once the solubility products of these - new
complexes were ieached, the déposition‘;f Zn and Pb in
the form of disseminated sulphides began. This general
sequence of events in low grade Are'metal enrichment
is envisioned for the Silurian prospects of Lambton
County, as well as the disseminated Zn deposits'of the
Bruce and Niagara Peninsulas, Ontario. .
A modern day example of Pb - Zn enrlchment in

currently taking place in Southern Ontario. In the ©

Vinemount Quarry of Stelco ( Hamilton ), located on the

outskirts of Vinemount, Ontarlo, Haynes and hostaghel

" ( 1977 ) report the formation of a galena : sphalerite

showing from subsurface s;epagq.

A
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The author visited the showing, located on tﬁe
northern wall ofbtherquarry, which bottoms in -the
'Middle Silurian Amabel Formation. A well developed
series of joints‘penetratee this formation in the
: quarry, and the showing occurs along.one of the main
joints. N |

The mineralogy is quite simple. The main portion

of the occgrrence—is a brown rust-coloured mass of
oxidized pyrite and Fe20_ * nH20 . In places, the

iron oxide is covered with a mass of brillianrt to

dull green patches, which Haynes and Mostaghel ( 1977 )
report consists of mibroerystalline galena, Honey;brown
aggrecates of crystals also cceur in the iron gossan,
'which. has beee identified as sphalerite. Accordigg to
Haynes and.ﬁostegﬂel ( 1977 ), the iron gossan has a
concentration of 3400 ppm' Pb and 600 ppm Zn. Chemical
analysis of the brines indicate a 20% excess of salts
and contalns 50 ppm Zn and 7.6 ppm Pb, The brines are
rich in bisulphide 1ons, since HZS gas bnbbles freely
in place. '

The mechanlcs of formation of this occurrence appear
to be simple . The upward migration of reducing brines
meets an oxidizing barrier, which is the watertable.

The subsequent oxidation of iron releases hydrogen ions,
which lowers the activity constahts of the complexed Zn
and Pb ions. Deposition of the two mgtals in in the

sulphide phase, as gaIena and sphalerite. The residual

vl
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"salinity in excess of local groundwaters indicates the
possible miﬁing qf two types of'watér at the watertable
oxidation barrier. The initial source of the metals and
their complexes could hq&e beén: the PreCambrian basement
or Lower Paleozoic clastic rocks, It may also be aséB;iated
with the Upper Silurian Bertie Akron Formation, whicH has
k high concentration of Tb, according to Delevault and
Warren ( 1961 ). - . . )
(ﬁ\q“! In conclusion, there is a definite enrichment of-
| Zn’glong the Clearville, Flectric, and Dover Faults of
' the study area. Of the three metals under study, Zn is the
most mobile, fllowed by Cu, and then Pb, |
The influedce of the fault on the lateral pattern
of metai'distribution is restricted by the lack of
effective porosity and_pefmeability in the carponate
host rock. Away from the fault zone, little influencé
can be éeen in tﬁé existing metal patterns. |
The formation of a . TPb - Zn anomaly in Bssex and
Kent Countles is explained by the general prlnciplég
of formation of the " Mississippi Valley " type deposit. -
In this case, upward migration of heated saline brines
along fault .zones are.cooled and diluted, causing
deposition of metal‘sulphides in o%érlying host rocks.
Yhere the metal d%strlbutlon pattern ii not

directly influenced bv the fault zone, a two~fold control

is seen. Tocal anomallesvare created by shale

J

\.
™

-
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dewatering on a 1oca1 to regional basis, as well as '
the destruction of organic compounds by bacteria, in
011—rich zones.

Any enrichment in the lower Cambrian clastic

sediments clearly is influenced by the presencé of the

PrgCambrian basement.

o further substantlate the mechanisms for metal

-emplacement outlined in thls study, additional

examination and a more detailed scrutiny of each formation

is required. Tlowever, the ground work has been laid, and

~extended in some cases, which may yield a better

understanding of the processes, which control low

temperature sedimentary oT€ enrichment .




APPENDIX A
WELL TIOLE NAMES AND GEOCHEMICAL DATA.

The following appenﬂix-coﬁfains a list of sample
. hole mames and the corresponding geochemical data. All

. concentrations are given in parts per million ( ppm ).

Name ' :Sample Number
C.B.. Lewis, Dr. King # 1 o
' Imperial Delhi Home G2
271 N.T.R. 2
" @,W.P. Colchester # 1 | 3 v
Imperiél 031 # 732-Harvest ‘
Submarine Colchester # 9 . 4
5.5.P.C. Gosfield N/ # 1 st
Amerada/Hess #1 ’ 8
¢.W.P. Malden # 1 T .
Brett Rochester 8-16-VI 8
i lbury N.,6-3 9 ijb
Angelus Chatham Gore # 1 - 10 S
Home et al. Chatham Gore o
W, 6 - II BT
Imperial 0il Dover I1-1V-E 12
Norbla 0il Peterkin # 1 .13 )
‘Worbla 0il # 6 | 14
Imperial Bluewﬁter3# 728‘ 15. ’

98
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Name s | Sample ﬁumbef
Imperial Oil # 812 ‘ 16
Imperial 0il Farrell i - 17
Imperial Oil Zome 4=3-4 18 )
United Reef # 1 B 19. .
Zenmac £ 6 . - _'. . 20 '

British American Morggian

I.R. 25 21 -

Palomino Buxton'Raleigh I-5-X 22 ‘ -
Tilbury Bast 1-7-3-IV ‘ ' 23 '
Iynwood Sedwrities i 1 24
Tobacco Road) s S‘b ' é5
Imperial O i 808 ‘ | 26 )
Imperial Oil. j 829, 27
Central Pipeline Zarl Duart -

. . R 28
Patterson # 1. . 29-|
Patterson #\2.' \ . 30

=

[
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