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Abstract 

:Jd.· i\ilhdCOS ZENTILU 
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DALHOUSIE UNIVERSITY 
HALIFAX, N.S., 83H 3J5 
CANADA 

et a l, have pointed cut that most 
CarnbrG-Ordovician Meguma 

?~oup h2ve a spatial relation tc the Goldenville 
F~rmation transitia~ CGHTl. The GHT is 32nErally more finely 
bedded than resular Mesuma ~8C~s, and is locallj calcareous, 
:yJa~ga ...... ; if~ ;· c!_:s, ~. r1d r· ic!; ir~ carbor,ace8us rnaterial. The 
E~st ~ ~!!e ~~posit also exhi~its these ctaracteristics and is 
of 5~~=ia! i nterest as th~ only significant zinc-lead 
i?~os:t i~ the ~?guma Sroup. 

T~9 deposit is anomalous compared to the Golden~ille 

Formation in rna~ganese (up to 11 Wt% MnOl , and zinc and lead 
(1-3 Wt% Zn~PB for up to 10m sec tio~s) . The stratigr aphy is 
marked t y a ii ~ el y la~inat2d, l~~all; calcareo~s, 

~an 3a n ~fe r ous ~ni t at th2 top sf the Goldenville ~hich is 
overlai n by blac~, ~yrrhctitic slat2 comprising t~e base ot 
the }-la! if 2, ;~ Fori.12. t i or; . 

7~e T arg~r9s? predominantly is ccntained in spessartine 
?2 r~ ets) wh ich appear to have derivEd the Mn from carbcnates 

.=:~ p p E a r · t 0 ~-. 2-. V E· f ~ ~r- ~1 C d ·d i a. s3 e r; = t i C 2~ 1 1 ); d U 2 t 0 t h e 0 ~ i d ii t i 0 f't C; f 
~ h e resident =a~to~ac2=~ s mat2riai. Str3tiform zinc and lead 
are ~res~~t in th2 rc~ks, but ~ppear to have 
~-- -"-.~;1;..,.0~ ~·-. .~ 1.-~~-1 ~ : ~ ':c,.;·r: fltqacity .. Flui -d s ir;to 
co n t~clled ccncentrat1ons. 

T~e concentr~tio n of some metals can be ascribed to the 
~b~nd~nc~ of minerals such as ~~ectites 
~r~gi ~ al sedi MEnts. T~e features of 

ar:d jar-osite in 
the deposit 

the 
af'·e 

=ot-; sist-::nt ~·d th at le?.st som:? of the manganese and zinc 
be i ng cs ~ cent~ated fro m the availabla sea water b; 
diagenetic processes. L'='ad could have been fixed in the 
~ r iginal sedi ments by adso rption to the ab~ndant or;anic 
rnate~ia l. However, it is possible that an outside source, 
s~c~ as hydrothermal sedi~entary e xhai~tive fluids, has been 
i rn; o 1 v e d i n t he c c r': c :? n t r · a. t i a r. :.:J f N r. , Z. ; , a.r1 d P b i n t h ~ 
=ri sinal sedi ~ents at Eastvill2. 

A better sed~uent Glogical ~nd2r sta~ding 
~2stv~l!2 and possibly an&l;ses of rar e ~arth 

~ive hints on the sea ~ater chemistry a~ 

d .?pcsiti8n. ~imilar·l/, the discover)/ of 
fe~de~ zones would strengthen arguments for 
~ x ~alati~e ccntribution tG the depcsit. 

of the GriT at. 
elemEnts would 
the time of 

S)'r.sc-d imentar·y 
a sed i men tar'; 

DR. MAf1COS ZENTILLI 
DEPT. EARTH SCIENCES 
DALHOUSIE UNIVERSITY 
._.AUFAX. N.R .• R~H 3J5 
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1.1 General Statement 

Chapter 1 

Introduction 

An examination of the metallogenic map of southern Nova 

Scotia reveals the close proximity of mast iran, gold, 

tungsten, antimony, and ar·senic showings to the 

manganiferous Goldenville-Halifax Formation Transition <GHT> 

cf the Cambro-Ordovician Meguma Group. The idea that this 

horizon is a fundamental control o n the metallogeny of the 

Meguma Gr oup has raised the need to know mere about its 

sedimentological, physi=al and chemical properties <Zentilli 

and Macinnis, 1983). 

The Eastville deposit provides an excellent opportunity 

to st u dy the GHT fer two r easons. It is the only significant 

zi nc lead deposit in the Meguma Group. Secondly, the 

Eastville drill cere and chemical analyses probably comprise 

the most complete data set for any section of the GHT. 

1.2 Location 

Eastville is located about 40 km southeast of Truro, 

Colchester County, Nova Scotia (Fig. 1. 1) • The deposit 

longitude to 

62°44'30 11 longitude. From Halifax, 

-1-



I 
N 
I 

0 50km 

N 

1 

~t,ur• 1.1 Study ar~a location map 

plus di~tribution of the Meguma Group 

ROCKS OVERLYING 

THE MEGUMA GROUP 

GRANITIC ROCKS 

HALIFAX FM. 

GOLDENVILLE FM. 

........ · 



follow Route 102 to the Brookfield EXIT 12, followed by 

Route 289 east to Springside Cross Rd., Cross Rd., and 

finally the community of Eastville. From Eastville the 

Harrison and Fisher Roads lead to the Eastville Road which 

passes over the deposit. 

The topography of the densely wooded area is irregular 

and hummocky to the west and gently rolling to the east. 

Outcrop is rare, except in brooks, owing to the heavy 

glacial overburden. 

1.3 Previous Work 

The Eastville area was first mapped at a 1:63360 scale 

by Fletcher and Faribault {1902). Sulpetro Minerals 

{formerly St. Joseph Explorations Ltd.) placed 28 diamond 

drill holes based on geophysical and till geochemical 

anomalies which roughly delineated a northeast striking 

section of the GHT. Up to 10m sections of drill core exhibit 

1-3 Wt% combined zinc+lead. A 9.33m section of faulted GHT 

in Hole 28 bearing 4.09 Wt% Zn+Pb appears especially 

promising, but no move towards development of the prospect 

has been made. 

Jenner <1982) described the styles of sulphide 

mineralization and general aspects of the stratigraphy for 

drill hole l r, 
~· Burke (1985) modelled the geophysical 

properties of the GHT in the deposit. Cameron <1985) carried 

out a detailed study of the metmorphism of the deposit, 

including the affect of a granitic pluton on the deposit, as 
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well as a study of the pluton itself. 

1.4 Purpose and Scope 

The first purpose of this thesis is to characterise the 

chemistry of the Goldenville-Halifax Transition at 

E:.stville. ~ . 
~econa, this thesis e n deav ours to deduce 

information on the chemical conditions from the time of 

sediment deposition through diagenesis and low grade 

metamcrphism, in the hope cf determining which chemical 

factors were prominent. The genesis of the Zn and Pb is also 

exarni~ed, in order to determine haw early in the history of 

the deposit the Zn and Pb sulphides were introduced. A 

co~~arison with various models for the development of 

metalliferous sediments is made in an attempt to classify 

the deposit and identify the metal source. However, the true 

test of such models must be made at the regional scale and 

is thus beyond the scope of this thesis. 

1.5 Methods and Aporoacn 

Only limited field work was carried out due to poor 

exposure of the most critical portions of the stratigraphic 

section. Statistical treatment of bulk analyses for 50 drill 

core samples, logging of a portion of the drill core for 

diamind drill hole 27 and some petrography were carried out 

in the summer of 1983. 

Sampling and logging of all 28 drill holes was carried 

-4-



out with Mahmood Hasan in the summer of 1984. An attempt to 

analyse small samples by Inductively Coupled Plasma Atomic 

Emission Spectroscopy (!CP-AES) was made, but the technique 

proved to be inaccurate. A set of caPbonate samples were 

prepared for stable carbon and oxygen isotope analysis, and 

the data w~re interpreted in September, 1984. A small set of 

m i~eral analyses were obtained using the electron beam 

microprobe in February, 1985. Some transmitted and reflected 

light microscopy was also carried out at that time. Samples 

were prepared for rare earth element analysis in October, 

1985, however~ instrumentation problems at St. 

University prevented completion of the experiment. 

1.6 Organization 

A brief review of the regional geology of the Meguma 

Terrane is provided in Chapter 2. The local geology , and 

stratigraphy of the Eastville deposit are presented in 

Chapter 3. Bulk rock, mineral, and isotope geochemistry are 

described and discussed in Chapter 4. A general discussion 

and comparison with models is given in Chapter 5. 

Conclusions are found in Chapter 6 and Recommendations in 

Chapter 7. 
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Chapter 2 

R~gional Geology 

The Eastville deposit is situated near the northern 

limit of the Meguma Terrane, as defined by the Gloascap 

Fault system <Figure 1.1). This Terrane has a unique pre-

Carboniferous geological history compared to the adjacent 

Avalon Terrane <Zentilli and Graves, 1977; Schenk, 1983). 

2.1 Geological History of the Meguma Terrane 

Clarke and Halliday (1985> have effectively summarized 

the events in the geological history of the Meguma Terrane 

in the following table: 

Table 2.1 
Tectono-thermal events in the history of the Meguma Terrane. 

<from C la.rxe and Halliday~ 1985> 

Event AF.C (Mal 

(I) Camonifcrou!'- and post-Carboniferous 
(I) Mafic igneous activity 20~ 

(II) Minas Geofracture Dcv . -Cam . - Pcm1 . 
(Ill) Maritime disturbance Late Carbonifcrou!'-
(IV) Dunbrad. Pb-Zn - A~ deposit 304 
(V) Southern satellite plutons 350- 25g 

(2} Granite intrusion age 372-361 
(3) Thermal aureole reset <~!!c 400- :no 
(4) Ac<tdian deformational a!!c 415-400 
(5) Meguma Group depositional age Camhro-Ordovician 
(6) Meguma Group detrital mica age 4(}6-476 

Rdcrcncc 

Poole t'l ol. (1970) 
Keppie ( 1982) 
Poole ( 1%7) 
MacMichacl ( 1975) 
Reynolds t'l a/ . ( 1981 • 19M) 
Clarke and Halliday ( I(}X()) 

Reynolds r1 a/ . ( 1973) 
Reynolds and Muecke ( 197X) 
SchenJ..: ( I <J83) 
Poole ( I<J71) 

The Meguma Group metasedimentary rocks are the oldest 

rocks in the Terrane. They are thought to be Cambro-

Ordovician in age, resulting from a network of submarine 

fans and channels an a prograding continental rise and 
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abyssal plain (Sche n k, 1983). Provenance studies have 

suggested a deeply eroded craton of granodioritic 

composition situated to the southeast as the sediment source 

(Schenk, 1983). 

The Meguma Group was then subjected to regional 

metamorphism o v er the range of the greenschist facies 

t hr o u gh to t h e silli manite zone in response to the 

defo r mation of the Acadian Orogeny, dated by 4 0Ar /~~Ar 

techniques to be at least 400-415 Ma <Reynolds and Muecke, 

1978> . A second metamorphic even t involved the intrusion of 

peraluminous granites wit h resulti n g contact aureoles in the 

Meguma country rocks at ~367 Ma !Reynolds et al., 1981; 

Clar k e and Halliday, 1?80}. 

Movement during the Devonian through Per mian along the 

Glooscap and associated faults brought the Meguma Terrane 

its present position !Keppie, 1982}. In the 

Carboniferous, black faulting of the uplifted Meguma with 

associated er~sion resulted in the deposition of the Horton 

Group, followed by the evaporites of the Windsor Group due 

to localized shallow sea transg r essions. The North Mountain 

basalts reflect the early stages of the opening of the 

Atlantic Ocean at ~200Ma. Pleistocene glaciation further 

eroded the region and produced thick till deposits. 
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2.2 The Meguma G~oup 

2.2.1 St~atigraphy of the Meguma Group 

The Meguma group, comprised of the Goldenville and 

Halifax Formations Cup to 10-14 km combined thickness; Fig. 

1.1) makes up the bulk of the stratigraphic section of the 

!"1eguma Terrane, ~~hi ch includes the )'Ounger 

(pre-Carboniferous} White Reck, Kentville, and Torbrook 

Formations !Schenk, 1981). 

The older basal Goldenville For·mation consists 

primarily of rnetagreywacke and feldspathic quartzite, while 

the conformably overlying Halifax Formation is comprised of 

thin-bedded grey to black slate, metasiltstone, and minor· 

quartzite !Tayler and Schiller, 1966). The Cambro-Ordovician 

age for the Meguma Group has been derived from the rare 

a c cur· r en c e s of t he '3 rapt o 1 i t e .=D:..::i:..:c~'"=-:._ .:..···/-=O:..:..l'"'!.::· e:..:t:.:..a a=-__ -t:....-=-1 =a:.::b:..::e:...;l::...-=-l..::.i...:.f-=c...:..:' ;....:-. r~·~=-2 

\Eich•·~aldl in the Halifax Formation <Schenk, 1983). 

The boundary between the Goldenville and Halifax is 

transitional in nature, notably with increasingly frequent 

occurrences of argillaceous beds toward the top of the 

Goldenville. A value of ~1 for the ratio of sandy to shaley 

beds has been taken by some workers as the boundary between 

the two Formations <Schenk, 1970} • In addition, this 

transitional portion of the section is manganiferous and/or 

carbonaceous at many localities, and hosts a remarkably high 

proportion of the mineral deposits (Au, W, Sn, Zn-Pb) in the 

Meguma Group compared to its limited stratigraphic thickness 

<Zentilli et al., 1 9 8 4 ) • Hence , ~J h i 1 e it cannot be 
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classified as a se~arate Formation, due to poorly defined 

limits (simply a transitional section at the top of the 

Golde nville and the base of the Halifax), and often not 

comprising a regionally mapable thickness, Zentilli et al. 

(1984> have sugg~sted that this transition be studied as a 

distinct unit, the Goldenville-Halifa~ Transition CGHT). 

2.2.2 Structure 

The most obvious artifacts of the Acadian deformation 

are the northeast-striking folds CF~> of the Meguma Group 

CFyson, 1966>. These tight, isoclinal, slightly plunging 

folds result in repeated sections of the GHT !at the 

s ur face) lying parall?l ta stri~e (Fig. 1.1J. On the hand 

sample scale, the associated axial planar cleavage (5~) is 

most noticeable in more argillaceous layers. 

Smaller folds <Fz> and kink bands !F3l have been 

identified as younger than F~ by Fyson (1966}. In addition, 

the F~ folds are locally offset by up to kilometers by 

northwest striking left lateral strike-slip faults. 
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Chapter 3 

Local Geology 

The Eastville deposit incorporates a 10 km, northeast-

striking section of the GHT CFig. 3.1). The Meguma rocks are 

terminated by the Liscomb granitoid pluton to the south, 

east, and possibly north <Camerer:, 1985). The western 

extremity of the map area is unconformably overlain by 

Carboniferous Windso~ Group evaporites and sandstones of the 

Shubenacadie Basin. 

381 Metamorphism and Structurt 

The metamorphism of the deposit has 

detail by Camer·on !1985>. The t-1eguma 

been studied in 

rocks 

coexisting metamorphic chlorite, biotite, and spessartine 

gar·net, indicating .a regional metamorphic grade in the 

biotite zone of the chlorite facies. The contact metamorphic 

assemblage: 

almandine garnet + biotite + qu~rtz 

~staurolite ~ andalusite 

is found in the Meguma slates and metawackes adjacent to the 

pluton. 

Comprising the northwest limb of a large syncline, the 

Goldenville metawackes and Halifax slates dip -45os in the 

southeast section compared to dipping steeply cr being 

slightly overturned in the northeastern section CFig. 3.1>. 
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Hence, the prominent axial planar slaty cleavage 

generally oriented sub-parallel to the bedding. A second, 

weaker foliation <S2> oriented at a high angle to the 

bedding and s~ is suggested by a lineation in drill core 

The western portion of the GHT is transected by several 

northwest trending strike-slip faults with up to hundreds af 

meters of left-lateral offset. A large low-angle reverse 

fault cutting the eastern section of the GHT is evidenced in 

magnetic profiles, and directly as lithified fault gouge and 

competent blocks of up to tens of em in size in diamond 

drill hole 28. Deformed andalusites within these blocks 

might suggest that this fault postdates the apparently 

Devonian contact metamorphism due to granite emplacement, 

but deserves closer study for confirmation. Repeated 

sections of the stratigraphy in some eastern drill holes 

suggest the presence of other thrust faults. 

In the contact aureole, the shaly beds are commonly 

present as schists. These are pervasively crenulated, 

possibly as a result of the emplacement of the pluton. 

Cameron !1985} alsc pointed out that the pluton itself is 

deformed. 

3.2 Stratigraphy 

The Sulpetro diamond drill holes penetrated a maximum 

of about 150m for each of the upper Goldenville and the 

base of the Halifax. Logging of this section revealed the 
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presence of five conformable lithological stratigraphic 

units - three sandy and silty units of the Goldenville 

Formation, and two shaly units af the Halifax Formation 

!Fig. and Fig. 3.3). The units are described below in 

order of decreasing geological age Cccmpiled from this work, 

Jenner <1982>, and Binney {1~79)). 

3.2.1 Goldenville Formation 

3.2.1.a Unit 1 -Massive Quartz Metawacke (~Q~) 

This unit is comprised of a monotonous sequence of 

massive, grey-green fine-grained <-o.os mm>, recrystallized 

quartz metagreywacke. Abundant metamorphic chlorite and 

minor muscovite define the foliation and wrap around pre-

tecto~ic idicmorphic to subidiomorphic spessartine <Mn-richl 

garnet c-o.! mm> and biotite. The unit contains mm-sized 

<•slatey") layers rich in chlorite and garnet revealing 

bedding and cross-bedding on a em scale, contrasting with 

the thickly be~ded sequences in •typical• Goldenville 

sections from Taylor Head described by Liew <1979>. Folding 

of these layers in thin section testifies tc the scale at 

which the regional deformation can be seen. About 1 percent 

(by volume> opaques are present, consisting primarily of 

pyrite and minor low grade graphite. 

The thickness of the argillaceous silty layers 

increases up section. 

3.2.1.b Unit 2 - Interbedded Zone <IZ> 

The overlying Interbedded Zone is similar to Unit 1 
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Ft~ur• 3.3 Samples from th@ GHT at Eastville (em scale is 
providf!d). <A) Massive Quartz Metawacke displays very 
fin~ eros~ bedding. CD> Example from the Interbedded 
Zone contain~ a dark bleb. (Cl HJgh!y contorted, 
·fin4!"ly larninatPd M~nganC?se Zone. (Dl Sample of MZ from 

v P.- r- >' c 1 '=' s f:' t a t h '? l3 1 iJ c 1-- 2 1 a t e u n i t C i e . a l l h e 
GC'ld~n,•t lle-H::-1 i ~i1Y. r.on~act). <E' Olack pyrrholitic 
sl ~t~ -from the ES. CF) 
~h~ 4?1ifex Slate. 

Slate a~d metawacke beds from 



except that the shaly and quartzitic layers are found in 

similar proportions. The finely laminated grey to black 

argillite interbeds range f r om 2 to 30 em in thickness. 

The mineralogy o ·f this unit is similar to that of /1al'l 

with the exception that spes3artine garnet is rare, and 

pyrrhotite, both disseminated and in mm sized blebs, 

constitutes up t~ several percent <by volume> of the rock. 

The abundance of carbonaceous material in many of the 

argillaceous layers {increasing up section) 

stron9ly to the banded appearance of the rack. 

3.2~1.c Unit 3 -Manganese Zone <MZ> 

contr· ibu tes 

The Manganese Zone is the most striking , and variable 

unit at Eastville. It is locally calcareous, and is more 

regularly banded than the underlying IZ, L~ith layers 

generally being less than -2 em thick. The bands range from 

white quartzite to grey slate and finely interlaminated 

black slate and pyrrhotite. The most outstanding feature of 

the 11Z is that many of the bands are ptygmaticall)l folded, 

leaving nearby layers apparently undisturbed 

3. 5) • 

<Fig. 3.4, 

The whitest quartzite bands are composed almost 

exclusively of recrystallized quartz and idiomor·phic 

spessartine garnet <up to 50%}. At the edges of these bands 

the garnets are commonly found in linear clumps leading away 

from the interface with more argillaceous layers (ie. 

perpendicular to the bedding). The shaly layers are composed 
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Fi9ur• 3.~ Thin-~~ction o+ a ptysmatically +oldEd layer 
<not th~ sam• 5ample as Fig. 3.4). Nate the +ine 
lBy~rin9 and the presence o+ altern•tin~ dark and li9ht 
cclo~r~d •blocks• or boudjn~ in the folded layer. Whit~ 

~qu~r~ i5 lcm on each side. Arrows point up s~ction. 
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of white mica, biotite, quartz, and poorly crystallized 

carbonaceous material in the groundmass. The fine foliation 

is deflected by spessartine garnets <up to 50 % by volume) 

which are slightly smaller than those in mare quartz-rich 

layers. These garnets often have pyrrhotite cores or tend to 

be clustered around pyrrhotite blebs. The garnets are 

commonly mare densely distributed near the edges of the 

slate layersJ being associated with a chlorite matrix. 

Study of the MZ unit is complicated by the presence of 

a diverse assemblage of opaque minerals (see Section 4.2 for 

compositional details>. Pyrrhotite and minor pyrite form up 

to 5% of same bands, often concentrated as elongate blebs at 

the i~terface between layers. Carbonaceous material obscures 

the mineralog; in thin section, but is not observed in 

refl~cted light. Small amounts of sphalerite, galena, 

ilmenite, and rutile are also present. Galena occurs as tiny 

isolated cubes o~ within sphalerite blebs. 

!up to 5% by volume> is identified by 

The 

its 

sphalerite 

amber to 

yellow-green colour in transmitted light, but is often 

obscured by carbonaceous matter. Sphalerite occurs as 

disseminated blebs and is even found in the cores of some 

garnets. Elongate blebs of sphalerite appear almost 

identical to prisms or laths cf ilmenite under reflected 

light. Xenoblastic rutile appears blaod-~ed in transmitted 

light. 

Another unique characteristic of this unit are beds 

comprised of alternating dark and light coloured 
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eq~idimensional segments cr "blocksn <Fig. 3.4, 3.5). These 

beds are generally contorted. The light coloured bloc~s 

consist almost entirely of quartz, either as small 

recrystallized grains or as strained, elongated grains which 

are oriented either parallel to or perpendicular to the 

beddi n g (Fig. 3.5}. The dark blocks cover a continuum in 

composition. At one extreme are segments consisting of 

carbonate, quartz, micas, opaques (carbonaceous matter, 

ilmenite, and pyrrhotite blebs>, and minor spessartine 

garnet. These sometimes contain laminations like the regular 

slaty layers. The bl6cks at the other extreme are similar to 

the former but contain densely packed garnets instead of the 

carbonate, quartz, and micas. 

The existence of carbonaceous and carbonate nodules is 

a nother remarkable feature of the ~Z. Rare black blebs of up 

to 3 em are comprised of mainly carbonaceous material and 

ver·y fine quartz grains (actual I y found at the top of IZ and 

th~ base of ~Z>. The carbonaceous material in one such bleb 

appears to have •flowedm 

surrounding metawacke. One 

along 

black 

the crenulation 

bleb was found 

in the 

to be 

surrounded by a 2 mm rim of very fine crystals of carbonate 

and minor quartz. This rim might be an intermediate to the 

more common carbonate nodules or concretions of simila~ 

composition. The carbonate nodules range from 2 mm to 1 em 

in size. It appears that beds containing carbonate nodules 

have higher sphalerite and galena contents. 
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3.2.2 Halifax Formation 

3.2.2.a Unit 4a - Black Slate <BS> 

Compared to the boundaries between units 1, 2, and 3, 

the boundary between the Manganese Zone and the Black Slate 

(ie. between the Goldenville and Halifax Formations) is very 

sharp. Over as !ittle as 1 meter, the core changes from 

contorted, locally calcareous interbedded argillite and 

metawacke to pyrrhotitic black slate. 

The very fine grained quartz, and muscovite in the 

matrix of the unit are completely obscured by carbonaceous 

mater i al <up to 10-15 volume%). Unlaminated beds of up to 

5 em in thickness consisting of chlorite nspots» and 

disseminated sphalerite and pyrrhotite blebs within this 

black matrix are common. Examples of these beds finely 

interlarninated (on the mm scale> with more silicious layers, 

and s~lphide blebs, or continuous beds are also prominent. 

The sulphide layers are contorted at the base of the unit. 

Sulphide minerals are prominent in this unit. 

Pyrrhotite makes up to 10 % of the rock. Larger blebs 

> 0.5mm> and sulphide beds are composed of pyrrhotite, 

pyrite cubes, sphalerite <up to 50%), and minor galena. 

Spessart i r'le gar·rn?ts are rare in the ES, being found 

predominantly in association with pyrrhotite, either as 

clusters around blebs or having pyrrhotite cores. The 

garnets have inclusions of carbonaceous matter. 

3.2.2.b Unit 4b - Halifax Slate CHS> 

A reduction in the amount of graphitic material and the 
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presence of more prominent metawacke beds signal the 

beginning of the more typical slates of the Halifax 

Formation. The unit consists of fine grained grey to black 

slate, interbedded with coarser grained quartz metawacke. 

The massive to finely laminated slates have a 

muscovite-rich groundmass which is darkened by carbonaceous 

material, and overprinted by chlorite and spessartine garnet 

( <5%). Garnets and sulphide blebs have pressure shadows of 

recrystallized quartz. The garnets commonly have graphitic 

material, pyrrhotite, sphalerite, or galena as cores or 

spectacularly aligned along crystallographic directions. 

The metawackes have pyrite and pyrrhotite 

mineralization concentrated along both laminated and cross 

bedding structures. These beds are dominated by quartz with 

lesser amounts of muscovite. Garnets are smaller and less 

2bundant than in the argillaceous layers. 

The HS also contains rare beds are up to 5 em thick, 

consisting cf contorted layers of recrystallized quartz 

interbedded with fine layers of carbonaceous material. These 

are probably quartz veins similar to those described by 

Graves and Zentilli !1982). 

3.2.3.b Lateral Variation in Stratigraphy 

Figure 3.6 displays the variation in the thickness of 

each unit across the strike of the entire deposit. The drill 

log depths have been corrected for drill-bedding angles 

other than 90°. The base of the Black Slate unit was used as 

a datum in the plotting. 
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While the~e is some variation in the thickness of the 

units, no consistent trends can be found to give evidence 

for large scale sedimentary structures, such as channels or 

sub-basins. In fact, the units are relatively uniform in 

thickness considering the length of the deposit. 

It should be noted that the absence of units from some 

dri!l holes <eg. 23 and some of the eastern holes) 

explained by faulting. The contact metamorpism of the 

eastern sections also makes it difficult to distinguish the 

Goldenville units. In addition, the Manganese Zone in the 

eastern drill holes does not contain any carbonate cement, 

but does display the characteristic contorted, fine bedding. 

3.3 Styles OT Sulphide Mineralization 

Sulphide mineralization at Eastville consists primarily 

of pyrrhotite, py~ite, sphalerite, galena, and minor 

chalcopyrite and arsenopyrite. The main styles of 

mineralization are: stratiform, disseminated, foliation 

controlled, and fracture or vein filling (Jenner, 1982) CSee 

Fig.3.7). 

Pyrrhotite and associated pyrite are the predominant 

stratiform sulphides, forming lenses and continuous laminae 

conforming with the bedding. Jenner (1982} indicated that 

the nature of intergrowths of the iron sulphides suggests 

the metamorphic: growth of pyrrhotite from pyrite. 

Stratiform sphalerite and galena are not as common as 

the F~ sulphides. Sphalerite occurs as independent lenses or 
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Ffgur• 3.7 Styles of sulphide min~ralization <em scale i~ 
prnvided). <W> B•dd•d sulphides. <X> Pyrrhotite b~d 
h~~ been tranaposed alon9 the foliation. 
<Yl Sphalerite and 9alena ar~ shown in veinlets and 
op•n ~r~ctures. 
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in intergrowths with iron sulphides and galena, primarily in 

the Black Slate and Halifax Slate. One notable case found 

within the Halifax Slates consists of a 2 em nodule with 

pyrrhotite, sphalerite, and carbonate in the core, rimmed by 

sphalerite, and by a second rim of pyrrhotite. 

Disseminated pyrrhotite and pyrite occur predominantly 

as f leeks ~·d thin the l1GI1, BS, and HS. Sphalerite and lesser 

galena disseminations are found primarily in the more 

•3:raph it i c /'JZ sections and the BS and liS. 

Many sulphide blebs, lenses, and beds are found to be 

t r ansposed into the foliation , in cases to the extreme shown 

in Figure 3.7. Sphalerite is also found along kink bands, 

and as extensive smears along well developed cleavage 

surfaces. 

The highest concentrations of sphalerite and galena 

exist in veins and fractures. Coarse grained sphalerite and 

galena are found in fractures; these in some samples join 

larger calcite veins. Pyrrhotite, pyrite, sphalerite~ and 

galena also occur in quartz-feldspar veins. 

It is noteworthy that vein and fracture related 

sulphide concentrations are highly dependent on the physical 

properties of the rock. For example, veins are not common in 

the Black Slate, presumably due to the ductile properties of 

this unit. 

The most outstanding lead-zinc mineralization occurs 

where drill hole 28 transects the normal fault in the 

eastern section of the deposit. However, it appears that the 
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mineralization is concent~ated within the competent blocks 

of black slate rather than within the fault itself. 

3.4 Discussion 

The Goldenville units at Eastville represent a rather 

rapid trend toward a more argillaceous, carbonaceous, thinly 

bedded protolith, culminating in the composition of the 

Black Slate. Even the Massive Quartz Metawacke contrasts 

with the thickly bedded "typical" Goldenville 

from Taylor Head described by Liew (1979). The 

quartzites 

buildup in 

pr~sumably pelagic organic material in the BS suggests that 

this tre~ d reflects a decreasing sedimentation rate toward 

the top of the Goldenville in the GHT Cie. sediment 

starved). The Halifax Slates seemingly represent a return to 

highe~ sedimentation rates and a new sediment transport 

mechanism or source owing to the high proportion of slate 

compar~d to the .~~-

Coticule is a descriptive term used for spessartine 

quartzites, such as the white beds found in the Manganese 

Zone <Kramm, 1976; Schiller and Taylor, 1965> The literature 

also reports that such coticules are generally highly 

contorted. The genesis of coticules is under debate, 

however, some preliminary ideas on the Eastville ~Z can be 

deduced at this point. 

The contorted bedding and "blocky" beds represent a 

structural problem. Ptygmatic folding would be expected in 

the cores of concentric folds such as shown in Figure 3.3. 
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Boudinage in less ductile beds within such folds could have 

produced the garnet or carbonate nblacks" separated by 

infilled recrystallized quartz. However, it should be noted 

that the sharpness of the boundaries of the folded beds 

might indicate that the boudinage had occurred prior to the 

folding of the bed. A more detailed study of the 

mic~ostructure would be needed to confirm the possibility of 

an earlier folding or extensional event. 

The pre-tectonic growth of the spessartine garnets is 

indicated by the fact that the foliation wraps around the 

grains.The occurrence of both carbonate- and garnet-rich 

segments in similar "blocky" beds of the ~Z suggests that 

car·bone?,te is one of the reactants in the metamor·phic growth 

of the spessartine garnet. The absence of carbonate in the 

t-1a.n·3anese horizon in the contact metamorphosed eastern cores 

might also reflect the metamorphic consumption of carbonate. 

A relationship with carbonaceous matter might be inferred 

from the presence of carbonate nodules and the carbonate 

rim surrounding one carbonaceous bleb <see Sec 4.3.3>. 

Inclusions of sulphides in garnet cores reflect their 

presence in the rocks before the metamorphic growth of the 

garnets. Stratiform and disseminated sulphides indicate a 

syn-sedimentary or diagenetic origin. However, much of the 

sphalerite and galena seem to have been remobilized into 

fractur~s and veins. This unfortunately makes studies of the 

the variation of Zn and Pb with respect to other metals in 

the original stratigraphy difficult. 

-28-



Chapter 4 

Geochemistry 

Three areas of chemical analysis and study have been 

carried out an the Eastville drill core. 

Bulk samples for consecutive 1-3m sections of the drill 

core from 25 of the bore holes were prepared by Sulpetro 

Mineral~. Acid leachable Pb, Zn, Fe, Mn, As, Ba, and Sr were 

analysed using atomic absorption spectroscopy by Bondar­

Clegg of Ottawa. Holes 24 and 25 were chosen far more 

detailed analysis on the assumption that they fell outside 

the metamorphic aureole of the pluton <see Cameron, 1985) 

Whole reck analysis for 48 elements in fifty of the bulk 

powders from these two holes was performed by X-Ray Assay 

Laboratory of Toronto in 1983 <see Appendix 2>. 

A limited amount of mineral chemistry data 

collected using the Electron Beam Microprobe in 1985. 

were 

Carbonate cements, veins, and blebs were analysed far C 

and 0 isotopes in 1984. 

4.1 Bulk Geochemistry 

4.1.1 Acid-Leach Data 

Weighted averages based on the length of drill core 

sampled Cto compensate far irregular sample intervals) for 

acid-leachable Zn and Pb over all (25) of the sampled drill 

holes are given in Table 4.1. 
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Table 4.1 
Weighted averages for acid-leachable Zn and Pb. 

Unit Pb /ppm Zn /ppm Zn/Pb 

Halifax and Black Slate 910 1950 2.1 

Black Slate 460 1060 ? ......, -·.,;;) 

Manganese Zone 1400 3130 ,..., ~ 

.r::.. • .r::.. 

Interbedded Zone 1930 3570 1. 8 

Massive Quartz Meta~·Jacke 370 920 2.5 

The data reveal a considerable enrichment in Zn and Pb 

in the upper Goldenville units. The entire section of GHT at 

Eastville is enriched by greater than an order of magnitude 

in these metals when compared with an average of ~a4 ppm for 

Zn in "ty pical" slates and metawackes of the Goldenville at 

Tayler Head (Liew, 1979>. In addition, the Zn:Pb ratio is 

remarkably constant at ~2.2 over the different units, 

reflecting the strong correlation between the two elements 

(r > 0.95 with > 99.9% confidence). Figure 4.1 reveals that, 

except for an increase near the pluton, the average Zn:Pb 

ratio for each drill hole remains close to 2.2 over the 

length of the deposit. 

Acid-leach data for the same 50 samples as were 

analysed for whole rack chemistry are tabulated in Appendix 

4.1, with summa~y statistics being presented in Appendix 

4.2. The data reveal that Sr and Mn are strongly dependent 

on the stratigraphy <see also Fig. 4.2 and the next 

section). Sr increases by up to half an order of ma9nitude 
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Figur• 4.1 Zn/Pb ratios +or each drill hole plotted against 
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the exception o+ the drill holes closest to the 
9ran1~e, the ratios are very constant. The hi9h values 
could be due to the contact metamorphis•. 
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in the Halifax Slates over its concentration in the 

underlying units. Mn is enriched <up to 2 Wt%} in the 

Manganese Zone, again by up to half an order of magnitude. 

The manganese contents are slightly lower near the pluton 

contact, but even a minimum of 0.30 Wt% for the ~Z in the 

eastern drill holes constitutes an anomally aver 0.09 Wt% 

<Liew, 1979) for the Goldenville at Taylor Head. 

4.1.2 Whole-Rock Data 

The results from the whole rock analyses for drill 

holes 24 and 25 are displayed in Appendix 4.3. Summary 

statistics are presented in Appendix 4.4, and mean values 

for selected elements from the Eastville units and some 

other study areas are found in Table 4.2. 

It is notewo~thy that , t·Ji t h the exception of 

manganese, the acid-leachable data are in strong agreement 

with the whale rock analyses. The whole rock analysis 

rev~als a Mn content cf one order of magnitude higher than 

that detected by the acid-leach method. It is probable that 

the acid-leach method excludes the element content of the 

more insoluble components of the rock, such as garnet. 

Hence, the correlation between the two analyses suggests 

that the elements Pb, Zn, Fe, As, Ba, and Sr are to a large 

degree confined to carbonates, 

possibly oxides. 

sulphides, mic:as, and 

The variation in whole rock MnO, Sr, and Zn+Pb with 

respect to the stratigraphy is presented in Figures 4.2-4.4. 
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Tab 1 ~· 4. 2 
Selected @'lf'llent avera.se~ for Eastville and co~pari•on d•positA. 

/ ~y ' 
('1\)v-P- ;; 

HS BS t1l IZ 6dv Andros Ardennes 

S102 59.14 54.88 49.71 60.59 76.62 63.56 70.49 
TiOz 1.05 1.03 0.99 0.88 0.59 0.48 1.17 
At2o3 22.53 20.45 17.42 19.92 11.99 9.97 17.50 
Fe2o3* 8.75 12.04 13.97 8.63 4.18 7.23 0.79 
P!nO 0.32 1.96 9.68 0.72 0.05 13.67 5.61 
P!gO 2.13 2.34 3.20 2.74 1. 28 1.16 1.03 
CeO 0.80 2.33 2.63 1. 11 0.28 2.30 0.45 
Ne2o 1.13 0.81 0.11 0.74 2.88 1. 41 1.13 
KzO 4.04 4.18 2.02 4.51 2.03 0.12 1.66 
Pzos 0.11 0.19 0.2:7 0.15 0.10 0.11 0.16 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

n 23 5 8 14 4 5 3 
N1 56 80 118 82 20 19 99 
Zn 3682 2290 1699 3770 so 57 89 
Cr 145 156 151 116 74 59 MA 
'f 14 18 16 7 22 43 MA 
Zr 181 16{) 146 141 201 105 MA 
Be 947 1032 725 1253 518 177 1012 
Cu 58 86 84 76 14 32 23 
Pb 1558 995 483 1664 15 14 MA 
Sr 347 174 28 61 182 53 278 
Rb 155 148 68 140 74 4 98 
v 138 176 89 156 82 76 NA 
Th 11 10 9 9 6 6 NA 
As 33 146 118 39 41 58 MA 

1- 1; . ~1' 0.1-0 0,10 cq .. ~ o.b~ o.ro (),?'() 

N07£S: 
All major elements recalculated to 100~ <volatile-free). 
HS: Eastville Halifax Slate avera9es <see Appendix 4.4). 
BS: Eastville Black Slate averages (see Appendix 4.4>. 
NZ: Eastville Manganese Zone averages (see Appendix 4.4>. 
IS: Eastville Inte-rbedded Zone ave-r·ages \see Appendix 4.41. 

OIOOC: 
>>> m:o zr r·-u· 
)>=rii :-i~ 
0$< 0mJ> 
)>,. C)>:D 

W::nO 
~m--10 
~c:rcn 
.. zmN 
m<om 
v.:>mm 2 
I:::oz--1 r <.UQ20r 
c...~m-
01 (/) 

Gdv: Quartz metahackes from the New Harbour Member of the 
Goldenville Fm: Gree~ Bay Nova Scotia <Zentilli, et. al., 1986). 

Andras: Spessartine quartzite, from island of Andros, Cycladic 
Blueschist Belt, Greec~ <Reinecke, ef. a.l., 198Sl. 

Ardenne-s: Spessartine quartzites from Ardennes, B~lgium <Kramm, 
1976). 

Fe203* = total Fe expre~sed as Fe20~. 

Oxides giv~n in Wt~. 
Trac@ @l~m@'nts 9iv@n tn ppm. 

-33-



Figure 4.2 shows an almost identical variation in Mn 

with stratigraphy between the two drill holes. The 10-fold 

enrichment in Nn in the Nanganese Zone (/12) is most 

striking. It is also interesting that the lower portions of 

the Black Slate unit are also somewhat enriched in Mn • . 
The variation of Sr with stratigraphy <Fig. 4.3) is the 

opposite of that for MnO. Strontium is depleted in the HZ 

and rapidly increases by greater than a factor of 5 up 

section. The variation between drill holes is revealed by 

the fact that Sr increases more rapidly upward through the 

!ewer Halifax Slates followed by a gradual decline in 

ccncentration found in Hole 24, compared to the more gradual 

increase and ~i9her peak value found in Hole 25. Available 

acid-leached samples indicate that further up 5ection Sr 

dces begin to decrease in Hole 25. This might indicate that 

the scale of some chemical variations \reflecting the scale 

of sedimentary depositional processes> changes laterally 

along the GHT at Eastville. 

Similar to the acid-leach data, whole rock zinc and 

lead are very highly correlated. However, the variation in 

Zn+Pb with stratigraphy is very erratic, probably due to the 

fact that much of the concentration of sphalerite and galena 

appears to be structurally controlled. This is supported by 

the fact that the mean Zn and Pb for the ~Z in Holes 24 and 

25 combined (Table 4.2) has the lowest Zn and Pb content 

compared tc the other units, vJhi le the ftJZ is the most 

enriched unit in Zn and Pb over the deposit as a whole 
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Mangan~s~ Zone. Diamonds denote Hole 25 samples; 
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unit. In Hole 25 the increase is less r~pid but does 
not reach a peak as is true +or Hole 24. Diamonds 
denote Hole 25 samples; crosses denote Hole 24. 

-36-

600. 



s 
~ 

J:: 
-.) 

~ 
Q.) 

0 
(.) ·-..c 
~ 
cO 
~ 
01) ·-~ 
cO 
~ 
~ 
ifJ. 

. 
0 
L(1 

a 
en 

0 

a 

a 
en 

I 

~ 
......> 
~ -en 
~ 
~ -...... -~ ::c 

---------------------------
~ 
~ 

~ 
~ 
0 
N 

~ 
~ 

't:l 
't:l 
~ 
,0 
~ 
~ 

......> 
c -

Figur• _4.4 Variation o~ Zn+Pb ~tth stratigrphy. There 
appears to be no direct relation b~tween Zn+Pb and 
~tratigraphy. Note the large di~~erence in Zn+Pb values 
~or the two drill holes, and the wide variation ~or 

saMples within the same drill hole. Diamond5 denote 
Hole 25 samples; crosses denote Hole 24. 

-37-



{Table 4.1}. 

A triangular plot of Si02, Al203, and total iron 

e x pressed as Fe203* is given in Figure 4.5 as a means of 

comparing the Eastville Whole Rock composition to different 

sedimentary rock types. The Eastville rocks lie essentially 

along the mixing line between terrigenous shales, and quartz 

(ie~ pure sandstone). It is reasonable that the original 

Eastville sediments were ccmprised of these components. In 

a~dition, the Manganese Zone and Black Slate display a 

rni ~ i~g line with a pure, apparently non-detrital, Fe source. 

The plot of Al 203 against Ti0 2 CFig. 4.6) also reveals 

that the Eastvi lle compositions lie near a mixing line for 

sa~dstone and pelagic clay and terrigenous material. 

However, the rocks are more aluminous than the »world" 

aver -3.ges. The /'1Z compositions are consistently higher in Ti 

(fer given Al contents> where an influence from 

c o~1pcs it ion ,o·f Mid-Oceanic Ridge Basalts might 

considered. 

the 

be 

It is informative to normalize the data for each unit 

against a common reference Meguma rock in order to see how 

the composition of the GHT compares with that of the rest of 

tho Meguma. An ideal reference would be quartz metawacke o f 

the Goldenville Formation, taken stratigraphically well 

below the GHT. Such analyses are not available for· 

Eastville, and Liew <1979} gives only an incomplete set of 

data. Hence, analyses from the New Harbour Member of the 

Goldenville Formation <Zentilli, et. al., 1986) are used. 
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Flgure 4.~ SiOz-AlzO~-total F•zO~ r•lationa Cin••t is 
expand•d to ~0~ SiOz}. Int•rb•dded Zen• • 6 J Mangan••• 
Zen• • C 1 Black Slate • X 1 Halifax Slat• • + • Op•n 
circle is av•rag• p•lagtc clay, and clo••d circl• ia 
av•rag• t•rrig•noua ahal•J both ar• taken +ro• 
Tur•kian and W•d•pohl (1961). Stars ar• •P•••artin• 
quartzit•• from Andre•, Gr••c• CR•in•ck•, 198~). Not• 
that th• Eaatvill• HS and IZ +all on th• ahal•-quartz 
mixing line, while th• MZ and BS app•ar to deviat• from 
thia trend by Mixin9 with an iron-rich component. 
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Figur• 4.6 Al203 vs Ti02. Int•rb•dd•d Zan• - ~ 1 Mangan••• 
Zan• • D 1 Black Slate - x 1 Hali~ax Slate • + • Open 
circle is av•r•g• pelagic clay, and clas•d circl• is 
average terrigenous shale, hal~-~ill•d circl• is 
averag• aandaton•t all ar• tak•n fra• Tur•kian and 
W•depahl C1961)1 star ia av•rag• Mid Oc•an Ridg• Basalt 
CR•ineck•, 198~). Th• Eaatvtll• •a•pl•• ar• •ar• 
alu•incua than th• rof•r•nc•s cit•d, but do line near 
th• shal•Cand clay)-•and •ixtng lin•. Nat• that th• MZ, 
and BS a&8pl•• have lo~•r Al Car high•r Ti) than th• 
oth•r rock units. 
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The normalized data for each unit are displayed 

Figures 4.7-4.10. 

For the Interbedded Zone <Fig. 4.7>, Mn is enriched 

in 

b~ 
/ 

an order of magnitude, while Zn and Pb are each enriched by 

two orders of magnitude. There is also a slight enrichment 

in Ca and Cu, and slight depletion in Na, Y, and Sr. 

In the Manganese Zone, Mn enrichment has risen to 2 

orders of magnitude, with Ca, Zn, and Pb being an order of 

magnitude mare concentrated than in the Goldenville. This 

unit also has noticeable enrichment in Ni and Cu. Strontium 

and Na are depleted by a factor of 10. 

The Black Slate has greater than 10-fold enrichment in 

Mn, Zn, and Pb, and greater than 5-fold enrichment in Ca afid 

Cu. Na is depleted by half an order of magnitude. 

The Zn and Pb content of the Halifax Slate Unit is 

nearly 100 times that of the New Harbour Member, with Mn, 

and Cu still somewhat enriched. The Na depletion is less 

pronounced than in the other units. 

Several interesting points are brought out in the 

normalized plots. The most obvious, is that the entire 

stratigraphic section at Eastville is anomalous in Mn 

compared to the Goldenville Formation. The Mn concentrating 

process must have been active at varying degrees of 

efficiency over the entire GHT in the deposit. 

The enrichment in Ca within the ~Z and BS reflects the 

presence of carbonate in these units. In fact, the abundance 

of carbonate and especially carbonaceous material is one of 
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INTERBEDDED / Gdv METAWACKE 
1 o a o ~---,----,----r-r---,..-.,--~~~--r-T"-..,..---,---r---r----r--or--,---.,.--, 
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Zn 

Mn 

Na 
y Sr 

Si 
Ftgur• 4.7 Average Interbedded Zone normalized to average 

metawacke composition +or the New Harbour Member o+ the 
Goldenville Fm. C+rom Zentilli et al., 1986). Note that 
the IZ is enriched in Mn, Zn, and Pb, and slightly 
depleted in Na, Y, and Sr compared to the New Harbour 
metawackes. 
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Mn 

100 

10 

1 

0.1 Sr 

Na 

0.0 1 ~T~i~F~e~M~N~~P~Z~n~Y~B~a~P~b~R~b~T~h~ 
Si Al Mn a K N i Cr Zr Cu Sr V As 

Figure 4.8 Average Manganese Zone normalized to average 
metaHacke composition +or the New Harbour Member o+ the 
Goldenville Fm. C+rom Zentilli et al., 1986). The MZ is 
enriched in Mn, Ca, Zn, and Pb, and depleted in Na and 
Sr. 
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100~~~~~~~~~~~~ 
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Ni Cr Zr CuSr V As 

Figur• 4.9 Avera9e Black Slate normalized to avera9e 
metawacke composition ~or the New Harbour Member o~ the 
Goldenville Fm. <~rom Zentilli et al., 1986>. Note the 
enrichment in Mn, Ca, Zn, and Pb, and depletion in Na. 
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HALIFAX SLATE / Gdv METAWACKE 
1000~~~~~~~~~~~~ 
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Si AI Mn 
Figure 4.10 Average Hali+ax Slate unit normalized to 

average metawacke composition +or the New Harbour 
Member o+ the Goldenville Fm. (from Zentilli et al., 
1986). Zn and Pb are enriched by two orders o+ 
magnitude, while Mn is slightly enriched and Na is 
slightly depleted. 
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the most distinquishing features of the GHT at Eastville. 

The higher Sr contents in the Halifax Slate unit appear 

to be ~ere representative of Goldenville compositions. It is 

ncte~·Jorthy that the depletion ir• Sr in the tJZ is accompanied 

b y a Na depletion. Strontium tends to substitute for calcium 

in plagioclase, suggesting that the Sr variation is at least 

in part caused by a reduced supply of detrital feldspars in 

the IZ a.nd l1Z. 

While the Zn:Pb ratio for Holes 24 and 25 is 3:1, the 

enrichment over Goldenville metawackes is about two times 

greater for Pb than for Zn. 

At this point it is useful to study the inter-element 

correlations within each unit. Chave and MacKenzie (1961) 

have shown that for deep sea muds, groups of elements which 

have high correlation coefficients (r) with each other tend 

ta be present in the same minerals or group of minerals 

related by a common process. The application of this premise 

t~ metamorphosed sediments could theoretically reveal the 

element-mineral associations found in the sediments at the 

time of deposition, even though the mineral assemblage ha~ 

changedc However, this requires that the diagenetic, and 

metamorphic changes must have been isochemical Cie. a closed 

system) on the scale at which the samples were taken. This 

is clearly not true for phases such as carbonates which have 

been re-distributed in veinlets, hence, some caution must be 

taken in interpreting the correlation data. 

Spearman rank correlation coefficients <see Appendix 3) 
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were computed for all of the whole rock and acid-leach 

elements for each stratigraphic unit. The volume of 

resulting data is too large to be tabulated in this work, 

thus the diagramatic technique of Chave and MacKenzie (1961} 

is used. Elements exhibiting a high degree of correlation 

are joined by lines. These elements also tend to be 

intercorrelated with other elements thus forming a cluster 

of elements; it is this group of elements which is related 

to a common mineral or group of minerals. Differing levels 

of statistical significance for the correlations are 

indicated by different line types. 

The correlation diagrams for each unit are displayed in 

the following Figures <4.11-4.14). A brief summary of each 

diagram will be included in the figure captions, and a 

general discussion of the obser·ved trends in bulk 

geochemistry follows. 

Following is a list of smectite minerals (from Deer et 

al., !966} which will be referenced in the discussion. 

Moutmorillonit•• 
13oiJullit6 
Nontronito 

Stt.ponit.,. 
Jhoctorit~ 

~1\UCOilito 

!'i" 
:Si-r 3• ' "0 ·61!1 

Si7 . 3 .:\10 r. e 

=-'i-r :u A lo ·66 

=-'i· 
Si8 7 .-\1 1 3 

Di -octnlt•••ln•l 

} -

All J•.:\1!-!o 118 

:\I. 
F<>.•l 

Tri ·tx:laltcdrul 

.\ 
(•·x.-ltan..;o 

<·at ion,:) 

( ~( • 11 -~"lo r..; 

(~<"a . ~u)o t>ti 

( ~Ca.:\a),J-6 11 

:\11!,. qr11,Xtt) 0 68 

J\1,.:~ 3• Lio u ( iCil.:\n)o Go 

Zn• _ !1(.:\tg, AI, Fu• 3 ): _ 1 ( ~Ctt.Xt\) 0 "" 

-47-



Figure 4.11 

Correlation Diagram for Interbedded Zone 

Unit 2 

number of samples = 14 
99.9% confidence limit !r > ~a.79) 
99~0% confidence limit {r > ~0.66) 
elements preceded by n1n are acid-leached components. 

(a) This group clearly represents the elements 

associated with the Zn and Pb minerals, primarily sphalerite 

and galena. Cadmium and to a lesser extent Ag have 

p r operties similar to Zn and Pb, hence their associatation 

wi th this group is not unexpected, however the correlation 

with Nb is difficult to explain. 

(b) This poorly defined group might represent a clay 

grouping, possibly illite <A14[Si40~olCOH)a) and/or smectite 

Cmontrncrillonite and others> due to the presence of the 

major elements AI, Fe, and K. Substitution for K by Th and 

t h e acid leachable fraction of Ba seems significant; the 

weaker correlation for whole rock Ba with K probably 

reflects the presence of non-leachable Ba in other minerals. 

The affiliation of Ba with Ag of Group a might indicate a 

barite association as found in some Pb-Zn deposits <Large, 

1983). ihe correlation of the metals Cu, Co, and Ni with the 

apparent clay group is also of interest. It is possible that 

these metals were extracted from sea water at the time of 

deposition by adsorption to the clay minerals. 
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Figure 4.11 <continued) 

Correlation Diagram for Interbedded Zone 

Unit 2 

number of samples = 14 
99.9% confidence limit <r > ~0.79) 
99.0% confidence limit (r > ~0.66) 
elements preceded by •1• are acid-leached components. 

(c) This is a carbonate grouping. The source of the 

leachable Mn in the IZ is thus identified as manganifer-ous 

calcite. The total carbon content <C*> appears to be made up 

primarily of carbonate. The affiliation of B with C02 is 

possibly due to the fact that B is rather soluble in 

hydrothermal solutions, for example those forming the 

carbonate veinlets. 

fd) No distinct association can be found in this 

group. 

The lack of high correlation between sulphur and Fe 2 • 

is unexpected in light of the abundance of pyrrhotite. Note 

that S is actually negatively correlated with Mn, and that 

Mn is not correlated with any element at this confidence 

level. Group a, presumably a sulphide group, also shows no 

correlation with S, but does have a negative correlation 

with Yc Group b is also negatively correlated with Groups c 

and d. Silicon exhibits a strong negative correlation with 

Group b, further substatiating this as a clay group, the 

concentration of which would be diluted by quartz in more 

sandy beds. 
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Figure 4.12 

Correlation Diagram for Manganese Zone 

Unit 3 

number of samples = 8 
99.9% confidence limit <r > ~0.93) 
99.0% confidence limit <r > ~0.84> 
95.0% confidence limit <r > ~0.71> 
elements preceded by •1n are acid-leached components. 

(e) This group consists of several loosely correlated 

groups. The V-Mo-Cu-S correlation probably indicates their 

presence in sulphides, which appear to have been associated 

with U-B-Sb. As for the IZ, Fe is not correlated ~"'ith Seven 

though Fe-sulphides are abund3.nt .. There is a 

Zr-K-Y-Sr-Ba-Rb-Th relation, however, it cannot be clearly 

linked with any major mineral-forming elements. Again a 

calcite grouping is found, but in this case total carbon 

{ C*) is more ~·Jeak 1 y corre 1 a ted than in the IZ, probab 1 y due 

to the higher proportion of carbonaceous matter. It appears 

that the acid-leachable portion of Sr (ie. ~ao% of the total 

Sr> might be a constituent of the carbonates. 
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Figure 4.12 continued> 

Correlation Diagram for Manganese Zone 

Unit 3 

number of samples = 8 
99.9% confidence limit <r > ~0.93} 
99.0% confidence limit <r > ~0.84} 
95.0% confidence limit (r > ~0.71> 
elements preceded by n1n are acid-leached components. 

(f) This is primarily a group of Fe related metals. 

The correlations a r e not strong, and it is puzzling that the 

leachable fractions of Zn and Pb do not correlate with the 

Who le Rock contents. The implications behind the positive 

~arrelatian of Mn with structurally bound H20 and Mg are 

~nclear. 

The high correlation of Zn with Pb is in keeping with 

the previous observations.The low range in Sn contents makes 

the significance the Fe 3 +-Sn relation questionable. The 

co~relation of leachable manganese with Ti suggests that an 

acid-soluble, high Ti mineral is the source of this portion 

of the overall Mn content of the ~Z. 

Group f, including Mn and Mg, is anti-correlated with 

Braup e. Both Ti and leachable Mn show negative correlations 

with C02, presumably indicating that the Ti-Mn mineral is 

incompatible with the existence of carbonate cements found 

in this unit. 
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Figure 4.13 

Correlation Diagram fer Black Slate 

Unit 4 

number of samples = 5 
99.9% confidence limit (r > ~1.00} 
99.0% confidence limit <r > ~0.97) 
95.0% confidence limit <r > ~0.89} 
elements preceded by "1" are acid-leached components. 

(g) This group demonstrates the coherent behaviour of 

Zn-Pb-Cd as in the IZ and ~Z. 

(h) The K-Ba-Rb-Th-Cu relation found in the under lying 

units is also present in the BS. If this represents elements 

c on tained in clays, the correlation of Cu with carbon is 

reasonable since fine g rai ned clays and carbonaceous 

material would be expected to be deposited together. In 

a ddition , the affiliation of Cu, V, and especially uranium 

with carbon probably reflects the strong reducing conditions 

which would have been present in the carbonaceous sediments. 

(i) The correlation of this aluminosilicate group with 

Na suggests that it might represent detrital plagioclase. 

However, the correlation with Ti02 is uncharacteristic of 

plagioclase compositions. It is more probable that this 

represents detrital smectite which can contain significant 

quatities of Na and tetrahedral Ti substitution or even 

rutil= inclusions !Deer et al., 1966}. It is interesting 

with respect to the rapid increase in Sr in the BS that in 
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the current (metamorphosed) mineralogy, leachable Sr also 

correlates with these elements. 
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Figure 4.13 (continued) 

Correlation Diagram for Black Slate 

Unit 4 

numb~r of samples = 5 
99.9% confidence limit (r > ~1.00) 
99.0% confidence limit <r > ~0.97) 
95.0% confidence limit (r > ~o.89> 
elements preceded by n1~ are acid-leached components. 

(j) This loosely correlated group seems to be centered 

around Fe sulphides and carbonates. Arsenic and W seem to be 

affiliated with a sulphide. Manganese, leachable Mn, Co, Ni, 

and W 2re probably fcu nd in calcite. It is significant that 

this is the only unit in which Whole Rock Mn exhibits 

re~sonably strong correlation with several elements, 

i~cluding the acid-leached Mn. 

Note that Group j is negatively correlated with Group 

f. Possibly the apparent clays in Group i in effect dilute 

the concentration of the chemical preciptates. 

-59-



Figur• 4.13 
UNIT 4 

-60-



Figure 4.14 

Correlation Diagram for Halifax Slate 

Unit 5 

number of samples = 23 
99.9% confidence limit <r > -o.64) 
99.0% confidence limit <r > -o.53> 
elements preceded by 8 1" are acid-leached components. 

(k) This could conceivably represent components in one 

or more smectite clay minerals similar to that postulated 

for the ES. However, in this case, the element association 

is more convincing in light of the crystal chemistry 

indicated by Deer et al. !1966>. Titanium is found in small 

quatities in the tetrahedral site in some smectites. 

Aluminium occurs in both tetrahedral and octahedral sites in 

these clays. Magnesium, Fe~+, and Li can each be major 

constituents in the octahedral sites, while Ca, Na and 

presumably Sr are present in the interlayer portions of the 

crystal structure as a means of maintaining charge balance. 

Nickel {correlated from Group l> and other cations also 

substitute into the smectite structure. 

It is proposed that the increase in Sr in the HS over 

the Goldenville units can be accounted fo~ by higher 

shale:sand ratios, thereby increasing the smectite content 

of the deposited sediments. 

<I> This is primarily an Fe-sulphide group. The 

elements Mo, Co, Ni, V, and Cu are all possible substituents 

for Fe 2 +, in pyrite and pyrrhotite CDeer et al., or else as 
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independent sulphide minerals <eg. chalcopyrite is seen in 

small quantities in thin section). The affiliated reduced 

carbon (ie. carbonaceous C> would provide the reducing 

ccnditions for sulphide formation. The association of C with 

u ~ anium~ which is immobile in the reduced state, 

f · ·?aSOF12,b 1 e. 

is also 

However, the strong correlation of K, Rb, Ba, and B 

with Fe and S, which is more poorly defined in the IZ and 

ver)1 t•Jeakly in the 11Z, is rather surpr·ising. This elemental 

relation points to the deposticn of the mineral jarosite, 

KFe~ 3 ·(S04)2(0Hl6, a product of sub-aerial wethering, in the 

orginal sedimentts <Hurlbut and Klein, 1977). 
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Figur• 4.14 Cccntinued> 

Correlation Diagram for Halifax Slate 

Unit 5 

number of samples = 23 
99.9% confidence limit <r > -o.64> 
99.0% confidence limit (r > ~0.53} 
elements preceded by n1n are acid-leached components. 

(m) The substitution of Th for Zr in the mineral 

zircon <Zr[Si04]) could explain this relation. Zircon, with 

a density of ~4.6, would be expected to concentrate in more 

sandy beds Cie. quartz-rich). This is substantiated by 

strong negative correlations with the apparent fine grained 

groups k ~nd l. 

(n) The Zn-Pb-Cd-Ag correlation seen in the underlying 

units is prominent in the HS. This group is anti-correlated 

with Y and Zr. 

Other significant negative correlations occur, such as, 

Fe3 • with Fe 2 • and B, Li with B, and Sr with Ba. Others 

inclu~e Sb with Y, Co with C02, Mo and U with leachable Mn, 

and Cd with Rb and Th. 
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4.1.3 Gen•ral Discussion of Bulk Gecchemistry 

Several important facts have been drawn from the bulk 

chemical analyses. The rocks fall compositionally between 

terriginous shales and sandstones based on Si-Al-Fe ratios, 

but are noticeably enriched in Al and Ti over the world 

averages cited far such ro~ks. The GHT at Eastville is 

anomalous in Mn, Zn, Pb, Sr, and to a lesser degree Ca, Na, 

Y, Ni and Cu, compared to the compositions for racks found 

at lower stratigraphic levels in the Goldenville Formation 

(ie. massi v e sandstones and thick Bouma turbidite sequences 

as in Liew (1979}). 

The rocks of the ~Z and BS are the most outstanding in 

a chemical sense. An additional source of Fe separates these 

units from the shale-sandstone mixing line on the Si-Al-Fe 

diagram. The lack of correlation between Mn and other 

elements, and its remarkable degree of enrichment restricted 

ta such a narrow horizon at the scale of the study area 

point to a synsedimentary or diagenetic enrichment for the 

manganese. On this basis these units can be considered as a 

primary ferromanganese deposit. The abundance of carbonate 

and reduced carbon in these adjacent units promotes the idea 

that oxidation-reduction relations must have been important 

in the genesis of the deposit. 

The strong inter-correlation between Zn, Pb, and Cd, 

plus the consistency of these relations 

the length of the deposit implies 
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concentration process was operating at a rather large scale. 

Otherwise fractionation of these metals based on their 

individual c~emical properties would be observed. 

of correlation between this group and other 

The lack 

elements 

probably reflects the fact that the sphalerite and galena 

have been remobilized under the structural controls of vein 

and foliation development. Hence, any elemental associations 

characteristic of the method of Zn-Pb deposition in the 

~ediments have been lost, 

model this process. 

severely hampering attempts to 

The correlation diagram analysis as a tool for 

predicting the source of metals gives remarkable results 

consider i r:g the degre? of metamorphic mineral •3 r o~·Jth i n the 

rocks. The smectite clays, ar.d possibly illite, appear· to 

have been important components of the sediments being 

d~pcsited at Eastville. The cation exchange properties of 

these minerals would make them excellent sources of metals 

( in this case notably Ni and Co>, either as transported from 

the continent from which they were weathered or as 

adsorption traps for aqueous metals given sufficient 

exposure to sea and pore waters. These aluminous clays were 

the precursors to the abundent micas and garnet found in the 

present mineralogy. 

The implied presence of jarosite in the original 

sediments is also of considerable interest. It is reasonable 

that the sulphate and ferric components of jarosite would be 

reduced by carbonaceous material within the sediments to 
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p r oduce pyrite. The degree of the contribution of Fe and S 

to the sediments by jarosite is uncertain. The presence of 

large blebs of pyrite and pyrrhotite, and the association of 

metals such as Cu which are not highly correlated with K 

suggests that reduction of sea water sulphate by pelagic 

carbonaceous material and/or in bacterial metabolism is also 

a major source fer the sulphides. A study of sulphur 

isotopes might be of value in this problem. 

4.2 Mineral Chemistry 

The very fine grained nature of the lower grade 

metamorphic rocks at Eastville has made accurate anal ysis of 

mineral chemistry difficult, even b··.l 
/ electron beam 

microprobe. Ho~·Jever·, the new, mar·e advanced JEOL microprobe 

at Dalhou sie might make a more comprehensive study feasible 

ir: the fu tur·e. 

!1985) detailed the variation in mi ner·al 

chemistry with increasing degrees of contact metamorphism in 

the deposit. Some of the Cameron <1985> and other data taken 

in the same analysis session are presented in Appendix 5, 

and are discussed below with reference to the current 

distribution of elements and its implications on the early 

histor y of the deposit. 

4.2.1 Garnet 

Cameron <1985> identified two types of garnet in the 

deposit. Al mandine garnets appear in the contact aureole of 
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the pluton, while the previously described regional 

metamorphic garnets are spessartine (Mn~AlzSisOiz) rich, 

having up to 30 Wt% MnO. 

The abundance of spessartine garnet in the rocks 

indicates that it is the primary manganese mineral. Since 

garnet is nat readily soluble in hot acid, 

leach Mn values are explained. 

the low acid-

Cameron <1985) interpreted the garnets as having formed 

in conjunction with biotite growth at the expense of 

chlorite and muscovite. It is noted that spessartine garnets 

grow at temperatures below the garnet zone of regional 

metamorphism, especially in the presence of a high 

concentration of Mn <Loomis et a!., 1982>. However, 

Cameron's \1985) analyses show less than 1 Wt% MnO for 

chlorite ar.d muscovite. Even after the formation of 

spessartine garnet, some manganiferous chlorites should be 

fou n d. Hence, while the aluminum ~n the spessartine has come 

from chlorite and muscovite, much of the Mn has come from 

a nother mineral. 

4.2.2 Carbonates 

The abundant carbonate cements from the Manganese Zone 

were in general toe fine grained to obtain accurate 

microprobe analyses. However, a set of analyses were 

obtained from a carbonate rich block similar to those 

described in Chapter 3. Contents of up to 5.8 Wt% MnO were 

found. Carbonates found in veins are virtually free cf Mn, 

-69-



0 
t.n . 
l' 
1t) 

d 
0 . 
1.0 • 
Ln • 

0 
Ln . C\1 
Ln 

CARBONATE 

+ 

+ HCRIZCNTAL PRl1FitE\.BLOCK 
E1 VERT I CAt PRaF I tE J 
a VEIN 

~ci ~ 
[!] 

t-o 
:3:• 

0 

0 
0 

(J 

1.0 

ci 
1.0 . 
l' 
-44 

d 
0 . 
IJ') 

~ 

d 
1/) . 

+ 
+ 

t!J 

C\1~----------~----------~--------~-----------r----------,. 
~o. oo 1. 2s 2. so 3. 75 s. ao e. 25 

Mn·c HT/. 

Fi9ur• 4.1~ Ca Mn plot for analysed carbonates at 
Eastville. The •block• re+ers to a carbonate-rich 
boudin as described in Chapter 2. Note that calcium and 
manganese appear to be substituting for each other. 

-70-



the difference being taken up by calcium <Fig. 4.15). 

It can be argued that the present manganese-bearing 

cartonates are the residue from a manganese-rich carbonate 

(rhadochrosite) which has supplied the Mn for garnet growth. 

This is sub~tantiated by the fact that, in manganife~ous 

sections of lo~er metamorphic grade GHT at other locations, 

marga~ese-rich carbonate is the major manganese mineral. 

Hi~gston (1985) found that garnet appears at the expense of 

r t··adochros i te in mor·e me tamer phased sections of the Lake 

Cnarlotte deposit. 

It is possible that the present-day calcite is derived 

f r o~ the calcite component in impure rhodochrosite. It is 

a!so possible that C02 released in the r-eaction of 

rhodochrosite to form garnet would pick up Ca released 

albitization of plagioclase Excess COz f r om 

garnet formation was probably removed from the system as 

bicarbonate anions formed in t he st r uctural water released 

i n the breakdown of muscovite and chlorite. 

4.2.3 Sulphides 

A li mited number of analyses of sulphide minerals have 

been undertaken. About 5 Wt% Fe has been found in the 

sphalerite, hence explaining the greenish to amber colour of 

sphalerit~ under transmitted light <Deer et al., 1966). 

The existence of 1 Wt% Mn in sphalerite at the core of 

a spes:artine garnet, as well as the small quantities of t1n 

in pyrrhotite, is interesting. These sulphides are found 
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prominently at the core of spessartine garnets or ~clumps" 

::Jf gar·nets. It seems logical that with the onset of 

metamorphism, the sulphides would begin to release Mn, 

catalysing the early nucleation and growth of garnet. 

thus 

In some sections of the drill core~ carbonate rims 

su r rou nding disseminated pyrrhotite blebs are observed. 

These carbonates can be interpreted as forming by the 

o x idation of carbonaceous material in the formation of the 

sulph id;:os (D.E:. Larse, personal communication). If such 

car bonates were manganiferous, the formation of garn~t 

c lumps might be favoured. Hence, the degree of 

co n t r itu ticn to garnet formation from sulphides is 

un cer tai~, but was probably mere important in the sulphide­

r ich ~l~ck Slate u ni t. 

The simple presence of Mn in the sulphides is 

i mpo r tan t. High concentrations of Mn 2 • must have been 

preser.~ a~ the time of sulphide deposition considering the 

low stability of Mn sulphides !Roy, 1981>. 

4.2.4 Oxides 

The only o x ides found in the rocks are rutile, and the 

more abundant ilmenite. Lateral X-ray dispersion into 

adjacen t grai n s due to small grain sizes was again a 

hi~drance in obtaining accurate analyses. 

Blood red rutile <Tf02> flecks were found to contain 

abcut 2 Wt% FeO impurity~ thus explaining the red colour 

{Deer , et al ... , 1966). some opaque laths are 
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comprise~ of pure Ti02. Thus a difficulty arises in 

distinquishing rutile from ilmenite by microscopy alone. 

The ilmenite <FeTi03) laths were found to contain 

significant quantities of manganese Cfrom 6 to 30 Wt% MnO). 

Cameron (1985> found that the manganese content decreased 

ccmpared to this range in the contact metamorphosed rocks. 

T~us, it is probable that the release of Mn from ilmenite 

wa5 a scerce for the manganese content of metamorphic 

minerals, especially at higher temperatures. The degree of 

co~tributinn to spessartine garnets is again questionable 

for no concentration of garnet growth or clumping was found 

to be related to the presence of ilmenite. 

The origin of the rutile and ilmenite is uncertain. The 

laths are oriented with the foliation, thus pre-dating the 

folding event. The idioblastic crystal shape suggests 

metamorphic or diagenetic growth rather than as a detrital 

component in the original sediments. The possibility that 

these minerals are the partially reduced artifacts of fossil 

Mn-Fe-Ti oxy-hydroxidesJ as found in nodules and crusts in 

deep sea ferromanganese deposits, is intriguing. However, 

confirmation of this speculation is difficult. 

4.2.5 Genera! Discussion of Mineral Chemistry 

Manganese plays a major role in the rnineralog~ of the 

deposit. Due to regional metamorphism, spessartine garnet is 

the major Mn mineral. The evidence, and comparison with 

similar less metamorphosed sections of the GHT, point to a 
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manganese-rich carbonate and possibly Mn-rich sulphides and 

ilmenite as the source for the Mn in the spessartine 

garnets. 

The ilmenite and rutile in the rocks seem to be 

diagentic or metamorphic in origin, although the precurso~ 

to these minerals is open to speculation. The exact degree 

to which ilmenite has contributed Mn to the ga~nets, or 

other minerals, is uncertain. 

The presence of Mn in sphalerite infers a relation 

between the syngenetic or diagentic deposition of the Zn 

s~lphides and the Mn concentration process. The occurrence 

of Mn in the sulphides 2nd carbonates testifies to the 

aqueous rather than detrital origin for the manganese. 

3.3 Stable Isotope Geochemistry 

The origin of the carbonates at Eastville is of 

considerable importance in understanding the genesis of the 

depcsit. The first question to be answered involves the fact 

that the carbonates are present in rocks which were 

presumably depcsited below the Carbonate Compensation Depth 

in a deep-water fan, thus restricting the precipitation of 

carbonates. Understanding the carbonates is also of 

import3nce ~ansidering its concentration in such a limited 

stratigraphic interval ( pr i mar· i 1 y the /'JZ) ' and the 

possibility that carbo~ates contained a major portion of the 

mansanese before the metamorphic growth of garnet. The 

p~esence of remobilized sphalerite and galena in calcite 
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veins is also of interest. 

One means of studying the chemistry of the carbonates 

involves the use of carbon and oxygen stable isotopes from 

the carbonates. A brief introduction to the principles of 

isotope effects is 9iven below. Far more information, the 

reader is referred to the literature 

( 1984}, Andersen and Arthur 

{!979}, and Faure !1977>. 

4.3.1 Stable Isotope Theory 

!1983)' 

used: Henley et al. 

Hoefs \ 1 980 > , 0., Ne i 1 

Stable isotopes are non~radioactive atoms of an 

element, by definition having a set number of protons, which 

have different number of neutrons, and hence a different 

atomic mass. Certain chemical and physical properties, such 

as reaction rates and bond energies, are affected by these 

mass differences; these changes are called isotope effects. 

There are three main types of isotope effects. All 

three types serve to fractionate the heavy and light 

isotopes (ie. changing their ratios> and are thus of use in 

tracing the physical and chemical changes involved in 

geological processes. In the equilibrium exchange of 

isotopes of a particular element between to twa species <say 

co~ and HC03-> the heavier isotope will be preferentially 

retained in the species in which it is more strongly bonded. 

The equilibrium constant <X-~> fn~ such isotope exchange 

depends en temperature, and therefore is useful in 

geothermometry. In disequilibrium reactions, bonds involving 
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the lighter isotope are weaker and are broken more readily. 

As a result of this kinetic isotope effect the lighter 

i~otope will be enriched i n the products of a unidirectional 

reaction if it does nat go to completion. In isotopic 

diffusion , the lower kinetic energy required to move the 

lighter isotope results in a r esidual buildup of t he heavier 

isotope in the sour ce material. 

The relative abundances of the three oxygen isotopes 

are: 

16Q = 99.7630'% 
1?Q = o. 0375'!f;t 
1.:;;90 = 0.1995% 

whi!9 the natural abundances for the two stable carbon 

isotopes are: 

12C = 98.89% 
13C = 1.11% 

These abundances indicate that the ratios ~ 90/ 1 ~0 and 

13C/ 12C can be most easily measured. Hence, changes in the 

isotopic composition of two carbonate-bearing samples due to 

geochemical processes can be detected by differences in 

these isotope ratios. For consistency, all measured isotope 

ratios are r-eported as the parts per thousand <per ail, or 

ao;c> deviation of the sample compared to an interr-.ational 

standard. This is the 6 !del) notation; differences between 

Rd for samples is a direct measure of the degree of isotope 

fractionation. Carbon isotope ratios are referenced to the 

Oxygen is referenced against 

present day Standard ~ean Ocean Water as d190sMow· Hence, a 
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sample having an identical 180/ 160 ratio as SNOW would have 

be relatively more enriched in 180 than SNOW. 

The 6 180sMow for several oxygen-bearing substances is 

shown in Figur• 4.16. Figure 4.17 shows the iso t opic 

composition +or carbon in different rock types. For 

reference, the order of increasing depletion in 13C in 

carbon-bearing species in geological systems is: 

in which the bicarbonate anion <HCOa-> is the most common 

species in geological fluids <Anderson and Arthur, 1983) . 

Figure 4.18 shows the that 6 13C for carbonates decreases 

with increasin9 temperature and thermal metamorphism. A 

similar effect is true for oxygen 

4.3.2 Results 

The sample preparation method and analytical procedure 

are outlined in Appendix 6 along with sample descriptions. 

Samples were grouped into the following categories: 

1. Typical calcareous quartz metawacke and slate. 
2. Fine laminated or contorted calcareous quartz meta~acke 

and slate, presumably more manganiferous beds. 
3. Unmineralized carbonate veins. 
4. Carbonate veins mineralized with sphalerite and galena. 
5. Carbonates showing same spatial relation to current or 

possibly previous concentrations of carbonaceous 
material. 

The carbon and oxygen isotopic compositions for the 

Eastville carbonates are displayed in Table 4.3. The data 

are plotted according to the sample categories in Figures 
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4.19-4.21, with suitable comments on the observed trends 

included in the figure captions. 

The general comment which applies to all 

(with the exception of some of the mineralized 

that the samples are extremely depleted 

PDB ( -9 ° 0
/ 0 ) compared to average values 

Ordovician marine carbonates. 

~ ~im~nlary roclc:~ 

)() 

~ Basaltic rocks 

~ Extrot~r~striol mot~ioCs 
~ (~t~itu and lunar rocksl 

I I 1 I ! 1 1 1 1 1 
20 l) 0 -(} -lJ -~ -i.Q -50 -60 -~ 

b "o ~ .,_ 

of the data 

samples) is 

in (6 13C 

for Cambro-

mo•• naturallv i , occurr n 9 
<+ro• Ho•~•. 1980, p36) 
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Table 4.3 

C and 0 Isotope Results 

STRATI-
DRILL 6lAPHIC •) ~·b'o 

SA~Pl£ DEna DEPTH HOLE UHIT TYPE ~ ce.os sr-~ow 
23.5 59.30 83.70 15 5 4 -9.85 23.61 
51.! 59.95 28 2 1 -16.84 18.92 
67.5 223.56 -16.16 27 ... -17.60 13.25 
62.2 223.89 -16.49 27 3 -16.77 15.56 
70.2 227.12 -19.72 27 3 2 -18.57 22.02 
70.4 227.12 -19.72 27 3 5 -18.20 23.60 
73.1 232.89 -25.42 27 3 3 -17.16 11.42 
73.4 232.89 -25.42 27 3 1 -16.67 13.56 
75.1 237.91 -30.51 27 2 3 -16.43 9.57 

112-A 155.56 -6.34 15 3 3 -17.72 14.00 
112-l 155.56 -6.34 15 .. s -17.87 15.95 
126-A 176.32 -37.69 16 "' -!8.04 7.52 .. 

126-E 176.32 -39.02 16 -17.07 14.16 
1~· ..... !00.10 -3.86 17 4 -10.45 24.95 
132 102.90 -6.57 17 3 2 -18.72 17.30 
140 72.56 -7.11 18 2 2 -19.61' 15. !8 
!51 105.21 -20.65 19 2 s -13.90 16.41 
166 40.32 -23.68 10 2 3 -10.76 14.07 
169 58.24 -5.76 10 2 4 -14.23 20.92 
174 23.98 -0.48 12 3 3 -15.20 21.55 
17S.S 36.68 -13.18 12 2 3 -15.32 17.88 
!76.5 45.80 -22.30 12 1 -14.00 15.29 
186-A 46.83 -6.67 14 2 4 -19.i9 20.14 
186-B 46.83 -6.67 14 2 -18.87 20.39 
!87 49.04 -9.54 14 2 3 -!5.92 23.18 
189 73.48 -30.92 14 1 -15.44 19.38 
197 68.71 -14.76 2 2 4 -0.35 23.78 
208 50.60 -11.29 6 2 1 -12.61 19.41 
210-A 87.69 -48.37 6 2 ? -16.19 14.22 <J 

210-! 87.69 -48.37 6 2 1 -17.34 15.!2 
215-A 60.50 35.82 7 5 3 -9.77 24.05 
215-! 60.50 35.82 7 5 1 -15.14 15.91 
232 214.42 -12.92 23 2 3 -16.04 19.35 
235 129.44 17.26 24 5 4 -14.58 25.33 
238 147.36 -0.66 24 3 2 -16.97 16.67 
240 160.10 -13.40 24 2 3 -16.41 17.68 
24S 106.66 -11.96 25 2 5 -15.28 18.27 
252 96.77 26 3 -14.00 19.56 
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Figure 4.19 

C and 0 Iaatcpe• in Carbonat• C•ments 

Avera9e composition +or 
carbonate <Anderson and Arthur, 

Cambro-Ordovician marine 
1983). 

* 
Carbonate veins 

mineralization at the 
Scotia <Fisher, 1984>. 

containing scheelite (tungsten) 
GHT at various locations in Nova , ... 

,' - ' -.:) . --- .... 

The carbonate cements are characterized by a strong 

depletion in compared to the average for 

Cambro-Ordovician marine carbonates. Many of the cements 

actually have 613C values closer to those for 

Cambro-Ordovician organic matter The gr-·eatest 

13C depletion appears to be correlated with the contorted 

and fine laminated rock types, suggesting a relation with 

manganese concentrations in the host rock. Notice that the 

cements have a relatively narrow range in isotopic 

composition (especially compared to the vein carbonates in 

Fig 4.21>. 
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Figure 4.20 

C and 0 Isotopes in Carbonate Blebs and Rims 

Average composition +or 
carbonate (Anderson and Arthur, 

Cambro-Ordovician 

1983). * marine 

Carbonate veins 
mineralization at the 
Scotia <Fisher, 1984). 

containing scheelite (tungsten) 
GHT at various locations in Nova 

,--: .... ---,. 
... _-

The isotopic compositions o+ carbonates +ound in 

nodular blebs and in a rim surrounding a carbonaceous lens 

are similar to those o+ the cements displayed in Figure 

4 . 19 . 
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Figu.r• 4.21 

C and 0 Iaatopea in Carbonat• V•ins 

Average composition for 
carbonate <Anderson and Arthur, 

Cambro-Ordovician 

1983). * marine 

Carbonate veins 
mineralization at the 
Scotia <Fisher, 1984). 

containing scheelite 
GHT at various locations 

<tungsten> 
in Nova. 

1'--
1 ..... ..._--

1 - .,.., 

...... -- .... 

The veins which are barren of sphalerite and galena 

mineralization show a remarkably linear trend compared to 

the cluster of the cements and blebs. Decreasing 6 180 

correlates positively with decreasing The two 

unmineralized samples with considerably higher 6 13C are 

unexplained, however, they do define the same slope. 

The mineralized veins show a very different trend in 

isotopic composition. These samples are confined to higher 

8d 180 values (20.14 to 25.33 ° 0 /a) compared to the other 

samples (7.52 to 24.05 ° 0
/ 0 ), and is close to the 

Cambro-Ordovician average. In contrast to their narrow 6 1 eo 

range, the mineralized veins range from the highest to the 

lowest values for 6 13C in the deposit. Note that the 

anomalous unmineralized vein sample 215-A mentioned above 

does in fact contain pyrite cubes. 
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4.3i3 Diwcussion of Carbon and Oxygen Isotopes 

The isotope data presented in Figures 4.19-4.21 

indicate that the Eastville carbonates have not been formed 

by precipitation from Cambro-Ordovician sea water. The 

pr~sence of ~arbonaceous material in the rocks, and the 

similarity in the 6 13C values to Cambro-Ordovician organic 

matter, suggests that the carbonates hav e been derived from 

biogenic carbonaceous material. !t is thus not surprising 

that str~ng depletion in 6 13C is considered indicative of 

carbonate formation from organic material <Hoefs, 1982; 

Ohmoto and Rye, 1979). 

The conversion of organic matter to carbonate involves 

(1) oxidation-reduction reactions at temperatures below 

about 30oac, as well as (2) hydrolysis reactions at higher 

temperatures (ox is any oxidizing agent>: 

(1) C + ox ---> C02 
(2) 2C +2Ha0 ---> C0 2 + CH~ (methane) 

(Ohmoto and Rye, 1979). 

The oxidation of organic matter to produce authigenic 

carbonates is thought to be an important process in the 

diagenesis and early metamorphism of organic carbon-bearing 

sedimentary rocks (Anderson and Arthur, 1983), and in the 

genesis of metalliferous <Mn and other transition metals) 

sediments, <Bender and Heggie, 1984; Graybeal and Heath, 

1984; Kalhorn and EmerscnJ 1984; Anderson and Arthur, 1983). 

There are generally several oxidizing agents present in 
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sediments, being removed in the reduction of organic 

material in the order of decreasing yield of Gibb~s free 

energy: 

02~ No3-, Mn02, Fe20s, 504 2 -

CBender and Heggie, 1984). 

Hence, it is reasonable that the Eastville carbonates 

have formed from the diagenetic oxidation of 

material within the original sediments while 

organic 

suitable 

oxidants were still available. The abundant evolution of 

bicarbcnate in association with high concentrations of Mn 2 • 

or Ca2 • in the pore fluids, would promote carbonate 

formation even below the carbonate compensation depth. 

However, the degree to which each oxidizing agent was 

involved is not known. The presence of unstable Mn-Fe-Ti 

oxyhydroxides would serve both as the oxidizing agent and as 

the Mn source to fix the C02 into carbonate before it could 

escape by diffusion. This could be backed up by the fact 

that the contorted (presumably more manganiferous> cements 

have the lowest 6 13C, implying the highest degree of 

oxidation. However, the abundance of sulphides in the 

deposit suggests that large quantities of organic material 

must have been oxidized in the reduction of sulphate to 

sulphide. 

The similar depletion in 13C in tungsten veins in the 

GHT elsewhere in the Meguma <Fisher, 1983} could indicate 

that such oxidation is a dominant factor in the 

c~ncentration of metals in the GHT. 
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The linear variation in the isotopic composition cf the 

unmin~ralized carbonate v eins is probably dependent on the 

stage in the hydrothermal e vent at which the carbonate 

precipitated. At ear ly stages, hydrotherma l fluids would 

p r ecipitate carbonates enriched in the more reactive ligh t er 

i sotop~s ( 160, and 12C). Subsequent enrichment of the heavy 

isotope i~ the late stage fluids and the lower tempe r atu r es 

of precipitation, would result in late stage carbonates 

bei ng e~riched in the he avy isctcpes. Fractionation factors 

for car bon are low?r than those for oxygen, thereby 

e~ p lai ~ i ~ g t he smaller changes in Increasing 

temperature as well as t he associated release of ~ 90-poor 

water from clays has also probably served to decrease t h e 

8d 190 and 6 13C values (Faur e, 1977). Fractionation factors 

far carbon are lower than t hose for oxygen, 

e ~ plaining the smaller changes in 6 13C. 

thereby 

Howeve r , significant isotope fractionation requires 

that the carbonates must be accessible to fluids. Sediment 

compaction during lithification and the filling of pore 

spaces by the carbonate cement would reduce rock 

pe~meability, and thus fluid movement. In fact, Rye and 

Ohmoto (1974> have indicated that carbonates formed at low 

temperatures often shew little or no isotopic fractionation 

at higher metamorphic temperatures. Hence, the cluster of 

cement compositions is probably close to the composition at 

the time cf oxidation and precipitation. 

The different trend in the sphalerite and galena 
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bearing carbonate ve:ns is interesting. The high 6 190 could 

be explained by precipitation of calcite in the late stage 

of ore deposition, but this could not account for the 

extreme range in 6 13C (Rye and Ohmato, 1974). Rye and Ohmato 

<1974) have explained such occurrences by considering the 

oxygen fugacity cf the fluid. At certain low levels of 

o x ygen fugacity very large ranges (20 - 25 ° 0
/ 0 ) in 6 1 ~C of 

the precipitated carbonates are possible. In addition, the 

~inimum 6 13C value for precipitated carbonate can be no more 

than 1 ° 0 /o lower than that of the original fluid (ie. 

falling in the range of the other samples in this case>. 

This results from the fact that decreases in fO~ would 

decrease the C02/CH4 ratio and hence increase 6 13C for C0 2 

due ta the strong partitioning of 12C into metha~e. The 

presence of Zn and Pb sulphides, and pyrite in sample 215-A, 

suggest low oxygen fugacities in the fluids, 

the proposal of Rye and Ohmoto !19741. 
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Chapter 5 

General Discussion 

The fcllowing section presents a summar y cf the 

geological hist o ry of the deposit based on the discussions 

given in the prEvious secticns. 

5.1 Geological History of the Deposit 

The GHT at Eastville seems to represent a period of 

sediment starvation in the sedi me ntary history of the Meguma 

Group. The buildup of the products of terrisenous 

weathering, s u ch as jarosite and clay minerals such as 

s~e=tites would be possible under these conditions, thus 

contributi n g to the aluminous nature of the rocks. The 

strong adsorption of metals on these minerals could account 

for a portion of the metal contents of the racks, the most 

notable case being the apparent relation between Sr and 

smectite. 

Oxidation of jarosite could explain part of the 

Fe-sulphide content, however, a sulphur isotope study might 

show that reduction of sea water sulphate by bacterial 

action or by the abundant carbonaceous material was a more 

important mechanism i n the syngenetic or diagenetic 

formation of Fe, Zn, and Pb sulphides. Another indication of 

the importance of the oxidation of the organic component of 

the sediments is depletion in 1 ~C for the carbonates. It is 
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highly probable that carbonates derived by carbon oxidation 

were th~ major bearers of the anomalous quantities of 

manganese in the Manganese ~cne. Thus, the state of non-

sedimentaticn with subsequent buildup of carbonaceous 

material in the sediments was conceivably the critical 

factor in the retention of the anomalous metals Nn, Fe, Zn, 

~n~ Pb in the sediments. 

The late stages of diagenesis and early metamorphism 

probably saw the conversion of clays to muscovite and 

The manganese far the metamorphic growth of 

spessartine garnet was probably supplied ta a large degree 

by Mn-ric~ carbonates. Garnet nucleation might have been 

favoured b y the release cf Mn 2 • from sulphides. 

Garnet growth was followed by folding of the rocks and 

1~vel8pment of a foliation. Sphalerite and galena 

remcbilization along the foliation, in open fractures, and 

i~ quartz and calcite veins must have occurred during or 

after the folding. Low oxygen fugacities in fluids carrying 

Zn and Pb in solution could have precipitated carbonates 

having a wide range in 1 ~C. 

The higher grade metamorphic history of the GHT rocks 

at Eastville have been detailed by Cameron (1985). 

~.2 O~igin of Metals at Eastyille 

While the abundance of organic carbon in the newly 

deposited sediments can be seen to have been an important 

facto r in the trapping of metals in the newly deposited 
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sediments, it does net directly e~plain where the metals 

ca.ne from 2 

On e raode 1 fer· the deve 1 opmer:t of metalliferous 

sediments is from hydrothermal solutions of volcanogenic 

CBo natti, 1975} • These solutions include those 

emanating frcm "black 5mokers" at rifting or spreading 

c~ntres, and fossil deposits a~e commonly associ.3.ted ~'lith 

ophiolites .. Sulphide deposits for-m in the reducing 

conditions beneath spread i n-3 centr-es. Upon enter· i ng 

c x ygenated water at the sea floor, water soluble Mn 2 • and 

Fe 2 • begin to form insoluble oxides. 

easily, hence becoming fractionated from Nn. 

Characteristically, such oxide deposits form rapidly, 

thereby preventi n g excessive s~avanging of other metals s u ch 

as Cu, Co, and Ni. All of the Eastville data plots in the 

hydrothermal field cf a NiCoCu-Fe-Mn diagram <Fig. c; i \ 
,_,.. ""- J & 

This is probably more indicative of the fact that even the 

li mited sedimentation rate of the GHT would bury Fe and Mn 

minerals too quickly f~~ nscavenging" of metals from sea 

water, rather than a volcanogenic Fe and Mn source. 

Similarly, a plot of U against Th !generally lower in 

rapidly formed hydrothermal deposits) places the Eastville 

rocks in the range of pelagic sediments (Fig. 5.2). 

The lack of any indication of nearby volcanic activity 

withi~ the Meguma Group, and the failure of standard 

geoch~mical comparisons indicates that a 

hydrothermal source for the Eastville metals is unlikely. 
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(Ni+Co+Cu) x 10 

~X 

Fe~--------~~--~~--~--~r-------~Mn 

Figur• ~.1 Fe-Mn-<Ni+Cc+Cu) plot c+ the Eastville samples. 
Hydrogenous and hydrothermal -fields are taken from 
Bonatti, 1975. All concentrations are in ppm. 
Interbedded Zone = ~ Manganese Zone = 0 ; Black Slate 

X Halifax Slate + 
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Hydrog-=nous deposits for·m by the slo~-J precipitation of 

meta!s dissolved in sea. 1.-Ja ter !D)-·mond, et a.l., 1984; 

Bonatti, 1975). In this case the metals have been produced 

by continental weathering. These deposits occur in areas 

with little or no terrigenous sediment input. This is 

clearly n~t the case at Eastville, and is supported by the 

discriminati n g plot in Figures 5.1, and 5.2. 

Precesses involved in the formation of diagenetic 

deposits se9m much mere comparable to those postulated for 

Eastville's early history. These processes take place in 

hemipelagic (low sedimentation rate) sediments having a 

relatively high rate of organic matter deposition 

e t 2'. ! , , 1 9 8 4 j B c rz :. t t i , 1 9 7 5 ) • 0 x )' - h / d r o :: ~ i ·:1 e s of !"'! n and Fe , 

cc ~ tainirg ether metals such as Zn, Cu, Ni, Co, and 
..,.. . 
i 1 ' are 

deposited in the o xygenated upper few mm to em of sediment 

! Gr a j beal a nd Heath, 1984; Dymond et al., 1934) (some type 

~f bo~tcm current would be necessary to maintain an 

c x yge~ated sediment-water interface)& 

After being covered by new influxes of sediment to the 

depth of a few em, the oxy-hydraxides are involved in 

o x idation-reduction reactions with carbonaceous material. 

The insoluble Mn 4 • oxides are converted to Mn 2 • in solution 

!similarly Fe 3 • --> Fe~·caq>>. The aqueous species then 

percolate back up to the oxidizing zone and are 

re-precipitated !Greybeal and Heath, 1984; Roy, 1981). 

This cycle will tend to concentrate Mn, Fe and other 

metals near the sediment-water interface. at a 
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c~rtain point the conc2ntration of metals in the reducing 

zone will be sufficient that they will start to precipitate 

or became adsorbed to minerals such as 

smect i tes. 

!r, the Manganese Zone at Eastville, the precipitates 

app~ar tc have been Mn-rich carbonate a n d Fe-sulphides. 

Excess Mn present at the sediment-water interface in the 

extremely reducing conditions of carbonaceous buildup of the 

Black Slate might be forced to form Mn-sulphide mixtures 

with co-precipitati ng pyrrhotite or sphaler ite. 

However, the degree to which diagenesis contributed to 

the actual enrichment in Nn, Fe, Zn, and Pb is 

i~determi n able. Note also that the whiie Zn mobility would 

be cc n trclled by diage nesis, Pb dist ri bution would be mare 

strcngly controlled by its ready adsorption to, a::d 

comple x ing with, organic mat~rial. Constant Z n :Pb ratios 

would not be maintained if the elemen ts were predcmina~tly 

i nvo 1 \ted in these i :'":dependent pr .. ocesses. 

Co-precipitation of spha!erite and galena was probably a 

dominant factor in the highly reducing black slate beds, but 

again the extent of e n richment is nat known. 

Th~s, another, e x ternal source of metal enrichment such 

sedime ntary exhalative hydrothermal fluids might 

been important. Lydon, E·t al., (1985) have developed a model 

for sedimentar y e x halative deposits having considerable 

lateral e x tent and relatively constant ratios between 

ele-ments (ie. • . 1 s 1 nn ... ar 'to Eastville). Overpress~red pore 
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fluids r ~sulti ng fro~ cl3J d2-wat2ri n g in sandy ro c k s 

situat9d ~eep in t h e sedi P ent ~ile wc~ld leac h Ln and Pb. 

~~rma tio n release 

Il~ids t8 fill anoxic pools i n whi ch s ulphide dep8sition 

=cu ! d occur A geed d ~a 1 of ~~u 
~ • G n must be taken l n a 

~. ~p 1 ~, ~ ~~ ~ h i me de 1 t~ • ~~ Eas ~ ~ 1 i e de pas i ~ w~ere no / - · ::; L - L ~ . ~ 

s~~ s2di menta~ ; f3ult has been id2ntified. 



Chapter 6 

Conclusions 

1. The increasingly fine bedding, and higher contents cf 

2. 

4. 

carbo~aceous material toward the top of the Goldenville 

and in the Black Slate unit imply a state of sediment 

starvation in the Goldenville-Halifax Transition at 

Eastville. 

The section is enric hed in Mn, Zn, and PbJ and to a 

lesser degree Ca, compared to typical sections of the 

Golderville Formation. The Manganese Zone and the Black 

2late are particularly enriched in Mn and Ca, while Zn 

and Pb distributions are erratic. 

Manganese is found in spessartine garnet, ilmenite, 

manga~~ferous calcite~ and in small quantities in 

sulphid~s. Most cf the Mn is concentrated in spessartine 

garne~, which in their growth appear to have derived the 

Mn from manganese-rich carbonates, and possibly 

manganiferous sulphides. 

Zi n c and lead are found in a 2:1 ratio (by weight in 

the whole rock} contained in sphalerite and galena, 

pr?dominatly in cross-cutting veins, fractures, 

transposed along the foliation, and to a lesser degree in 

disseminated and bedded blebs. It is believed that 

all of the Zn and Pb is of syngenetic or diagenetic 

origin~ with remabilization in low oxygen fugacity 
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fluids, or transposition along planes, 

accounting for the structurally controlled cases. 

5. Inter-element correlations reveal that sever·al 

terrigenous "clayft minerals were probably i mpor· tan t 

bearers of some metals when the sediments were deposit2d. 

For instance, it ?ppears that the abundance cf s~ectite 

rnin~rals i~ the original detritus controls the present-

day v ariation in Sr cantent5, and jarosite might nave 

contributed to the ~bundance cf Fe-sulphides. 

ccrrelati8n =cefficients do nat point to a n; detrital 

minerals as the source for the Mn, Zn, and Pb, hence 

s usgestin3 depostition as chemical precipitates 

6. Carbon isotopes for the carbonates indicate that they 

7, 

have formed by the oxidation of the resident carbonaceous 

material. This, combined the appa.r·er: t low 

sedimentation rate, and abundance of carbonaceous matter, 

sugg~sts that diagenetic processes could have been an 

important enrichment mechanism fer the Mn and ,n. 

Adsorption to the organic matter could have concentrated 

Pb from the available sea water. 

It is not known "-l. l . the diagenetic and adsorption 

processes could have produced the observed metal content 

or the consistent Zn:Pb ratios. Another possible metal 

source could be sedimentary exhalative hydrothermal 

solutions. 
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Chapter 7 

Recommendations 

1. Th2 samples prepared for rare earth element analysis 

should be r u n cc~merciall; cr at St. Mary's if the 

equipment is repaired. REE~s might give mare information 

en the sea water or hydrothermal solutions involved in 

the deposition cf the Mn, Zn, and Pb. 

2. Sulphur isotopes might reveal t he contribution to t~e 

sulphides by jarosite, and carbon or bacterial reduction 

of sea water. 

Whole rock analysis at a smaller scale hand 

samples rather than the ~o• ~o scal2) might provide better 

resolution in the inter-element correlation analysis. 

4. A nore so;histicated statistical method s uch as factor 

anal)sis ~ight be attempted for cDmparison with the 

correlation dias r am method used here. 

5. Me r e microprobe anal;ses are needed to bettar define 

the dist~ibution of manganese. 

6. A detailed study of the structural history of the area 

is required fer better understanding of the 

remcbilization of the sphalerite and galena, and to 

de~ermine the economic potential of this deposit and 

similar deposits which might be di~covered elsewhere in 

the Meguma. 

7. An understanding of the tectonics and sedimentation of 

-101-



the M~guma are required to determine the reason for the 

sudden halt in sediment supply in the GHTs and far the 

wide regional ext~nt of metalliferous GHT. A better 

understanjing cf the depositional environment of the GHT 

is needed to determine if factors such as the time scale 

between sediment injections, and oxygen and sea water 

circulation wauld be sufficient for diagenetic processes 

to concentrate si3r.ificant quantities of metals. The 

identificatio~ of synsedimentary faults or feeder zones 

i~ the ~eguma might be instrumental in confirming a 

sediMe~tary exhalative contributio~ to the metal content 

of the GHT. 
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APPENDIX 2 - Comm~nt on Data QualitY 

The exact method of dissolution for the acid-leach 
samples is not known. The accuracy of the data also is 
unknown, but the error can be assumed to be high () 10%) 
considering the volume of samples analysed for the Eastville 
deposit C"'!OOO>. 

The isotope analysis was made with about 0.02°/ao 
accuracy. 

Wolfson (1983) reported goad accuracy for 
interenational standards analysed at X-Ray Labs <<5% error 
for major elements; <10% error for trace elements). 
Fallowing is the list of instrumental methods used. Note 
that all Bi fell below the detection limits. Values for Zn 
and Pb which were above the analysis limit <4000 
substituted with acid leach values since both 
methods gave reasonably consistent results. 

METH00 CE:Tt:CTIGN 
~u I) p :3 FAi\IA 1.ooo 
Ll ,)p ,'oJ At... t. 000 
2,E ;:>~ ~ DC<:> lO.OOu 
2. F?M DCP 10.000 
~~ 1-i IN PPM xxt= 10.000 c . .,, 

•'- ~ \1c r 0.100 
W~t"'A.J % XKF 0.010 
s ~ XRF · 0.002 
Cl p p ~·.., Xf(F so.ooo 
v PPM O(.P 2.000 
f"'Q PP.~ OC.P 1.ooo 
c~ P}J !-1 OC.P z.ooo 
FEO ~ Wt:T 0.100 
co PP."'. NA 5.000 
td PP I~ DCP 1.000 
cu pp ~ OCP o.soo 
l~ PP~ DCP 0.500 
GE ;:>p,'-4 Dt.? Io.ooo 
AS PP.~ NA 1.ooo 
AG PP "1 Ol.;? 0.)00 
C:) PP ._, DCP 1.ooo 
SN PP ~ EMS 3.000 
S3 J~ io1 NA o.zou 
c. ' 0.010 
w P::>M NA 1.000 
HG DPR wET 10.000 
P'3 Pp ~ OCP z.ooo 
oi PP .~ EMS 10.000 
u P?l"t ~1'4C 0.100 
TH PP'-1 NA 1.ooo 
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APPENDIX 3 - Commtnt gn Statistical Methods 

Values which +ell below the detection limit were 
omitted +rom all statistical analyses, since this study was 
oriented towards the trends in element contents rather than 
actual concentrations 

In order to avoid pre+orming data trans+ormation to 
achieve normal Gaussian data distributions Spearman rank 
correlation coeTficients were obtained rather than Pearson 
correlations. The Spearman program also provided 2-tailed 
significance levels (here confidence <1-sig)*lOO%>. 

All statistics were carried aut 
Package for the Social Sciences 
Dalhousie 7 s CDC Cyber 170/740. Plots 
plotting routines in FORTRAN 5. 
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APPENDIX 4.1 
ACID-LEACHABLE METAL CONTENTS FOR HOLES 24 AND 25 

SAMPLE HOLE UNIT DEPTH Pb Zn MnO Feo• As Ba Sr 
/rn /:Q:Qffi IQ:Qm /Wt% /Wt% /D:Qffi I:Q:Qm /Q:Qffi 

1659 24 5 67.70 2000 6500 0.03 6.69 19 938 199 
1660 24 5 64.70 1500 4300 0.03 6.04 12 812 194 
1543 24 5 53.45 680 2400 0.02 5.02 14 884 214 
1544 24 5 51.95 720 2100 0.02 4.63 5 899 250 
1547 24 5 47.45 540 1900 0.03 5.27 15 963 231 
1552 24 5 40 .• 20 1500 4000 0.02 4.89 3 765 189 
1665 24 5 32.20 1300 3180 0.02 6.04 15 776 239 
1557 24 5 21.45 8200 14000 0.02 4.37 38 862 246 
1635 24 5 18.45 3800 9200 0.05 3.99 20 712 323 
1638 24 5 13.95 1200 3200 0.02 4.76 17 819 366 
1561 24 5 7.95 6800 11200 0.02 4.76 46 815 288 
1562 24 5 5.70 2300 5700 0.02 6.04 25 755 311 
1563 24 4 3.95 3000 5800 0.02 5.40 25 870 303 
1640 24 4 2.45 740 1900 0.07 5.66 222 824 88 
1667 24 4 0.85 75 128 0.12 8.23 26 916 74 
1668 24 3 -1.00 935 2450 0.12 7.59 55 857 31 
1669 24 3 -3.00 1600 5600 0.12 8.49 82 646 20 
1670 24 3 -5.00 1250 2650 >2.00 7.07 4 692 30 
1671 24 3 -7.20 130 710 >2.00 6.43 82 848 47 
1672 24 2 -9.90 1280 3750 0.11 5.40 16 1058 56 
1673 24 2 -12.90 1700 3500 0.06 4.50 13 1078 58 
1674 24 2 -15.90 1700 4100 0.05 5.66 12 955 52 
1675 24 2 -18.90 900 3000 0.03 6.56 8 895 50 
1677 24 2 -24.90 2980 5600 0.02 5.79 29 1063 12 
1680 24 2 -33.90 420 2000 0.06 6.82 43 1063 49 
1682 24 2 -39.28 860 2550 0.03 6.56 59 1115 ---- 42_ 
l683 25- ------ .. ·-- . 

0.03 8.23 5 41.87 32 288 11 895 394 
1684 25 5 39.27 18 120 0.02 6.94 5 719 385 
1686 25 5 34.08 9 110 0.02 7.20 -1 841 405 
1687 25 5 31.48 8 108 0.02 6.56 16 727 342 
1614 25 5 23.04 2600 5200 0.02 4.89 55 821 306 
1616 25 5 20.44 840 2200 0.02 5.14 17 895 294 
1690 25 5 14.16 44 168 0.02 5.14 37 740 222 
1643 25 5 10.05 2000 5200 0.02 4.63 88 962 162 
1644 25 5 8.75 2000 4400 0.01 5.79 51 1113 164 
1645 25 5 7.45 1300 3600 0.01 5.40 8 1074 142 
1691 25 5 6.15 430 1500 0.01 7.07 90 963 161 
1692 25 4 4.20 235 ·a so 0.01 8.23 

..., 
967 137 ..) 

1693 25 4 1.45 1200 3100 0.03 9.13 260 1072 90 
1618 25 3 -.87 60 140 0.09 7.46 64 991 89 
1619 25 3 -2.59 800 2800 0.09 6.17 113 840 30 
1620 25 3 -4.33 320 1400 0.12 6.82 113 785 27 
1622 25 3 -7.65 240 800 0.13 5.27 75 909 43 
1694 25 2 -9.66 420 1925 0.03 5.27 17 1064 69 
1695 25 2 -12.25 3200 6180 0.05 5.02 38 1086 70 
1696 25 2 -14.85 200 5200 0.03 6.17 10 1102 67 
1697 25 2 -17.45 640 2000 0.03 5.14 78 780 87 
1700 25 2 -28.28 435 1400 0.02 6.82 21 1111 56 
1626 25 2 -34.12 3800 6600 0.02 4.63 116 1290 51 
1627 25 2 -35.42 3200 5800 0.03 6.82 52 1217 47 
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APPENDIX 4. 2 
GENERAL STATISTICS FOR ACID-LEACHABLE METALS - DDH24 AND 25 

ALL UNITS 

Pb Zn MnO FeO* As Ba Sr 
LI2J2m LJ2J2m lWt% lWt% LPJ2rn LJ2I2rn [gorn 

VALID 50 50 50 50 49 50 50 
MEAN 1443 3451 0.0396 6.052 45.78 916.9 156.0 
STDEV 1629 2846 0.0351 1.209 51.69 145.5 119.5 
MIN 8 108 0 3.99 3 646 12 
MAX 8200 14000 0.13 9.13 260 1290 405 

HALIFAX SLATE - UNIT 5 

Pb Zn MnO FeO• As Ba Sr 
LJ22rn LJ2orn LWt% LWt% LJ22rn LJ2Pffi [QPffi 

VALID 23 23 23 23 22 23 23 
MEAN 1731 3938 0.0216 5.630 27.59 858.7 262.0 
STDEV 2073 3608 0.0091 1.077 24.79 108.9 80.88 
MIN 8 108 0.01 3.99 3 712 142 
MAX 8200 14000 0.05 8.23 90 1113 405 

BLAC..l{ SLATE - UNIT 4 

Pb Zn MnO FeO• As Ba Sr 
[QPffi [QQffi /Wt% L:Wt% L2J2m LDQffi /OJ2ffi 

VALID 5 5 5 5 5 5 5 
MEAN 1050 2362 0.0503 7.330 107.2 929.8 138.4 
STDEV 1176 2223 0.0454 1.687 123.2 95.61 95.03 
MIN 75 128 0.01 5.40 3 824 74 
MAX 3000 5800 0.12 9.13 260 1072 303 

MANGANESE ZONE - UNIT 3 

Pb Zn MnO FeO* As Ba Sr 
LI2J2m L:22m /Wt% {Wt.% loom [oom /o:gm 

VALID 8 8 8 8 8 8 8 
MEAN 666.9 2069 o.sa3e 6.912 73.50 821.0 39.63 
STDEV 568.1 1737 0.8742 0.9812 34.91 111.9 21.74 
MIN 60 140 0.09 5.27 4 646 20 
MAX 1600 5600 >2.00 8.49 113 991 89 

INTERBEDDED ZONE - UNIT 2 

Pb Zn MnO Feo• As Ba Sr 
l:g:gm [:gom L:Wt% [Wt% [nom [Q:Qffi L:oom 

VALID 14 14 14 14 14 14 14 
MEAN 1553 3829 0.0406 5.796 36.57 1063 54.71 
STDEV 1241 1772 0.0234 0.8295 31.13 124.8 17.02 
MIN 200 1400 0.02 4.50 8 780 12 
MAX 3800 6600 0.11 6.82 116 1290 87 
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APPENDIX 4.3 
ANALYSES FOR HALIFAX SLATE - UNIT 5 

SAMPLE HOLE UNIT DEPTH Si02 A1203 CaO MgO 
im iWt% L:Wt% iWt% iWt% 

1659 24 5 67.70 54.40 22.50 0.47 2.07 
1660 24 5 64.70 56.30 22.00 0.51 2.13 
1543 24 5 53.45 58.70 20.20 0.49 1.84 
1544 24 5 51.95 56.00 22.00 0.47 1.82 
1547 24 5 47.45 55.0b 21.70 0.48 2.09 
1552 24 5 40.20 61.30 18.90 0.37 1.84 
1665 24 5 32.20 56.60 21.40 0.46 2.10 
1557 24 5 21.45 55.50 21.20 0.50 2.19 
1635 24 5 18.45 49.90 20.30 4.61 2.03 
1638 24 5 13.95 54.10 22.50 0.35 2.11 
1561 24 5 7.95 56.10 20.70 0.33 2.07 
1562 24 5 5.70 52.60 21.90 0.96 2.27 
1683 25 5 41.87 47.10 25.70 0.43 2.40 
1684 25 5 39.27 53.70 22.40 0.51 2.09 
1686 25 5 34.08 53.80 22.00 0.42 2.08 
1687 25 5 31.48 56.90 20.70 1.12 1.87 
1614 25 5 23.04 60.00 19.60 0.49 1.79 
1616 25 5 20.44 57.80 21.40 0.56 1.79 
1690 25 5 14.16 61.50 19.00 1.09 1.70 
1643 25 5 10.05 56.50 19.40 0.98 1.89 
1644 25 5 8.75 52.90 20.40 0.43 1.99 
1645 25 5 7.45 55.50 19.60 0.84 1.95 
1691 25 5 6.15 54.50 21.00 0.35 1.92 

DEPTH Na20 K20 Fe203 FeO Fe203* MnO Ti02 
L:m iWt% iWt% iWt% iWt% L:Wt% iWt% iWt% 

07.70 0.91 3.95 2.60 5.10 8.27 0.29 1.02 
64.70 1.06 3.74 2.17 5.20 7.95 0.44 0.94 
53.45 0.96 3.43 2.75 4.40 7.64 0.25 0.94 
51.95 0.95 3.83 2.44 4.70 7.66 0.23 1.02 
47.45 1.04 3.67 2.18 6.00 8.85 0.33 0.99 
40.20 0.97 3.07 2.30 4.40 7.19 0.23 0.93 
32.20 0.98 3.62 2.66 4.50 7.66 0.24 0.99 
21.45 1.24 3.45 1.05 4.80 6.38 0.21 1.00 
18.45 1.60 3.06 1.88 4.50 6.88 0.52 0.95 
13.95 1.17 3.69 3.21 4.90 8.66 0.21 1.02 

7.95 1.30 3.32 2.33 4.60 7.44 0.21 0.96 
5.70 1.38 3.36 2.87 5.80 9.32 0.28 0.99 

4i-J37 1.25 4.42 0.18 9.20 10.40 0.28 1.24 
39.27 1.33 3.63 0.84 7.60 9.29 0.25 1.04 
34.08 1.27 3.68 0.87 7.70 9.43 0.22 1.03 
31.48 1.21 3.45 0.66 6.80 8.22 0.38 0.98 
23.04 0.96 3.52 0.45 6.20 7.34 0.20 0.93 
20.44 0.94 4.10 0.54 6.30 7.54 0.19 0.98 
14.16 0.94 3.90 0.08 5.80 6.53 0.27 0.94 
10.05 0.82 4.29 0.61 6.90 8.28 0.39 0.91 

8.75 0.65 4.64 1.33 7.80 10.00 0.43 0.93 
7.45 0.84 4.46 0.0 8.70 9.16 0.42 0.89 
6.15 0.61 4.84 0.69 7.40 8.91 0.42 1.00 
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ANALYSES FOR HALIFAX SLATE - UNIT 5 (continued) 

DEPTH P2o5 LOI H20+ s C1 c C02 
Lm LWt% LWt% LWt% LWt% LI2I2rn LWt% LWt% 

"'67.70 0.12 6.23 4.00 1.73 150.00 0.64 0.30 
64.70 0.11 5 .. 47 2.70 1.12 <50.00 0.56 0 .. 30 
53.45 0.09 5.62 2.80 1.37 <50.00 0.79 0.60 
51.95 0.10 6.47 2.10 1.43 <50.00 1.14 0.60 
47.45 0.11 6.00 2.90 1.55 <50.00 0.91 0.50 
40.20 0.09 5.31 3.00 1.28 <50.00 0.78 0.70 
32.20 0 .. 11 6.16 2.30 1.45 50 .. 00 0.97 0 .. 40 
21 .. 45 0.10 6 .. 31 2.70 1.35 <50.00 0.98 0.60 
18.45 0.10 7. 08 ' 3.10 1.41 <50.00 1.17 3.60 
13.95 0.10 6.62 3.50 1.94 <50.00 0.95 0 .. 50 

7.95 0.10 6.00 2.50 1.72 <50.00 0.95 0.60 
- -~· _?_Q ___ 0.10 6.47 3.10 2.00 <50.00 1.16 0.90 
41.87 0.11 6.93 3.70 -- --:i~ fj <5_0. 00 1.49 0.30 
39.27 0.11 5.85 3.80 1.77 <50.00 1.18 0.30 
34.08 0.10 5.77 2.60 1.65 <50.00 1.32 0 .. 30 
31.48 0.09 4.77 2.80 1.55 <50.00 1.11 0.80 
23.04 0.10 5.00 2.80 1.58 <50.00 0.99 0.30 
20.44 0.10 5.16 2.20 1.56 <50.00 0.79 0.50 
14.16 0.09 4.39 2.50 1.36 <50.00 0.70 0.80 
10.05 0.12 5.93 2.50 2.52 <50.00 1.27 0.50 

8.75 0.13 7.31 2.50 3.46 <50 .. 00 le74 0.40 
7.45 0.14 6.31 2.00 2.98 <50.00 1.56 0.70 
6.15 0.16 6.62 2.70 2.41 <50.00 1.89 0.40 

DEPTH C* Au As Li B v Mo 
Lm LWt% lQQb [QQm Ll2Qm LI2Qrn [QQffi L:~tQrn 

67.70 0.72 23 26 110 90 130 6 
64.70 0.64 12 19 120 80 130 2 
53.45 0.95 1 10 110 90 110 6 
51.95 1.30 6 10 110 80 120 9 
47.45 1.05 10 19 120 80 110 4 
40.20 0.97 6 6 110 90 100 7 
32.20 1.08 12 23 130 90 140 5 
21.45 1.14 10 45 120 80 120 5 
18.45 2.15 63 23 110 90 150 4 
13.95 1.09 31 20 130 80 170 9 

7.95 1.11 13 64 120 90 130 7 _s. 10 1.41 7 22 140 100 150 9 
41.87 1.57 41 9 130 140 190 9 
39.27 1.26 40 8 110 90 160 6 
34.08 1.40 21 3 110 100 160 6 
31.48 1.33 5 11 99 100 140 4 
23.04 1.07 6 77 95 110 120 5 
20.44 0.93 <1 15 96 120 110 4 
14.16 0.92 14 28 80 120 100 4 
10.05 1.41 14 150 78 140 130 8 

8.75 1.85 18 74 82 130 170 19 
7.45 1.75 16 7 72 140 160 17 
6.15 2.00 25 91 61 150 170 17 
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ANALYSES FOR HALIFAX SLATE - UNIT 5 (continued) 

DEPTH Cr Co Ni Cu Zn Pb Cd 
Lm LtH2ID LQQID LQQID LQQID LQQID tQQID lQQID 

67.70 140 32 57 54 6500 2000 17 
64.70 125 22 42 33 4300 1800 12 
53.45 140 18 46 46 2200 570 7 
51.95 140 24 58 52 2200 700 6 
47.45 130 25 57 51 1900 500 5 
40.20 150 20 42 50 3800 1300 13 
32.20 135 25 50 48 3200 1200 9 
21.45 150 21 62 59 14000 8200 44 
18.45 150 23 51 49 9200 3300 23 
13.95 165 29 65 51 3000 970 9 

7.95 145 20 57 59 11200 6800 32 
5.70 145 28 56 97 5700 2300 21 

41.87 185 31 68 61 280 48 <1 
39.27 140 26 68 60 140 32 <1 
34.08 130 27 63 64 120 28 <1 
31.48 135 24 57 56 120 28 <1 
23.04 150 26 52 56 50 26 18 
20.44 125 22 52 56 2300 770 10 
14.16 130 15 41 36 180 56 <1 
10.05 150 24 46 51 5200 1700 14 
8.75 165 32 70 83 4400 1900 14 
7.45 170 22 61 81 3400 1200 14 
6.15 135 26 60 73 1300 410 4 

DEPTH Ag Sb w u Th Rb Sr 
Lm LQQID [QQID LQQID LQQID LQQID LQQID LPQID 

67.70 1.50 4.00 <1 3.80 10 150 240 
64.70 1.00 1.70 4 2.90 11 130 240 
53.45 <0.50 2.00 5 3.50 11 140 270 
51.95 <0.50 2.10 3 5.10 12 160 330 
47.45 <0.50 2.40 4 3.50 11 170 300 
40.20 1.00 3.10 4 4.20 12 150 260 
32.20 1.00 3.80 6 4.10 10 160 330 
21.45 1.50 3.50 2 3.30 10 120 340 
18.45 2.50 2.50 4 3.20 10 110 430 
13.95 1.00 4.10 1 3.80 11 170 480 

7.95 1.50 4.30 3 4.20 10 140 420 
5.70 1.00 3.30 2 4.30 10 110 450 

4-l. 87 <0.50 2.30 10 5.00 --- i -2 --- 200 530 
39.27 <0.50 1.90 4 4.10 10 150 510 
34.08 <0.50 1.80 3 5.00 10 170 500 
31.48 <0.50 1.80 6 4.20 10 160 470 
23.04 1.00 6.10 4 3.80 11 140 390 
20.44 0.50 2.30 4 3.70 12 170 390 
14.16 <0.50 1.60 8 3.80 11 150 300 
10.05 1.00 3.90 4 6.00 10 160 230 
8.75 1.00 4.40 9 7.80 12 180 200 
7.45 <0.50 3.50 7 8.00 11 170 180 
6.15 <0.50 1.90 5 8.60 12 200 200 
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ANALYSES FOR HALIFAX SLATE - UNIT 5 {continued) 

DEPTH Ba y Zr Nb Ge Hg Sn 
Lm LJ2Qm LJ2Qm LJ2J2m LI2J2m LI2J2m [Q:Qb L1212m 

67 .. 70 1010 0 160 20 10 10 3 
64 .. 70 960 0 160 20 10 10 <3 
53 .. 45 910 20 220 20 10 20 3 
51 . 95 980 40 190 20 10 <10 3 
47.45 960 10 170 40 20 <10 3 
40.20 810 0 230 0 <10 <10 5 
32.20 950 10 160 40 20 10 2 
21.45 930 0 160 20 10 <10 3 
18.45 730 0 150 20 20 <10 <3 
13.95 900 10 170 30 20 10 <3 

7.95 810 0 160 10 20 <10 3 
5.70 790 0 140 20 20 <10 3 

41.87 1010 . 50 200 20 <10 10 3 
39.27 920 40 160 30 <10 <10 <3 
34 . 08 920 40 190 10 <10 <10 3 
31 . 48 890 10 200 30 <10 <10 3 
23 . 04 880 0 210 20 20 20 5 
20 . 44 970 10 200 30 10 10 <3 
14.16 1020 40 230 20 <10 <10 3 
10.05 1000 0 170 10 20 10 <3 

8 .. 75 1080 0 160 20 10 <10 3 
7 . 45 1110 10 180 20 10 <10 <3 
6 . 15 1230 30 190 30 <10 <10 3 
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APPENDIX 4. 3 (continued) 
ANALYSES FOR BLACK SLATE - UNIT 4 

SAMPLE HOLE UNIT DEPTH Si02 A1203 CaO MgO 
Lm LWt% LWt% LWt% LWt% 

1563 24 4 3.95 54.10 22.00 0.54 2.20 
1640 24 4 2.45 48.60 16.10 5.06 2.18 
1667 24 4 0.85 _4_9 _.1_9 17.5Q_ 3.€?6 2. _~~-

. -- ----- ·- - ----- ·-1692 ______ 
25 4 4.20 52.40 20.40 0.46 2.06 

1693 25 4 1.45 49.70 18.60 1.05 2.05 

DEPTH Na20 K20 Fe203 FeO Fe203* MnO Ti02 
Lm LWt% LWt% LWt% LWt% LWt% LWt% LWt% 

~.95 1.20 3.85 3.18 4.80 8.51 0.25 1.02 
2.45 0.35 2.92 6.84 5.00 12.40 2.50 0.82 
0.85 0.21 3.39 3.81 7.10 11.70 4.48 0.95 
. -· --- - ---

4.20 0.67 4.71 0.73 8.70 10.40 0.67 1.00 
1.45 0.38 4.47 3.92 7.90 12.70 1.18 0.97 

DEPTH P2o5 LOI H20+ s C1 c C02 
Lm LWt% LWt% LWt% LWt% lQQID LWt% LWt% 

~.95 0.10 6.31 3.20 1.86 50.00 0.98 0.30 
2.45 0.20 7.39 3.30 3.35 50.00 1.66 3.70 
0.85 0.20 6.54 2.80 3.34 50.00 0.80 3.00 
4.20 0.19 i.39 2.90 2.70 <50.00 2.71 0.40 
1.45 0.21 8.77 2.70 3.73 <50.00 2.87 0.90 

DEPTH C* Au As Li B v Mo 
Lm lWt% L1212b LQQm /QQID LQQID L1212m L212m 

3.95 1.06 7 35 110 90 140 6 
2.45 2.67 19 280 71 90 170 27 
0.85 1.62 7 40 63 70 140 55 - · --· - ·· -
4.20 2.82 20 5 70 150 200 28 
1.45 3.12 10 370 65 140 230 28 
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ANALYSES FOR BLACK SLATE - UNIT 4 (continued} 

DEPTH Cr Co Ni Cu Zn Pb Cd 
Lm l22rn L22rn L22m l22rn l22rn L22rn L22rn 

3.95 150 25 66 92 5800 2900 20 
2.45 200 40 85 64 1700 670 5 
0.85 165 52 110 83 140 86 1 
4~20 

- --1 ~rs ____ --- -
23 64 9-4 -- Sib 220 2 

1.45 130 49 77 97 3000 1100 8 

DEPTH Ag Sb w u Th Rb Sr 
Lm lru;~m L22rn LJ2Qm lQ2nl l2Qnl L2Qm L2Qm 

- 3. 95 1.50 3.70 4 4.00 10 150 410 
2.45 1.50 4.00 7 7.70 8 110 120 
0.85 <0.50 2.40 7 6.90 8 120 _9_0 
'f~ :to 0. 5()" 1.80 5 12.10 11 180 160 
1.45 1.00 4.20 7 12.40 11 180 90 

DEPTH Ba y Zr Nb Ge Hg Sn 
Lm l22m L22m L2Qrn LQQrn LQom L22b LI22m 

3.95 920 0 140 20 10 10 3 
2.45 760 20 140 20 20 10 2 
0.85 910 30 180 20 10 10 <2 
4. 2cr 1230 40 180 20 10 <10 3 
1.45 1340 0 160 30 20 <10 3 
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APPENDIX 4. 4 (continued) 
ANALYSES FOR MANGANESE ZONE - UNIT 3 

SAMPLE HOLE UNIT DEPTH Si02 A1203 CaO MgO 
Lm LWt% LWt% LWt% LWt% 

1668 24 3 -1.00 47.90 17.00 1.87 2.76 
1669 24 3 -3.00 44.50 17.00 1.86 3.47 
1670 24 3 -5.00 44.70 15.90 3.96 3.27 
1671 24 3 -7.20 48.10 15.70 4.00 3.57 
I6i8 2.5 3 -0.87 49.50 17.40 2. 8~3" 2.21 
1619 25 3 -2.59 49.10 16.50 1.63 2.60 
1620 25 3 -4.33 48.50 16.90 1.59 2.91 
1622 25 3 -7.65 48.80 17.10 2.37 3.73 

DEPTH Na20 K20 Fe203 FeO Fe203* MnO Ti02 
Lm LWt% LWt% LWt% LWt% LWt% LWt% LWt% 

=r.oo 0.16 1.99 1.84 10.40 13.40 9.06 0.99 
-3.00 0.08 1.35 3.04 11.30 15.60 10.30 0.95 
-5.00 0.01 1.20 2.35 10.30 13.80 11.10 0.91 
-7.20 0.02 1.97 2.10 8.10 11.10 9.87 0.91 
-0.87 0.16 3.67 1.42 10.60 13.20 4.18 0.94 
-2.59 0.11 1.83 2.45 10.30 13.90 9.28 0.96 
-4.33 0.02 1.55 3.34 10.40 14.90 10.10 0.97 
-7.65 0.32 1.91 3.20 7.20 11.20 10.30 0 .. 98 

DEPTH P2o5 LOI H20+ s C1 c C02 
Lm /Wt% LWt% LWt% LWt% LQQID /Wt% /Wt% 

=r.oo 0.29 4.23 2.90 1.89 <50.00 0.21 0.90 
-3.00 0.29 3.85 3.60 0.79 <50.00 0.13 0.70 
-5.00 0.28 4.54 3.20 0.33 <50.00 0.14 2.30 
-7.20 0.22 4.77 2.50 0.20 100.00 0.07 3.40 
-0.87 0.22 4.77 2.00 3.62 50.00 0.78 2.30 
-2.59 0.28 3.23 2.30 1.69 <50.00 0.17 0.60 
-4.33 0.27 2.93 2.50 0.81 50.00 0.09 0.60 
-7.65 0.22 2.85 2.90 0.18 50.00 0.36 0.10 

DEPTH C* Au As Li B v Mo 
/m /Wt% L12Qb L2Qm L22rn L22m /QQID IQQm 

-1.00 0.46 9 76 69 40 110 10 
-3.00 0.32 12 110 77 30 90 5 
-5.00 0.77 8 160 55 20 78 <1 
-7.20 1.00 10 84 63 20 56 1 
=-o.87 1.41 27 88 50 90 160 57 
-2.59 0.33 8 220 55 50 84 8 
-4.33 0.25 18 130 200 50 84 8 
-7.65 0.39 10 74 67 40 50 <1 
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ANALYSES FOR MANGl\..NESE ZONE - UNIT 3 (continued) 

DEPTH Cr Co Ni Cu Zn Pb Cd 
Lm {QQffi LQ:QID L:QQID l:Q:Qffi l:Q:QID l:Q:Qffi L22m 

-1.00 165 64 120 75 2400 950 7 
-3.00 150 70 140 61 5600 1300 16 
-5.00 155 78 97 46 43 12 8 
-7.20 120 42 72 39 660 170 3 
-Qe87 145 54 120 a·7 170 64 ··---1 
-2.59 165 68 150 78 2700 790 8 
-4.33 170 99 150 70 1200 320 4 
-7.65 140 41 76 56 820 260 3 

DEPTH Ag Sb w u Th Rb Sr 
Lm /Q:QID l:QQffi LI2I2m LI22m LI22m LI22rn LPJ2ffi 

-1.00 <0.50 1.00 3 3.70 9 60 20 
-3.00 <0.50 0.90 4 2.90 7 30 10 
-5.00 0.50 0.50 4 2.30 8 30 10 
-7.20 0.50 0.60 5 2 .. 30 8 50 30 
:...0.87 <0.50 2.30 12 6.90 10 130 80 
-2 .. 59 <0.50 1.70 7 4.10 9 50 20 
-4 . 33 <0.50 1.00 6 3.70 9 40 20 
-7.65 <0.50 1.00 4 2.40 10 70 30 

DEPTH Ba y Zr Nb Ge Hg Sn 
Lm LI2I2rn [QQffi LI22m LI2I2m LI2I2m LJ22b {oorn 

-1.00 760 10 150 0 <10 10 3 
-3.00 550 0 140 30 20 <10 3 
-5.00 580 0 120 20 20 <10 3 
-7.20 770 30 140 10 20 <10 3 
-0.87 930 40 180 10 20 <10 3 
-2.59 730 0 140 20 10 <10 "J 

..J 

-4.33 670 20 140 10 20 <10 5 
-7.65 810 30 160 10 20 <10 5 
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APPENDIX 4. 3 (continued) 
ANALYSES FOR INTERBEDDED ZONE - UNIT 2 

SAMPLE HOLE UNIT DEPTH Si02 A1203 CaO MgO 
Lm LWt% LWt% LWt% LWt% 

1672 24 2 -9.90 59.10 17.60 1.75 2.83 
1673 24 2 -12.9 60.20 17.80 1.96 2.51 
1674 24 2 -15.9 59.20 17.60 1.68 2.81 
1675 24 2 -18.9 58.10 18.70 0.96 2.84 
1677 24 2 -24.9 57.50 19.90 0.37 2.91 
1680 24 2 -33.9 56.10 19.30 2.14 2.40 
1682 24 2 -39.3 56.50 20.50 0.34 2.27 
1694 25 2 -9.66 59.90 18.60 0.73 2.73 
1695 25 2 -12.3 60.00 17.10 1.54 2.55 
1696 25 2 -14.9 57.30 19.80 0.53 3.01 
1697 25 2 -17.5 59.40 18.00 1.74 2.62 
1700 25 2 -28.3 55.50 20.80 0.55 2.60 
1626 25 2 -34.1 57.60 20.40 0.29 2.03 
1627 25 2 -35.4 54.20 20.40 0.31 2.53 

DEPTH Na20 K20 Fe203 FeO Fe203* MnO Ti02 
Lm LWt% LWt% lWt% lWt% lWt% lWt% lWt% 

=3.90 0.53 3.78 1.65 5.30 7.54 1.35 0.89 
-12.9 0.57 4.12 1.49 4.30 6.27 0.67 0.58 
-15.9 0.82 3.76 1.78 5.20 7.56 0.49 0.82 
-18.9 1.14 3.95 2.29 5.30 8.18 0.33 0.95 
-24.9 0.68 4.51 2.11 5.30 8.00 0.32 0.92 
-33.9 0.35 4.40 1.86 6.60 9.19 0.67 0.80 
-39.3 0.18 5.04 2.44 6.30 9.44 0.86 0.86 
-9.66 o. 9·o 4.20 1.20 5.90 7.76 0.96 0.87 
-12.3 0.89 3.89 0.87 5.50 6.98 0.65 0.67 
-14.9 1.29 4.25 1.48 6.30 8.48 0.39 0.91 
-17.5 1.82 3.60 1.23 5;.90 7.79 0.38 0.96 
-28.3 0.31 4.90 1.96 7.50 10.30 0.66 0.82 
-34.1 0.27 5.18 1.28 5.70 7.61 0.84 0.85 
-35.4 0.21 4.78 1.51 8.00 10.40 1.08 0.84 

DEPTH P205 LOI H20+ s C1 c C02 
Lm LWt% LWt% lWt% lWt% L22m lWt% lWt% 

=3.90 0.13 4.16 3.30 0.66 <50.00 0.08 1.90 
-12.9 0.33 3.85 1.80 0.56 50.00 0.17 1.20 
-15.9 0.14 4.00 4.00 0.91 <50.00 0.11 1.50 
-18.9 0.14 4.16 3.30 1.01 50.00 0.01 1.10 
-24.9 0.13 4.54 3.00 0.91 <50.00 0.12 0.30 
-33.9 0.14 4.00 1.80 0.37 <50.00 0.08 1.60 
-39.3 0.10 4.16 3.20 0.82 <50.00 0.18 0.20 
~9.66 0.13 3.54 3.10 0.62 <50.00 0.07 0.80 
-12.3 0.16 4.08 2.90 0.87 <50.00 0.17 1.20 
-14.9 0.14 4.16 3.30 0.94 <50.00 0.15 0.40 
-17.5 0.15 3.47 2.30 0.91 <50.00 0.18 1.20 
-28.3 0.13 4.16 3.40 0.65 <50.00 0.12 0.40 
-34.1 0.10 4.08 3.10 0.64 <50.00 0.15 0.40 
-35.4 0.12 4.47 3.50 0.70 <50.00 0.0 0.40 
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ANALYSES FOR INTERBEDDED ZONE - UNIT 2 (continued) 

DEPTH C* Au As Li B v Mo 
Lm LWt% [QQb Ll22rn LJ2J2rn LJ2J2m LJ22m L122m 

-9.90 0.60 13 9 67 40 150 5 
-12 .. 9 0.50 12 10 65 40 100 5 
-15.9 0.52 44 12 72 60 160 6 
-18.9 0.31 11 6 71 70 180 2 
-24.9 0.20 18 28 72 60 190 3 
-33.9 0.52 22 49 65 60 130 <1 
-39.3 0.23 16 66 54 70 200 23 --- ----- · ---------- -- -- ---
-9.66 0.29 10 11 65 60 150 9 
-12.3 0.50 13 20 64 60 120 7 
-14.9 0.26 11 6 74 70 160 3 
-17.5 0.51 13 85 53 90 150 4 
-28.3 0.23 11 21 62 80 140 2 
-34.1 0.26 20 140 51 80 180 4 
-35.4 0.09 14 77 61 70 180 4 

DEPTH Cr Co Ni Cu Zn Pb Cd 
Lm L:22m l:Q:Qin L22rn l:QQin lQ:Qin L22m L2I2rn 

-9.90 105 23 57 58 3800 1400 12 
-12.9 80 19 39 45 3800 1800 11 
-15.9 115 25 52 51 3800 1700 14 
-18.9 130 24 53 39 2900 770 10 
-24.9 130 27 79 99 5600 3100 1 7 
-33.9 115 30 62 44 1800 460 5 
-39.3 125 43 87 140 2300 860 5 
-9.66 115 26 61 56 1800 430 4 
-12.3 120 24 51 49 6180 3200 22 
-14.9 125 26 63 62 5200 1900 16 
-17.5 120 30 55 43 1800 670 4 
-28.3 105 31 59 110 1400 410 3 
-34.1 130 36 64 130 6600 3500 21 
-35.4 115 34 86 140 5800 3100 15 

DEPTH Ag Sb w u Th Rb Sr 
Lm l2Qffi L22rn lQ:Qffi LQQID lQQffi lQJ2ffi /QQID 

-9.90 0.50 0.40 6 3.90 7 140 60 
-12.9 0.50 0.50 7 5.80 8 130 60 
-15.9 0.50 0.90 4 3.90 8 120 50 
-18.9 <0.50 0.90 6 4.00 7 150 50 
-24.9 1.50 1.10 3 3.90 8 130 40 
-33.9 0.50 0.,70 3 2.20 10 150 60 
-39.3 1.00 0 . 90 5 6~00 11 160 60 
.::. 9.66 <0.50 1 . 00 3 4 . 50 8 150 70 
-12.3 1.50 2.00 7 4.80 8 110 80 
-14.9 0.50 1.10 5 3.80 8 140 60 
-17.5 0.50 1.30 3 3.70 7 120 100 
-28.3 <0.50 0.90 4 3.40 11 160 60 
-34.1 2.00 1.90 3 4.80 12 160 50 
-35.4 1.50 1.60 2 3.90 12 140 50 
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ANALYSES FOR INTERBEDDED ZONE - UNIT 2 (continued) 

DEPTH Ba y Zr Nb Ge Hg Sn 
Lm L:QQID LQQID LQQID LI22m L22m L22b L22m 

-9.90 1160 10 170 20 10 <10 3 
-12.9 1250 0 120 20 20 <10 3 
-15.9 1130 0 130 10 20 10 3 
-18.9 1150 0 170 10 20 <10 3 
-24.9 1270 0 140 20 10 10 3 
-33.9 1200 10 160 10 20 10 3 
-39.3 1370 20 120 20 10 10 <3 
.:·9:-66 1240 20 140 20 <10 <10 3-
-12.3 1550 0 140 30 10 <10 3 
-14.9 1220 0 160 30 10 <10 3 
-17.5 970 10 170 10 10 <10 <3 
-28.3 1290 30 130 0 10 <10 3 
-34.1 1440 0 130 30 20 <10 3 
-35.4 1300 0 100 30 10 10 <3 
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APPENDIX 4.4 
GENERAL STATISTICS FOR HOLES 24 AND 25 - ALL UNITS 

Si02 A1203 cao MgO Na20 K20 Fe203 FeO 
LWt% LWt% LWt% LWt% LWt% LWt% LWt% LWt% 

VALID 50 50 50 50 50 50 50 50 
MEAN 54.45 19.62 1.261 2.360 .7606 3.646 1. 9.21 6.690 
STDEV 4.433 2.141 1.202 .4873 .4634 .9584 1.207 1.921 
MIN 44.50 15.70 0.29 1.70 0.01 1.20 0 4.30 
MAX 61.50 25.70 5.06 3.73 1.82 5.18 6.84 11.30 

Fe203* · MnO Ti02 P2o5 LOI H20+ s C1 
LWt% LWt% LWt% LWt% LWt% LWt% LWt% /QDffi 

VALID 50 50 50 50 50 50 50 11 
MEAN 9.346 1.996 .9346 ~1498 5.244 2.872 1.528 63.64 
STDEV 2.333 3.379 .0974 .0643 1~349 .5322 .9169 32.33 
MIN 6.27 0$19 0.58 0.09 2.85 1.80 0.18 50.00 
MAX 15,60 11.10 1.24 0.33 8.77 4.00 3.73 150.0 

c C02 C* Au As Li B v 
LWt% iWt% iWt% [Qob [QOffi i22m /:QDffi /nom 

VALID 50 50 50 49 50 50 50 50 
MEAN .7520 .9340 1.007 16.06 59.44 87.08 83.40 139.0 
STDEV .6788 .8939 .7057 11.41 73.60 30.50 32.86 37.75 
MIN 0 0.10 0.09 1 3 50 20 50 
MAX 2 .. 87 3.70 3.12 63 370 200 150 230 

Mo Cr Co Ni Cu Zn Pb Cd 
L22m L!2Pffi L22m L!2Pffi I:QPffi L2!2m [QQffi /QOffi 

VALID 47 50 50 50 50 50 50 45 
MEAN 10.26 139.0 33.30 69.52 66.68 3250 1360 11.51 
STDEV 11.86 21.64 17.04 26.73 25.49 2924 1614 8.50 
MIN 1 80 15 39 33 43 12 1 
MAX 57 200 99 150 140 14000 8200 44 

Ag Sb w u Th Rb Sr Ba 
LPQffi /oom LI2I2m /Q:Qm [QPffi loom /oom loom 

VALID 30 50 49 50 50 50 50 50 
MEAN 1.050 2.172 4.86 4.718 9.84 134~4 198.6 1005 
STDEV .5144 1.318 2.16 2.144 1.57 41.85 166.7 223.0 
MIN 0.50 0.40 1 2.20 7 30 10 550 
MAX 2.50 6.10 12 12.40 12 200 530 1550 

y Zr Nb Ge Hg Sn 
LI22m /nom L:QPffi L2:Qm L:'f2Pb [QPffi 

VALID 50 50 50 41 18 37 
MEAN 12.80 162.2 19.60 15.12 11.11 3.22 
STDEV 15.26 28.81 9.25 5.06 3.23 0.63 
MIN 0 100 0 10 10 3 
MAX 50 230 40 20 20 5 
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GENERAL STATISTICS FOR HALIFAX SLATE - UNIT 5 

Si02 A1203 CaO MgO Na20 K20 Fe203 FeO 
lWt% lWt% lWt% lWt% lWt% lWt% lWt% lWt% 

VALID 23 23 23 23 23 23 23 23 
MEAN 55.51 21.15 .7487 2.001 1.060 3.788 1.508 6.057 
STDEV 3.292 1.496 .8758 .1707 .2380 .4787 1.032 1.464 
MIN 47.10 18.90 0.33 1.70 0.61 3.06 0 4.40 
MAX 61.50 25.70 4.61 2.40 1.60 4.84 3.21 9.20 

Fe203* MnO Ti02 P2o5 LOI H20+ s C1 
lWt% lWt% lWt% lWt% lWt% lWt% lWt% IP:Qffi 

VALID 23 23 23 23 23 23 23 2 
MEAN 8.217 .2996 .9835 .1078 5.990 2.817 1.797 100.0 
STDEV 1.080 .0958 .0694 .0170 .7391 .5280 .5720 70.71 
MIN 6.38 0.19 0.89 0.09 4.39 2.00 1.12 50.00 
MAX 10.40 0.52 1.24 0.16 7.31 4.00 3.46 150.0 

c C02 C* Au As Li B v 
L:Wt% lWt% lWt% l2:2b LP:Qffi LI2J2rn Ll2l2m IQPffi 

VALID 23 23 23 22 23 23 23 23 
MEAN 1.089 .6478 1.265 17.91 33.04 106.2 103.5 137.8 
STDEV .3418 .6687 .3904 14.74 35.74 20.52 22.88 25.22 
MIN 0.56 0.30 0.64 1 3 61 80 100 
MAX 1.89 3.60 2.15 63 150 140 150 190 

Mo Cr Co Ni Cu Zn Pb Cd 
/QJ2In Ll2l2rn LI2J2m LJ2l2m [Q:Qffi L:QPffi /:QOffi /:QOffi 

VALID 23 23 23 23 23 23 23 18 
MEAN 7.48 144.8 24.43 55.70 57.65 3682 1558 15.11 
STDEV 4.48 15.11 4.30 8.55 14.55 3690 2077 10.06 
MIN 2 125 15 41 33 50 26 4 
MAX 19 185 32 70 97 14000 8200 44 

Ag Sb w u Th Rb Sr Ba 
/QJ2In L:QDffi LI2I2rn Ll2l2m LD:Qffi LQDffi /:QOffi /oom 

VALID 13 23 22 23 23 23 23 23 
MEAN 1.192 2.970 4.64 4.604 10.83 154.8 347.4 946.5 
STDEV .4804 1.165 2.26 1.563 0.83 23.91 110.6 109.7 
MIN 0.50 1.60 1 2.90 10 110 180 730 
MAX 2.50 6.10 10 8.60 12 200 530 1230 

y Zr Nb Ge Hg Sn 
L:oom Ll2l2m Ll2l2m Ll2l2m LI2£b /QOin 

VALID 23 23 23 16 9 15 
MEAN 13.91 180.9 21.74 15.00 12.22 3.27 
STDEV 16.99 25.75 9.37 5.16 4.41 0.70 
MIN 0 140 0 10 10 3 
MAX 50 230 40 20 20 5 
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GENERAL STATISTICS FOR BLACK SLATE - UNIT 4 

Si02 Al203 CaO MgO Na20 K20 Fe203 FeO 
LWt% iWt% LWt% LWt% LWt% LWt% LWt% LWt% 

VALID 5 5 5 5 5 5 5 5 
MEAN 50.78 18.92 2.154 2.162 .5620 3.868 3.696 6.700 
STDEV 2.366 2.332 2.086 .1114 .3939 .7414 2.180 1.739 
MIN 48.60 16.10 0.46 2.05 0.21 2.92 0.73 4.80 
MAX 54.10 22.00 5.06 2.32 1.20 4.71 6.84 8.70 

Fe203* MnO Ti02 P2o5 LOI H20+ s C1 
LWt% LWt% LWt% LWt% iWt% LWt% LWt% LI2!2m 

VALID 5 5 5 5 5 5 5 3 
MEAN 11.14 1.816 .9520 .1800 7.280 2.980 2.996 50.00 
STDEV 1.718 1.713 .0785 .0453 .9660 .2588 .7349 0 
MIN 8.51 0.25 0.82 0.10 6.31 2.70 1 . 86 50.00 
MAX 12.70 4.48 1.02 0.21 8.77 3.30 3.73 50.00 

c C02 C* Au As Li B v 
LWt% LWt% LWt% . L:gnb LnQm /QDffi [o:gm LQOffi 

VALID 5 5 5 5 5 5 5 5 
MEAN 1.804 1.660 2.258 12.60 146e0 75.80 108.0 176.0 
STDEV .9572 1.579 .8762 6.43 167.0 19.41 34.93 39.12 
MIN 0.80 0.30 1.06 7 5 63 70 140 
MAX 2.87 3.70 3.12 20 370 110 150 230 

Mo Cr Co Ni Cu Zn Pb Cd 
[QQffi LOJ2ffi L:oom L!2Qm LJ2Qm L2Qm /:gnm loom 

VALID 5 5 5 5 5 5 5 5 
MEAN 28.80 156.0 37.80 80.40 86.00 2290 995.2 7 .. 20 
STDEV 17.40 28.15 13.37 18.61 13.36 2235 1137 7.66 • j 

MIN 6 130 23 64 64 140 86 1 
MAX 55 200 52 110 97 5800 2900 20 

Ag Sb w u Th Rb Sr Ba 
/o:gm L22m LJ22m LO:Qffi /nom L:oom /QOffi /QDffi 

VALID 4 5 5 5 5 5 5 5 
MEJ. .... ""i 1.125 3.220 6.00 8.620 9.60 148.0 174.0 1032 
STDEV .4787 1.059 1.41 3.590 1.52 32.71 135.0 242.6 
MIN 0.50 1.80 4 4.00 8 110 90 760 
MAX 1.50 4.20 7 12.40 11 180 410 1340 

y Zr Nb Ge Hg Sn 
LPQffi L2om LQQm L22m [QOb /QQffi 

VALID 5 5 5 5 3 3 
MEAN 18.00 160.0 22.00 14.00 10.00 3.00 
STDEV 17.89 20.00 4.47 5.48 0 0 
MIN 0 140 20 10 10 3 
~.AX 40 180 30 20 10 3 
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GENERAL STATISTICS FOR MANGANESE ZONE - UNIT 3 

Si02 A1203 CaO MgO Na20 K20 Fe203 FeO 
LWt% LWt% LWt% LWt% LWt% LWt% LWt% LWt% 

VALID 8 8 8 8 8 8 8 8 
MEAN 47.64 16.69 2.521 3.065 .1100 1.934 2.468 9.825 
STDEV 1.944 .6034 .9956 .5302 .1043 .7613 .6830 1.402 
MIN 44.50 15.70 1.59 2.21 0.01 1.20 1.42 7.20 
MAX 49.50 17.40 4.00 3.73 0.32 3.67 3.34 11.30 

Fe203* MnO Ti02 P2o5 LOI H20+ s C1 
LWt% LWt% LWt% LWt% LWt% LWt% LWt% LI22m 

VALID 8 8 8 8 8 8 8 4 
MEAN 13.39 9.274 .9513 .2588 3.896 2.738 1.189 62.50 
STDEV 1.589 2.154 .0300 .0327 .8042 .5153 1.177 25.00 
MIN 11.10 4.18 0.91 0.22 2.85 2.00 0.18 50.00 
MAX 15.60 11.10 0.99 0.29 4.77 3.60 3.62 100.0 

c C02 C* Au As Li B v 
LWt% LWt% LWt% /oob LI2Dffi LI22m loom /QQin 

VALID 8 8 8 8 8 8 8 8 
MEAN .2438 1.363 .6163 12.75 117.8 79.50 42.50 89.00 
STDEV .2346 1.154 .4106 6.61 50.89 49.48 22.52 34.36 
MIN 0.07 0.10 0.25 8 74 50 20 50 
MAX 0.78 3.40 1.41 27 220 200 90 160 

Mo Cr Co Ni Cu Zn Pb Cd 
LI2I2rn LI2I2m LI2I2m LPPm LI2I2m L22rn L22m /:gQm 

VALID 6 8 8 8 8 8 8 8 
MEAN 14.83 151.3 64.50 115.6 64.00 1699 483.2 6.37 
STDEV 20.89 16.42 19.21 31.20 16.49 1847 470.8 4.57 
MIN 1 120 41 72 39 43 12 2 
MAX 57 170 99 150 87 5600 1300 16 

Ag Sb w u Th Rb Sr Ba 
[QPin [Q:Qffi LPQin LPPffi LI22m L22m L22m IQ:Qrn 

VALID 2 8 8 8 8 8 8 8 
MEAN .5000 1.125 5.62 3.537 8.75 57.50 27.50 725.0 
STDEV 0 .5946 2.88 1.532 1.04 32.40 22.52 123.8 
MIN 0.50 0.50 3 2.30 7 30 10 550 
MAX 0.50 2.30 12 6.90 10 130 80 930 

y Zr Nb Ge Hg Sn 
LQDm LDDm L:QDffi [Qom LI2ob [QOin 

VALID 8 8 8 7 1 8 
MEAN 16.25 146.3 13.75 18.57 10.00 3.50 
STDEV 15.98 17.68 9.16 3.78 0.93 
MIN 0 120 0 10 10 3 
MAX 40 180 30 20 10 5 
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GENERAL STATISTICS FOR INTERBEDDED ZONE - UNIT 2 

Si02 Al203 cao MgO Na20 K20 Fe203 FeO 
LWt% LWt% LWt% LWt% LWt% LWt% LWt% LWt% 

VALID 14 14 14 14 14 14 14 14 
MEAN 57.90 19.04 1.064 2 .. 617 .7114 4 .. 311 1.654 5.936 
STDEV 1.848 1.276 .6983 .2662 .4724 .5078 .4473 .9645 
MIN 54.20 17.10 0.29 2.03 0.18 3.60 0.87 4.30 
MAX 60.20 20.80 2.14 3.01 1.82 5.18 2.44 8.00 

Fe203* MnO Ti02 P2o5 LOI H20+ s C1 
LWt% LWt% LWt% LWt% LWt% LWt% L:Wt% LD:Qffi 

VALID 14 14 14 14 14 14 14 2 
MEAN 8.250 .6893 .8386 .1457 4.059 3.000 .7550 50.00 
STDEV 1.197 .3048 .1040 .0556 .2934 .6276 .1818 0 
MIN 6.27 0.32 0.58 0.10 3.47 1.80 0.37 50.00 
MAX 10 .. 40 1.35 0.96 0.33 4.54 4.00 1.01 50.00 

c C02 C* Au As Li B v 
L:Wt% LWt% /Wt% {Qob LI2I2m LJ2J2m L1212m I:Q:Qm 

VALID 14 14 14 14 14 14 14 14 
MEAN .1136 .9000 .3586 16.29 38.57 64.00 65.00 156.4 
STDEV .0593 .5561 .1594 8.76 40.02 7.30 14.01 28.18 
MIN 0 0.20 0.09 10 6 51 40 100 
M.i\X 0.18 1.90 0.60 44 140 74 90 200 

Mo Cr Co Ni Cu Zn Pb Cd 
LI2I2m LD:Qffi LD:Qffi {Q:Qffi LD:Qffi LD:Qffi L2I2m /oom 

VALID 13 14 14 14 14 14 14 14 
MEAN 5.92 116.4 28.43 62.00 76 .. 14 3770 1664 11.36 
STDEV 5 .. 50 13.36 6.17 13.62 38.74 1829 1143 6.45 
MIN 2 80 19 39 39 1400 410 3 
MAX 23 130 43 87 140 6600 3500 22 

Ag Sb w u Th Rb Sr Ba 
L:gom L:QDffi LD:Qffi /o:Qm LI22m /:QPffi L:QDm LDPffi 

VALID 11 14 14 14 14 14 14 14 
MEAN .9545 1.086 4.36 4.186 8.93 140.0 60.71 1253 
STDEV .5681 .4737 1.65 .9631 1.86 16.17 14.92 141.2 
MIN 0.50 0.40 2 2.20 7 110 40 970 
MAX 2.00 2.00 7 6.00 12 160 100 1550 

y Zr Nb Ge Hg Sn 
L22m {QDffi LQDffi LDQffi LQDb LDQffi 

VALID 14 14 14 13 5 11 
MEAN 7.14 141.4 18.57 13.85 10.00 3.00 
STDEV 9.94 21.79 9.49 5.06 0 0 
MIN 0 100 0 10 10 3 
MAX 30 170 30 20 10 3 
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APPENDIX ~ - Min•ral Analywws 

GARNET 

SAMPLE DESCRIPTION Si02 Al203 MnD 
ZGB-0066 Gnt rim near po in slate 35.83 20.84 29.07 
ZGB-0066 Gnt core in a blocky bed 38.11 20.24 · '33.87 
ZGB-0066 Gnt core in a blocky bed 41.25 19.10 32.88 
ZGB-0066 Gnt rim in slate 47.13 17.23 24.76 
ZGB-0066 Gnt core in slate 38.11 19.55 30.65 
ZGB-0066 Gnt rim in qtzite 36.72 20.82 30.82 
ZGB-0066 Gnt care in qtzite 36.44 20.34 34.21 
ZGB-(H)66 Gnt core in qtzite 44.25 18.00 29.27 
ZGB-0145 Gnt core in black slate 36.55 20.67 29.63 

Oxides in Weight Percent 

SAMPLE FeO CaD MgO Ti02 ~< 20 Na20 NiO TOTAL 
ZGB-0066 9.75 2.56 0.29 0.21 98.55 
ZG8-(H)66 5.65 -:r 14 0.07 101.08 ·-". 
ZG8-(H)66 5.09 2.98 0 . 14 101.44 
ZG8-(H)66 9.02 2. 15 0.30 100.59 
ZG8-(H)66 7.87 2.71 0.07 98.96 
ZGB-0066 9.73 2.85 0.27 0. 17 101.38 
ZGB-0066 6.48 2.99 0. 13 0.13 0. 19 100.91 
ZGB-0066 6. 13 2.36 0.04 100.05 
ZGB-0145 8.83 3.41 0.36 0.08 0. 17 99.70 
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c 
CARBONATES 

SAMPLE DESCRIPTION CaO MnO Fen MgO 
ZGB-0132 Horiz profile on block 51.02 3.50 0.20 0.24 
ZGB-0132 Horiz profile on block 49.79 5.30 0.39 0.44 
ZGB-0132 Horiz profile on block 50.10 4.22 0.52 0. 18 
ZGB-0132 Horiz profile on block 52.44 3.39 0.18 
ZGB-0132 Vertical profile on block 48.84 5.49 0.42 0.46 
ZGB-0132 Vertical profile on block 50.99 3.47 0.22 
ZGB-0132 Vertical profile on block 51. 11 :!..86 0.45 0.27 
ZGB-0132 Vertical profile on block 47.40 5.82 0.44 0.93 
ZGB-0131 \lein carbonate 55.29 0 .. 04 o. o::-; 
ZGB-0131 Vein carbonate 54.86 0 .. 08 
ZGB-0131 Vein carbonate 55.11 0.21 0.28 

0~-< ides and Element~- in Weight Percent 

~~AMPLE Al2Q::s Si02 s TOTAL 
ZGB-0132 54. 96 
ZGB-0132 cc 

~-·· 92 
ZGB-0132 0. 18 0. 24 c:-c:- 44 ._}._}. 

ZGB-0132 56 ., 01 
ZGB-0132 c::-r= 21 ._J t..J. 

ZGB-0132 54. 68 
ZGB-0132 0. '0""'!' 55 .. 92 L·..:.• 

ZGB-0132 1. 06 55.65 
ZGB-0131 55.38 
ZGB-0131 54. 94 
ZGB-0131 0. ""'!'"""\ C"C" 92 ·~·.L ,_J..J. 
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SULPHIDES 

SAMPLE DESCRIPTION Zn s Fe Mn 
ZGB-0131 Vein sphalerite 62.29 34.21 4.96 
ZGB-0131 Vein sphalerite 61.88 33.62 5.38 
ZGB-0131 Vein sphalerite 60.34 34.40 6.08 
ZGB-0131 Vein sphalerite 61.53 33.55 . 5.05 
ZGB-0131 Vein sphalerite 65.28 33.20 1. 62 
ZGB-0131 Sphalerite in garnet core 58.66 33.60 c:- c:-.-, 1. 22 ,J • ..J..::. 

ZGB-0131 Sphalerite in garnet core 58.78 33.64 6. 12 1. 10 
ZGB-0131 Bedded sphalerite 60.47 33.04 5.16 0.04 
ZGB-0131 Bedded sphalerite 61.81 33.91 4.31 0.07 
ZGB-0131 Vein pyrite 0.62 53.46 43.47 

Elements in Weight Percent 

SAMPLE TOTAL 
ZGB-0131 101.46 
ZGB-0131 100.88 
ZGB-0131 100.82 
ZGB-0131 100. 13 
ZGB-0131 100. 10 
ZGB-0131 99.00 
ZGB-0131 99.64 
ZGB-0131 98.71 
ZGB-0131 100. 10 
ZGB-0131 97.55 
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OXIDES 

SAMPLE DESCR I F'T I ON Ti02 FeD MnO Si02 
ZGB-0023 I l1Tieni te in slate 51. 28 36m73 9. 13 0.57 
ZGB-072a Ilmenite 1n calc qtzite 48. 65 24.22 '""' . ,n 0.69 ~J . . .::.a 

ZGB-0133 Ilmenite in blocky bed 51.82 40. 43 6. 43 1 . 06 
ZGB-0023 Puti l e in slate 98. 43 
ZGB-0164 Rutile in a.nd-gnt schist 91 .96 ..... 20 0. q1 ...::.. 

Oxides and Elements in Weight Percent 

ZGB-0023 0.08 
ZGB-072a 0.27 0.26 0.72 96.09 
ZGB-0133 0.23 0.06 100.03 
ZGB-0023 0.08 0.04 98.55 
ZGB-0164 0.68 0.14 0 . 19 96.08 
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SAMPLE 
23.5 

51-1 

67-5 

68-2 

70-2 

70-4 

73-1 

73-4 

75-1 

112-A 

112-B 

126-A 

126-B 

131 

132 

140 

151 

166 

169 

APPENDIX 6 
Isctop@ Sample Depcriptions and Procedure 

DESCRIPTION OF CARBONATE 
clear yellow calcite with light yellow sphalerite 
mineralization in a 1cm wide vein <description 
and analysis from Ponsford, 1983) 

pinkish quartz metawacke with carbonate cement, 
appears to be close to the granite contact 

cement in quartz metawacke 
carbonate veinlet 

cement in quartz metawacke 
carbonate veinlet 

to 

cement in contorted quartz metawacke adjacent 
70-4 

a 

a 

to 

very white, pure carbonate bleb adjacent to 70-2 

veinlet cross-cutting 73-4 

cerner-st at 
metawacke 

vein let 

the contact between a 
layer cut by 73-1 

slatey 

vein in quartz metawacke cross-cutting 112-B 

carbonate blebs in quartz metawacke adjacent 
112-A 

vein cross-cutting a dyke(?) in 126-B 

cement in quartz metawacke cut by a dyke(?) 
126-A 

a 

to 

vein with sphalerite mineralization 
contorted calcareous quartz metawacke 

cutt i rsg 

cernertt in contorted "blocky" quartz metawacke 

cement in fine 
slate 

laminated quartz metawacke and 

carbonate blebs in quartz metawacke 

vein in quartz rnetawacke 

fracture-filling vein 
cross-cutting metawacke 
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174 

175.5 

176.5 

186-A 

186-B 

187 

189 

197 

208 

210-A 

210-B 

215-A 

215-B 

232 

238 

240 

248 

fracture-filling vein 
quartz metawacke 

in contorted calcareous 

vein (may have some rhodochrosite) in a section 
of fine carbonate stringers in slate 

cement in massive quartz metawacke 

vein <or bed?> with 
cross-cutting 186-B 

galena mineralization 

cement in quartz metawacke cut by 186-A 

vein in metawacke and slate 

slightly calcareous quartz metawacke 

vein containing sphalerite and galena 

cement in a black slatey bleb 
quartz metawacke 

in calcareous 

filling fractures (ie. vein?> 
quartz vein which cuts 210-b 

cement in metawacke cut by 210-A 

in a 

coarse-grained carbonate vein containing 
cubes and cross-cutting 215-B 

cement in quartz metawacke cut by 215-A 

vein in quartz metawacke 

vein with galena and pyrite 
rhodochrosite?) 

lcm wide 

pyrite 

<some 

cement in contorted quartz metawacke and slate 

carbonate in abundant stringers (ie. veins) along 
fractures or foliation in slate 

carbonate rim around 
slat~y bleb 

a black, carbonaceous<?>, 

coarse-grained carbonate vein 
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Each carbonate sa~ple ~as chipped from the hand sa~ples. The 
sample size was generally less than one gram. Since the carbonate in 
the calcareous metawacke and slates was in the form of a fine 
grained ceMent, these saMples contained large eraounts of impurities. 
Each saMple was crushed to a fine powder using a porcelain mortar 
and pestle, end placed in a aJRell glass vial <-15 ~al>. Between sa~ples, 

the ~aorter and pestle were washed first -with dilute HCl if the sample 
contained abundant carbonate, then with tap water followed by 
distilled water and finally acetone to evaporate the water. 

The isotopic analyses were carried out using e vacuua line and a 
ratio Jaass spectrometer by Dr. Peter Reynolds end Mr. Paul Durling at 
Dalhousie University. About 10 to 15 JRilligre:.as of saMple were reacted 
with 100X phosphoric acid at e constant teMperature of 25 oc with 
the evolution of H 20 .. C02., end ao~netimea H2S <due to reaction af 
sphalerite and galena with the acid) such that the gaaee entered the 
vecuu~ line system. The water end H2S were reMoved fro~ the vacuum 
line cryogenically at -93 OC. The C02 was then puaped into the R'laea 

spectrometer where its isotopic composition was compared to that of 
the laboratory standard, the Carrera Harble <em). The spectrometer 
detected the isotopic species of C02 having mass numbers 44, 45, 46 

representing the combinations: 

44 12cl6ol6o 
4 5 = 1 3C 1 60 1 6Q 
46 = 12c16o18o 

and the results were recorded as the mess ratios 45/44 <to get Rc> 
and 46/44 <for Ro>· These values were con~erted to the PDB 
international standard using an Apple II computer program by means 

of the following equations: 

61Bopos = b180cm - 1.19 

613Ccm = 1.067<645> ... o.03384<o46> 

~13cPDB = ~13Ccm ... 2.79 

The ol80pos values were converted to SHOW by: 

0 1Bo5110w = l.03086<~18opos> ... 30.86 
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