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Connecticut; Copper and White Rivers, Alaskaj; Coppermine
River, Northwest Territories; and Novoya Zemlya, U.S.S.R.
Copper concentrations are highest in the pegmatitic and
vegsicular parts of Fflows (Cornwall, 1956). Some of the
secondary minerals assoclated with native copper include

calcite, quartz, epidote, chlorite, prehnite, chalcedony,

L

Ll)

eolites, and dotalite.
Native copper has been reported in spilitic, amyz-
daloidal pillow basalts from La Dé&sirade, Lesser Antilles

Island Arc (Hazle, et. al., 1973). Copper-bearing lavas

w
i
€]
"i

(0.5 - 1.59 ¢C estricted to hematite-rich flows,

4

althouzh not ite-rich flows are copper-bearing.

Sulphides are totally lacking in these basalts and in any

other rocks on La Désirade. The asuthors sugzest that the
occurrence of native copper with hematite and secondary

calcite indicates that copper was precipitated in the

-
L

presence of strongly oxidizing,le-rich solutions.

Andrews (1977) reports the occurrence of native copper

-

in oceanic layer 2 basalts from DSDP Lez 37

Native copper
wes found in a vein and in the adlacent oxidation zone.

The altered wall rock contained remnant silicate cores,
hematite, Fe-lln hydroxides, and small guantities of secondary
magnetite. Andrews (1977) suzzests that copper may have

1

besn removed from seawater by Fe-lin hydroxid

The native copper deposits of the Kews=nawan lavas

in Michigan have been described by Broderick (1929), Cornwall



and Rose (1957), Jolly (1974), and others. In the 100 years
before 1956 a total of 5 billion pounds of copper was
mined from six deposits on the Kewesnaw Peninsula. (Cornwall,

I

6)

19
Primary copper may occur as disseminations in the native
state, and may be found in massive basalt or pegmatitic
sezrezations (Cornwall, 1956). Copper concentration in
massive basalt varies from 10 to over 400 ppm. A third or
more of the copper is found in rock-forming minerals such as

<t
(V]

nagneti (200 - 880 ppm), ilmenite (90 - 300 ppm), augite

o
Ug

=y

TN
1
fnd
o)
nD
D

N

ppm) and chlorite (50 - 280 ppm) {Corniwall, 1956).

~
b

. . . + 5 . . .
¥ is pvelieved to replace Fe”  because of its similar

The Cu<

atomic radius (Cornwall, 1957).

3

o

e

Q

ondary copper oczurs i

the native form particularly

2]

in amygdular zones, breccias, conglomerate units, and along
joints and faults. Jolly (1974) has related the behavior
of Cu, Zn, and Ni to prehnite-pumpellyite rank metamorphism.
Copper ig leached from a deeper zone of dehydration.
Greatest dehydration occurs in permeable areas where epidote
has formed. Above this zone of dehydration occurs a zone

of hydration belonging to the prehnite-pumpellyite facies.
The permeadle zones are the most hydrated and contain
pumpellyite. Native copper is concentrated in the lower
part of the zone of hydration, usually correspondinz to the
first appearance of epidote. Copper was transported by

D

! . + + . :
chlorine complexes as Cu . The Cu' was reduced 1o Cu



when maznetite oxidized to hematite,

to epidote. The latter reaction was
s el T pe3T 51, 0. (00) e 2.

(Pumpellyite)
Ca, Al (m93+‘3 g1

—

(Epidate)

7Zinc is leached basalt

precipitate because there 1is no sulphide present,

ig not abhle to reduce To the native

concentrated mostly in olivine,

ilm ite

,@

nite, magnetite, aug and

immobile during

(Jolly,

Other mechanisms for the

havs been proposed. Primar:
h Jnd

sulphides. The action of

the copper in sulphides, and oxidize

31).

sulphates (Park, 19 Hematite

iron sulphid One

[0
(63}
®

is that copper sulphides settled

with the lavas, producing native

the same time (Nazle et. al., 1973).
C. General Geolozy

[y
<

The North lMountain basalts mak

chlorite (Cornwall,

would be produced
possibility propose
on top of,

copper and hemé

and pumpellyite oxidized

given by (Jolly,1974).
O OH 2H,D + ZHA
6 24()1>2 + 112’) - 7 2
g and i1g not abhle *to
and it
state. Nickel is

with lesser amounts in

1957).

the period of metamorphism

formation of native copper

ould have occurred

e

~A A
C d reduce

oule

the sulphides to

£

Irom

d for Ta DEsirade

or crystallized

tite at

el

up a prominent ridge



stretching from Cape Split to Whipple on the southwestern

tip of Digby Neck, a distance of 2070 km, and with widths
of 3 to 6 km. The Worth lMountain is a cuesta capped by

resistant basalt. A steep escarpment slope occurs on the
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gsouthern [lank, while the 3
a dip slope. At one time the North NMountain was part of
the Atlantic Upland which was a continuous, level surface
rising northwesterly from southern Nova Scotia to the level
of the south hizhlands near Wolfville. Where the Atlantic

Upland was not capped by basalt, extensive erosion took

place producing the Annapolis - Cornwallis Valley (Crosby

The basalts conformably overlie Triassic sediments
consisting of the Wolfville Formation overlain by the

Rlomidon Formation., The Wolfville Formation is composed

3:0
[
D
®

e and sandstone with minor red sh
The Rlomidon rocks consist of red shale and arzgillaceous

gandstone. The basalls are digconformably overlain by

saandstone with occasional Jasper concretions. Erosion
of the Scots Bay Fformation and much of the basalt has

produced an unconformity extendinz to the Pleistocene.
The zmount of sediment and basalt which has been removed
from above the present land surface is not known.



The thickness of the lava pile varies from 175 metres
at Bridzetown to about 427 metres at Petite Passaze at
Digby Neck (Smitheringale, 1973). There isg a zeneral thick-
ening southwestward towards Digby.

The total number of flows in the North Vountain is not

clear. In the Bridgetown map area at least 6 Tlows are

present, while more than 17 are exposed northeast of Digby
Gut. Many flows pinch out locally. Others have imbricatinz

tonzues which protrude from a parent flow and may be later
overrun by the same flow. Tnis presents a problem of
establishing criteria which define a flow or the products
of a single eruption. Some authors would prefer to
distinguish each flow unit no matter how closely it is
associated with its neighbor, while others such as Sinha
(1972) prefer to lump together flow units believed related
to the same extrusion. Sinha (1970) has attempted to cat-
egorize the Worth Mountain into four major flows on the
basis of litholog The lower Blomidon flow is masgsive,
dark grey to greenich black, and with virtually no zeolites.
Columnar jointing is common. Above this occur the Cape
Split flows which are amygdaloidal. The older Cape Split
flow ig dark green whilz the younger is colored brown by
iron oxides. The youngest flow is the Scots Bay flow

which is mas

U)

ive, dark grey, and locally has a vegicular

top. The local nature of the vesicular top is due to-various
degrees of erosion.



Although Sinha claims to have traced these flows the
full lenzth of the North Mountain, a continuous profile

chemical correlation

et
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Wountain. However, ags flow contacts are sometimes difficult
to trace over distance, and since a detailed profile of the
entire North Mountain does not exist, the division of the
basalts into four flows is an over simplification, if not

culation. However, Sinha's 4 flows do illustrate

E:s
@
3
0}
O]
ge]
o
O

the type of litholozy found in the basalts.

The lavas dip from 3% to 10° corthwest into the Bay
of Pundy. The existence of Scots Bay can be explained by
a zeneralized cross-section sketch from Stevens (1975).

Scots Bay occupled a syncline, witnh flows at Cape Split

Mountain forms the southeastern limb., This syncline is
termed the Minas Syncline and gently plunges to the west.

According to the cross-section the basalts at Cane d'Or
and Ile Haute are a down faulted extension of Cape Split.
At several localities open folds are found with axes

plunging several degrees to the northwest.
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Yajor elements and phases: The major-slement analysss

of Sinh= (19792) show the Worth Mountain bssalts to be
juartz-normative tholeliites. “When the molar proportions
of Nz, Cal, AIEDB, Ted, Pe,l4, KZJ, Pa23 ant Ti)z are
plotted against 01)2 no obvious difl T
were noted (Sinha, 1970). A plot of oxides versus lgd wi?
was made from Sinha's data, and confirmed the sbsence of
a regular variation (Fig. 1).

The major phases found in the basalt are plagioclase
and pyroxene with minor iron-titanium oxides. The p]
clase crystals are often zoned with cores varying from An41 to

and rims from ‘le to An71 (Sinha, 1970). 4 slizht

ease in An from the R2lomidon flow (An66) to the upper

plzeonite and orthopyroxene
irmed with the electron microprobe (Clarke,

personal communicstion). Apatite occurs as an accessory

four types of iron-titanium oxides have been didentified
in the North Nountain (Czirmichael and Palmer, 1S68).

4 o e s Al e - e
tate magznetites which anpear ags malitese

Jd

(1) Tow oxidation s

were found to contain 34Y ulvospinel. (2) Titanium-

crogse

U

bearing magnetites of lantermedizte oxidation state were
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17% ulvospinel. They showed exsolution lamella of ilmenite.
(3) A titanium-bearing hematite has formed by oxidation

of magnetite. An amorphous hematite occurs in fissures.

(4) Large primary mazanetite grains occur which have networks
of cracks filled with silicate. No exsolution is shown.

Other secondary mineralg ioclude zeolites, juartsz,
amethyst, azate, chalcedony, calzite, and mineraloids such

as chlorophaesite.

iQ

|

Aze and origin: The age of the WNorth Mountain is

Priassic since it i1s bracketed by the Triassic Rlomidon
and Scots Bay Formations. The aze of the Blomidon Formation

ig gziven by the presence of Isoura ovata (Klein, 1962).

The latter, along with fish remains pinpoint a Triascsic

jny

age to the Scots Bay Formation. Carmichael and Palmer

(1963) zive a K-Ar age of 200 +10 W.Y. An averaze K-Ar

age of 198 M.Y. is given by Poole et. al. (1968).
The basalts constitute a subaerial eruptive seguence.
1 q

3

Evidence for a subaerial eruption is given by the absen

¢
O]

of pillow lavas and the presence of reddened flow tops
and soil horizons. The pillow lavasg reported by Sinha
(1970) . represent various stages of spheroidal weathering
in which the columnar joints have been altered or filled
with chert. A glassy crust found at Scots Bay represents

the chilled crust of a subaerial flow.

The source of the basalt eruption was to the northwest



(smitheringale, 1973) and posgsibly from
rezion. Burton (1972) sugzests that intrusives near Goshen,
Guysborough County might have been the basalt source whict

0o

has since been offset by a major dextral fault. Eviilence

1) a2 similar major element chemistry as

‘...J
<
Q)
=
:,..J
3
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'_J
-
[eF
»
9]
N

well as (2) a larze contact aureole around the Goshen

plugs suzzesting the passage of a large volume of magma.

However, more conclusive evidence would have to include a

comparative isotope, trace-element and rare-earth element

In the initial stazes of the opening of the North

11

on ooth

[

Atlantic Jcean, extensive block faulting occurre
sides of the present ocean. Clastics and basalt lavas were
Jeposited in the grabens. Burton (1972) has made an attempt
to correlate the Triassic basalts of Nova Scotia with
extrusives along the eastern seaboard of the United States.
Evidence cited includes (1) a close aze relationship,
(2) a similar sequence consgisting of sandstone overlain by
shales, overlain by bhasalt, and (3) a close sgimilarity in
the mineralogy and major element chemistry.

Bertrand and Coffront (1977) have noted that, along
both sides of the Atlantic, there is a aorthward increase
in the silica content of the Triassic lavas; The =zuthors

used chemical data from the literature and multivariant

gtatistical methods to correlate Triassic lavas across the
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most notable occurrence of n=tive copper is at

Cap 4'0r (Douglas 1942). From 1920 to 1907 the Colonial
Copper Company had made an attempt to mine the copper at
Eadié In Ind

are one to nine metres wide. Hizhest copper valuss appea

[
=
R

where the copner-bearing fault zones 2d, loosely

be of economic valus.

The collection of samples was carried out in the

summer and autumn of 1977. The sample loca

Cape Split, Scots Bay, Ross Creek, Halls Harbour, Margare

from East Ferry and Centreville. Sampling was carried ou
along a native copper-bearing fault zone at the tip of
Cape Split. Some lateral sampling of a massive flow,
with altered Jjointing was done at Scots Bay. Along with
the vertical profile, sampling was done along a coastal
section northeast of the wharf at Msrgaretville (Fiz. 18)
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IT. PETROIRAPHY

in a dark greesn

roxene are moderately

altered, and adout 5 percent magnetite occurs ag primary

bagalt with local concentrations

fractures. lost plagioclase crystals appear strongly

Maznetite occurs as primary grains in the brown oxide and

The flow at Scots Bay is dark grey and massive. The

hag been altered along joints which are often filled

N

roc
with Jjasper. Due to spheroidal weathering the outcrop
regembles pillow lavas. Small pztches of a2 glassy crust

may be found at Scots Bzy. This crust consists of grains

ot fresh plagioclase (An.,) and pyroxene gitting in a brown
ure. Some primary magnetite grains

glass with variolitic tex

are also present..

o
Q
g
[O]
e
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=
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and sandstones, probably of the Scots Bay Formation. The
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basalt is dark green with increasing amygdales toward the
contact. Near the unconformity the busalt becomes increasingly

h- 3 ate 1 11 P Trisasi A \mrmendd v T
brecciated because of Trisssic erosion (Appendix B

of the same flow which has folded back on itself during

-
H)
b
=
D

extrusion. A massive flow overlies the folded par

gsample area. The basalt is green with increasing amygdales
toward the [low top. Amygdales =zre 2 - 10 mm wide and are

=

-

4 1 3 v nT ~
rather round spheroids. MNos

and the pyroxene is frazmented

@]

[oF)

zrains are found 1in brown oxi

)

(

p

e .

alteration towards the flow top. The corroded pyroxen
show reaction rims and are often coated with black oxid
VMagnetite is also found as primary grains in the brown oxide
which partly replaces glass. The sampled flows include

massive green-grey basalt, and green amygdaloidal basalt

of the main wharf. It consists of a sea cliff directly



below a small gquarry. The rock is a massive green-grey,
coarse zrained, columnar basalt. Thin cherty veins are noted

N

regsi.

-y

in fractures. The plagioclase appears relatively
A.relatively fresh pyroxene is present as well as an augite
which has been altered to amphitole. Some of the phenocrysts
are several millimetres long. A black oxide is found closely
agsociated with pyroxene.
At East Ferry samples were collected about 200 metres

north of the ferry wharf. The basalts are massive, green-
grey with columnar jointing. The petrography appears to be

very similar to Centreville samples (Appendix B),
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A. Comparison Of Average Concentration

ical sections of zeolite-rich basalts of
farzaretville and ‘alls Harbour were compared. Nassive

rocks from Scots Bay, largaretville and Tast Ferry plus
Centreville were contrasted. Finally an attempt was made
to determine differences between zeolite-bearing and massive

basalt at Margaretville and in the total sample populat

th_l.

on

population varisnces. Sample averazes were considered
unejual if T' exceeded the critical T statis

95% confidence interval (one Tailed test).

Halls Harbour has hizher Ju and Zn, but lower ¥Mn than
Verzaretville., No gsignificant difference was found in Wi,

In the massive samples, Centreville plus East Ferry

show hizher Ni and Cr and lower Ti and Cu than rocks from

]

cots Bay and larzaretville., No significant differen

(@]
[0
n

oY)
)
Q.

are found in 7n and in. The averages from Scots Bay

fte
@]

ist

ot

Vargaretville could not be sta

ot

O

ally separs

e

QI

When zeolite-bearing rocks were compared with massive

b

i

(

rocks 1t was found that Cu and Ti were generally high

\J*—J

To eliminate the imprint of rezional differences,
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Comparison of Averaze Element Concentration

Cu 7n ¥Mn Ni Cr Ti
I
Vertical‘Sections
Hdalls
Harbour 116 (25)| 70 (10) 875 (194)|=x42 (7)|%115 (19)| 4942 (422)
Nargaret- ,
ville 70 (46) ] 52 (11)| 1117 (241)|=%46 (11)|=x 99 (22)] %4914 (399)
liassive Rocks
Scots :
Bay %58 (23) %60 (13)|x1109 (136) (%52 (4)|x148 (50)| %4700 (607)
llarzaret- ,
ville %63 (23) |%81 (36)|x1093 (175)|x51 (2)|x149 (40)|=4945 (607)
Centre-
ville +
Bast
Ferry 25 (9) |73 (8) %1061 (100)| 77 (4)| 3388 (35) 3540 (176)
Total Samples
Zeolite-

Bearing [103 (48) |x76 (77) 971 (254) | 45 (9)] 109 (29)| 4915 (579)
Lassive 48 (26) |%73 (24)| 1085 (135) | 61 (13)| 240 (125)] 4371 (789)
L.arzaretville Only

Zeolite- :
Bearing [x98 (79) %56 (17){x1041 (251) | 46 (10)| 103 (35)| %4968 (679)
Vassive %63 (23) | 81 (36)[x1093 (17%) | 51 (2)| 149 (40)| %4945 (607)
* denotes no siznificant difference at the 95%
confidence interval
standard deviation

The effect of zeolite dilution has not been congidered.




a comparison was made of zeollte-tearing and massgive rocks
only a2t Margasretville. Again Wi and Cr were lower in the
zeolite-rich flows. However, no statistical difference was
found in Cu, Mn and Ti. Zinc was higher in the messive
roccks. The averaze of Cu was higher in zeolite-be ng rock
but due to the large standard deviation (81%) the difference
wag not statistically significant. It mizht be worth noting
that the standard deviations of all elements except 7Zn and
Cr are higher in zeolite rich sections. This may indicate

permeaonle flow tops

were subject

to zgreater import

or export of trace elements than the less permeable massive
sections. No attempt had been made to compensate for the
effect of zeolite dilution. Therefore, varying amounte of
zeolite will likely contribute to element variation in
zeolite-rich zones. Zeolite dilution has had an effect on
nickel concentration in the Xeweenawan basalts (Jolly, 1974)

B. Vertical Variation in Three Flows

Variztions of trace elements re pl
Flows f[rom Margaretville, Halls Harbour,
The vertical sections [rom Tentreville an
not complete and showed 1little varistion
Therelore, they were not plotted. The to
each {low wes adjusted to 1.00 and each s
between 1.00 and 0.00. The vertical varic
in Fizgs. 3-9.

for thre=

1d Ezst Ferry were
in rock texture.

tal thickne

iy

O

~
ac

ample was spaced

tion

;D

(4]

r

[

s given

lm.

S

b



Pour samples from Hallsg Harbour represent a rezgular

Flow, whereas the remaining five samples represent an

imbricated part of the same [low which has foldsd back on
itself. The latter are not included in the vertical profile.

and All represeat the top and
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bottom contazts of the sampled flow, yet they were taken

221 metres and 250 metres northeast of the vertical section.
Therefore, any significsnt variation in these samples is

subject to lateral control. Sample A4 and A3 are near zeolite

2
[67]

sible.

.

{

veins., Effects of local alteration are po
Copnzr (fig. 3) The onest copper correlation with heizht

ig found at Halls Harbour w~shere copper increases upward
(y = 0.01 x - 2.31; »° = 20.72). Lt Ross
contact with sedimeats is enriched in coprer. At I
ville hisgher concentrations of copper are fouand in A3, A4,

and A3. Latersl distance may have a bearing on A8 (Fiz. 18)

w

while a localized zeolite vedin may have affected A4 and 23.
If the latter three sam lesg are excludad a poorly defined
enrichment may be obtainsd (r° = 2.62).

Zinc (Fiz. 4) A poor correlation of zinc with height
exists at Mesrzzsretville. Zinc enrichment from a zeolite
veln could have ozcurred at A4. If A4 is removed a zinc
enrichment toward the flow top is noted (y = 2.06 x - 2.79,

2

r™ = D2.77). At Halls Harbour a nsgative but less siznificant

correlation is found betwesn zinc and height (y = -0.02 x

D

+ 1.92, r° = D.63). At Ross Creek zinc is enriched in the



2]

upper part of the flow by a factor of 5.5 over the lower

section.
Manganese (Fig. 5) There appears to be
of manganese content with height in [low at

At Ross Creek the upper contact is enriched

of two in relation to the lower part of the

by a factor

flow. At Margaret-

ville there is little correlation with height. Samples

A8 and A4 are enriched, but again lateral flow variation

and very localized vein enrichment may play
Chromium (Fig. 7) At Halls Harbour and

distinct trend in chromium can be deduced.

a part.
Rosg Creek no

At Margaretville

no covariance with height exists unless A8 is not considered,

in which case a poorly defined negative correlation exists

~ - 2 -
(y = =0.01 x + 1.21, = = 0.68).

el, Titanium, Cobalt (Figs. 6, 8 &

e

Nic

9) At Halls

Harbour and Ross Creek there is no correlation between

flow position and nickel concentration. At

Margaretville

there is a very poorly defined negative correlation (y =

2

-.02 + 1.31, r~ = 0.40). Titanium and cobalt show no vertical

correlation.

Summary Zinc and copper show the best correlation with

flow height. Copper may be enriched upward

affected. Zinc may oe enriched or depleted

or not greatly

toward the

top. Copprer, zinc, and manganese are all enriched in the

upper flow contact at Ross Creek, Nickel, chromium, titanium,

and cobalt show poor negatilve correlations at
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In Figs. 3-9 element variétion has

bezn plotted against vertical position in flow. All.-flow

thicknesses have becn adjusted to a unitless 1.00. Symbols

for vertical sections are: 0 Nargaretville
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A Ross Creek
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Manganese Variation With Height



(Fig 7)
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. Metal - Metal Variation

Variation diagrams were plotted for combinations of

Zn, Cu, and Mn (Figs. 10, 11 & 12). When exposed to hydro-

o’

thermal brines these elements are expected to become mobile

(Bllis, 1968 Bischoff, 1974 ; and Jolly, 1974). If

@

1

Zn, Cu, and Mn correlate with each other, then they may
have been distributed by ths same mechanism. If no correl-
ations exist, then they were precipitated by different
mechanisms, or were preferentially mobilized

Combinations of Wi, Ti, and Cr were also plotted

(Figs. 13 & 14). These elements are preferentially par- *+
titioned from an igneous melt into particular phases.
FPor example, Ni would be partitioned into olivine or pyroxene.

Titanium would enfter pyroxene or the oxide phase. A rock

rich in Wi would contain a lot of early crystallized olivine

or pyroxene. A Ti-rich rock would represent a more residual
3+

liguid with less compatible Ti and Fe” ., The object of the

Ni, Cr, and Ti diagrams will be to determine if these elements

-
4

ot

o)

have been affecte:

by alteration and i1f not, whether a
differentiation can be determined.

Zinc - Copper (Fiz. 10) In general a significant co-

variation cannot be determined between zinc and copper.

At Ross Cresk, zinc and copper do increase togethsr., At

W
—
fond

Haroour, on the other hand, there is a very poor neg-

[\S]

ative correlation (r” = 0.37). This suggests that while



copper is being enriched at Halls Harbour, zinc is being
depleted or remains unaflected.

Manzanese - Copper (Pig. 11) In generasl no co-variation

=

between manganese and copper is evident. Within a particular

flow some co-variation may exist in a vertical section.

Pﬁ

fanganege and copper are both enriched upward at Ross Creek,

A positive correlation was found in the vertical section

. . 2
at Margaretville (Mn = 4.32 Cu + 814, r° = 0.69). A poor
- ® . ] 2 -~
positive correlation appears at Centreville (r~ = 0.53).

A very poor negative co-variation exists at Halls Harbour

(22 = 0.46)

7inc - Nanganesgse (Fig. 12) A general co-variation is

also not apparent. Zinc and manganese both increase at
Ross Creek. Poor positive co-variations are found at the

raretville flow (rz = 0.59), Halls Harbour (r2 = 0.57)

=
P
W
o]
M

and Scots Bay (r~ = 0.58). Therefore, in individual flows

some co-variation does exist.

e

Nickel - Titanium (PFig. 13) In zeneral there is a

rather poorly-defined decrease in nickel with increasing

titanium. (Ni = 0.01 Ti + 103, r° = 0.45). A nezative

co-variation is found at Ross Cresk (Ni =-0.07 Ti + 414,

2 Y . ° - .
r~ = 0.,97). A poor positive correlation is found at Centre-

. 2 - .. . o
ville (r~ = 0.62). 1In other localities no siznificant
local co-variations are found.

Nickel - Chromium (Fiz. 14) There appears to be an

increase in nickel with chromium when all the samples are
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considersd. (Ni - 0.12 Cr + 31.81, r° = 0.67). On a local

scals 1little co-variation is noticeable.

ot
[¢]
[oN

Chromium - Titanium (Fig. 14B) As would be anticipat

om Ni us Ti, and Ni rsus Cr lot: er
fr Vi versus Ti, and Ni versus Cr plots, there

ot
jny

rat

e

3 er

Q)

poor negative correlation between chromium and titanium

when all samples are considered. On the local level there

is 1little co-variation except at Ross Creek where a positive
. . . 2

correlation is found (r~ = 0.70)

Zinc - Manganese - Copper The Zn - Mn - Cu variation

ig shown in Piz. 15. The differsnt sampling sites plot
along different trends. East Ferry and Centreville are
grouped tozether close to the manganese corner. A trend
toward the copper-rich corner is formed by the flow at
Halles Harbour. The vertical section at Marzaretville and
the Scots Bay flow tend to bridze the gap between the
samples from Halls Harbour and the manzanese-rich corner.
The sample from Scots Bay (13), found at the extreme end
of the copper-enrichment trend, is a glassy flow crust
representing an early guench. Ross Creek is the only local-
ity to show significant zinc enrichment.

Chromium - Titanium - Nickel When all samples are

plotted on a Cr - Ti - Ni - triangle (Fig. 16) an almost

linear co-variation results. The trend starts at the Ti

=

4
i

corner and moveg toward Cr. The lack of eiznifican
deviation from this line suggests that these elements have not

bezn giznificantly mobilized relative to each other during
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(Fig16)

Cr-Ti-Ni

90

Variation
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differentiation (Fig. 16). Since Ti and Cr have not becn

zreatly affected oy metamorphism, a comparison of Cu, Zn

and bMn with =—

of Cu, Zn and U
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component of igneous dif!

concentrated in the residual liguid during differentiation,

. . Ti

then they should increase with higher TomTe A pOOT Cco-
- 4

veriance would indicate element redistribution by some other

¢

D

nigm. During burial metamorphism these elements could

be more mobile then Ti and Cr, in which case no relation to
Ti

In general there is a rather poor co-variation between
. Ti . . - o
Cu, ¥n and Zn, and mx——=—=-, Massive flows might retain thei

ements because they are less

[

e

=iy

primary izneous distribution o

permeable and therefore les

0]

metamorphosed. An attempt wa
made to see 1if a better co-variance could be obtained from

massive flows (Table 2).

T
A negative correlation was found for - iiff Versus
- . 2
manzanese at Rast Ferry (r~ = 0.41) Copper showed a very
2 .

poor positive correlation at Fast PFerry (r~ = 0.34), at
o , 2 , ‘ . . o 2 ~a
Centreville (r° = 0.38), and for massive flows (r° = 0.38).
A slizhtly stronger positive correlation was shown at Scots

Bay (r® = 0.61). %Zinc showed no overall co-variation in
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(Wedepohl, 1970), the abundance of the iron oxide may influenc
thelr co-variance. Since copper has a poor oo-variance
with zinc and manzanese, a different mechanism of distri-
bution must be devised for copper. Ross Creek 1s the only
place where all three metals are significantly enriched

tozether. A slightly different model may have to be con-

atructed for it.
~

The only places where Zn is enriched relative to Cu

and Mn are Ross Creek (Fiz. 15), and the brecciated zone

N

3

e

g

at Cape Split (TFig.

D. TLateral Variation at Margaretville

Before a great emphasis is placed on comparing different
sampling localities trace element variation on the local
scale should be examined. Since the most extensive lateral
gsection was sampled at NMargaretville, this locality will
be used as an indication of lateral variation.

The various samples are located oa the Margaretville
cross section (Fig. 18). Stratigraohically flows 1 and
13 appear to be the same. Therefore, the Margaretville

samples mostly represent the lateral variance of one flow.

Ni diagram (Fig. 19) a rather sgstraight line occurs. Samples
8 snd 2 se:m to noticeably deviate from this trend. Both

wre relatively copper-rich and appear to be part of the



L
=l -

same flow, yet they appear on opposite sides of the Cr -
Ti - Wi trend. BRBoth are red, zeolite-bearing basalts o
-l

fal

that ftheir deviation from the norm is the result of alter-

When the element concentrations are plotted on a Zn -

v

Mn - Cr - diagram the majority cluster in the ln corner.
A trend toward the copper-rich corner may be evident in this
cluster. Sample 2 tends to emphasize such a trend.

In Fiz. 21 manganese, zinc and copper are plotted
versus relative horizontal position. These diagrams illu-
strate extensive variability in element concentration aloag
the lateral extent of a flow. Since the metals do not
necessarily increase or decrease at the same time differences
in their ratios could be expected alonz the same flow.

Therefore, comparison of different localities with small

misleading. Element variation

D

local sample areas could b

reatest ror copper and zinc,

[
]

which 2xcesds srror bars

lManganese variation does not exceed two error bars.



Legend

Massive

\’_’____“__‘

7 Red, Zeolite-Bearing

] Bl [

0053 %90 s shes s 06 T U g0, 0o ¢ . Gree 7 eoli _
@/ AW\ ﬁ;l\ AS ‘*‘Alo( oltered zon [.']J Olite
Bearing

+ Sample
@) 24 m.

| S

. — |
0,° 0 v o 2 g0 «A 1§
o Yo 0 0 ? Do ’Do DD_DE_O_D UD_“'I.'-A_';_D__ N
b, 00 0200 ST TLT Aiay T >/ + i
ARt NN DRSS, AL | Talus > i
) //i////’
—-50
~4o
-390
- kO
: 410
+ s
E . meﬁh®+.4% Tt e g e 2\
3 Malechite 7’ % . // Ol 3 % .1,‘u be in !
in Zeelites . Zc,l;f¢

(Fig18) Margaretville Cross Section

~— NW _ Margaretville —>



Cr

AV4 AV4 AV AV4 AV \/ \/ \V4
Ti 95 Ni
(Fig. 19) Cr -Ti-Ni_Variation at Margaretville

e Vvertical

- et
O I TOL

section



O o o
J’%e o 8 O o
AV4 AV4 \/ V
Mn 90 80 70 60 - Cu
(Fig. 20) Zn-Mn-Cu__Variation at Margaretville

e vertical section
o rest



e Zeolite- Bearing Flows

1700 + Massive Flows
i Mr ppm °
. . N
1300 +
B . R
i s + +
900 I o, o ®
5004 °
1
200r Zn pPPM
-+ 413
% + ® + ® T’
8 @ 8 + +o P @
ol
400r
Cu ppm . @
&g
200 o
_ X + ¢
+
# 8 e g + L
qu AN A9, A7 9 8 54 3 2 1
" A2 A8 no A3 - Y :
12 A5 A2 Sample Locations at Margaretville
12A A4 A , 4
(Fig 21 Lateral Variation at Margaretville Lateral distance
s one kilometre.



A. Copper-Bearinz Phases

Copper-bearing minerals which are given by Wedepohl
(1970) include olivine (6 - 960 ppm Cu), pyroxene (4 -
1000 ppm Cu), and ilmenites and magnetites (5 - 880 ppm
Cu).

In an attempt to establish which phases contain the
major copper portions, polished thin sections from
Margaretville and the Cape Split fault zone were investigated
with the electron microprobe. If the count rate at the
copper-peak position was less than the average background
plug three standard deviations, Cu was considered to be
below the detection 1imit (about .02 wt%). Backzround
was measured at 2° 20 on either side of the copper peak.
Since the magnetites from Cape Split were the only ones
with detectable copper only their analyses are shown in
Table (3).

In sample B-9-10 the magnetite content was estimated
to be 2-3%, using a petrographic microscope. If 3 wt%
magnetite is agsumed, i, 7Zn and Mn are within nine percent
of the whole rock analysis so that their concentrations
could be explained by magnetite., [However, 3% magnetite
constitutes only 57 ppm copper of the rejuired 431 ppm

copper.
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Table 3

Microprobe Analysis of Nagnetites

from Cape Split

Vaznetites From Cape Split Fault Zone (B-9-10)

wt. 70

Grain Fe Ti Zn Mn Cu AT Total
1 39.63 17.78 3.49 5.14 0,35 0.70 67.08
2 40.26 15.27 0.63 4,62 - 0.68 61.46
3 41,01 17.12 0.81 3.88 - 0,31 63.14
4 39.56 17.08 3.24 5.13 0.34 0.51 65.86
5 39,27 16.73 2.80 4,22 0.22 0.71 63.95
5 38.99 19.23 2.52 4,38 0.22 0.32 65.67
x 39.79 17.20 2.25 4.56 0.19 0.54

Whole rock concentrations were calculated for 3% maznetite.

From Maznetite Actual
Fe 11937 ppm
Ti 5160 " 5625 ppm
7 675 v 638
Nn 1368 n 1385
Cu 57 " 481

Al 162 n
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Zoning in the
(Fig 22) Cape Split _Fault Zone

Brecciated Zone

Massive .
Basalt Qtz_ vein
With
Bis |B1415 B-12 B-O- Native Cu
¥ |7 + r
4am 3m 2m 1m r
B8

Cu 57 271 226 481 636
Zn 146 284 231 638 10
Mn 15721868 1467 1385 44

Concentrations are givenin ppm,



Zn

B-8 +

\'4 V. \V4 \ A4 AYJ A¥4 h¥4 V]

Mn Cu
o (Fig. 23) Zinc-Manganese -Copper Variatiation '
in_the Cape Split Fault Zone

+ whole rock

o Magnetite
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Tcelandic Zones (Walker 1960) Of 7Zeolites Prom Aumento's
Sketch Map
Slizhtly Analcite Scolecite
Tocation 7Zeollites Zeolitized Teulandite Laumonite
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zone, (2) analcite-heulandite, and (3) scolecite~-laumonite
zone. Walker estimates that the top of the analcite zone

was originally buried 600 metres.

In order to complement the work of Aumento et a1, (1966),

zeolites from Cape Split, Halls Harbour, Margaretville,
and East Ferry were separated from the sample rocks and

analysed by x-ray diffraction. Some proolems were encoun-

o

tered with shiftinz peaks and zeolites maskinz each other,
Since no standard was run, zeolites were identified when
the three most prominent peaks of a particular zeolite

were found. A small amount of peak shift was taken into

@

account. The identified zeolites are presented in Tanle

AC. Probably due to the smaller size of the sample area,
not 211 the zeolites that should have been in some local-

’

ities were detected. Differences in grinding technijues

can also alter the diffractograms (Aumento et al., 1966). Us

the zssemblazes reported by Miyashiro and Shido (1970), all
the locations had the same maximum temperature, somewhere

just under (1500~ZOOOC). The lack of detected laumonite

gave a lower temperature in the east than shown by the zeolite

map of Aumento. However, laumonite was sesn 1n some large
~avities in tie field. The analysed zeolites were taken
from vesicles in the sazmpled rocks. These vesicles may
slready have been filled during laumonite deposition, which
was then restricted to more permeable cavities. Sampling

amyzlale zeolites only, could miss the laumonite. During

ng
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alteration to leonardite, laumonite peaks could have been
obgcured. Therefore, the temperature difference may be due

to differences in sampling. All the locali

[

into the Tcelandic scolecite laumonite zone.,

The temperatures estimated above should be viewed with

some caution as they are obased on experimental work. In

zeolite synthesis 8y Ol ig known, while in natural systems
2

211 0 might be considerably reduced by dissolved salts and

~2\)

gagses (Zen and Thompson, 1974). 1In low grade metamorphism

the attainment of eguilibrium is much more difficult than
under higher temperatures and pressures (Zen and Thompson,

1974), Therefore, when comparing natural and synthetic

-

, one

®

agcembla: cannot be sure that eifther one ig in

U

f=)
(>

0

equilibrium. Another problem 1s that experimental work is

normally done with 4l In most natural systems

[l
j€))

P . D,
“Pluid = To

under low pressure P . . 1s less than P, In such
= s Fluid ~° ~~ Total. =
instances actual depths of burial may be considerably less

than predicted by pressure-temperature diagrams based on
P P .
H?C) = ~Jotal.
The presence of zeolitss indicates a high a, and
H50
low 85 (Zen, 1961). Otherwise assemblazes of calcite-
kaolinite-quartz or calcite-pyrophyllite-quartz may dominate.

Comparing a summary of several metamorphic terrains
(Zen, 1974), the depth of burial of the eastern zeolites

uld have been between 0.5 km and 4 km. A comparison

@]
3
o

O
[}

olite assemblazes in Iceland might sugsest a depth

QO
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of about 670 metres for most of the North Mountain.
Summary of Zeolite Information:

R . On | o)
1. Jlemperature: from under 150°C to 260-3007C

2. Depth: 0.5 - 4 km
3. High 811 A
112\/
4. Low 80
A
2 :
5. Posagible decrease in zrade to the southwest.

D. Mechanisms of Cu, Zn and Mn Distribution

Proposed mechanisms of element redistribution must
account for: (1) Lack of Zn-Cu correlation, (2) Lack of

nent

Mn-Cu correlation, (3) A poor Zn-Mn correlation (4) Ele

,

enrichment at Ross Creck and (5) Zonation in the Cape Split
fault zone.

Refore construction of a model the following assumptions

have been made.
1. Low fS ig indicated by the genersl lack of sulphides.
2
Jolly (1974) sugzests that in low-pressure enviraments
J 55 k

~

= s .o
S ig oxidized to 502 and escapes to the atmosphere.

pey -

2. A large percentage of copper precipitates in the

I-J .

native state. Green copper oxides are geen assoclated
with native copper. In most cases the copper oxide is
just a stain since x-ray diffraction analyses of copper
stained zeolites failed to identify a copper phase,

The relgtion of copper oxide to weathering is not clear.

Therefore, precipitation of copper is assumed to take
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4752 hours. Plagioclase and pyroxene were unaff

ected,

glass had altered to montmorillonite releasing Ca, SiJ,,

[a8
Fe, ln, Cu, and Ni. he pH was initially lowered to 3.2
o+ - . . A+
5.2 as H was released from glass, but as H attackad

glass and anhydrous silicates pH rose to 4.9.
Precipitation of native copper could be contralled

by the eguilibrium: (Jolly, 1974)

so T+ 1 e ‘“;‘ a7
C"L -+ z + 532 -~ C'J. -+ 2[i20
1 5 .
(an,+) (""U /o HO0 = 17
U s 2
£, =
8n,0 = 1
P 4 \
(aﬂuo) (aq+) (f, )
(o it J2
Spm,  + = ( +> X (m
ou
. (nq ) (e #)
..
1
AY
(ag+) (£, )°
4 2
K% = equilibrium constant
¥, + = activity coefficient of cut calculated

H o (
f, = molarity of Cu felgeson |

C
<

molarity of Cu

1 h

2
+
1

The presence of maznetite and hematite provides a

buffer for oxygen fugacity. Using the data of Helgeson

(1969) for values of XK., XC + and fj , Jolly calculated
2
. + . T oo
possiole Cu concentrations at a pH of 7.2 and at various
temperatures (Table 5). Usingzg Helgeson's data, Gconcentrations



+ ~ T . 12,

of Cu” have been calculated for pH = 6. Also, corresponding
) o 2 - y U

concentretions of Cu“’ have beesn calculated for the posceible

equilibrium:
o} - o O ,
Cu” + 2H + % 0, = Cu™" + H50
[

From Table (5) it appears that very low concentrations

2+ .. C o . . ) , 2+
of Cu®" are found in equilibrium with Cu”. Although Cu®
may be guickly removed from solution in the presence of

copper reduction, it may not be as important for the pre-

; +

o . . .~ b
cipitation of native copper as Cu since the Cu’ forms

the highest copper concentration in chloride solutions

(Jolly, 1974). Table (5) illustrates that copper precip-
itation is favoured by an increase in pH, a decrease in

NaCl concentration, and particularly by a drop in temperature

Initially Cu” would have been more soluble at higher
temperature and the slightly lower pH produced by =zlass
alteration. Precipitation of cu® could have occurred as:
(1) pH returned to a higher level. (2) Tewmperature dropped

sharply as the fluld expanded when pressure was released

e

4 o 3 £ 19 A
Cape Split. (3) The fluilds

which would supply electrons for the reduction of copper.

o

inc and manzanese cannot be reduced in the presence of

N

copper reduction (Krauskopf, 1967; p240 and Appendix IX).
A different mechaniesm is regquired to explain

~oncentrations of zinc and manganecge. lagnetite may hold



bt

.
W
(]
i
[
L

Tal 50%0 100°¢ 150°¢ 250°¢ 300°¢
*3 molar 7.2 0.09 1.33 11.56 1,790 34,123
3 molar 6.0 1.37 21.04 185.37 28,382 547,075
1 molar 7.2 0.01 0.13 1.17 284 4,346
6.0 1.37 2,10 18.54 4,493 68,872
Concentration of Cu“’ in Solution (ppm)
NaCl plI 50°% 100°¢ 150°¢ 250°¢ 300°%¢
- - - 2 ’ " R _A
3w 7.2 4.71x107F° 1.08x10°11  2.36x1071°%  4.40x1077 4.93x107°
M6 ‘ =10 <] -9 5 g7y -3 10x10~ 4 1 -3
3 6.0 1.18x10 2. 71x10 5.93x10 1.10x10 1.24x10
S - +
" L Kt a\aHﬁ—) (.LO?)
Cu
(§ cu™)
% cut = f (salinity) foz = £ (Temperature)
,"'EH
.aH+ = 10
VB
£t (a+) (£, )°
M, 2+ = i 9

- , P , - R
Illustrates that Cu’ concentration (soluability)
th (

Lower pH, (2) Higher Temperature,

* Jolly (1974)



ignificant amounts of Zn and Mn (Wedepohl, 1970). In samp:

RBR-0~-10 magnetite can account for 7n and Mn concentration.
9 Z

7Zinc may substitute for Fez+ in magnetite since both have
the same ionic radii and charges and have similar electro-
negativities. Mﬂ2+ is algo bhelieved to replace Feg+ in
maznetite (Cornwall, 1957).
Table & - Comparison of Fe, Zn and Nn
et 70t Mn©*

Tonic Radius 0.74 0.74 0.80

Blectronegativity 1.8 1.7 1.5

. . . . o CF
electronegativity and lonic radius is closer to Fe for
7, 2+ 41 i 2+ -1 7 1 14 L ] o+
7Zn than Mn~ ", the Zn might have a tftendency to replace

noted in the magnetite from Cape Split (Figz. 23).

In order to enter the magnetite structure during

alteration zinc would have to enter a maznetite which was

forming at low temperature. In the Cape Spliv sample it
is not known whether the magnetite is low temperature,

the maznetite structure. The Zn concentration of 3.49
wt?% appears to be rather high for a magnetite. lighest

000 ppm from a mafic dyke

[d
D
e
m
I

reported 7Zn in maznetit

Y
b

?



&7

[

in Worth Carolina (Wedepohl, 1970). The Zn at Cape Split

probably 1s loosely associated with magnetite.

In general, 1t is difficult to find a mechanism of zinc

n

precipitation in the North Nountain basalt because of the
low Zinc and manzanese may suonstitute for Fe in
secondary oxides or in chlorite. Zeolites may also hzve
concentrated trace mstals by adsorption or cation exchange.

3

Clinoptilolite has been observed to remove Cu and Zn from

Ross Creek stands out from the othsr sampled locations

i

£ mutual Cu - Zn - Vn enrichment toward the top

of the section. The sampled flow at Ross Creek is overlain
nonconformably by siliceous shales and ssundstones of the

Scots Bay Formation. T[ish bones have shown the Scots Bay
rocks to have been deposited in =z lacustrine enviroment.

Conditions may have been sufficiently oxidizing to permit

.L 2

the formation of manganese oxides in the fractured and

vegiculsr basalt nsar the lake bottom. Weathering may =zlso

Eal

nave produced clays in the fractures and hollow vesicleg of

t

[y

12 basalt. Durinz burial and mobilizstion of Cu and Zn,
1 47
L

thesge metals may have been adsorbed by the ln hydroxides

or the clays,

g

Purther sampling of the basalt and sediments should

[}

be carried out to se the hizh metal concentrations in

<t
o
[§¥]

basalt-gsediment contact are real and to egtablish whether

ots Bay Formation hasg besen enriched with metals from

<t
-
1 )]

@2}

o

ot
)
oy
o]

salt. I the hizh metal concentrations are resl
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depleted in zeolite-bearing sections (BarvaretV1lle), or else
show no significant difference. In massive flows, copper

nd Centreville, while

QU

and titanium are lower at East Ferry
Wi and Cr are hizher.

No co-variance is shown between Cu and Zn. Only some
lozal co-variznces are found between Cu and Mn; and between

¥n and Zn. With the exception of Rogs Crecsk and Cape Split,

there ig a trend toward Cu enricnment in a2 Cu-Zn-in diagram

P
(Piz 15).

Copper is probably transported by chloride complexes

3 -

and precipitated by reduction to Cu’. Primary distri

5

butions

n . “ - e . e )
of zinc and manzanese are often allected by leaching during
burial metamorphism. Enrichment of Cu, Zn, and ln may occur

by adsorption in chlorite, zeolites, or clays. Enrichment

2

u and Zn in the glassy crust at Scots Bay may be due

o

glasgse, The precipitation of Zn 1s made difficult by the

The copper deposits on the Keweenaw Peninsula, Michigan,

have apparently undergone a zreater degree of burial

)
[4¥]
=
o
R
<
<

etamorphism 1

O

prehnite-pumpellyite facies while t7

h

-

Mountain s undergone only zeolite facles metamorphism.

.

&\)

iroderick (1929) has described an increase in percent As
in native copper with greater depth in the Keweenawsn basalts

(up to 0.5%). 1o As wes detected in native copper from

the Worth Mountain, possibly indicating a shallower depth.
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Copper concentrations found in this study were far
below economic levels. Fault zones such as at Cape Split
are too small in volume, even 1if they did have high grade

exist in sufficient guantity for economic recovery. Perhaps

the

g

rade of burial metamorphism was too low in the North

Mountain to have produced adejuate copper mooilization and

concentration for an economic deposit.



7]

=

[
&9}
o

Bl

o
&

procesge

Was 71

Zroup

o
f)

e

4

3]

—
(=3

ot
P
@

1
[oF

o
[}

-

L)

-
ana

mortar

o
ajave

n

a

with

-

[
<

O]

pestl

wlth

bombs

i

-0

i

Gy
42

¢

o

rock powder was

Eal
L

o 0.500 zm o

8
o
&0
0]
=

&)

et

A¥

et

Pt

i

Gy

—

O

.
@

=

i
tlse

10Ot

sgolut

."
B

£
L

1low

a

to

™

A

20

3

v
~

into the

ne samp

4
£ U

rinsing

9

a2 Ld

noro!

+
v

B
®
PR
©

10 EA ]

ut

ggol

d

(

um

m

for optiz

oW

!

[

ere

Wy

5y

10108

-+
i

solu

ne

M
A

52 })

il

w



chart recorder. Analyses were carrvied out in repeat mode

so that stronz noise would easily oe detected. (Readings
are gutomatically repeated and not intezrated over a time

period.)

The sample absorbance was calibrated by a synthetic
standeard prepared by Bob Fitzgerald at B.I.0. A solution
of W-1 was analysed for Cu and found to be within 2% of
expected staandard W-1 value.

n December were reduced to powder

|_J -

The samples processed

[}

at Dalhousie University. The rocks were chipped with a
hydraulic press. Crushinz was done 1in a porcelain jaw
crusher. The crushed samples were ground in a tunzsten
carbide swing mill.

Sample solutions were prepared in the same way as
before. However, this time the amount of sample was 2

measured value (+ .0001 zm) near 0.5 zrams.

U
ey}
[}
Q
-
ot

The sample absorbances were compare.i to W-1.

standard 530 acted as an external standard.



Ni

T1i
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Value for Ti appears

encountered with low

were related to

1

-

Sinha's values

- B

Table Al

rather low.

Ti in the first batch, which probably

219
127
1522
38
78
8773
42

Problems were

the synthetic standard used.

range from 2760 to 9830 ppm Ti.

Vilks' values ranze from 3324 to 6263 ppm Ti.

Table AZ

Comparison of W-1 Standard Values

Values Used
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Table A4

3

Ry
i

j

\J

September Analysis

Co

32
32
32
35
32

Ve
N1

N

U1l
>N

=07 AN
o O o

32
103
144
138
138
108
133

97
168
168
201
179
185

87

97

37
149
163

5278
5138
4830
52783
5009
4830
5009
4830
5009
4830
4830
4651
4830
4141
5009
5009
4141
4919
4651
4651
5009
6263
4651
4830
7338
5009
8950
4141
5009
3976
5009
5367
5045
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tppendix B - Photomicrographs

Cape Split: Sample B=9-1D (Fig. B) from the brecciated zone

is dominated by an interstitial brown oxide which aprears

black in the photo. Nagnetite grains tend to be obscured

1y

by this oxide. A chlorophseite is visible in the brown oxide.

Sample B-16 (Fig. B2) is the unaltered basalt around

oxenes are less altered.

<
i

the fault zone. Feldspars =nd D)

<,

IJ

Primary maznetites are eagsy to distinzuish.

11s Hsrbour: Hi-4 (Fiz. B3-B5) is a flow top with 354

argaretville: Sample £-2 ig from the interiocr of =&

zeolite. DBrown oxide pzartially replaces glass. Plazioclase
and pyroxene are very altered. Secondsry magnetite is
found rimming z=olite filled casities. 4 red hematite
staing some zeolites,

Sample HH~1 represents the lower part of the same

flow (Fig. B6). Plazioclase is sericitized and pyroxenes

[\
)]
@]
‘}_.J
‘f_.l
C‘)L
D
I

low (Fiz. B7). Only 5% zeolites are present.

Sampde 2 (Fig. BY8) ig 2 red zeolite-bearing flov

vith zreen copper oxide. The photo shows secondary
maznetite in a zeolite matrix. The rock is about 309



)

w & @
= [ ¢ m
O ® = L (4]
= w &) © 42 !
Gy [ 0] @] )] O o +2 O O

Sy +2 o & = w - © - O
] ® o el o s [0} O 10} S8l s o
w i ey} = o o ) an
Gy W o] O 1 @® el 0] +2 & 88 03] (v}
O - [} 4> o b¢ o . O = i
® 3 N o = O & 2y o < @] @]
[N b 43 o] &y 3] +> [y <
@) O [)] » [} S > 4 o o w K]
4 & & -+ < © ST > 0 w
2 O r—t B0 s} 6} 0 &} =3 ®
o1l ol 0w (8] W 0] a @] o] 42 4 i
< w & 4> = < [ o ey
o e o o e O (0 ¢} &y
& ¢ o O By 4 (] 4 4D
A} o & [0} n o [V ®
@ = © @ © < o] o ! a1 o]
o) [} & et = = 0 o 4> O i »
! w [y £ o ot [ s o &) . &
03] [ Jo] o 0 & & &} o N o [0}
-+ i - w 48] o C 4+ . 2 .
o @) O o W By o} [ on @ . 4>
- O [} = & Gy £ o, o . ] - a8} <
@] o [} (@] © [0} 1 atg} 6] a8} @] < ©
) 8n 0] @ au e & i < &n ()
i N @ £ n < o i o . .

W i o 48] < O < e e &y <

- ” ol o o [} © — i e o8

8] T w ] © &) &) o = =
© O] i o < 6] w 1 ] Lo i}

o £ = o ™ o a8 & o
- . e ® jas] ] w £y | . oy
® [ wm 0 r—~ = or-] ° =3 +> +> A2
< =] = O a0 (3] - !
4> D o] a1 ] 0 » o @) o ke
P ] apf = I [y [ )] n [
w Qo o By o] K o] S~ e} a @)
ar=| ! . 4> O o} el sy
m o o] (@) bt ]
. [ . = ol 4 O 0] jon
.l | el [ &N | = @
0] <% (0] alg] & < - o S
o [\ ) <1 [ w
0] ) o e} 0] O w <
Y ~— - i ~— &4 © o
! © @] ot ) . oy L " = S
i ° & & © w & 0} O
+2 sy [y o G} 0] o G —~ e} £l
= < o & i o o3 O i 0] (@}
= > © 0} O 42 o o e
R ) S 0 op- o () = o] o
fale W 0} w =3 . @ W 0]
ot & w (2] ot M O £ & )]
i Q. o > o0 N 4D &N o

























Aumento, F.; and Friedlander (19566). Symposium on Zeolites
From Worth Mountsins, Nova Scotia: Mineralogical Societ;
of India, IMA Volume, International Mineralogical
Association, Papers, Fourth Genersl Meeting, p 149-154.

Andrews (1977). Low Temperature Flui
Layer 2 Basalts, DSDP Leg 37: Ca

-~

Sci. v 14,p 911-926.

Bertrand, H.; and Coffront, D. (1977). Geochemistry of
]

Tholeiites from North-East American Margin; Correlation
with Morocco: Contrib. Mineresl. Petrol., v 63, p 65-74.
1Sh0ff, James L.; Dickson, Frank W. (1975). Seawater-—

Rac > 1 T

for Origin of Sea-Floor Heavy Metal Deposits and
lezulations of Seawater Chemistry: EZarth snd Plenetary
Science Letters, v 25, p 335-397.

2
omic zeolozy,

RBroderick, T.¥. (1929). Zoning in WMichizan Copper Deposit
and Significance: Economic Geology, v 24, p 149-15



Cornwall, H.R.; and Rose, H.J. (1957). Iichigzan:

4

Geochimica et Cosmochimiia Acta, v 12, p 209-224.

Crosby, D.G. (1962). Wolfville Nap-!

Q! 'S HT

3.5.C. Nemoir 325.

Douglas, G.V. (1942). The Copper Deposits at Cap 4'Or

Cumberland Co., N.S.: Preliminary Report, N.S3. Dept.
of Mines. 13-E-9-(3); 431457.

Bllis, A.J. (1968). Natural Hydrothermal Systems and
Experimental Hot-Water/Rock Interaction: Feactions

with NaCl Solutions and Trace Yetal Extraction:

Geochima et Cosmochima Acta, v 32, p 1356-1363.
Tlanagan, F.J. (1973). 1972 Values for International
Geochemical Reference Samples: Geochim. Cosmochim.

scta, v 37, p 1189-1270.

Fleischer, M. (1908). U.S. Feological Survey Standards-
3
e

T Additional Date on Eocks G-1 and W-1: Geochimica
Cosmochem. v 32, p 65-79,.

Helgeson, Harold C. (1969). Thermodynamics of Hydrothermal

yvetems at Elevated Temperatures and Pressures: American

<y W0

ournal of Science, v 267, p 729-804.

Jolly, W.T. (1974). Behavior of Cu, Zn, and Ni During
hnite-Pumpellyite Rank lMetamorphism of the Keweesnswan

1ts, Northern Michizan: Lconomic Geology, v ©9,
1



i ] « »
[ v = s >
aJ = - ® "
et [45] e D ® .
i ®» - g . o
~ W LIS Y B
[ 0 e = ] -
ST By
L N 3 oy ..,.f
(S ® QG OY 4 o
e () om o )] 8]
[N o @ - o sl
- > =N N R B o8 w & o
jui st i [®D] [R¥) @ <
O - w o - ! < o
B . woouN o 818} (&) ()
S O © o
any o O = o o =
O +2
O - & £ a e <
45 C oMy [} o0 . 0
@ £ [ON e i
S o8 [0} o O 4>
o 5y o 4+ L <
et C P ES 42 DA (G
e <rowm W ] j
O M~ O = - S~ £
== oN g i @
X} b et 43 ® ® D
(@] St aged ot ® s w
. L N © s
4D o e ot P M ®
Oy @ G K s
[ oo o O . 42 4 42
a9} =~ 0 B2y + o ]
! (SN O RN >y © O O
® s i woohh - O s
. ~~ O ot jaed @
[QUEEN [~ O e . . el
O O [ e —~ oy .
o T N A & [ @) ~
| 4] -t O e (4] [ sl e i
S ~ O B o +> [
oy} m o m 4 & e o
L . < e o o i
= Mmoo TS . i ) . N
PN R ® [0 ® 0 O
@ )] S e < 4 < o0 e B .
D ! o @ i~ ve e (T [
O 4 iy ) - MO .
e [ (o8 ] [} o 8
e e w - =T a o
>0 (BN - -~ s} o -
s O =¥ @] <t o3 ] = A
[ < 4= < a & o
ol P - (@ e a (@] MO 0}
) —t - <
e 99} [a9] &)
< - 8} 93

Io¥:

4

ri

A

A

e

oL

W

=N e

u
v

as
ar

faut
e
™
e



® l
< o0 - =t
5o S QY QN o]
= (0 &~ LY ™ S
- o) O i i fs D
-2 G =t TN [ O <
o O : ! o
(@) | [O IR ONEREGY ot 3 =
U =t ® A (@]
e A oy - -
Gy @ £ [@N & 4> ©
o > [T Gy B Ay o
O [ oy Y0 < ]
= Gy 3 ) @ @
< oW . -
se St B )] [4a}
45 (@ [N wH ]
Sp e a2 ES
o) [T B 4
o O [T A ] o "
@ o NN =
ioo00 +> n (€3]
@Oovy O e 43 o
2 ) O Gy o ke
o ©oh [QV) Q (O]
o LN &
O 42 I A «©
0} o (S O e
o ~N O [ (@] ot
o 4> o L e =S
~y o = @ <
=g 8y} . S = - [Ea]
o)) e 3 ~~ 0O o
& 0 [QEIRTE B - &
(V] Ly (SO [QN] ® ®
] M~ O N o & N
16} N 5 s s . e A or
fau] . —4 N’ 7 o o N O
oo St . (@) ° o o
® o ] O < i
Th . [ oo ] s
o o o gd ~—
Ee [aN C - °
2 S N [
AT - o [N [QV)
O By o e O 5
O +2 Sy - i
O > o C o I o
[ @ R n © O 4 [QV] <
e ~ (@I )] O
- © G m [
W > PR e
o4 o £ -
(4] Q < O e O
= el M\! e [ [®] "
© -l o
45 o8 @
[P o [}




	undefined: 
	undefined_2: 


