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Introduction

‘The Mystery Island intrusive suite comprises several
sheet-like plutons of intermediate composition which
intrude andesitic stratovolcanoes within the 1.87 Ga
Great Bear Magmatic Zone of Wopmay orogen. The
plutons have haloes of altered wallrock comprising
three zones: albite, magnetite-actinolite-apatite, and
pyrite. Interest in magnetite-actinolite-apatite deposits
has increased significantly in recent years due to the
discovery and development of the Olympic Dam and
related deposits, South Australia. Magnetite-actinolite-
apatitc mineralization in the Echo Bay area and
elsewhere in the Great Bear Magmatic Zone is a
current exploration target for silver and uranium.

Pitchblende and native silver (Ag)-bearing veins in-

the Echo Bay area are spatially associated with

plutons of the Mystery Island intrusive suite and their

altered wallrocks. Although more than two million

ounces of silver and over 14 million pounds of U 0O,

_ have been mined from the Echo Bay area, the origin

- of the mineralization remains obscure. Spatial and
temporal relationships between the Mystery Island
intrusive suite, altered and mineralized wallrocks, and
pitchblende-native ~ Ag-nickel (Ni)-cobalt ~ (Co)
arsenide-bearing veins, as outlined during this project,
are essential in understanding the geological history of
mineralization in the Echo Bay area. These
relationships provide an empirical guide for further
mineral exploration.

Objectives

The principal objectives of this study were: 1) to map -

and sample the plutons of the Mystery Island intrusive
suite and associated alteration haloes in the Echo Bay
area, 2) to understand the formation of the alteration
haloes, and 3) to determine the relationship between
the plutons, alteration haloes and pitchblende - native
Ag-Ni-Co arsenide-bearing veins. This was
accomplished by:

- compilation and assessment of available geological

information for the Echo Bay area,

- 1:15 000 scale mapping of the Mystery Island -
intrusive suite, associated alteration haloes, and
quartz veins in the Echo Bay area.

- determination of mineral textures, paragenesis and
composition in altered and mineralized (magnetite-
actinolite-apatite) zones of the alteration haloes.

- characterization of the nature and origin of
hydrothermal fluids, and estimation of the extent
of water-rock interaction during alteration using
oxygen and hydrogen stable isotope data for both
whole-rock samples and mineral separates.

- determination of spatial and temporal relationships
among the plutons, associated alteration haloes,
and pitchblende - native Ag - Ni-Co arsenide-
bearing veins.

Methods

Fourteen weeks of field mapping at 1:15 000 scale
and sampling of the plutons of the Mystery Island
intrusive suite, altered and mineralized wallrocks, and
quartz-carbonate veins in the Echo Bay area was
completed during 1988 and 1989 (Reardon, 1989;
1990). In appropriate areas, outcrop scale mapping of
actinolite-magnetite-apatite — vein/altered —wallrock
relationships was completed. A map of the area at
1:25 000 scale, showing the distribution of alteration
in the Echo Bay area, and an accompanying report
will be released as a GSC Open File during 1992

(Reardon, 1992).

Forty whole-rock hydrogen and. 150 whole-rock
oxygen isotope analyses of the plutons of the Mystery
Island intrusive suite and their altered wallrocks were
completed. In addition, mineral separates were
prepared for representative magnetite-actinolite-apatite
zone veins and breccias. Nineteen hydrogen isotope
analyses of amphibole, talc, epidote, and biotite; 35



oxygen isotope analyses of quariz, feldspar,
magnetite, amphibole, apatite, epidote, talc, and
biotite. Thin sections were prepared for all samples
for which isotopic analyses were completed.

Results

Excellent exposure of the plutons and their altered
wallrocks in oblique cross-section allowed a unique
assessment of geologic, geothermal and geochemical
variations with depth. The results of this study are the
first of their kind for intermediate magmatic -
hydrothermal systems.

All of the plutons of the Mystery Island intrusive
suite are characterized by alteration haloes, primarily
above their roofs, but also within and below the

plutons locally. Three zones of altered rock were

mapped:

1)- an albite zone within and adjacent to the plutons
characterized by pervasive replacement of the
rocks by albite;

2) a magnetite-actinolite-apatite zone = generally
present at some distance above the pluton roofs
and characterized by actinolite-magnetite-apatite
veins, pods, hydrothermal breccias and
replacement; and

3) an outer pyrite zone of disseminated pyrite, and
pyrite veins and pods.

A chalcopyrite subzone, beyond the pyrite zone, was
mapped in the Port Radium area. The zones are
somewhat irregular, and overlap of two or all of the
zones is common. Alteration is generally more
pronounced within sedimentary units, which may be
due to differences in composition and permeability.
The greatest concentration of pitchblende - native Ag
- Ni-Co arsenide-bearing veins is found where the
magnetite-actinolite-apatite and pyrite zone overlap,
within sedimentary units. However, = although
pitchblende - native Ag - Ni-Co arsenide-bearing
~veins are spatially associated with the plutons of the
Mystery Island intrusive suite and their altered
wallrocks, they are not related temporally. Both the
plutons and their alteration haloes are displaced by the
faults in which both unmineralized and mineralized
veins occur. Cross-cutting relationships indicate two
periods of activity in these fault systems, the later
veins being mineralized (Jory, 1964; Robinson, 1971).
This younger period of veining postdates the 1.67 Ga
(Bowring and Ross, 1985) Homby Bay Group

(Furnival, 1939), and thus is much younger than the
plutons and alteration haloes (Hildebrand, 1988;
Reardon, 1990).

Mapping also revealed new outcrops of the Cameron
Bay Formation at Contact Lake. Above a local
unconformity, a pebbly conglomerate contains
fragments of altered and mineralized andesite and as
much as 5% 1 to 2 mm rounded quartz grains.

This indicates that the altered and mineralized rocks,
and possibly a pluton of the Mystery Island intrusive
suite (a source for the quartz), were exposed before

- deposition of part of the Cameron Bay Formation, a

relationship found elsewhere in the area by Hoffman
et al. (1976) and Hildebrand (1981).

. Paragenesis of the minerals in veins and breccias

indicates that magnetite was deposited first, but
possibly in two generations: before and during
actinolite deposition. Apatite, where present, is
typicaily a late mineral. Textures observed in altered
and mineralized zones indicate that alteration occurred
by replacement, veining, and brecciation. Magnetite is

~ invariably altered either partly or entirely to hematite.

Actinolite is chloritized and, in at least two veins,
altered to talc. Minor amounts of sphene and
carbonate were present in all vein and breccia samples
studied in thin section.

Petrographic studies indicate that pervasive propylitic’
alteration of wallrocks; feldspar is altered to sericite,
secondary albite and epidote; ferromagnesian minerals
are altered to chlorite with lesser calcite and
magnetite. Saussuritization of feldspars within the
plutons occurs locally. Within the albite zone, the

rocks are replaced by granular albite. Regional

metamorphism is subgreenschist.

Whole-rock 8'°0 range from +53 to +11.7 for
altered andesitic lavas, volcaniclastic rocks and
intrusive porphyries, and from +5.7 to +12.3 for the
plutons. 8D range from -56 to -92 for andesitic lavas,
volcaniclastic rocks and intrusive porphyries, and
from -57 to -83 for the plutons. These data indicate
that the rocks are hydrothermally altered, and rule out
a dominantly meteoric geothermal system and high
water/rock rafios, since most 8'°0 and 8D are higher
than +6.0 and -70, respectively. The data are
comparable to those from geothermal systems in

'which the fluids are magmatic water and evolved

seawater or highly-evolved meteoric water (see
Taylor, 1987), although lower d-values indicate a



higher meteoric input locally. Stable isotope data for -

mineral separates of actinolite -80.3 to -53.4; biotite
-112.2; epidote -98.1; and talc -55.05 support these
conclusions. Sulphur isotope data, yet to be
completed, will indicate the significance of magmatic
input to the system.

The determination of pressure, temperature and fluid
composition during alteration and mineralization, and
of the effects of late quartz-carbonate veins on pluton-
related alteration is in progress. :

Conclusions _

Field and laboratory studies carried out in this project

indicate that:

1) all of the plutons of the Mystery Island intrusive
suite have alteration haloes.

2) three zones of altered rock are present: 1) an inner
albite zone; 2) a intermediate magnetite-actinolite-
apatite zone; and 3) an outer pyrite zone (and
chalcopyrite subzone in the Port Radium area).

3) the presence of hydrothermal breccias, zoned
alteration- haloes, wallrock replacement and the
stable isotope data indicate formation of actinolite-
magnetite-apatite mineralization by hydrothermal
processes. Isotope data also indicate that the fluids
involved were magmatic and evolved seawater or
evolved meteoric water.

4) pitchblende - native Ag - Ni-Co arsenide-bearing
~veins are spatially, but not temporally, associated
with the plutons and their altered wallrocks.

'5) the greatest concentration of pitchblende, native

Ag, Ni-Co arsenide veins is present where the

magnetite-actinolite-apatite and pyrite zones
overlap, particularly within sedimentary units.
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