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INTRODUCTION

During the week of May 15-18, 1984, a group of U.S. Geological Survey
geologists and other geologists from Universities in New England met in
Reston, Virginia, to discuss the mineral resources in the Sherbrooke and
Lewiston 1° x 2° Quadrangles, Maine, New Hampshire, and Vermont as part of the
Conterminous United States Mineral Assessment Program (CUSMAP). The edited
transcript of those discussions has been reproduced in this report.

The principal investigators responsible for the resource assessment were
Robert H. Moench, Frank C. Canney, and Gary A. Nowlan from Denver, CO; Wallace
A. Bothner from the University of New Hampshire, Durham, NH; Leslie J. Cox and
Richard B. McCammon from Reston, VA. Other geologists from Reston who
participated in the discussions were John F. Slack, Wayne C. Shanks, III,
Norman L. Hatch, Jr., Jacob E. Gair, Frank G. Lesure, William F. Cannon,
Michael P. Foose, Steven D. Ludington, Robert A. Ayuso, Carl Koteff, John D.
Schafer, Howard A. Pohn, and Walter J. Bawiec.

The discussions centered on the major geologic and tectonic terranes
identified within the quadrangles. The terranes identified were: 1) Cambro-
Ordovician metavolcanic, 2) Ordovician-Carboniferous plutonic, 3) Jurassic
volcanic-plutonic, 4) Paleozoic metasedimentary and 5) Holocene surficial
sediments. Within each terrane, the ore deposit types most likely to occur
were discussed, and for each deposit type, a set of recognition criteria based
upon the available geologic, geochemical, geophysical, and remote sensing data
were developed. These criteria were combined with the available field
evidence to estimate the likelihood of occurrence of one or more deposits of
each type within each selected area. The estimates were categorized according
to degree of certainty which was expressed as probable, possible, and
speculative. The probable and possible categories were based on a set of
rules defined for each deposit type. The rules were incorporated in an expert
system to aid in the mineral resource assessment of the area (McCammon,
Richard B. and others, 1984).

Ore deposits having a speculative likelihood aof occurrence do not
satisfy the rules defined for the probable or possible categories. However,
it can be demonstrated that their geologic settings are analogous to settings
elsewhere that contain ore deposits of the type being considered. Occurrence
was defined as a minerals deposit above some specified minimum size and
average grade above a specified depth.

The reader is referred to U. S. Geological Survey Open-File Report
84-650, map of the Sherbrooke-Lewiston area, Maine, New Hampshire, and Vermont
(Robert H. Moench, ed.) for the location of areas mentioned in the discussions
that follow.
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The purpose here is to communicate to others engaged in regional mineral
resource assessments about the process of regional mineral resource assessment.
Of particular interest is the level of knowledge about the geology, the nature
of the dialogue among geologists, geochemists and geophysicists, interpretation
of data, and the means by which a consensus about the potential mineral
resources of an area is achieved. The assessment of the potential mineral
resources of an area is a complex process in which there are no fixed rules;
rather, value judgements are made based on the available data and the current
knowledge about mineral deposits types.

In the transcript, speakers are identified by their last name. Participants
are referred to by their first name.

Editor's notes have been inserted in the transcript to provide continuity
of the discussions.
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TRANSCRIPT OF MEETINGS

Monday May 15, 1984

8:30 - 11 30 a.m, Discussion by Bob Moench

Moench:

and John Slack on geologic
environments favorable for
volcanogenic-associated
massive sulfide deposits

We now have nearly all the data that we are going to get, so
this is the time to apply what we know about the geology,
geochemistry, geophysics, and remote sensing of the area to
arrive at estimates of the potential mineral resources. This
morning, we can begin with the resources in metavolcanic
terranes. I will start off with a description of the extent and
age relationships of the major metavolcanic units, and this will
lead into a discussion by John Slack of stratabound massive
sulfide deposits of volcanic association, ore deposit models and
the characteristics of rock assemblages that constitute hosts
for known districts in the northern Appalachians and perhaps
elsewhere.

Since the beginning of the project, I have focused mainly
on the volecanics in the Milan and 0l1d Speck Mountain
quadrangles, north to Canada and southwest to the
Littleton-Moosilauke area. In an attempt to get some grasp of
the potential of volcanic assemblages for occurrences of massive
sulfide deposits of different kinds, during the mapping I tried
to keep a few broad basic attributes in mind; namely those
features and rock assemblages, based on the current thinking,
that would provide the best environments for the development of
massive sulfides. This includes, first of all, thick originally
permeable assemblages of predominately volcanic rocks, such as
pillow basalts and tuffaceous volcanic pyroclastics or mixtures
of the two; thick enough to host a hydrothermal circulation
system., Second, you need some kind of heat engine to drive the
circulation system and a fair depth of water in order to
precipitate minerals on the seafloor, rather than in the
conduits. In the Kuroko District in Japan, calculated depths of
water are on the order of three and one half kilometers. It
does not necessarily have to be that deep however. Third,
there needs to be evidence in the volcanic assemblages of
hiatuses, that is, breaks evidenced by sedimentary layers or
evidence of very slow deposition that would provide enough time
for a deposit to form on the seafloor. Fourth, an overall
extensional tectonic environment is necessary in order to
maintain an open fracture system that could host a hydrothermal
circulatory system. Those are just some of the things I kept in
mind in the course of mapping. Superimposed on that is evidence
of mineralization in the form of hydrothermal alteration
preserved in the metamorphic rocks; in basalts, for example,
evidence of depletion of calcium and sodium shown by the
presence of gedrite and other low-Ca, alkali-absent amphiboles;



Slack:

McCammon:

Slack:
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and in felsic rocks, expressed as pyritic quartz-muscovite
schist, with some phlogopite or, if you happen to run across it,
which is not often the case in this area, a zone or pipe of
intense hydrothermal alteration., Based on these features, a
belt of rock could be categorized as probable, possible or
speculative potential for the occurrence of massive sulfide
deposits. In the process of arriving at these potential
estimates, we need first of all to develop a set of attributes
starting off with what John Slack has to say about massive
sulfide deposits, and then deciding how we can apply them. We
can add the geophysics and geochemistry and then go from area to
area assigning to each area a potential resource category with
respect to the occurrence of massive sulfide deposits. Later on
in the week, we Will go into the plutonic terranes including the
White Mountain plutonic rocks of Jurassic-Cretaceous age. Why
don't we now turn the floor over to John Slack.

I have provided you with a short paper or summary that Bob
Earhart prepared for the open-file mineral occurrence models
booklet that the Survey put out a couple of years ago.
(Erickson, R.L., 1981). Several other people contributed
models, but his was the most general in terms of field
recognition and characteristics without getting into details of
chemistry or specific deposits. I have a number of other things
that I would add myself and that is what I have summarized on
this sheet which you have before you. As briefly as I can, I
will go through what I call recognition criteria, supplementing
them with some of the other handouts which are diagrams taken
from various papers that illustrate the points, mainly rock
associations, alteration patterns, and so forth.

The material has been gleaned from the literature and from
people's talks, some of which are unpublished. You will not
find a lot of this in any one place. It is important to note
the association of some of the unusual lithologies that are
commonly interpreted as metamorphosed alteration packages, and
whether they are discordant or concordant. I will go into this
shortly. As Bob mentioned, the main criterion is a thick
sequence or pile of submarine volcanic rocks with minor to
abundant amounts of associated meta-sedimentary rocks. 1In most
cases, these are epiclastic sediments and in other cases, minor
amounts of calcareous or dolomitic sediments. The carbonate
component is generally minor.

How thick is thick?

I think on the order of half a kilometer, 500 to 1,000 meters,
something like that.

I would say that is the minimum.

Right. 1In other cases, there is a substantially thicker pile.
In a lot of these belts that are tectonically affected one way



or another, it is hard to put together a true thickness of those
kinds of sequences because of folding and thrusting. No sulfide
deposits are known in subaerial volcanic rocks so another
principal recognition criteria is establishing a submarine
environment. That is not always easy. 1In some cases, one can
find pillow structures or something that suggests submarjine
deposition but mostly it is an inference. Another criterion
many people use is evidence of pyroclastic activity

as opposed to general extrusion of lavas. Pyroclastic material
may range in composition from mafic to felsic or silicic and
includes tuffs and tuff breccias, agglomerates, or very coarse
pyroclastic rocks. There may also be associated fragmental
felsic domes that are probably largely subvolcanic but may have
been partly extrusive in their upper parts. Because of
deformation, these may range from fairly pristine angular
fragments in a felsic matrix to more or less fine-grained quartz
porphyries in more metamorphosed terranes. It is not always
easy to identify these and discriminate them from, for example,
felsic tuffs or felsic flows. We can look at the papers in the
handout which is from Plimer (1978). There are two figures, the
bottom of which is a ternary copper-lead-zinc diagram. This is
a broad generalization of proximal and distal massive sulfide
deposits. It has some problems as it relates to proximal
sediment-hosted deposits but it is generally applicable,
especially in volcanic-associated deposits, in showing the
relationship of proximal copper-rich ores, in some cases having
lots of gold, with abundant or more abundant volcanic material
generally near a submarine volcanic vent, as opposed to more
distal ores which tend to be of a different composition, in many
cases more lead-zinc-rich with silver, barite, various manganese
minerals, and also associated with more abundant clastic
sediments.

Moench: Do you think that applies to the Pecos mine where you have a good

. domal setting and right on the flank of that dome is lead-zinc
ore which would indicate a proximal setting?

Slack: That is why I was alluding to the fact there are problems that
many people now recognize that it is not necessary, nor it is not
always true that a feeder zone, if present, is coincident with a
volcanic center. Recent studias in the Kuroko district in Japan
have revealed that the rhyolite domes there did not precede the
generation of the massive sulfide deposits but came later so the
association is not accidental, although they may have used the
same conduits. The domes were more or less in place after the
massive sulfides were extruded so that the association of the
domes with the massive sulfides is almost the opposite of what
one would expect in terms of a cause-and-effect relationship.
Also, the recognition in the Kuroko district that virtually all,
if not all, the ores there are transported in someway or another
so that the association of copper-rich ores with the feeder zone
may be an artifact of tectonic transport or instability on the
seafloor. The general model is broadly applicable, but I want to
stress, and Bob did also, the many exceptions to that, especially
in sediment-hosted terranes. The bottom ternary diagram show
some general metal relationships with those proximal and distal
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deposits and it is true that gold tends to be more abundant in
these cupriferous deposits which, in many cases, are thought to
be proximal. Let's move to a more detailed figure, which is an
idealized cross section of a Kuroko-type deposit showing the
relationship of the massive sulfide ores to the edges of a
brecciated rhyolite dome. This was done before the recent
Kuroko research so it predates this new recognition of time
relationships between the domes and the massive sulfides, but it
does show these discordant feeder zones in the dome and the
associated barite and gypsum, that is, sulfate-facies of the
ores. A lot of people in the past have gone into a volcanic
terrane looking for domes and thinking that that was the main
area to be targeted, and yet there are many exceptions where
there are no domes known and some fairly large deposits. This
is particularly true in the Proterozoic of the Canadian Shield.
Another is Bald Mountain in Maine., As far as I am aware, people
have told me there is no subvolcanic felsic dome recognized
there yet chloritic feeder zones are present in a calc-alkaline
pyroclastic sequence. Here, then, is a good example of a large
massive sulfide deposit in a proximal volcanic setting without
associated rhyolite or felsic domes. So there are exceptions to
that model. Another is the Noranda district in Canada. If you
look at the next figure, it is an idealized reconstruction of
the Vauze sulfide deposit in Noranda. It shows a rhyolite dome
with massive sulfide lenses on the flank of the dome.

There are quite a few deposits in the district that are
spatially related to these felsic domes. You can also see at
least a suggestion there of a constrast which is common in many
of these volcanic deposits, for not only the domes but the
massive sulfides to be along lithologic contacts commonly
between felsic and mafic volcanic rocks and in some cases with
sediments. This is a fairly persistent feature so that a good
generalization is that the massive sulfides tend to occur along
lithologic breaks in the volcanism between dominately felsic and
dominately mafic volcanism. In most cases, the hangingwall
sequence is mafic, whereas the footwall sequence is felsic,
commonly pyroclastic with tuffs and tuff breccias. Turn now to
another figure. This is a section that shows a number of
deposits including the Millenbach that occur at several
stratigraphic horizons in the Noranda district. Several of
these have been mined in the past. Millenbach has been mined
out recently. You can see the discordant stringer zones or
alteration zones that extend into the footwall of these deposits.
In some cases, for instance, from the Amulet Lower A to Upper A
deposits, the stringer zones continue into higher stratigraphic
levels in spite of deposition obviously of overlying volcanic
rocks.

In this figure and the previous one, there are features that are
parallel to the present surface.

You mean the plan of the present surface?

Yes, there are levels that seem close to being parallel and a
fairly large angle to where you would expect deposition to take
place or enrichment to take place, and the same thing is true
here on the figure you are talking about. There are at least
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some dikes that seem to be coming through that parallel to the
present surface., I'm trying to determine if the whole complex
has been tilted.

I think I see what you mean.

If this was the original surface, this is the way the units
would be aranged and now you got these dikes coming through that
are parallel to the present surface,

It has been tilted though. Anyway, people have gone with the
notion that the place to look for massive sulfides is the same
stratigraphic horizon as the other occurrences or deposits in
one area, and yet the Noranda district is a striking example of
where this has not proved to be the case because just in the
last 10 years or so, a number of economic deposits have been
found in other stratigraphic levels in the district, namely at
lower and higher levels where these alterations zones developed
and then were reactivated at a later time at the same focus.

You see an example of that between the Lower Amulet and the
Upper Amulet deposits.

That is a good example of an ore guide you go with until you
can unravel the stratigraphy.

Right. It is the same as the rhyolite dome concept where you
need to have a rhyolite dome to indicate a volcanic center and,
therefore, the deposits have to be near the rhyolite dome. 1In
metamorphosed terranes, I would rather use other criteria that I
Wwill discuss in a minute that are equally important. I do not
want to dismiss rhyolite domes--they are important--but they are
not consistent targets on a worldwide basis. Also, they are
hard to recognize. There are other field criteria that are more
easily recognized. Going back to the main recognition criteria,
another principal criterion is the evidence of chemical sedimen-
tation. These are fairly distinctive rock units that most
people can generally recognize in the field. They are not
always laterally persistent but they clearly indicate some
syngenetic chemical sedimentation. At least that is how I
interpret them. In many districts, they are interpreted to be
time-stratigraphic facies of the massive sulfide ores at the
same stratigraphic horizon, or broadly so. In most cases also
in the hangingwall, although they are not perfect stratigraphic
analogs, they are in the immediate stratigraphic hangingwall of
deposits. Examples include cherts (called banded tuffites)
coticules, iron information and tourmalinites. Some of these
may be easy to miss in the field. A lot of cherts look like
quartzite or sugary quartzite when they recrystallize and these
are not always obviously hydrothermal cherts at least in field
identification. Some of these banded tuffites may have chemical
compositions similar to keratophyre. Norm Hatch has seen one at
the Davis mine. They may be partly mixtures of exhalative and
volcanic components, but when not recrystallized they tend to be
fairly cherty and fine-grained. Coticule and iron formation as
well as tourmalinite can occur in sequences that do not have
massive sulfide deposits. Clearly, they are not one-to-one
guides, but they do indicate chemical sedimentation which is
thought to originate from hot springs on the seafloor, so that
they are broad guides to hydrothermal activity in a volcanic
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sequence. An illustration of this can be seen on the geologic
map showing the Hawley mineral belt in northwestern

Massachusetts. This map shows a number of occurrences of
massive sulfide deposits associated with other types of chemical
sediments, especially iron formation, at various stratigraphic
levels., There are also a number of coticules. The best example
in the sense of manganese-rich, largely carbonate sediments, is
that of the Betts mine in the southern part of the belt. I
interpret these based on mapping by Hatch to be several
stratigraphic levels of chemical sedimentation that extend from
the upper Moretown through the Hawley Formations. The masses of
these chemical sediments occur where the map pattern of the
Hawley Formation is the thickest. One interpretation of course
is that this is tectonic thickening. There is a good chance,
however, that it is a primary volcanic thickening related to a
felsic volecanic center.

There are a lot of coticules to the south.

Sure, but I'm saying we should restrict it more to the sulfides
and the iron formations, and also to the north as indicated by
that one prospect in Vermont. In the central part of the Hawley
belt, there are some very coarse volcanic agglomerates. There is
ore preserved in less sheared and less deformed areas between
the two major massive sulfide deposits, Davis and Hawks (Mount
Peak), so I think there is a potential there in spite of the
deformation. There is a correlation between the distribution of
massive sufides and iron formations with an original volcanic
edifice. That may be one thing to look at. Also, there may be
more of a felsic component to the volecanism in that part of the
belt than there is to the north and south. Would you agree to
that, Norm?

In the thick part, sure.

Some people have suggested one way to look for that sort

of feature is to actually construct isopach maps of thicknesses
of felsic volcanics in various belts as a possible guide looking
at the areas closest to the volcanic centers. That is one
possible approach.



Monday, May 15, 1984

1:00 - 4:00 p m. Continuation of Monday

Slack:

morning's discussion

Moving on to the next main recognition criterion is evidence of
hydrothermal activity. This will depend on a variety of
features or parameters which include the protolith, whether it
is felsic or mafic or calcareous or dolomitic or siliceous.
Obviously the greater the metamorphism, and also in some cases
whether it is contact or. original metamorphism, so that the
mineralogical affects one sees are not evident in the same
volcanic sequence as a function of varying degrees of metamor-
phism and the lithologic nature of the protoliths. Nevertheless,

there are a number of distinctive mineralogical associations and
rock types that are reliable guides to hydrothermal alteration.
These stand out in many districts. It has been demonstrated
that the alteration associated with the generation and placement
of massive sulfides are discordant and interpreted as alteration
pipes stratigraphicly beneath the ores. Others are broadly
conformable or semiconformable and may extend for several
kilometers lateraly away from the deposits. In most cases these
are in the stratigraphic footwall of the deposits. I do not
think this is widely recognized. However, Jim Franklin, from
the Geological Survey of Canada, gave a talk here several weeks
ago and he described a number of these lithologies which are
traceable for kilometers at the same horizon in the footwall
away from the deposits. Such features provide bigger target
areas in terms either of knowing where to look or for evaluating
mineral potential for massive sulfides in a given area, Let's
consider some of these features. Taking these in no particular
order, first there is chlorite and talc shist. One doesn't
always see the talc but chlorite-rich rocks are very common
because of the magnesium metasomatism associated with the
seafloor alteration, commonly as discordant bodies in the
footwall of the deposits, in some cases with a fair amount of
talec.

The second is cordierite-anthophyllite rocks or cordierite-
anthophyllite-gedrite rocks. These are evidence of premetamorphic
magnesium metasomatism but in contrast to the chlorite-rich
schists that may be or commonly are in discordant footwall
alteration zones, cordierite- anthophyllite rocks or gedrite
rocks are in many areas laterally persistent for quite a
distance--say hundreds to thousands of meters--away from the
deposits. Naturally those rocks with cordierite would occur at
higher metamorphic¢ grades; you would not see cordierite in a
greenschist-facies sequence.

Next are sftaurolite-rich rocks. These are not commonly
recognized. They may be identified in the field but not



recognized as possible hydrothermally altered rocks. The same
is true for chloritoid-rich rocks. One example is the Mattabi
deposit where there is a semi-conformable chloritoid-carbonate
rock that occurs 2 or 3 kilometers on either side of the main
deposit in the stratigraphic footwall. This is a distinct
lithology attributed to hydrothermal alteration. These

rocks are chloritoid-bearing in composition but the chloritoid
and staurolite are iron-rich silicates indicative of iron
metasomatism prior to metamorphism. Also, Al-rich silicates are
indicative of (residual) Al-enrichment. That is the present
interpretation. 1In one of the handouts, there is a diagram
illustrating the footwall types of alteration in the Mattabi
mine which Franklin worked on. These show varying types of
alteration from sericite immediately underlying the massive
sulfides and chlorite underlying it, as well as to zones of
siderite and dolomite farther out. That is not to say the rocks
are entirely siderite or dolomite. It is interpreted to be a
series of alteration minerals superimposed on the underlying
lithologies which, in that case, are felsic tuffs. Beyond this
there is quite a bit of chloritoid and dolomite. More recently,
it has been shown that there is abundant chloritoid underneath
the sericite zone in the immediate footwall. Moench mentioned
sericite and that is another commonly recognized key indicator.
Another that is rarely or not widely known is plagioclase-rich
rocks. These appear to be more common in sediment-hosted
deposits, the ones, for instance, Jack Gair and I have looked at
in Ducktown and the Gossan Lead, and the Sullivan in British
Colombia. There are a number of volcanic-hosted deposits,
particularly in Scandinavia, that have in most cases footwall
zones which are composed mainly of plagioclase. They look
superficially like a felsic volcanic or rhyolite or graywacke
even, yet they are largely sodic plagioclase. These are
attributed to seawater alteration of volcanic rocks in the
sequence. They may be discordant as veins or lenses in the
footwall. The Joma deposit near the Norwegian-Swedish border
has a lense of plagioclase rock in the stratigraphic footwall.
These are important rocks that tend to be extremely close to the
massive sulfides spatially, and yet they may be very easy to
miss in the field. Below that, I mention kyanite-sillimanite-
rich rocks. These are also in many cases very close to the
massive sulfide deposits in the immediate wall rocks, as a
function of alteration forming clays that have later been
metamorphosed to kyanite or sillimanite at varying metamorphic
grades. There is a good documentation of these kinds of
lithologies in many of the pre-Cambrian massive sulfide deposits
in Canada. It is interesting that Nancy Pearre (Lesure), and
Jim Calkins in their New Hampshire map, and also in their
Vermont map but (especially in New Hampshire), note several
kyanite and sillimanite prospects not associated with

plutons in volcanic belts in western New Hampshire. I do not
recall exactly where those are, but I think they are significant
and someone should look into their distribution.



Moench: How much kyanite or sillimanite are you talking about, 50 percent?

Slack: I think more than 10 or 20 percent, probably 30 or 50 percent,
something like that. If they were prospects they probably would
have at least 50 per cent. They are also good targets for gold.
Many of the kyanite-andalusite-sillimanite deposits in the
southern Appalachian of the Piedmont have quite a bit of gold
associated with them. 1In the pyrite there is a lot of gold.
This was not even known until about 5 years ago. Sulfide-rich
rocks in that column of course are also pretty obvious,
disseminated sulfides or veinlets of sulfides as clues to
proximity to deposits. Another one only beginning to be
recognized is bleaching or silicification of mafic rocks.
Unfortunately I do not have illustrations from Noranda. I have
an example, though, on on the same figure as the Amulet deposits.
Notice the feeder zones coming up through the Amulet rhyolite.
It is really not rhyolite at all, but a basalt. This was not
recognized as such until just a few years ago. The unit is so
silicified that the chemical analyses generally come up to
rhyolite. Yet they have been able to demonstrate just in the
last few years that away from the massive sulfide deposits this
is actually a basaltic andesite or basalt. 1It's been strongly
silicified both where it is a flow, and in some cases where it
is a tuff or tuff breccia. There are varying degrees of
silicification of matrix and fragments to near complete
alteration in that conformable zone not only in that conformable
zone but peripheral to it. One example outside the mine area is
to look for mafic or intermediate-composition volcanics in which
there is silicification or bleaching of fragments as an
indication of alteration. I will finish here with a few
indicator minerals that are fairly easy to identify in the field
and also are diagnostic in pan concentrates as guides to
favorable massive sulfides terranes. These are gahnite,
spessartine, tourmaline, barite, magnetite, and apatite. You
can, of course, get magnetite in almost any pan concentrate.
Getting a whole abundance where you don't expect it, for example
mostly in a felsic volcanic sequence, you might wonder whether
this is accessory magnetite that one might expect from
metamorphosed amphibolite. Barite usually breaks down and does
not show up much in pan concentrates as a residual mineral. It
should be fairly easy to identify in the field, however, because
of its specific gravity. Gahnite is distinctive with its green
color. Spessartine is a good indicator of massive sulfide
deposits, for example, being abundant at Broken Hill, although
it is not really associated with volcanics. Tourmaline is
another, especially when they are magnesium-rich. I mentioned
apatite, but fluorapatite is another good indicator. Fluorine
is becoming recognized as an anomalous element in many
alteration zones of massive sulfide deposits. It generally
resides in apatite so fluorine-rich apatite or an abundance of
fluorine-rich apatite may be important.
Now I would like to show you some slides.
Most of these are from the Noranda district, eastern Ontario,
near the Quebec border.



(First slide) This is one of the felsic tuff breccias very near the massive

(Next slide)

(Next slide)

(Next slide)

(Next slide)

(Next slide)

sulfide deposits in the general zone of favorable stratigraphy.
The texture is monolithic; clearly, an indication of coarse
pyroclastic felsic volcanism.

Here is what I was aluding to earlier, another felsic fragmental
rock, but there is silicification. Actually I'm not so sure,
this might be an example of a more intermediate composition, but
there is silicification around the rims of these fragments.

When we were there, they were mentioning this bleaching or
silicification of fragments as a hydrothermal effect, so there
is something to look for if things are not too badly deformed.
Some of you may have heard of mill rock. This is the mill rock,
Sangster's mill rock.

This is a fragmental felsic dome which is peripheral to one of
the biggest massive sulfides in the whole district, perhaps the
biggest massive sulfide, the Horn deposit which is now largely
mined out. You can see the angular nature of these felsic
fragments. I think it is largely rhyolitic in composition,

That is the view from that outcrop across the lake to the Horn
mine and mill.

Here are some outcrops in the district very near the massive
sulfides that crop out at the surface, showing pillows in which
the rinds have been replaced, partly by disseminated sulfides.
To the left of that coin is disseminated pyrite and chalcopyrite
outlining the pillows pointing to the left. They are standing
pretty steep. That is another feature, one does see in the
footwall, not only discordant veins and veinlets of sulfide,
particularly copper-rich chalcopyrite, but also sufides that may
occur along the rims of pillows. This is another distinctive
rock, dalmatianite, which occurs in the footwall of the
alteration zone of those deposits. It is a spotted rock.
Unfortunately, it is limited to contact aureocles in which
younger granitic plutons or stocks have provided a thermal
aureole to heat up the magnesium rich-rocks to produce the
spotted dalmatianite, which are magnesium-rich cordierite rocks,
probably originally chilorite schists which have been thermally
metamorphosed.
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