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ABSTRACT

Some conceptiong by Bowen regarding the proecesses appar-
ently involved in the formation of ultra-basic lamprophyres
have been applied to obgervations msde on reaction-rims in the
rocks of this thesis. An attempt has been made to find, in the
reaction-rims surrounding basic minerals, phenomena that might
indicate that reactions took place, during the time the rock
was forming, between the basic minerals and an alkaline liquid.
No conclusive evidence of such reactions was found but the sug-
gestion is made that there is an unusuvally great development of
reaction rims, especially in the more basic lamprophyres, that
may be due to the effect of an alkaline liquid. Another theory
by Bowen, dealing with the possibie origin of ore-bearing solu--
tions, has been amplifiéd to present possible reasons for a
close relation between lamprophyres and ore.

On the more practical side, a petrographic étudy of lampro-
phyres and associated ore has revealed an intra-mineralization
age for lamprophyres whose field relations do not conclusively'
indicate contemporaneity with ore.

A compilation from the. literature, of facts pertaining to
most of'the lamprophyre oCourrénces in British Columbia, has
provided interesting statistics on the geographical and geo-
logical distribution of lamprophyres, and on their relations
to different types of ore. The majority of lamprophyres occur

in the Rossland-YmiriNelson-Slocan belt, near the eastern con-
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tact of the Nelson series of batholiths, while most of the re-
mainder-are confined to the eastern contact of the Coast Range
batholith. The lamprophyres of the Nelson batholith region are
agsociated with ores which, in the Rossland, Salmo, Ymir and
Nelson areas are almost half of the Pb, Zn, Ag type and in the
Ainsworth-~Slocan districts, entirely of the Pb, Zn, Ag type.

It is in the Ainsworth-Slocan districts furthermore, that
lamprophyres are perhaps most densely concentrated and show the
closest time ielation fo ore. The lamprophyres along the east’
gside of the Coast Range batholith provide most of the evidence
indicating ' ‘

341 that post-ore lamprophyres are predominantly as-
sociated with ores containing Au and Cu.

The conclusion seems inescapable that lamprophyres are con-
centrated in the two most intensely mineralized zones of the
province. Furthermore, a marked affinity is shown by lampro-
phyres for those areas in which Pb, Zn, Ag mineralization either
is prominent or, at least, is present along with other metals.
These statistical facts sugéest that the relation between ore
and lamprophyres is not purely one of chance and they arouse

our curiosity as to what reasons may exist for such a relation-

ship.
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INTRODUCTION

The purpose of this thgsis is to investigate lamprophyre
dykes in British Columbia for evidence that may help to de-
termine whether they are connected with ore deposits in their
origin.

The method of attack has involved first, a study of the
theories, put forward by various authorities, that deal with
the origin of lamprophyres in the expectation that some might
suggest reasons for a close time and space relationship be-~
tween lamprophyres and ore. A laboratory study has been made
of lamprophyres and ore from several mines and a search of the
literature was undertaken to obtain a record of all the re-
ported lamprophyres in British Columbia together with their

agsociated ores.
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DEFINITION AND CLASSIFICATION OF LAMPROPHYRE DYKES.

The term "lamprophyre" covers a large and ill-defined
group of rocks which typically occur as dykes or small in-
trusives. In their chemicaI composition, lamprophyres are
characterized by a medium to low silica percentage and a con-
siderable relative quantity of sodium and potassium, the al-
kali metals. In addition, oxides of calcium, magnesium and
iron are abundant so that the rocks are rich in ferromagnes-
ian minerals.

The textural criteria that may assist in determining
Whether or not a rock is a 1amprophyre are the prevaience of
a porphyritic texture, the phenocrysts being most commonly
the ferromagnesian minerals or, in the absgsence of a porphy-
ritic texture, the ranidiomorphic texture, -in which the rock
is holocrystalline and commonly equigranuler with the compon-
ent minerals all tending to fomm euhedral crystals.

The classification of the different lamprophyric types is
dealt with by Harkeglgnd Johannsenf?)The more commonly oceur—
ring types are summarized in the following table after

Johannsen. (See next page.)

(1) Harker, A.: "Petrology for Students". Page 134. (1908)

(2) Johannsen : "Petrography". Vol. III, pages 32 and 137. (1937
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Orth.-Felds. Plag.-Felds. Very little

Feldspar Predominant Predominant  NaCaf NaCaf

"Family" Syenite Diorite - Gabbro Perknite

Biotite Minette Xersantite

predominant

Hornblends Vogesite Spessartite Odinite Garewaite
and /or T ' (Camptonite) (rare)

Augite pre=-

dominant

The term "camptonite" is applied to lamprophyres of the

gpessartite ciassification which are more melanocratic than
spessartite énd therefore contain less feldspar. Qdinite and
garewaite are extrémely rare. It should be emphasized that
all gradations exist between'thesé main types. A

The extremely basic lamprophyres, in which no feldspar is
present, are divided into three ciasses, in all of which oli-
vine is a prominent constituent and alkali minerals are plenti-

ful. Monchiquite is characterized by idiomorphic crystals of

olivine and augite set in a colorless, isotropic base believed
't0 be analceime. Hornblende and biotite may also be present.

Limburgite is a type allied to monchiquite but the interstit- -

ial base is a brown glass instead of colorless analcime. Al-
nBites are olivine rich, biotite-monchiquites characterized by
-the presence of melilite and usually alksline minerals in the

groundmass, Quachitite is an olivine-free variety of monchi-

quite, characterized by abundant biotite.
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THEORIES AS TO THE ORIGiN OF LAMPROPHYRE ROCKS
(1),(2)

Theories by Niggli

Niggli points out, as have others, the complementary rela-
tion existing between aplites and lamprophyres when compared
wiﬁh the granite masses from which both originate. The two
may be considered as the extreme acidic and basic products of
fractional crystallization of granitic or granodioritic magma.
He also states that lamprophyre dykes aré usually later than
the related aplites in their time of intrusion.

With regard to the mechanics and chemistry of lamprophyre-~
formation, Niggli believes in the remelting or solution of
early-formed ferromagnesian crystals to form:.a lamprophyric
fluid, the ferromagnesiansAaccumulating by gravitative set£1ing
towards the bottom of the magmatic chamber and the volatiles
which dissolve them being forcgd down towards them by the pro-
gressive loweiing of the solidifying batholithicAhood. After
the mixing-of the basic crystals with the volatile fluid, the
whole is forced out to form intrusive lamprophyres. Niggli
points to the usually high biotite and hornblende content of
lamprophyres as evidence of the importance of water vapor and

other volatiles in their formation.

(1) Niggli, "Die Leichtfllichtigen Bestandtheile im Magma" -
as quoted by Spurr in Bulletin of Geol. Soc. of Am. Vol 36,
.564, (1925) :
2) Niggli, "Gesteins und Mineralprovinzen" - as communicated
to the writer by Dr. K. DeP. Watson.
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| (1) (2)
Theories by Grout and Reynolds -

Grout thinks the production in granitic magmas of latev
siiiceous residues (aplite and pegmatite), at the same time as
late baéic residues to be highly improbable. He is an éssimil-
ationist who considers the occurrence'of partly-assimilated
basic inclusions in some lamprophyre dykes as suggestive that
ia@prophyres may be formed by the mingling of basic matqrial
with dyke fluid of another composition. A point in his favour
is that the infinite number of combinations of different kinds
of inclusions and dyke fluid can account for the great variety
of features found in lamprophyres. Grout is not dogmatic, how-
ever, and suggests that it is likely that severél different
processes account for the variety of characteristics of lampro-
phyres.

'D.L. Reynolds goes to an even greater extreme in advocating

assimilation than does Grout.

(1) Grout: "Criteria of Origin of Inclusions in Plutonie Rocks"
Bull, G.S.A. Vol. 48, Ko. 11, p. 1549, (193%a= "

(2) Reynolds, DiL.: "Transfusion Phenomens in Lamprophyre Dykes
and their Bearing on Petrogenesis.
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Theories by Spurr and Comments Based on the Findings of This

Thesis.
- (1)

- Spurr presents a lengthy discussion of the relation be-
tween all types of dykes and mineral veins, with special con-’
sideration of the control exerted by wall-rock temperature on
the zonal arréngement of ores and the accompanying formation
of contemporaneous dykes. In his view, wall-rock.températures
must be at a certain value for certain ores to form and dykes,
contemporaheous with the ore,lmust have also required the same
temperature level for their crystallization. He cites statis-
tical evidence showing that basic dykes (lamprophyre, diabase,
diorite) are more'hearly contemporaneous with ore than acidic
dykes and that probably a majority of the basic dykes having a
close time relation to ore are lamprophyres. His compilation
ipcludes discussion of the lamprophyres of RosslandAand Ains-
worth, B.C.

Similar relations were noticed'in-the compilation of this
thesis during which a rough idea was retained of the reported
occurrences of dykes other than lamprophyres. It was found
that acid dykes generally antedate lamprophyres and that less

certainly, but generally, acid dykes are pre-ore.

(1) Spurr, J.E.: "Basic Dyke Injections in Magmatic Vein Se-
quences", Bull. G.S.A. Vol. 36, 1925. ©p. b4b.
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THEORIES AS TO THE ORIGIN OF LAMPROPHYRE ROCKS

(1)
Theories by Bowen

Bowen first points out the two perhaps most important char-
acteristics of the ill-defined and inclusive group}of‘rocks
known as lamprophyres. These characteristics are, their ten-
dency to a panidiomorphic or porphyritic texture, the pheno-
crysts usually being ferromagnesian minerals, and the tendency
for the groundmass to be highly alkaline, Thus, there are
commonly phenocrystsof olivine, pyroxene, hornblende.'or bio-
tite, or any combination of the four, in a groundmass rich in
alkali feldspar or ccher alkaline minerals.

We shall deal in the next paragraph with the importance of
the alkaline components of the magma to the crystallization
processeé of lamprophyric rocks and point out, for the present,
that Bowen believes the prevalent porphyritic or panidiomorphic
- character of lamprophyres to indicate that they did not crys-
tallize directly from a single liquid of the same composition
as tﬁe rock but resulted instead from a reaction bhetween esrly-
formed ferromagnesian crystals and - -an alkaline liquid enclos-
ing them. The assumption fhat mafic crystals existed in s
suspending liquid is intended to account for the prevailing
panidiomorphic or porphyritic character of the solidified
lamprophyre. One of the reasons for suspecting that lamprophyres
do not crystallize directly from a uniformly liquid magma is

the absence of proof that chilled selvages of lamprophyre dykes

(1) Bowen, N.L.."The Evolution of the Igneous Rocks", Chaps. 13
and 14. (1928).
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have the same overall chemical composition as the total com~
.position of the.dyke, thereby suggesting that no liquid exist=-
- ed which had the same composition as that of the dyke. |

For examﬁles of rocks occourring in nature which may serve
to substantiate his theories, Bowen uses the aln8ites. These
are non-feldspathic, peridotite-like lamprophyfes containing,
usually, idibmorphic olivine, augite, and biotite crystals
and characteristically melilite together with alkalic miperals
of different kinds. An example of such alkslic minerals is
analcime, which usually forms a colorless, isotropic base.
Bowen's first typical alnbite is a rock from Isle Cadieux,
Quebec, the constituent minerals of which are plainly divisible
into two genetic classes: augite and olivine in the first
élass, in crystals 1/2 to 1 cm. in diameter and in the second
class, biotite, monticellite, melilite, and perovskite which
make up more than one-half the rock, the ligquid which deposited
them attacking and replacing large amounts of olivine and
augite. The other example is an aln8ite from Montana in which
the original ﬁinerals are olivine and nephelite with possibly
augite, which have been attacked by a liquid which partly re-
placed them and deposited principally melilite, hauyne, and
phlogopite.

Bowen now proceeds, partly on the findings of investigated
systems énd partly ﬁy a theoretical projection of the results
of these experiments to more complicated systems, to describe

the manner in which alkaline constituents may affect the crys-
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tallization of the cafemic elements in & melt, with the result-
ant formation of the lime-rich-mineral, melilite., He first
shows, that in the ternary system Cal -Mg0-S105, a liquid
consisting of 50 percent forsterite ( zmgo.31.oz) and 50 per-
cent Hkermanite ( anO.MgO.BSiOE) 6rystallizes in the order
forsterite, monticellite, melilite; the melilite having a
replacement relation to monticellite, and monticellite re-
rlacing forsterite. This description serves to call attention
to the fact that melilite may replace olivine, a phenomenon
already shown to occur in natural rocks. Finally, a Quartern-
afy diagram is drawn, involving Ca0-Mg0-310g and nephelite, to
illustrate the effect of the addition of an alkali-rich liguid
on the crystallization of a silica-lime-magnesium liquid;
Briefly, the effect is that nephelite, being a feldspathoid,

takes up silica thereby leaving the CaO-Mg0~-SiO_ portion, in

2
effect, richer in Ca0 and MgO. This promotes the crystalliza-
tion of lime-rich melilite and olivine and relards the forma-
tion of pyroxene, which is less basic and which would ordinari-
ly be formed if nepheline were not present to deprive the solu-
tion of silica. The reaction of silica and nephelite mean-
while results in the formation of the alkaline minerals (hauyne;
phlogopite, ete.) of the groundmsass.

The significance of the effect that nepheline has in pro-
moting the crystallization of lime-rich melilite is that it is

not necessary that the solutions be rich in lime in order to

. produce melilité. Melilite may form from an alkali-rich magma
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through the agency of reaction effects brought about by the
alkalis. This feature is exemplified in nature by the fre-
guent association of nephelite and melilite in roéks.

The value of discussing the foregoing ideas of Bowen lies
in the fact that alkaline'minerals are inmportant in lsmpro=~
phyres and it is well to have some conception of the part they
appear to play in the formation of lamprophyres. From an ex-
perimental and theoretical approach to the subject, Bowen has
traced a likely chain of events, involving nepheline (whose
common bcourrence in these rocks justifies its use in the dis-
cugsion), silica and the cafemic ingredients, all of which |
crystallize and react to produce (1) melilite, which is char-
acteristic of alnBites, (2) highly-alkaiine groundmass miner-
als such as anaslcime, hauyne, biotite and phlogopite, and
(3) the rimming of augite or olivine by melilite, one example
among the many apparently noted, of reaction and replacement
relations which minerals of the second genetic class have to

those of the first genetic class.
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A POSSIBLE CONNECTION BETWEEN ORE-FORMING SOLUTIONS AND THE

ALKALINE SOLUTIONS BELIEVED TO BE IMPORTANT IN THE

ORIGIN OF LAMPROPHYRES

The writer proposes to make use of the foregoing summary
of the part played by alkaline solutions in forming lampro-
phyres to present a theory which will correlate the alkaline
solutions with those that apparently form ore deposits. It
will be necessary first to point out that the mechanics of
formation suggésted by Bowen for his olivine-bearing lampro-
phyreélire not adaptable to a theory that proposes a relation
between alkaline, lamprophyre-forming soiutions and acid, ore-
forming.solutions; In Bowen's lamprophyre~-forming process, the
alkaline liquid develops along with the basic crystals as a
result of a reaction between hornblende crystals and a hotter
liquid saturated with olivine, pyroxene and perhaps basic
plagioclase into which the hornblende sinké. The added horn-
blende, due to the effect of the basic elements that it con-
tributes, accelerates the crystaliization of olivine, pyroxene
and perhaps basic plagioclase from the liquid, the net effect
on the liquid, consequently, being an increase in its alkalin-
ity. If this mixture of ferromagnesian crystals and alkalic
liquid be injected into colder rocks, its rapid cooling might
give such rocks as the olivine-bearing lamprophyres discussed

in the preceding section. Hence, it is evident that Bowen does

(1) Op. cit. Chap. XIV.
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not suppose a separate and distinct existence of ferromagnesian
srystals and alkaiine liquid: but rather, that the mafic crys--
tals and the alkaliné fluid develop together and at the same
time. -

The theory now to be proposed, requires a production of
the alkaline liquid that will eventually mingle with the ferro-
magnesian crystals, by a process entirely unconnected with the
ferf&agnesian erystals. (A similar joining of the two phases
after the separate formation of each has been proposed by
Nigglifl)) The manner of formation of the volatile, alkaline
liquid in thié case, however, will be different, and will be
related to the processes by which ore-forming solutions appar-
ently originate in a batholith.

Agéin. an article by Boweézéill be drawn upon for the
fundemental facts and conceptions. In this article, Bowen
traces what he conceives to be the successive stages in the
formation of mineralizing solutions, from the time the residual
magmatic liquid begins tp form in a8 crystallizing batholith to
the final disposition of the mineralizing fluids after they ' .
have deposited their valuable metals. The "pegmatitic liquid",
or the residual magmatic liguid left after crystailization’of
the magms is well advanced, is highly alkaline. It is alkaline

because hydrolytic acfion by water on the metallic silicates

(1) See page 4.

(2) Bowen, N.L. "The Broader Story of Differentiation, Briefly
Told," Ore Deposits of the Western States - Chap. III.
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produces metallic hydroxides, as shown by the following equa~
tion:

NazsiQ4+ HZO s Siog'leaOH .
There are also acid hyperfusibles present in the ligquid such as
Cl,F, and S, but, due to the large quantity of water and met-
allic silicates present in the residual liquid, there are more

than enough bases to neutralize the adids, The liquid will

contain the following ions together with others of less abundance:

t++ + 4+

+'o Mg“, Feo Feﬂ'* » Al

+ +
H, Na', K, Ca'

€1, ¥, 877, 50,7 , OH

The next phase is the boiling of this pegmatitic liquid,
brought about by the increase in itsivapor pressure'due to con-
tinued crystallization from the liquid. As the liquid boils,
the more-acid components come off first and in larger quan-
tities than the basic constituents since they are more vola-
tile. This is illustrated by the equilibrium between KC1,
Hy0, HC1, and KOH in which Hy0 and HCl are the most volatile
sdbstances and pass into the vapor phase more rapidiy, leaving‘
the residual liquid, in this case, richer in KCl and KOH.
Therefore, the most sbundant substances in the gas are water
‘vapor, hélogen gsalts, and acids. Thé elements most prominent
in the gas are H, O, Cl, Si, F, S, B, K, Na, Fe, Ti and Al.

It is now necessary, according to Bowen, to picture a
"Fractional Distillation Column" set up in the interstices of

the surrounding magmatic hood and in fractures in the overly-

ing country rock, in which the acid vapors, foreed outward by
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the boiling at the source, sélectively drop their less vola-
file components into the liquid phase as cooler places are
reached so that the gas continuing 6n is successively enrich-
ed in the more volatile substances. The liquid which ultimate=-
ly forms by condensation at more remote points will be high

iﬁ water, halogen compounds, and acids and.it is this liquid
which is considered to be the agent responsible for the forma-
- tion of ore deposits of igneous origin.

It is with the residual alkaline liquid or "pegmatitic
liquid" left béhind at the boiling source that we are most
concerﬁed. This liquid was alkaline before boiling took place
and it should now be even more alkaline since the more vola-
tile, acid portions of the original liquid have been vaporized.

After continued boiling the'liquid presumabiy contains the

. + + +++ ++
positive ions Na , KX , Al and much smaller amounts of Ca
hﬁf*, Fé*+. and FJ++ since the increase in concentration of .

Ca, Mg, Fe, and Al in the liquid spould be retarded by their
crystallization as basic aluminum silicates. The tendency of
the whole process then, appears to be towards enrichment of

the liquid in the alkali metals, Na and K. If the process is
halted by the forcing-out of the liquid as intrusions into the
surrounding rocks, éplite dykes, high in alkali feldspar and
quartz will perhaps be formed. If the boiling and crystalliza-~
tion confinue, however, it is possible that a stage might be
reached at which a large part of the volatile halides, acids,

and much of the water have been boiled off, the mafic constit-
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-uents have‘been considerably reduced by crystallization with
falling temperature, and the end product is a highly alkaline
liquid, much enriched in K and Na and still relatively high
in volatiles. Such g& liquid should be capable of transport-
ing accumulations of mafic minerals, previously formed and
accumulated in another poftion of the batholith, and reacting
with them to form lamprophyre intrusive bodies.

ff the above process be considered to take place (i.e. the
production of ore deposits by’acidic gsolutions accompanied by
formation of lamprophyres by the associated alkaline solutions),
it is possible to see reasons for the frequently~-observed,
close time-relation between ore-formation and lamprophyre em=-
placement. It wqQuld explain the téndency for lampfophyres to
be later than the ore since the boiling proceés, which is be-
lieved to producé the acid ore-bearing solutions, should con-
tinue for some time before a highly alkaline residue would be
produced. It is more awkward to attempt an explanation, by
this hypothesis, of lémprophyre dykes which pre-date the ore.
Another picture must be utilizéd, such as the lateral movement
of lamprophyric fluid from & more remote portion of the batho-
1lith to the'present locale of the ore; the ore, however, being
perhaps produced by a separate and later boiling process tak-
ing place more nearly beneath the ore locality. Lamprophyres
related to this later ore-forming process may or may not be
formed, or if formed, they may or may not be represented in the

ore deposit by post-ore lamprophyre dykes.
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AN ATTEMPTED APPLICATION OF BOWEN'S ALKALINE SOLUTION

REACTION THEORY TO THE PRESENT WORK -

. In Bowen's discussion of lamprophyres, only the ultra-
hasic pype, aln8ite, was considered and in such a rock type,
his reasoning seems well-supported by phenomena observed in
naturally-occurring rocks. It seems logical that, in a gen-
eral way, conclusions reached involving one membér of a group
of rocks such as lamprophyres should have some value in any
consideration of the other members of the group. Bowen did
not, however, attempt to show how the supposed effect of a
highly-alkaline liquid reacting with pre-formed mafic crystals
in the formation of alnBite could be applied to the formation
of the more common lamprophyres. It will Dbe interesting,
therefore, to attempt to find features in the rocks studied by
the present writer which may indicate that similéf processes
took place in their formation._q; conVersely, to présent evi-

dence discrediting such a theory.

The Evidence of Phenocrysts and Groundmass Minerals in the

Rocks of this Thesis.

Nearly all the rocks studied are porphyritic and invariab-
ly the phenoorysts persist into the chilled margins of the
dykes, indicating, as in most porphyritic rocks, that the
phenocrysts were crystallized and grew to a large size while
the main portion of the dyke was still liquid. Regarding evi-

dence in these rocks of reaction between the phenoérysts and
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the alkalins liquid in which they were supposedly suspended,
the difficulty arises of distinguishing the products of such
a reaction from those which might form in the deutefio reac-
tion of crystals with a suspending liquid of a nonealkalihe
composition.

(a) Reeves-McDonald Specimens.

There are numerous examples of reaction-rims in the rocks
studied in this investigation, particularly in the olivine
phenocrysts of rocks from the Reeves-McDonald mine, described
in Appendix B. The reaction-rimming in this case, is spec-
tacular and although the definitely-identified reéction proé-
ucts are those ordinarily encountered in olivine pseudomorphs,
there is some doubt as to the identity of some of the reaction
products, notably the "carbonate" of the outer alteration rim
in thin section 1 and the unknown alteration product described
in thin section 3 which, however, occurs at the center of the
pseudomorph and consequently is less likely to be due to late-
magmatic alteration of the type in which we are interested.
Diopside phenocrysts df the rock in thin gection i are darkened
by incipient alteration which, however, is unidentified. Bio-~ .
tite phenocrysts of thin section 1 are irregularly penetrated
or corroded (but not rimmed) by material identified as carbon-
ate and chlorite, and andesine is highly altered to calcite,
clay mineral, and possibly a little chlorite,' The conclusion
therefore, in regard to reaction-rimming of phenocrysts in.the

specimens from Reeves-~McDonald ‘is that, unless the unknown min-
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erals secondary after olivine and pyroxene can be identified
-as types peculiar to a reaction of olivine with elkaline lig-
quid, no application of Bowen's hypothesis is possible. Fur-
thermore, the feldspar of the groundmass is predominantly an-
desine and the groundmass contains no alkaline minerals other
than a small proportion ( one percent of the rock) of alkaline
feldspar and some of the smaller biotite grains, which how=
ever do not appear to be second generation crystals as they
grade_in size downward from the biotite phenocrysts.

(b) Mayflower Specimen.

In thinasectiéns of this rock, diopside composing origin-
ally 25 percent of the rock, is 50 percent altered at the un-
minersalized center of the dyke. The alteration product is al-
most all uralite which'grew from the outer edge inward with
parallel orientation on the diopside. There were also formed,
however, apparently by alteration of diopside, small amounts
of biotite, chlorite, and a little calcite. Of these products,
'only the biotite is alkaline, but as it is confined to the
pseudomorphs, where iﬁ is enclosed by chlorite, its occurrence
does not suggest reaction of the diopside phenocryst with en-
closing alkaline liquid. This apparent alteiation of diopside
to biotite is not general throughout the rock nor does the bio-
tite ever rim the diopside: The possibility also must be re-
cognized that this alteration was effected by the hydrothermal
mineralizing solutions which acted on the dyke, even.though

metallic mineralization does not extend to the dyke's center.
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(c) Roséland Specimen.

Biotite of this rock is shreddy and irregular in shape, &
fact which might suggest its corrosion by coritaining liquid. <
There 25» however, no reaction rimé%ﬁg 22 the biotite. The
golorless base and slightly-crystallized feldspar is alkalie,
therefore there is ﬁo argument against an application of
Bowen's theory here except for the lack of reaction rims on
biotite grains.

Hornblende of the rock is highly chloritized but this is
apparently due to the penetration of hydrothermal solutions
along a fracture in the rock,

(d) Sullivan Specimen (unmineralized).

Biotite, comprising 80 peréent'of the rock, is unaltered.
It comprises 97 percent of the groundmass, the other constit-
uent, in almost negligible amount, is interstitial among the
biotite grains sand is a colorless, cryptocrystalline to al-
most isotropic base, whose refringence could not be determined
as being greater or less than balsam.

(e) Bralorne and Pioneer Specimens.

The biotite and pyroxeﬁe phenocrysts are unaltered.
(ff Ruth~-Hope Specimens.

There is, in these specimens, a very peculiar occurrence of
large, greenish prochlorite(?) phenocrysts in a ground composed
of calcite and an unknown, cordierite-like mineral. A few
small shreds of apparently-residual biotite occur, but not in

close association with the prochlorite(?).
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(g) Premier Specimens.

In specimen 3, hornblende phenocrysts are somewhat chlor-
itized and also frequently have long feldspar laths resting
‘against them on all sides, the feldspar laths appearing to rim
the hornblende grains. The refrinéence of this feldspar is
apparently less than balsam, although only one place was found
iﬁ which it was possible to make an observation,

Congslusions in Regard to Reaction Rims

A review of these rocks reveals no diagnostic evidence of
action by unusually alkaline solutions on the basic phenoofysts.
It must be remembered, however, that late-magmatic, residual
fluids of any crystallizing rock are more alkaline than thé
minerals that have besn crystallizing so that deuteric reaction
effects will resemble those we have been seeking. The onlj
suggestion that can be made, therefore, is that reaction rims
are perhaps more highly developed in these lamprophyres than
is usually the case in rocks subjected only to deuteric alter-

ation.
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LAMPROPHYRE OCCURRENCES IN BRITISH COLUMBIA

AND THEIR RELATIONS TO ORE DEPOSITS

— AS COMPILED FROM PUBLICATIONS

A perusal of most of the available geblogical literature
dealing with B.C. has produced the information appearing in
Appendix.A. In compiling this information, the procedure has
been to give a little general information on the lamproﬁhyres
and the_geélogy of the map area or mining district, together
with a short description of those properties on which lampro-
phyres occur. In describing the individual properties, the
lamprophyric intrusives and théir relationship to ore in time
and space are first dealt with, then a brief description of
the ore is given. At the end of each section dealing with a
particular mining camp, there is geherally a8 short summary giv-
ing the total number of property descriptions for the area and
the number ofbthese in which the océurrence of lamprophyrqs is
mentioned. "’

Table I is intended to provide a condensation of the more
importént facts appearing in the descriptions. This table
lists the properties in geographical order and indicates wheth-
er the lamprophyres occurring on them aré pré—ore or post-ore
and whether the ore is of the high, medium or low temperature
type. The designation of the depoéits as high-, low-, and med-
ium-temperature is debatable except for some of the more im-

portant mines since sufficient information is not available in
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the descriptions of small properties. In the incompletely-
described, small properties, the classifiéation‘is often bhased
on the mineralogy alone, as indicated in the list of abbrevia~
tions.

It will be noticed that the descriptions are arranged in
a geographical ménner, those of south~eastern B.C., from the
Internatioﬁal Boundary to the Big Bend country, being placed
first, followed by those in the general vicinity of the east-
ern Coast Range batholith contact, from the southern extrem-
ity at Hedley. to the north end, in the Atlin district.

Memoirs and Summary Reports of the Canadian Geological
Survey were found to be the best sources of information, al-
though miscellaneous publicgtions were valusble in some cases.
All Memoirs and Summary Reports were searched and any report
dealing with B.C. was examined for references to lamprophyres,
The index was consulted first and then the pages of the "Generf
al Geology" section on which appear "Minor Intrusives and Dykes!
were—rogd. If lamprophyres were described there, the "Descrip-
tions of Properties" were read for further details. If, how-
~ever, no lamproprhyres were described under "Geheral.Geology" it
was uselly assumed that the areas under consideration contained
no lamprophyres and the report was set aside. It is evident.
therefore, that a fairly careful search was made and that areas
such as Vancouver Island, the Caribob, etc., in which & non-
existence of lamprdphyre dykes iss assumed in this thesis, are

at least devoid of important lamprophyre concentrations although
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they may contain minor oceurrenaes which have been overlooked.
A complete reading of all reports, especially the "Descriptions
of Properties", would be necessary in order to be certain that

lamprophyres‘are not reported in these areas.
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TABLE I

THE MORE IMPORTANT FEATURES OF LAMPROPHYRE OCCURRENCES

IN MINERALIZED AREAS OF B.C.

List of Abbrevisations:

B

M+

M(7)

13

epithermal, high-tempeiature end., ' Based on & min-
eralization consisting largely of sphalerite, gal-
ena, argentite, ruby silver, native silver.
mesothermal. Based on a mineralization consisting
largely of quartz, galena, sphalerite, pyrite,
chalcopyrite.

mesothermal, high-temperature end. Based on minsr=-
alization consisting largely of pyrite, galena,
sphalerite, pyrrhotite.

doubtfully mesothermal. Based on a mineralization
consisting largely of quartz, pyrite, free gold.
hypothermal,

lamprophyres are considered contemporaneous with

the ore.
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probably unconnected
with ore.

Ma jority of lampro-

'phyre dykes are later,

1 1 1 ]

' Lamprophyre
o ' ' Pre-'Post-" Un- 'Type of'Chief
District ' Property ' Ore ' Ore 'certain' Ore 'Metals' Remarks
t 4 1 1 ||
Boundary ' Snowshoe ! ! X H- Cu '
Creek ' mine ! ' ' !
1 1 1 T . 1
' Jewel mine’ ''x ! B Au,Ag :
] ¥ 3 ¥
Pranklin ' McKinley ! 1 ox ! (?) ' Ore is Jurassic, lamp
Mining ' mine ' ' ! ' rophyre is post-Mio-
Camp ' ' ' ' ' cene, therefore is
] ] ¥ ) 1
T !
T

Rogsland 8(1 ) Jurassic lamprophyre dykes.

Cu,Au
Mining '(2). dMain, late-Jurassic period
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Camp ' of mineralization. 'but some are earlier

'(3). Oligocene(?) lamprophyre "than the ore and smme
! dykes. . (Pb)Zn'are intra-mineraliza-
(4). Miocene lamprophyre dykes. H ' tion.
'(5). Second, main, late-Miocene Ag !
r (?) period of mineralizatim' !
'(6). Pre-Pliocene lamprophyres. ' !
4 : T 1 I | ? J .

Salmo Map' Reeves- < ! ' ! M. Zn,PH One of the two dykes

Ares 'lieDonald ! ! ' ! (Ag) 'is mineralized, the

, ' mine ! ! ' ! 'other unmineralized.

] 1 1 Y 1 1

Ymir Min-' Wilecox ! ! ' ' x ' M- Au;Pb ' Paulting along some

ing Camp ' mine ! ! ! ! 'lamprophyre dykes is
! ! ! ' T 'a conspicuous featire.
' Ymir Belle ' ! ' x ' M 'PbeZn '
T T T T ¥ T
' Ymir ! ! x . ! ' M- 'Au,Ag,Pb
1 1 1 1 | . ¥ !
P Porto Rico ' ! ' x ' M(?) ' Auw ' Dykes are probably
' 1 ! 1 ! : ! ! pPre-ore.
! Fern ! rox ! Y M(?). " An !
H 1 Y 1 ] . 1 1
T

1 1

-

7 other prop: xg.} X(?)
erties : '
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Lamprophyre
. ' TPre~ 'Post-T Un- T"Type of 'Chief !
Pistrict | Property IOre

] ' Ore lcertain! Ore |Metals! Remarks
Ymir Nel-'Nevada Im- ! ? ! b4 ' M- 'PbyZn ' A lamprophyre forms
son Area 'perial Claims ! ! ! ! ' H.W. of vein in one
v v 1 ¥ 1 T ' open-cut,
'Second Re- ' * 1 H 'Cu T :
"lief mine T ! ! ! . !
1 1 T 1 1 1 . _l
'Center Star ! ! ! ' M+ 'Pby2Zn !
¥ mine ¥ 4 1 T 1 H
.l 1 1 1 1 '. 1
'Dundee mine ! ! ! VM- '.Pb,y2nl.
1 1 1 1 1 1 : 1
"Golden Age ! ' rox(2)T M "(Pb,2zn) Ocecasionally the vein
' ! ! ! ! o ! walfis a lamprophyre
'Star and ! ! ! roM(?) v Bu ! dyke.
'Alms mine ! ! ! ! -t !
1 T 1 1 | 1 1
Nelson  'Kootenay ! ! . vom(?) 'Pb,(Cu)
Map Area 'Gold Mines T ' T ! ! '
H Ltd. 1 ) | ¥ 1 H
1 1 1 ) 1 ) 1
'Athabaska ! ! ! ' M- '"PbyZn ' Aplites are pre-ore.
1 Mine 1 1 1 1 1 1 '
i . T 1 ) )} 1 T
'Royal Canad-' ' ' M- Yo7
'ian Group ' ' : ' ' '
1 1 1 1 1 1 1
"Eureka mine ' ! ! ! o7 1
1 1 ¥ 1 1 1 X
"Queen Vie- ! ! ' ' H ' Cu ' Basic lamprophyre
'toria Mine ' ' ! ! ! ' dykes. Limestone re-
Y ! ! ot ! ! ' placement ore.
'Kootenay ' ! ' x ' M- '(AgeCu)
'Bonanza ! ! T ' ! !
'‘Mines, Ltd. ‘! ! ! ! 1 !
Map Area, 'Spokane mine’ ! ! ' M+  'Pb,Zn !
T Y 1 1 ]

East HAZf' '
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TABLE I. (CONT'D)

1
]
¥

-

'volved in the faulting’
'that disrupts the lode.
'2 otlhiers are post-ore.

_ ! "Pre- TPost-T 'Pype of'Chief '
District & Property 10re ! Ore jcertain! Ore Metals) Remarks
'Sullivan* 7 v ' ' H 'Pb,Zn 'Most are later; some
' mine ! ! ! ! ! - 'are intra-mineralizsa-
1 1 1 1 4 T tion.
Slocan* ' L.H. Mine ' T ' ' Me ' (?) 'The country rock is
Mining ! ! ! ! ! r . ' lamprophyre(?)
Camp 'Antoine 'ox ! ' vom(?) ' (Zn) ! :
. 4 Claim T r b 4 ) . ¥
t 1 1 1 1 1 1 ,
! Comstock  'x(?) ' ! ' ' (?) 'Ore occurs mainly
' Group oo ! ! ' - 'where the lode lay be-
' ! ! ! ' ! 'tween lamprophyre and
' ! ! ! ! ' Tgranite country rock.
' Fisher x(¢) * ! ' Ee« 'Ag,Zn,'Basic biotite dyke ofs-
' Maiden oot ! ' ' Pb :en forms H.W. of lode.
1 1 1 4 1 1 1 ’
! Mountain ' x ! ' ' (?) ‘'Dyke follows lode and
' Con Group ! T ! ' ! : 'changes from H.W. to
' ' ! ! ' ¥ "P.W. side.
"Richmond ' r x ! ! M 'Pb,Zn 'Lodes in places turn to
'"Bureka Group'! ! ! ' ! "follow formational
! ! T ' ' ! 'planes especially rm ar
' ! ! ! ! t. 'basic dykes. '
'Ruth-Hope™® ' ' ! ' M  'Pb,Zn 'Lamprophyres closély
' Group ! ! ! ! ! 'related in time to the
! ! ! ! ! ! 'period of vein deposi-
t L . - 1 1 1 1 1 ] tl on.
'Silversmith-"' 1 ! ' ' (?) 'Lamprophyres nearly
'Slocan~-Star™®!’ x ' ! ' . Tgontemporaneous with
'  Group ! ! ! ! ! 'ore. Intimately assoc-
! ' ! ! ! ! ! Tiated in places with
' ! ' ! ! ! 'the vein structure.
TReco Group ' v ox ! ! vt (2) !
1 1 1 H 1 1 ] |
'2 other properties' ! ! ! !
'Enterprise ' x ' x ! ' M ! Pb,ZnjMost lamprophyres are
! mine ! ! ' ! ' Ag 'pre-mineral and are in-
1 1 1 t 1
1 1 1 1
1 1 1 1
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Lamproghzre , '
"Pre- 'Post- Un- ' Type '"Chief !

District Property [Ore | Ore ycertain]of Ore Metals! Remarks

[¥ | PRy

e

] Y

M 'Pb,2Zn 'Dykes and ore very near-
! 'ly contemporaneous.

Ainsworth' Jackson®-
Mining ' Group

1 1
L] 1 |
] 1 1 R
| 1 1 b i
Camp "Metlskahtla ! ! ! ! ! !
' claim ! ! ! X ' M- 'Zn(Pb)?
¥ . ] 1 ) T 1 1
'Whitewater &' ! ! ! v !
'"Whitewater ' ! ! T ! !
'Deep Groups f ! ! X ' M~ 'Zn, '"In the upper levels of
' ' ! ' ! ! "Pb(Ag) '"Whitewater mine.
'Whitewater ' ! ! ' H- 'Z2n,Pb 'Magnetic ore replaces
! mine vox ! ' ! ! "pasic dyke rock in low-
' v ! ! ! ! 'er levels.
' Star mine ' ' T ox ! v(ey !
T 1 1 | § 1 T 1 .
'Bluebell* ! 1 ' ! ' (?) 'Dykes and ore are prob-
' mine ! ! ! ! ' 'ably nearly contempor-
1 1 t 1 1 laneous.
Kootenay 'Bluebell ! ''x ' 8 Me T'Pb,Zn,'Ore is limestone re-
Lake ' mine ! ! ' ! 1 Ag "placement type.
District ! ! ' ! ! ' !
'Kirby group ' 'x ! ' M~ 'Zn,Pb '
1 1 T . 1 1 1
Upper Ar-'Blg Ledge ! ! ' x ' H- ' Bn ' In limestone.
row Lake (Consolldated) ! ! ! ! !
1 1 & 1 . |
Field 'The Waterloo' =x(?)! ' ' Ms 'Cu,Zn,'Ore is blanket type,
Map Area 'mining claim' - T ! ' vV Pb 'replacing limestone.
1 1 1 1 1
Hedley "Nickel Plate' ' x 7 X ' He -TAu(Cu)'Contact metamorphic
Distriect ' mine 1 ! ! : ! ! ' deposit.
1 1 1 1 |4 , 1 T
'Sunnyside ! rx ! ' He ' Au ' the same
1 mine 1 1 1 1 1 1
¥ ) § § 1 1 1 1
'Kingston ! ' ! ¥ ' He ' (%) ' the same.
1 1 b 1 1 ) 1

' group
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Lamprophyre
'Pre~ YPost-~'Uncer=-' Type 'Chief !

t
District ! Property !Ore | Ore ! tain jof Ore|Metals; Remarks.
=== ' | i ¥ L L i
Bridge  'Bralorne ' ''x ! 'M " An
River 1 ? | ; ) ) ] v
District 'Ploneer ! x " ' M ' An !
2 ¥ T t L S | LI
Terrace 'La Libertad ' ' . " (%) ' nil ' Quartz is barren.
Area : ' ' r vt ! !
'St.Paul and ' ! v ! ' '
'X~-claims ' ! A ' M CAuw,Ag !
' ] 7 r 1 ) 1)
'Kalum Lake ' 'x v ' M 'Au, '
'Mines, Ltd. ' ' v ' 'ag(cCu)’
) 1 T LN ) 1 )
'Golden Crown' ' v ' M 'Au{Cu)'
'Group & Kle-'" ' ! ! !
'anza Company' ! " ! ! !
T ' 1 v l‘ 1§ 1
"Terrace Claih ' v ' M- '(Pb,2n}
LB T ! v ? 1) ] )
'Rosie Group ' ! " ! ' (Au) ' Deposit consists of py-
" ' ! v v ! ' ritized country rock as-
"Columario " ! v ' M(?)' Auw, ' saying trace in gold.
'Consolidated' ' ' T "(Cu,Pb)
"G.M., Ltd. ! " ' v :
t. . ] ' T 1 v 1 ) »
'Cordillera " ! v ! ' Cu ' Sparse bornite and chal~
'Mine v ! ' ' : ' 'copyrite in quartz veins.
T v 1 L | § ' . | I
Usk to 'Lorna May v ! v ' "M~ 'Cu,Pbv,’'
Cedarvale' Claim T ' v T 'Zn !
' | K 1 1B T 1 '
'Grodto group’ ! v 'oMe ' {2)
! T ] L T | B 1
'Silver Basin' ! ! (?) v ()
t. group LI 1 LI | B ] ]
Hazelton-' ' ' ' ' - T ' .
Smithers 'Great Ohio ¥ ! ! ' 'H 'Zn,Pb 'Veins often follow small
District ! ' ! ! ! 'camptonite dykes and cut
1 ] ] 1
] t 4 1 ]

'through them. The dykes
'themselves are mineralis-
ede.
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Lamprophyre
'Pre-  'Post~TUncer-' Type 'Chief '

1

1
District ! ©Property !0re | Ore ! tain [of Ore Metals] -  Remarks
—T Y Y =Y Y Y T
'Puthie mine ' x ! ! ' M- 'Ag, PbjFractures in the lampro-
! ! ! ' ' ' Zn ‘'phyre dykes are mineral-
T 1 1 1 1 1 lzed
'"Rocher De~ ' x ! ! ' H TAu,Ag,’
"pboule mine ! ! ! ! " Cu
1 : 1 1 t ! | 1
'Silver Creek! ' ' ! ! !
' group ! ! ! x ' M ' Zn 'Limestone replacement
. 1 1 A | 4 1  § -type ore.
'Glacier Gulch ! ' x ' Ee 'Au,(Bi)
'Gold Group ! ! ! ! ! !
1 Y 1 1 ' 1 H
Alice Arm*Wolf Mine ' ''x ! ' M~ 'Ag,Cu,Zn
District ! ! ! ! ! '
'Esperanza ' ' roox ' M(?) 'Ag,Cu,!
' Mine ! ! ' ! -~ 'Zn,Pb !
1 T 1 1§ 1 ] )
"La Rose L r x T ' M 'Ag,Cu,Zn
1 Y 1 1 1 4 , T
12 properties’ ! roox ' () v '
1 . T | 4 H ! 1 7
"North Star ! ! ' ox 'E~M(?)' Ag T
] group 1 1 1 T L] 1
'Dolly Varde;%e ''x ! '"E-M ' Ag !
Portland 'Premier mine ' ' ' E-M 'Ag,Au,'Lamprophyres are mostly
Canal ! ' ! ! ! (Pb Zn)'later than ore but some
Area ! ! ! ! ! 'are very nearly contem~
! ! ! ! ' ! 'poransous.
T annville p.4 - Zn, Cu
River  10Te Body ) ! : e A
1 ! ! 1
L A ) 4 1 1 1

Area

1
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COMMENTARY ON THE COMPILED DATA PERTAINING TO

LAVBROPHYRE OCCURRENCES IN B.C.

Of the 8% occurrences of lsmprophyre listed in Table I,
35 are post-ore, i% are pre-ore, ég-are uncertain due largely
to the absence of intersections with the ore, and eight are very
nearly contemporaneous with the ore, though tending usually
to a slightly post-ore age. In addition, the lamprophyres of
Rossland, not tabulated in detail, are post- , pre-and intra-
ore with the post-ore representatives predominating.

The lamprophyres for which a very nearly contemporanseous,
or "intra-mineralization” relation to the ore is postulated are
in the Rossland mining camp, Reeves-Mchnald Mine, Sullivan
mine, Slocan mining camp, Ainsworth mining camp and Premier
mine. At Rossland, Sullivan and Premier, this relation is de-
duced for only thaet small proportion of the total number of
lamprophyre dykes present which cut the ore but either arse
mine;alized by ore-solutions or delimit the later, precious~
metal mineralization of the ore. 1In the Slocan and Ainsworth
camps, the dykes are largely pre-ore, but ore-filled fractures
are intimately associated with the dykes and show phenomens
which indioate that the fracturing and ore formation took place
almost contemporaneously with the emplacemenf of the dyke.

" Before going on to considervthe compiled data in greater
detail it will be advisable to emphasize that evidence of con-

temporaneity or pre-ore age is not always easily observed in
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the field, A definite conclusion that the lamprophyres at the
Sullivan and Mayflower mines herein described are earlier than
some of the mineralization would be almost impossible without

a careful collection and petrographical study of specimens of
the dykes to determine that they are mineralized. This is ~
something that geologists do'not always do in their examinations
of properties, unless they are particularly interested in
lamprophyfe-ore relations. Therefore in all probability, much
published data on ore-lamprophyre age relations are Quite un-
reliable. It is a well-recognized fact that the chilled edges
of dykes present highly impermeable barriers to the penetration
of solutions into the dyke with the result that any mineraliza-
tion of the dyke may be minor and escape notice in a megascopic

examination. \

THE ORE-LAMPROPHYRE RELATIONSHIP IN RELATION TO
THE METALS CO&&NT—OF THE ASSOCIATED ORES

A. Occurrences in which the Lamprophyres and the Ore ars

Contemporaneous.,

In these occurrences it was decided, even though only a
portion of the lamprophyres present show definite proof of
contemporaneity, to consider that the few contemporaneous
dykes link up pre-vein and post-vein lamprophyres so that all
belong to the same general period of intrusion. This concep-
tion seems incorrect in the case of the Rossland camp where

(1)
Drysdale has apparently found evidence that there were four

TI) Drysdaie, C.W. C.G.S. Memoir 77.




-33=

gseparate periods of lamprophyre intrusion all of which cannot
be contemporaneous with the two mineralizing periods. Yet
there is proof that some of the dykes are contemporaneous and
for the purpose of the discussion that is to follow, the Ross-
land district will be considered a "contemporaneous lampro-
phyre" district.

| Of .the six mining centers with contemporaneous lamprophy-
res, the Reeves-MacDonald, Sullivan, Slocan, and Ainsworth
produce Pb, Zn and Ag, the Premier produces Au, Ag, (Pb and Zn)
and Rossland produced Au, Cu, and Ag. In connection with the
Rogsland camp moreover, it should be noted that the deposits of
the south belt of Rossland, in which the Mayflower mine lies; .
conta;h important quantities of (Pb), Zn and Ag, besides var-
~iable amounts of Cu, Au and arsenopyrite. Thus, the most com-

- associated with Contemporoncous lamprophyres

mon metals, are Pb, Zn, Ag, with some Au and a 1little Cu. There

are no examples of gold~quartz ores.

B. Occurrences in which Lamprophyres are Pre-Ore Only.

These are very few in number and are confined to the
Terrace and Hazelton-Smithers areas since the six pre~ore lampro-~
phyres of the Sioéan and Ainsworth districts are arbitrarily
assigned a contemporaneous age owing to the general contempor-
aneity of lamprophyre intrusion in those districts. There is
little uniformity in the ores of this class., In the Terrace
area, one deposit contains barren quartz and the other, low
grade Au and Ag. In the Hazelton-Smithers area, the Great Ohio

contains Zn and Pb, the Duthie Ag, Pb and Zn and the Rocher
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Deboule, Au, Ag, and Cu.

. C. OQOccurrences in which Lamprophyres are Post-Ore Only.

The majority of the tabledilamprophyre occurrences are
post-ore but only 22 of them are considered under this heading
. 8ince the three Slocan examples are excluded and, in the |
case of three others, the metals content of the ore is un-
known. In general, there is a trend away froq ores of the Pb,
Zn, Ag type, of which there are six examples, to those of
Au and Cu. Four important mines (at Bridge‘River and Hedley)
and one smell mine {the Fern) produce only Au, and three mines,
in the Ymir-Nelson area, produce only Cu. Of the eight re-
maining, seven contain either Au and Cu in addition to their
other metals (Ag, Pb or Zn). One mine, the Dolly Varden,
produces only Ag.

To enlarge further, ores containing Au and/or Cu, with
or without other metals are associated with pre-ore lampro-
phyres in three and with contemporaneous lamprophyres in two
instances while there afe nine occurrences in which the ore-
lamprophyre relationship is uncertain, There are, therefore,
only five occurrences in which the associated lamprophyre is
not post-ore compared with 15 in which the lamprophyre is
post-ore.,

Conclusions with Regard to the Ore-Lamprophyre Relationship

in Relation to the Metals Content of the Associated Ores,

With the exception of those of Rossland and Premier, con-

temporaneous lamproprhyres belong with Ag, Pb, Zn ores, while



Yo

post-ore lamprophyres in a rough way show affinities for ores

containing Au and Cu, with or without other metals.

GEOGRAPHICAL DISTRIBUTION OF LAMPROPHYRES IN B.C.
AND THE GENERAL CHARACTER OF ASSOCIATED ORES

If may be possible to deduce something of a general sig-
nificance from the relative incidence of lamprophyres in dif-
ferent parts of the province. It is evident that the majority
of lamprophyre occurrences in B.C. are in the south-east,
along a north-south belt that includes the Rossland, Salmo,
Yﬁir. Nelson, Slocan and Ainsworth districts. Forty-eight of
the 84 properties individually listed in Table I are in this
belt and this does not take into consideration the numerous
properties at Rossland which all contain lamprophyres but are
not individually listed in the table. Assuming 15 properties
at Rossland (actually there are more), the proportion of
lgmprophyre occurrences in the far-east belt to the total num-
ber in the province is 63 to 94. Two-thirds of the lamprophyre
occurrences in B.C., therefore, are in this belt. In this
area also are found all of the lamprophyres that are contem-
poraneous with the ore with the single exception of thbée in
the Premier mine. The commercial ores in this belt are pre-
dominantly of the mésothermal,Asilver-lead—zinc type.

Westward from the Rossland-3Slocan belt, lamprophyres as-
sociated with Au, Cu oreg are reported near the International

Boundary‘in the Greenwood and Franklin districts but are not
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known to ocour again until Hedley is reached. In the vielnity
of Hedley, post-ore lamprophyres are fairly ﬁlentiful in the
contact metamorphic gold deposits but are absent from the cop-.>
per deposit at Coppef—Mountain. There are scattered occurrences
of lamprophyres for which no relatibns to.ore are describved in
the Cogquihalla and Tulameen districts and the next major appear-
ance of lamprophyres is in the Bridge River district where they
are later than the mesothermal ﬁo high-tempergture gold-éuartz
deposits. Lamprophyres are apparently present to a small de-
gree in the Chilko and Taseko lake regions .but no publiShed
reference to them could be found. |

It is not until the Terrace-Hazelton-Smithers region is
reached that lamprophyreé again become plentiful and in this
region the,dévelopment of lamprophyres is second ohly to that
in the south-east_pqrtion of the province, 16 properties con-
taining them. No contémporéneous lamprophyres are reported,
but the only pre-ore-lamprophyres of the province, five in num-
ber, occur here. In asddition, one occurrence is post-ore and
the remaining ten ére uncertain. The ores are not convenientiy
classified but the majority are mesothermal and their metal-
lization ranges from Au, Ag, Cu to Pb, Zn, Ag.

The next lamprophyre region to the north is the Alice Arm
where seven properties contain lamprophyres, all of which are
either post-ore or of uncertain relative age. The ores are
mainly of the epithermal to mesothermal type and produce méin-

1y Ag with a little Cu and Zn.



In the Portland Canal aiea, lamprophyres are described at
the Premier mine Where-gg;;-are~aee%%y=post-ore but some are
contemﬁoraneous, Phe ore is epithermal to mesothermal and pro-
duction is in Au, Ag, (Pb and %n). |

In the Taku river district the Mannville deposit, con-
taining a medium- to low-temperature, Zn, Cﬁ ore, is associated
with probably post-ore lamprophyres. One lamprophyre dyke, with
no ore within seven miles, is reported from the Atlin district.

Apparently no lamprophyres occur within the Coast Range
batholith nor at its western contact on Vancouver Island where
low-temperature Pb, Zn, Ag deposits are genérally lacking and
the higher-temperatpre Cu and Au deposits prevail.

No lamprophyres are present in the Cariboo district where
gold deposits occur in Pre-cambrian sediments.

Regarding the Beaverdell camp, where epithermal silver
mineralization is present, it was not definitely ascertained
whether 1amprophyres are present or absent.

The objection might be raised to the foregoing jpreatment
of lamprophyre distribution that many small prospecté,lin the
Portland Canal area for example, contain lamprophyres not re-
ported here. This isvtrde but the relative proporfions should
8till be roughdy correct since there also will be unrecorded
lamprophyres at many small deposits in other districts.

Another pertinent point should be considered and that is
the frequently;expressed opinion that lamprophyres only appear

to be more plentiful in mineralized regions because they are ex-
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‘posed by mining operations, their occurrences elsewhere, mean-
whilé, being concealed as a consequence of their soft, easily-
weathered character. Although it is true that lamprophyrés
weather rapidly, there are nevertheless, numerous natural out-
crops in such heavily-dyked regions as Rossland and there are
fréquant references in the literature to lamprophyre outcrops in
un-mined areas, such as those by Dalélilong the 49th parallel,
and numerous others (Franklin Mining camp, Bridge River, Atlin
district, etc.). If lamprophyres are rresent to any important

extent in an area, there will be indications of them on the sur-

face.

Conclusions with Regard to Geographical Distribution and the

General Character of Associated Ores.

Lamprophyres are twice as plentiful in south-eastern B.C.,
where mesothermal, silver-lead-zinc deposits predominate, as
they are in all other parts of the province combined, and in ad-
dition, show the closest time relation to the ore. In the south-
ern half of the eastern contact of the Coast Range batholith,
post-ore lamprophyreé are associated with the moderate- to high-
temperature Au deposits there but do not reélly become plentiful
again until the northern part of the eastern contact is reached
where there is a preponderance of mesothermal deposits contain-
ing Au, Cu, (Pb, Zn, Ag). Such important mining centers as Ze-
ballos and Cariboo apparently do not have lamprophyres and in

these areas, gold'is the important metal.

(1) Daly, R.A.: C.G.S. Mem. 38. Part I,(19/2)

~
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A BRIEF SUMMARY OF THE LABORATORY WORK

UNDERTAKEN AND THE RESULTS OBTAINED

Thirty-three thin sections were examined and of these, 21
are described at considerable length in Appendix B.. In addi-
tion, five polished sections were studied in conjuhction with
the thin sections.,

The most valuable specimens, for the purpose of studying
lamprophyre~ore relations, were obtained by Dr. Gunning from
the Sullivan, Reeves-McDonald, and Rossland mines. Most of
these lamprophyre specimens are mineralized and some have
pieces of the related ore attached to them. In addition, un-
" mineralized specimens were collected by Dr. Gunning from Brit-
annia mine. - Specimens of lamprophyre and other dyke rocks
from Premier mine were obtained through Dr. W.H. White, speci=-
mens from the Ruth-Hope mine were contributed by Mr. W.M.
Sharp and those from the Bridge River district were collected
by the writer.

In the case of specimens from the Ruth-Hope, Pioneer,
Bralorne, Britannia and Premier mines, in which no mineraliza-
tion is present, the petrographical descriptions merely serve
to classify the rocks and to record their features for future
reference. ‘The descriptions of specimens from the Sullivan,
Reeves-McDonald and Mayflower mines, however, are more impor-
tant as they record in addition, observations of value to a

consideration of lamprophyre-ore relations. It is to the
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latter descriptions that most attention should be directed.

In the case of the Bullivan mine, specimen S35 from the
south wall of the 3904 cross-cut consists of lamprophyre dyke
material in contact with pyrrhotite-éphalerite ore (generslly
called "low-grade ore"), the dyke in this case being apparently

(see diagram Facing p. 168).
later in origin than the ore, ~Specimen 3536, from the same
location, consists of lamprophyre which containsvinclusions of
"low-grade oré“ but is mineralized by galena-rich "high-grade
ore" occurring in contact with it. The conclusion from these
observations is that the lamprophyre was intruded after the "
"low-grade ore" but prior to the galena mineralization and is
therefore closely related in time to the ore. This inter-
pretation is placed on the ore-lamprophyre relations in these
gspecimens for reasons explained in detail in Appendix B and
amounts to a confirmation of the results of previous inves-
tigations at the Sullivan miné?)

At the Reeves-McDonald mine, the lamprophyre 3000 fest
from the portal of the River adit, from which specimen 2 is
taken, cuts the ore étructure so that it appears to be later
than the ore yet it contains pyrite and galena in the amount

of three percent of the rock and is intensely affected by

carbonatization and chloritization as well. These features

(1) C.0. Swanson and H.C; Gunning: Geology of the Sullivan
Mine, C.I.M.M. Bull. 402, Oct. 1945.
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indicate a8 close time relation for the ore and dyke.

In the Mayflower mine, Rossland District (Trail Creek),
& lamprophyre from the main level (thin sections M34, M35;
polished sections M34, M36) cuts and is chilled against heavy-
sulphide ofe. The lamprophyre is however mineralized with
chalcopyrite, sphalerite, pyrite, and galena but not by an'ap-_
ﬁarently;earlier pyrrhotite and arsenopyrite occurring in the
ore toward the intérior of the ore band and consequently farthsr
from its contact with the lamprophyre. Thus, it:;£§:;§& that
v oot SR S Torat e S e SN T R b

The "Rossland No.2 lamprophyre" {thin section L33) was
obtained from a narrow dyke outcropping 50 feet north of s cav-
ed glory~hole in the LeRoi mine, the actual intersection of the
dyke with the ore having beep destroyed by mining orerations.
The location of the specimen is, however, aparently within the
range of possible mineralization stemming from the ore. The
thin-section shows accessory pyrrhotite grains and two grains
of sphalerite but the evidence is insufficient for one to decide
whether or not the dyke was intruded in the ore-forming period.

Of the remaining descriptions, which are less important be-
cause there is no mineralization of the lamprophyres, those
dealing with Pioneer and Bralorne are of some interest as they
provide petrologic data concerning colouration and apparent al-
teration of chilléd margins of the lamprorhyres. These phenom=~

ena are described in Appendix B.

The laboratory-work descriptions pertaining to the Ruth-
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Hope and Premierbmines have value oniy for determining whether
the rdcks are lamprophyres or not. The Premier lamprophyres
gtudied are generally transitory between vogesite and quartz-
hornblénde-Syenite whereas the Ruth-Hope rock is a chlorite
phenocryst-bearing rock of peculiar petrographic appearance
which apparently contains no feldspar.

The Britannia thin sections were not described as they
are obviously not of lamprophyric materigl but of amygdaloidsl,

endesitic to basaltic, volcanic dyke rock.
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49TH PARALLEL, IN SELKIRK RANGE, NEAR PEND D'OREILLE
(1) '
“AND COLUMBIA RIVERS

This memoir presents interesting and complete descriptions
of thé mineralogical and chemical composition of lamprophyre
dykes occurring in this area together with their field rela-
tions but there is no special reference to ore deposifs in
the descriptions nor does Daly discuss theories as to the ori-
gin of the lamprophyre.

(2)
BOUNDARY CREEK DISTRICT

This district is just north of the International Boundary
in the general area surrounding the city of Greenwood. In the
area, Brock states that alkali-syenite (pulaskite type) occurs
as intrusives and dykes and that there are alsd dark lampro-
Prhyre dykes and light bostonite—like dykes which are probably
connected with the alkali-syenite. All of these are of post
lower-Tertiary age.

The ore is divided into two types,

(1) Large, low-grade copper deposits containing pyrite,
pyrrhotite and magnetite, |

(2) Gold and silver bearing veins containing chalcopyrite,

pyrite, galena, sphalerite, tetrahedrite, rich silver minerals,

(1) Daly, R.H.: C.G.S. Memoir 38, liofth American Cordillera,
49th Parallel, Part 1, 1912. '
(2) Brock, R.W.: C.G.S. Summary Report, 1902, Preliminary Re-

port on the Boundary Creek District, B.C. P. 90.
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- tellurides and native gold.

Both these types are of Tertiary age and number(l) is
gsald to be related to the alkali-syenite while deposits of type
(2) have alkali-syenite dykeé agsociated with them and perhaps
are also genetically related to the alkaliesyenité,

Lamprophyre dykes are found in both types of deposit, occur-
ring in some but not all of the mines. In detail the occur-
rences are:

No.(1) Type of Deposit

Greenwood or Phoenix Camp.
Snowshoe mine ~ some dykes of porphyry and dark lampro-
phyre ocut the rocks.
Deadwood Camp.
Mother Lode mine -~ heavily dyked by the pink alkali-
syenite porphyry, no lamprophyres
mentioned.

No.(2) Type of Deposit

Jewél mine -~ Alkali-porphyry dykes occur in the mine and
also small dark lamprophyre dykes. The lam-
prophyres are numerous, small, cut the ore
and are later than the ore.

No. 7 mine - Contains many small black dykes, too decom-
‘posed for determination together with a grey
syenite-porphyry dyke.



, (1)
FRANKLIN MINING CAMP

This camp is in the West Kootenays, on the east fork of
the north fork of the Kettle River.

In this area all formations are cut by pulaskite dykes and
plugs, The youngest dykes of all are lamprophyres, including
minettes and augite-miorodiorite, the former bearing a genetic
relationship to the pulaskite. Note: the lamprophyres are
later than Miocene flows, whereas the only ore deposits that
have a nearby lamprophyre dyke (at the McKinley Mine), are of
Juressic age and therefore can not be connected with the post-
Miocene lamprophyre.

A lamprophyre-minette is exposed on McKinley Mountain for
over a mile in length. It varied from ten feet to 150 feet
wide. Outcrops decompose readily (there is a photograph show-
ing differential erosion) and specimens for microscopic study
had to be collected from No. 1 tunnel of the MocKinley mine

where a 4% foot dyke follows a limestone-tuff contact.

Pield relations point to the close connection of the lam-
prophyres, geoldgically and petrologically, with the great
Rossland alkali-syenite and granite batholiths to the east in -
the Granite range which probabiy underlie Franklin district.

There 1is no detailed description given of the lamﬁrophyre

occurrence in the McKinley or other mines of the district.

(1) Drysdsle, C.W.: C.G.S. Mem. 56, Geology of Franklin Mining
Camp, B.C.(1915).
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(1),(2),(3)
ROSSLAND MINING CAMP

The Rossland camp, in which were located many important
gold-copper mines such as.the LeRoi, Center Star and Josie, is
famous for the number and diversity of the lamprophyre dykes
contained in the area. According to Barber(Z)there was a
greater variety of fresh 1amprophyre to be found here than any-
where in North America.

Description of Lamprophyre.

Lamprophyre dykes occur by the hundreds and in some sec-
tions of the mines there is a lamprophyre dyke in every 25
feet of sectioﬁ; Ail the lamprophyre dykes trend north and
gsouth with very little deviation, and have nearly vertical dips
whereas the ore trend is consisteﬁtly in an east-west direc-
,tioh. In some seétions of the mines where lamprophyre is very
plentiful, the cross-cutting dykes reduce the ore proportion so
much as to make the ore worthless for mining. In size, the
dykes vary from the width of a knife blade to the immense Josie
and Nickel Plate dykes whigh are up to 225 feet wide. There is
often a change in charascter in different parts of the same
dyke, mica dykes in depth becoming non-mica dykes higher up.

The principal types are minettes (Tramway and Black dykes),

(1) Drysdale, C.W.: C.GeS. Mem. 77, Geology and Ore Deposits of
Rossland, B.C. (1915). '
(2) Barber, W.B.: American Geologist, Vol. XXXIII, p. 335.(1904)
(3) Bruce, E.D.: Dept. of Mines Bulléin No. 4, (1917) Geology
and Ore Deposits of Rossland, B.C.
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kersantites (Josie and Nickel Plate dykes), vogesﬁtes (Upper .
Center Star Dyke), spessartites (Spokane and White dykes) and
odinites but there are also all gradations between these.
Type of Ore.

The ore is of the high temperature replacement type, con-
sisting of veins of massive pyrrhotite and chalcopyrite with
some pyrite and a liftle aréenopyrite in a gangue of altered
country roocke.

Relation between Lamprqphyie and Ore.

The following teble, taken from Drysdsle's memoir, gives
his coﬁception of the chronological order in which the country
rock formations, the intrusives and the ore were formed:

AGE OF ORE DEPOSITS

l. Marine sedimentation and igneous activity of the Carbon-
iferous period (Mount Roberts formation).

2. Deformation at close of the Palaeozoic.

8. Triassic erosion and intrusion of augite porphyrite.

4, Jurassic mountain-making revolution, intrusion of Trail
batholith and allied injJections, extrusion of lavas and
tuffs, intrusion of lamprophyric dykes,

5. First main period of mineralization. Replacement by sul-
phides along fissure and shear zones formed chiefly in the
cover rocks of the Trail batholith and along formational

: contacts.

- 6. Cretaceous erosion cycle and removal of probably several
thousand feet of cover rocks of batholith bringing possibly
the upper extensions of some of the present veins close to
the surface. Land surface brought down to one of low ’
relief.

7. Laramide mountain-making revolution and re-elevation of
Columbia range. Faulting of veins.

8. Eocene erosion and continental sedimentation. Sophie and

" Lake Mountain conglomerate. )

9, Oligocene (?) deformation, intrusion of porphyritic mon-

- zonite stocks and lamprophyre dykes; erosion interval,

10, Miocene vulcanism. Intrusion o oryell batholith and pul-
askite porphyry dykes; intrusion of lamprophyric dykes.

11, Second main period of mineralization. Secondary enrich~
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ment by ascending alkaline solutions containing free gold.

12, Intrusion of Sheppard alkalic granite stocks and dykes.

13. Block faulting and intrusion of4¥9ungpst lamprophyres.

14. Pliocene erosion cycle. Production of present mature to
late mature upland topography and removal of upward exten-
sions of veins in upthrust fault block or 'horst'.

15. Late Pliocene uplift and erosion of deep valleys.

16. Pleistocene glaciation: removal of possible oxidation zone
of deposits: accumulation of morainic material.

17. Recent weathering and oxidation.

It is to be noted in connection with this table that the
Trail granodiofite batholith, which is identical with the Nel-
son granite, is apparently the ultimate source of the ore-
bearing solutions. The ors-bearing solutions came in after the
intrusion of the first generation of lamprophyre dykes which
are also probably genetically related to the granodiorite.

The two succeeding intrusive cycles (that of the porphyritic
monzonite and the Coryell pulaskite batholith) are each follow-
ed by their,associated lamprophyre dykes and there is a second
period of mineralization which comes after the intrusion of

the Coryeil batholith.

In connection with the different types of lamprophyre "it
sesms probable that the sub-alkslic varieties (kersantité and
spessartite) are genetically related to the Nelson granodior-
ite: the intermediate varieties correspond to the monzonite
and the alkalic varieties'(minéﬁte and vogesite) to‘the al-
kalic syenite or puiaskite." .This relationship may be deduced

from compositional similarities.

(1) Drysdale, C.W.: C.G.S. Mem. 77, Geoclogy and Ore Deposits of
Rossland, B.C. (1915), p. 243,
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It was noticed that lamprophyre dykes seemed to be equally
abundant throughout the area of the sheet and that their distri-
bution gave no indication of a local origin.

The majority of the dykes are later than the ore but some
are older since they are included in the ore, cut off by ore
and some are mineralized. .

In some places underground, where ore intersected earlier-
formed dykes, the ore was bunched up against the dyke indicat-
ing a damﬁing effect of the dyke. Also, where iamprophyres of
an intermediate age were encountered, the earlier-formed sul-
phide mineralization was continuous beyond the dyke but the
gold values, apparently introduced by mineralization of a

later age, stopped at the dyke.

(1)
SAIMO MAP AREA

A good description of the gharacteristies and field rela-
‘tions of lamprophyre and aplite dykes in the map area together
wilth a very satisfactory aceount of a specific occurrence of
lamprophyre in the Reeves-McDonald Mine is contained in
Walker's memoir.

In the general aré, aplite dykes, associated with granite
intrusions, cut the country rock and are most abundant in the
most highly metamorphosed areas. Aplite dykes are cut by

mineral veins and by still later lamprophyre dykes.

(1) walker, J.F.: C¢G.S. Mem. 178, Geology and Mineral Deposits
of the Salmo Map Area, B.C. (1934).
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"Lamprophyre dykes cut ali other rocks and also mineral
deposits, They are generally fine-grained, dark grey to black
rocks in which biotite and augite phenocrysts are vis;ble to
the naked eye."(lis a rule they are considerably altered and
weather rapidly.

Reeves-MecDonald Mine,

Ore.

The ore consists of "low grade, disseminated replacements
of limestone by pyrite, pyrrhotite(?), sphalerite and galena,"
occurring in the lower part of Pend.Oreille Series.

A typical assay is: zinec - 6.2%, lead - 1.6%, silver - 0.5
ounces to the ton,

Degcription of the Lamprophyre and the Mineralization,

In his report on this mine, Walker gives a description of
the River Adit from its portal to the face. The tunnel passes
eagstward through limestone with only streaks of zinc and lesd(?)
carbonates in the brown oxides in some places and in other
places the limestone is barren. "At 3060 feet from the portal,
pyrite occurs in a 70 foot dyke which appears to be a lampro-
phyre but may be an altered basic dyke of a greater age (Note:
this dyke cuts and is chilled against the oreg?) Thevmineral-

ization continues in the limestone beyond the dyke, and 18

(1) walker, J.F.: C.G.S. Mem. 172, Geology and Mineral Deposits
of Salmo Map Area, B.C. (1934), p.18
(2) Dr. H.C. Gunning; %?fﬁeﬁai communication.

ra
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feet beyond the dyke where a ten-foot lamprophyre dyke Quts
the mineralization it consists of pyrite, possibly some, pyrr~
hotite, sphalerite and & little galensa."
This mineralization continues east of the small dyke for
180 feet and is 50 feet wide in places. Diamond drilling
showed the mineralization to dontinue east for a further 130
feet but thereafter very little mineralization was encountered.
In the other adits of the mine, there is good ore but there

is no reference to lamprophyre dykes in them.

(1)
YMIR MINING CAMP

There are many diaschistic dykes genetically connected to
the Nelson batholith which grade from aplites to lamprophyres.
Lamprophyre dykes occur throughout the whole area and are prob-
ably of two ages ~ the older related to the Nelson batholith |
and the younger, more alkalic, to the Coryell batholith of Ter-
tiary age. The Tertiary and later lamprophyres are later than
the main period of mineralization (connected with the Nelson
batholith) and are of little economic importance.

The lamprophyre dykes are generally persistent dykes with
steep dips, fbund chiefly in cover rocks of the batholith.
Minette, kersantite, spessartite and vogesite are all mentioned.

"The lamprophyre dykes bear important structural relations to

(1) Drysdale, C.W.: CQG.SQ Mem. 94, Ymir Mining Camp. Boc.(1917),
b 35 o |
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gome of the ore-bodies as, for instance, in the Porto Rico and
Fern mines"fl)
No mention was made of the relations of aplite dykes to
ore.
Thevores are gold, silver and lead ores which are divided
into two types of which number one is the more important.
1. Auriferous galena, pyrite, sphalerite,
2. Quartz ore with free gold - also a little pyrr-
hotite, chalcopyrite, pyrite. This type is
associated with intrusive dykes in the Rossland

volcanics group.

Wilcox Minse.

The rocks are traversed by lamprophyre and aplitic dykes,
chiefly the former (minettes). A very persistent 40 feet wide
lamprophyre probably fomms the western limit of No. 1 ore
gshoot. A fault of 30 feet displacement follows along this
dyke.

-Fourth of July vein - No. 1 tunnel. Boundary of ore
shoot délimited by a kersantite dyke but the best values in
the shoot are in the end farthest away from the lamprophyrs.

~ No. 2 tunnel passes through 471
feet of barren ground, cutting several lamprophyres (kersan-

tite, vogesite). The ore is encountered farther on.

(1) Drysdale, CeWe: CoeGeS. Mem. 94, Ymir Mining Camp,B.C.(1917).
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The ore of the Wilcox Mine consists of pyrite, galena,
Fg0, and occasionally zinc blende in a gangue of silicified
country rock. The principal values are in gold, of which
70% is free gold.

Ymir Belle. |

Lamprophyres occur in this mine. The ore is pyrite,
galena, zinc blende and quartz.
Yair.

Lamprophyre dykes with branches occur throﬁgh the work-
ings.

A description is given of the intersection of a four-foot
lamprophyre with the vein lode which may be summed up best by

a diasgram:

W of Lede
DOriFt

"f'ﬁ%u of Lode

Foulf fissore comfarning

Lomprophyre . Dyke
2 Feet of caleite .

The extension of the dyke ée/aha" Fhe fault Hhas nof beenm
focated ‘

i
The ore is galena, pyrite, zinc blende and has gold, sil-
ver and lead values.

Porto Rico.

This mine had extremely rich ore. For one-half mile on
the surface, the ore is opened up at intervals and invariably

is against a narrow, fine-grained, cherty lamprophgre (altered
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augite~-kersantite), about two feet wide with the same strike
‘and dip as the véin, The dyke usually forms the hanging-wall
but sometimes ore is on both sides and sometimes the lampro-
phyre'also is put through the mill. Drysdale does not state
whether the lamprophyre is mineralized or not but he does
imply that the lamprophyre is pre-ore a8 "the mineralizing
solutions followed along the underside of the dyke."

The ore is in true fissure-type veins and contains quartz,
pyrite and free gold. |
Fern.

?ha ore is along a granite porphyry dyke which ususally
forms the hanging-wall. The ore has terminated at a later
lamprophyre-dyke which coincides with a fault plane and héd
not been picked up on the other side of the lamprophyre fault.
In No.2 tunnel, the gold values were highest near the lampro-
phyre dyke.

The ore consists of quartz, pyrite and free gold in fis-
sure veins.

Black Coek, Sterling, Iowna.‘Foghorn, Bluestone, Clincher,

Bvening Star.

Lamprophyre dykes occur on these seven properties. Appar-

ently they are later than the ore.
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(1)
YMIR - NELSON AREA

There are some feferences to lamprophyre dykesvin the
detailed desoriptions of properties in this memoir.

Nevada-Imperial Claims.

A shear zone is explored on the surface by open cuts. In
cut 16, the hanging-wall is a mioé-lamprophyre dyke and the
shear-zone is well mineralized with quartz, galena, zinc-
blende and pyrite. In cut 17, the dyke does not occur and the
shear-zone has no defined walls but is mineralized with some
pyrite and galena. There are numerous other cuts with varying
degrees of mineralization on the cleims but in hone of them

is the occurrence of lamprophyre mentioned.

Second Relief Mine.

The "Second Relief vein", which supplied almost all the
production, follows the hanging-wall of a diorite-porphyry
dyke. The common dykes on the property are granite-porphyry
and quartz-porphyry; there are also several mica- and horn-
blehde-lamprophyres. The lamprophyres are deemed to be the
youngest of the dyke rocks and one of them‘cuts the Second Re-
lief vein,

The ore cqnsiéts of pyrite, pyrrhotite, chalcopyrite and
possibly molybdenite in a gangue of country rock and quartz
carrying some magnetife and, in places, garnet and epidote.

Center Star Mine.

A number of lamprophyre dykes occur on the 300 level. One

(1) Cockfield,W.B.: C.G.S. Mem. 191, The Lode Gold Deposits of
Ymir Nelson Aresa, B.C. (1936).
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of these cut through the vein and is distinctly younger than
the vein. | |

The veins consist of quartz with pyrite, galena, zinc
blende and pyrrhotite. .
Dundee Minse.

The deposit is a fissure veln cutting Pend d'Oreille schist
and small tongues of the Nelson granodiorite. The vein is
intersected By, and offset by, several lamprophyre dykes.

The ore consists of fragments of country rock cemented by
quartz. The sulphides are pyrite, galena and zZinc blende.

Golden Age.

Several augite-kersantite dykes occur oh the property.
Occasionally, the vein wall is a lamprophyre dyke.

The deposit consists of poorly defined shear-zones containe
ing stringers and bunches of quartz. The zones are mineralized
with pyrite, chalcopyrite, galena and zinc blende.

Star and Alma M Claims.

A lamprophyre dyke, one foot wide, cuts across the shear.
The ore contains pyrite, chalcopyrite and malachite.

Summary of Ymir-Nelson Area.

0f 34 properties described in this report, six are des-

~cribed as containing lamprophyre dykes.
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(1)
NELSON MAP AREA

Lampropgyrevgykes.

Lamprophyre dykes have a widespread developient in the whole
ares and are the younéeSt rocks. They cut the ore-bodies in
contradistinetion to 1ithologically gsimilar dykes in the
Slocgn district and at Sheep Creek which are older than the vein
fissures. The dykes vary from a fraction of'an inech to 20 feet
in width and from 100 feet to 1000 fest in length.
Ore.
The ores afa of three types:

l. gold-silver

2. copper-gold-silver

3. silver-copper

(1)

Description of Properties, Nelson Map Aresa

1. Gold-Silver Deposits
Kootenay Gold Mines, Ltd. ~ 5 miles west of Nelson.

The veins are cut by minettes. The ore contains pyrite
mostly, with small quantities of galena, chalcopyrite and very
rarely, scheelite.

Athabaska Mine.-é miles from Nelson on east slope of Morning

Mt.
A minette dyke cuts the ore and aplite dykes are present
which are pre-ore. The ore consists of galena, zinc-blende and

pyrite.

(1) LeRoy, MeEe: CoeG.S. Summe Rept., (1911) Geology of Nelson
Map Area. '



~164-

Royal Canadian group.

A basic mica dyke cuts and 8lightly faults the ore.

2. Copper-Gold-Silver Deposits

Eureka Mine « 8 miles from Nelson.

Several basic mica dykes cut and sometimes faiult the ore.

Queen Victoria Mine.

The ore zone is cut by basic 1amprophyie dykes. The ore
is of the 1imestoné replacement type and is of fairly high-
temperature origin. The minerals are pyrite, chalcopyrite,
small amounts of magnetite and pyrrhotite. Gangue minerals

are garnet, actinolite, epidote, quartz and calcite.

3. Silver-Copper Deposits

The Kootenay_Bonanza Mines Ltd. - on Toad Mountain.

Lamprophyres occur on this propebty. The ore contains
tetrahedrite, ehaicdpyrite, ryrite and galena,

(1)
NELSON MAP AREA, EAST HALF

Descriptlon of Dykes.

The only dykes described, other than lamprophyre dykes,
are a few small feldspar-porphyry dykes. The lamprophyre
ocours in dykes and sills which are fine-grained and dark green

with biotite and hornblende the most conspicuous minerals.

(1) Rice, H.M A.. CuGiS) MBm. 228, Nelson Map Area, East Half,
B.C. (1941)

/
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Many of them are greatly altered with the production of chlor-
ite and epidote. Rice(%élieves them to be related to the Mec
Gregor syenite intrusives of Tertiary age.
Ore. |
| The ore has silver-lead-zinc values and is of two types:
1. quagﬁz-éalcite veins with chalcopyrite, pyrite,

pyrrhqtite and & little galensa ;nd sphalerite. This

type is the less important.

2. disseminated deposits of chalcopyrite, pyrite and

pyrrhotite.v

The better-known mines in the area are the Sullivan, Stem-
winder, North Star and Bayonne. The occurrences of lampro-
phyre in these mines are not described in this memoir and the
only reference to lamprophyre found was that in the Spokane
mine. The property descriptions in this memoir are, however,
quite short and incomplete so far as the detailed geology is
concerned. 34 properties are described in the memoir.

- Spokane Mine.

Little information is given. Four small lamprophyre dykes
cross the vein fissure and have been fractured by late move-
ment along the fissure.

Thé deposit consists of a quartz-bearing fissure mineral-

ized with galena, sphalerite, pyrite andva little chalcopyrite.

(1) Rice, H.M.A., B2IG.S. Mem.228, Nelson Map Area, East Half,
B.C. (1941).
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(1)
Sullivan Mine.

Lamprophyre dykes are present in the Sullivan mine but no
information could be found regarding their number and size.
It is stated in this article that the lamprophyres probably
were intruded toward the end of the mineralizing period.

Interesting phenomena are described in connection with one
biotite lamprophyre occurring in 3904 cross-cut. This dyke
cuts sediments heavily mineralized with pyrrhotite and sphal=-
erite and is later than the mineralization. However, a seam
of galena occurs in the dyke along a fault plane, the galens
being post-dyke in age as it partially replaces biotite of
the 1amprophyre. The dyke is also carbonated at the contact
with galena., Therefore, the dyke has been intruded“befwéen
the two types of mineralization, and as these events are con-
gidered by the suthors to be probably consecutive stages in
one, long-continued period of mineralization rather than two
distinct mineralization epochs, it appears that the dyke and
ore are, in the large'sense. contemporaneous.

Note: Descriptions of other specimens of this same dyke
may be found in Appendix B.

Ore.

The deposit is of the hypothermal type, pyrrhotite, sphal-

erite and galena, the chief sulphides present, replacing ar-

- gillaceous sediments along their bedding planes.

(1) swanson, C.0. and Guanning, H.C.: Geology of the Sullivan
Mine, C.I.M.M. Bull. 402, Oct., 1945,
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(1)
WINDERMERE MAP AREA

On the ridge north-east of Mount Brewer there are two
small lamprophyre dykes ten inches wide. They are rotten
in appearance but appear oﬁmparatively fresh under the
microscope.

No description of the relationship to ore deposits was
given. The ore in the area is silver-lead~-zinc ore and the
minerals are galena, sphalerite, pyrite, tetrahedrite, quartz,

calcite, barite and siderite.

(2)
SLOCAN MINING CAMP

Salic dykes and sills, granite and acid granodiorite
mostly, are in great number in the area, especially in the
vicinity of metalliferous deposits. Mafic'dykes, all lampro-
phyres, are less abundant than salic. Salic dykes strike north-
west, parallel to the regional strike of the enclosing rocks,
whereas mafic dykes (lamprophyres) generally strike north-east,
.parallel to the course of the metalliferous veins.

Description of lamprophyres.

The lamprophyres weather more readily than the enclosing
rocks and the weathering, particularly of olivine, had produced
a pseudo-amydgaloidal texture. The most common type is a dark-
green, medium-grained lamprophyre containing essentially oliv-

ine, pyroxene and biotite in varying proportions, with accessory

{1) Walker, J.F.:C.G.S. Mem. 148, Geology and Mineral Deposits
of Windermere Map Area, B.C., (1986).
(2) Cairnes, C.E.: C.G.S. Mem. 173, Slocan Mining Camp, B.C.(1934)
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magnetite, limonite and pyrrhotite. Liftle quartz is gener-
ally present and may be partly or entirely secondary. Feld-
g8par when preéent is in subordinate amounts and is calcic
plagioolase. Amphibole is scarce. These lamprophyres yield
dykes rarely greater than a few feet wide, though at the
Slocan Sovereign they are 50 feet wide. They more commonly
follow or parallel the course of the metalliferous veins than
that of the enclosing rocks. Consequently they strike nearly
normal to the salic dykes and in most cases cut across them.
They are more abundant in the Slocan Series (of sediments)
but 8imilar mafic dykes occur in the Nelson granitse.

The second typre of lamprophyre, observed in granitic areas
(Fisher Maiden and Cométook Mines), contains no olivine but
has abundant hornblende together with biotite, caleic plagio-
clase and accessory quartz, magnetite, ilmenite and epidote.

The third type of lamprophyre consists almost entirely of
gsecondary minerals. It is light to dark grey and contains
numerous light green streaks and brownish spots. The 1light
green streaks are due to the chromium-bearing mica, mariposite
and the brown spots to oxidation of iron sulphides and ferrug-
inous carbonates. Under the microscope this type is largely
composed of ferruginous magnesium carbonate with associated
colorless mica (mariposite), & little quartz and sometimes ser-
pentine, chlorite, sulphides and commonly calcite. These are

best seen near the Whitewater and Jackson mines. Their ori-

ginal composition is in doubt but they appear to grade into
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the dark-green lamprophyre in some outerops.

The last type of mafic.dyke is "Minette", which is found
near Sandon. These dykes are a few inches wids, dark-colored
and contain a large amount of black mica. In most cases they
are highly altered.

Age of Dykes.

The salic dykes and most of the mafic dykes are premineral
a8 they are ocut by the fissures which provided entry for the
mineral-bearing solutions. The mafic dykes, however, are on
the whole the younger of the two dyke-types since they cut the
salic. Salic dykes, abundant in the Slocan Series (sediments),
are scarce in the granite areas whereas mafic dykes are about
equally prominent in both formations. The salic dykes are
considered to represent a 1éte stage in the intrusion of the
Nelson batholith since many of them bear lithological resem-
blance to the later members of the batholith.

The following paragraph is quoted directly from Cairnes to
present the evidenée for a close time relsationship betwseen

lamprophyre and ore.
) ,

The minor intrusives are much less deformed than the pre-
batholithic formations they intrude, undoubtedly because the.
latter were deformed before intrusion of the Nelson batholith.
Developments underground have, however, shown that minor in-
trusives were, in places, involved in shearing that affected
older formations. In a number of instances, both in the Slocan
series and the Nelson granite, mafic dykes have been observed
to be followed by fissures and shear zones providing access for
mineralizing solutions. This feature has, in fact, appeared so
gsignificant in mining operations as to suggest some connexion
between these dykes and mineralization. It appears unlikely
that the mafic dykes are the source of ore minerslization, for
they are free of ore minerals except where they have been frac=-

a) Op.Cit. p T2
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tured. They were, however, probably intruded during a period
of deformation just before and possibly extending into the
period of mineralization; in some cases, where their intrus-
ion did not completely heal the original planes of weakness '’
or where they themsélves were less competent than the rocks
they intruded, further fracturing or shearing occureed along.
them and provided channels for ore-bearing solutions. A few,
small, Miafic dykes of definitely post-mineral age were observ-
ed ocutting across the ore-bearing fissures or shear zones as,
for example, at the Enterprise and Anns mines. At the V and M
property a similar dyke is intruded along s fault which dis-
rlaces a vein.

Type 6f Ore.

The ore occurs in veins, vein lodes, fissure filliﬁgs and
replacements. The producfion is in silver-iead-zinc and the
minerals are mainly galena, blende, quartz, calcite, siderife
but also grey copper,'ruby silver, pyrite. Better-known'mines:
of the district are the Silversmith, Arlington, Standard. Van
Roi, Whitewater. |

Desoription of Properties, Slocan District.

: (1)
The "L.H. mins",

The mihe is located five and one-half miles from Silverton
at an elevation of 5,250 feet. 1700 feet of drifting and
cross-cutting had been done.

Lamprophyre.

The country rock of the mine is plainly an early basic dif-
ferentiate, consolidated and later sheared dynamically. It is
g hard, massife porphyry, similar in appearance to a sill rock
found in Number 7 tunnel of the Standard mine which has the

composition of a kersantits.

{1) Bancroft, M.F.: CeGeS. Summ, Rept. (1917), Investigations
in Slocan Distriet, B.C.
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The lamprophyre dykes of the West Kootenay are considered
to be the basic differentiates of the greater granite massives
and mineralization is only another phase of this prolonged
process of magmatic invasion, beginning with Jurassic.

Type of Oré.

Pyrrhotite, pyrite, arsenopyrite and quartz'formed in a

gangue of country rock in a zone 20 to 40 feet wide which

follows the master jointing.

4 (1)
A, SLOCAN MINING DIVISION

Antoine Claim.

A dark.green lamprophyre dyke, five feet wide, is cut by
the vein lode on No. 5 level.

The lode contains siderite with a little pyrite and zinec
blende.

Comstock Group - 10 miles from Silverton.

The property is in the tip of a body of granite, & member
of the Nelson batholith. The lode intersects fine-grained
hornblende granite and follows, in places, a dyke of biotite
lamprophyre.

The ore consists of brecciated granite partly cemented by
quartz containing streaks of ore minersls. The ore appeared
to occur mainly where the lode lay between granite and the

basic (lamprophyre) dyke.

(1) Cairnes, C.E.:; C.G.S. Mem. 184, Descriptions of Properties,
Slocan Mining Camp, B.C. (1935), p. 1.



-24A-

Fisher Méiden - 8 miles from Silveiton on Silverton Creek.

The deposit is in rocks of the Nelson batholith. A4 basic
hornblende-blotite dyke follows parts of the lode and may have
had some influenée on the position of the ore bodies. Lengths
of 50 to 100 feet of ore have the basic dyke as hanging-wall.

The ore contains zinoc-blende, argentite, ruby and nétive
gsilver and gsalensa.

Mountain Con Group - At extreme head of Carpenter‘Creek.

The granite of the Nelson batholith in which the oclaims
lie is intersected along the course of the Mountain Con lode
by a lamprophyre dyke, composed of biotite, bronzite, feldspar
and & little quartz, with secondary calcite, tala(?) and
bastite. The dyke occurs in places on the hanging-wall, and.
in places on the foot-wall, side of the vein and appears to
héve been intruded along the course of the fissure. Subsequent
movement resulted in the shearing of the dyke and deposition
of the vein matter.

Riohmond-Eureka Group - East fork of Sandon Creek.

The underlying sediments of the Slocan series are ihter-
sected by quartz-diorite porphyry dykes and a few basic 1amprd—
phyre and minette dykes. In places the lode turns to follow
formational planes, especially near the basic dykes.
| The metallic minerals are galena, zinc-blende, pyrite and
a little phalcopyrite. »

Ruth-Hope Group - South-west of Sandon.

The underlying rocks are massive argillaceous and quartz-
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itic strata of the Slocan series, which in many places are
calcareous. The sediments are intersected by many dykes,
chiefly of quartz-feldspar porphyry but including some darker,
mostly small, dykes varying in composition from minettes to
basic lamprophyres. The dark dykes are notably irregular,
appear to be later than the light-coloured dykes, and to be
rather closely related in time to the period of vein deposi=~
tion. Ore deposition was later than the acid dykes, but they
exerted a struétural control over the courses followed by the
lodes and the loéationvof the ore deposits.

The ore contains galena, blende, gréy copper, chalcopyrite
and pyrite with quartz and a little anglesite as gangue miner-

als.

The following discussion of the Ruth-Hope property is in-
gserted here to present some reasons for believing that the
lamprophyre is rather closely related in time to the period of
vein deposition. These observations have been contributed by
Mr. W.M;Sharp, MeA.Sc. who is working on the detﬁiled geology
of the mine. )

Some of the lamprophyres in the mine are considered to havé
been intruded very shortly after'the introduction of ore be-
cause they have been affected‘by the normal faulting that took
place during the ore-forming period. or shortly after. The
reason for considering this normal faulting to be very close to

the ore in age is that replacement ore reflects the drag-fold
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pattern associated with the normal faulting, with very slight
brecciation of the ore. The same drag-folding in the quartz-~
feldspar porphyry, on the other hand, is accompanied by slight
crackling of the porphyry. .The inference hers is that miner-
alization was probably going on at the same timé as normal
faulting, and, as the lampfophyre is cut by the normal fault-
ing, it must therefore have been intruded during or shortly
after the ore-forming period. The absence of hydrothermal
mineralization of the lamprophyre in contact with the lode
gtructure is good evidence that the lamprophyre is not com-
pletely pre-ore.

Silversmith-Slocan Star Group - % mile south of Sandon.,

The sediments are intruded by acid porphyries and lampro-
phyres. The lamprophyres vary in composition from minettes
in which biotite and orthoclase are the predominant minerals
to more basic lamprophyres in which olivins and/or pyroxene
and biotite are conspicuous. In contrast with the acid in-
trusives these basic dykes are notably irregular in their
individual structures and dimensions. They appear to be young-
er than the acid intrusives and are smaller, averaging probably
less than a foot in thickness. They are, as on other proper-
ties, intimately associated in places with the lode structures,
an association that suggests that their period of intrusion
was separated by no great interval from the period of mineral-

ization.
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The Remainder of the Lamprophyre Occurrences in Slocan Mining

Division.

On the Reco Group there is a mica lamprophyre younger in

age than the quartz-porphyry dykes.
" On the Slocan King group there is a basic lamprophyre dyke.

On the Slocan Sovereign claim, a J=mprophyre dyke follows

rather closely the course of the lods.

Summary of Slocan Mining Division, Slocan Mining Camp.

There are 105 descriptions of different properties under
the heading, "Slocan Mining Division" and of these only ten
contained réferences to lamprophyre dykes. These references
have been summarized above. There were, in addition, four or
five references to "basic dykes" which presumably means
lamprophyre dykes. These, however, were not considered in this
compilation due to their uncertain identity.

The vast majority of the properties contain numerous
quartz-porphyry and quartz-feldspar-porphyry dykes which are
pre-lamprophyre in age.

. (1)
B. SLOCAN CITY MINING DIVISION

Enterprise Mine =~ 8 miles from Enterprise Landing.

The granitic rocks underlying the property are intersected
by a few, small, basic dykes, varying from hornblende porphyr-
ite to olivine and olivine-diallage lamprophyres. One at least,

and probably two narrow dykes of the lamprophyre types were

(1) Cairnes, C.E.: C.G.S. Mem. 184 (1935), Descriptions of
Properties, Slocan Mining Camp, B.C. Chap. II, p. 166.
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observed to cut across the.lode. Others are pre-mineral and
are involved invthe faulting that disrupts this lode.

The ore minerals are galena, zinc blende, pyrite, chalco-
pyrite, grey copper.

References to "Basic Dykes".

There are references to "basic dykes" on six other propert-
ies. It is not stated whether these are lamprophyres or not.
0f these six occurrences, two follow the lode, one is inter-
sected and displaced by the lode and the remaiﬁder are not
described.

Summary of Slocan City Mining Division, Slocan Mining Camp.

C. AINSWORTH MINING DIVISION

‘The total number of properties dealt with is 40. Of these,
only one is stated to contain lamprophyre and six have bhasic

dykes which may or may not be lamprophyres,

(1)

Jackson Group.

The underlying Slocan sediments are cut by dykes and sills
of quartz porphyry that ‘are commonly closely aligned with the
sedimentary formations. and highly altered greenish dykeé of
more basic compoesition that cut across the sediments more
nesrly parallel with the vein-bearing lodes. Underground, the

association of these green dykes with the ore-bearing portions

- of the Jackson lode is a noteworthy feature.

(1) Cairnes, C.B.: CuGeS. Mem. 184 (1935), Descriptions of
Properties, Slocan Mining Camp, B.C.
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The ﬁore productive parts of the Jackson lode are followed
for considerable distances by narrow, greenish dykes. These
dykes are sheared and compietely altered and consist chiefly
of carbonate, quartz, and a greenish micaceous mineral resem-
bling mariposite. One'such.dyke, two feet wide, is overlain
and underlain by ore and slightly mineralized by galena. The
agsociation of these greenish dykes with thelode and, in par-
tioular, with the more pfoductive parts of the lode may have
some genetic as well as structural significance. Here, as
elsewhere in the district, such dykes have been found in close
'associatiog with fissure vein deposits and though in no case
have they seemed to be direetly responsible for the mineral-
ization yet their association has, in many instances, suggest-
ed that their period of intrusion closely preceded the incur-
sion of mineral-bearing solutions; that their source has ¥een
one with these solutions; and that the fissures they have fol-
lowed have been along lines or zones of weakness which, if not
completely healed by the dykes or if reopened by further frac-
turing and fissuring involving the dykes themselves, have
rermitted access to the later ore-bearing solutions.

The ore minerals are galena, zinc blende, chalcopyrite,

pyrite in a gangue of siderite, quartz and crushed rock.

Metlakahtla Claim -~ At mouth of Whitewater Creek.
The Slocan sediments are cut by a green lamprophyre dyke.
At one point on the Metlakahtla claim a narrow siliceous band

or vein three feet ahove the base of the dyke contains dissem~
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inated pyrite and galena.
Principal work on this claim has been done on a mineralized
zone unassocisted with the lamprophyre. The zone was minersl-

ized with sphalerite, pyrite and a little galeha.

Whitewater and Whitewater Deep Groups..

The rocks are slates and impure limestones of the Slocan
gseries. One baéic dyke, 40 feet wide, occurs underground.

The dyke is véry much like, if not identical with, one observ-
. Metlakahtla

ed on the Metlakahtla claim. (Note: the,dyke here referred

to is called "lamprophyre" in the preceding section.) Several

other similar basic dykes of peculiar greeniéh hue were also

observed. The greenish color is due to mariposite(?). Other-

wise the rocks are composed~ohiefly-of carbonates.

West of the raise from No. 11 level, oomparativeiy little
‘'mineralization has been encountered on No. 10 level except neai
the face where the lode filling carries some ore minerals in
the vicinity of one or more of the carbonate-mariposite dykes
referred to abovs.

(1) whitewater

Note: M.S. Hedley calls these ,dykes lamprophyres.

(1)
The Whitewater Mine - Slocan District

Upper Mine Geology - above 13 level.

~

Lamprophyre.

The lode here is an irregular zone o0f shearing and frac-

oL

(1) Hedley, M.S.: B.C. Dept. of Mines, Bulletin No. 22, (1945)
Geology o0f the Whitewater and Lucky Jim Mine Areas, Slocan -
District,



turing in slates. A porphyritic lamprophyre, so extremely
aktered to carbonate, sericite§ and locally mariposite that
identification is difficult, follows the lode on 10 and 11
levels ahd apparently did so on the upper, worked-out levels
as well.' It occurs as sheets and lenses within thé lode and
locally in the wall. It was intruded prior to mineralization
and_must originally have been a rather complex body which now’
is much broken up by displacemeﬁts along the lode.

Ore.

The ore consists of galena and sphalerite and a little
grey copper. There is some pyrite and chalcopyrite. The
gangue is chiefly éiderite but some quartz occurs.

Lower Mine. Geology - below 13 level, the dip of the lode

changes from 60 degrees to 20 degrees.
The foot-wall of the lode is slate and the hanging-wall,
limestone.
Ore.
There are three types of ore in the lower mins.
(1) Same as in the upper mine - this type is not so im-
portant.
(2) Massive replacement of limestone by sphalerite and
siderite. Galena amounts to 1/5 of the sphalerite.
- This is called "spathic" ore and is the most important.
(3) Magnetic ore, formed by replacement, consists of sphal=-
erite and little galena in s gangue of magnetite,

pyrrhotite, pyrite and some silicate minerals. This
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ore replaces dyke rock, part of the irregular lampro-
phyre intrusive which extends through the mine.

The magnetite ore is mostly if not all & replacement of
dyke :6ck. In some parts the replacement is gradational and
in others it is sharply bounded by extremely altered dyke. In
most instances the ore grades into rock which, although con-
gisting almost entirely of carbonate and sericite, as a rule
retains its igneous texture and 1is recognizably porphyritic
underground. The dyke is much wider in the main magnetite ore
body and for the most part, élsewhere exists as sheared rem-
nants within the lode.

(1)
Other References to "Basic Dykes" in Ainsworth Mining Division.

One property contains a "narrow, fine-grained basic dyke"
which partly defines the hanging-wall of the lode.

One property contains "altered, greenish, basic dyke rock"
which defines the hanging-wall of a lode. |

On another property, a narrow band of highly‘altered, dark,
micaceous rock is associated with the main lode and is prob-
ably a basic dyke.

Another property has '"smsll basic dykes".

Finally, a property contains acid and basic dykes; The
basic dykes cut across the strike of the rocks.

Summary of Ainsworth Mining Division, Slocan Mining Camp.

There are 74 descriptions of properties and of these, five

(1) Cairnes, C.E.: C.G.S. Mem. 184 (1935), Descriptions of
Properties, Slocan Mining Camp, B.C. Chapter III.
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contain referénces to lamprophyre and five additional descrip~
tions contain references to "basic dykes". Owing to their simil-
arity in mode of occurrence to the lamprophyre dykes of near-
| by parts of Slocan Mining Camp, it seems highly probable that
these "basic dykes" were originally lamprophyre dykes which
are now altered too highly for identification.

Numerous acid dykes océur on the majority of the proper-'
ties,

(1)
AINSWORTH MINING CAMP

Description of Dykes.

Lamprophyric dykes can be traced up to hundreds of_feet‘
in length and are less than eight or 10 feet wide. There are
two sets, one in the bedding and the other crosscutting the
bedding. The most common dyke rock type is camptonite which
contains phenocrysts of hornblende and biotite. Microscopic-
aily, hornblende is the strongly pledchroic, dark bfown var-
ety occurring as phenoérysts in a fine-grained ground of
biotite and andesine. Apatite and magnetite are quite abun-
dant accessories.

Ore.

The ore deposits are true fissure veins and limestone

replacements. Most are of the true fissure vein type but

both types are of the same age and have the Same ore minersals.,

.

(1) Schofield, S.J.: C.Ge.S. Mem. 117 (1920), Geology and Ore
Deposits of Ainsworth Mining Camp, B.C.



The minerals are galena and zinc blende‘in caleite, siderite,
quartz, fluorite.
Typical mines in the area are the Star, Highlander, Florencse,
Spokane, Bluebell.

Age of Dykes and Relation to Ore.

The age of the lamprophyre is in doubt but it is not much
older than early Cretaceous. The lamprophyre dykes are high-
ly altered by the mineral-bearing solutions which are respon-
sible for the ore deposits of the Ainsworth camp. Schofield
concluded that the ore deposits are associated with Jurassic
and Cretaceous batholiths and the dykes are associated with
the cooling stages of the Nelson granite batholith but at a
stage previous to the one in which ore deposits were formed.

Star Mins.

In the lower tunnel, a lamprophyre occurs which has very
large hornblende Phenocrysts and contains a great number of
inclusions of Nelson granite.

Bluebell Mins.

Although the lamprophyre occurring here is so altered and
rotten that its relatién to ore is in doubt, it is claimed that
the dyke cuts thp ore. But Schofield thinks, because of the
position of the dyke as a bounding wall of the ore body and
its intense alteration, it must be p}e-ore. Therefore, he
concluded that the dykes and ore were nearly contemporaneous
and he also believes that the dykes have no genetic connection

with ore deposition.
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(1)
KOOTENAY LAKE DISTRICT

The Nelson batholith outcrops along the west edge of the
map area and is post-Triassic in age. Mineralization and thé
intrusion of lamprophyre dykes appear to be a very late stage
of the batholith intrusion.

Description of'Properties

Bluebell Mine,- This is one of the oldest mines in B.C. and

a great deal of lead-zinc-gilver ore has been removed at inter-
mittent stages in its lifetime. It is located at Riondel on the
east side of Kooténay Lake.

The country rock is Lardeau series strata, consisting of
schist, quartzite and limestone. Lamprophyre dykes are com-
mon and geherally follow two pronounced systems of jointing,
one, north 70‘degrees west and the other, south 85 degrees
west. The lamprophyre is post-ore. Several small granitic
dykes are pre-mineralization.

The ore consists of irregular replacements in the upper
part of & limestone band, 150-200 feet thick. Pyrrhotite, py-
rite, sphalerite, galena, arsenopyrite and chalcopyrite are
the‘metallic minerals; the gangue is quartz and limestone.

Kirby Group.- This group is one mile north-east of the Bluebsll

mine. Lamprophyre dykes appear to be later than the ore. The
ore consists of pyrite, sphalerite, galens in bedded sShear zones

of quartzite, schists and calcareous schist.

(1) Walkery J«Fo. and Glmning, H.C.: COGQSQ Summ. Rept..(lQZS).
Kootenay lake District, B.C. _ :
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BIG LEDGE (CONSOLIDATED) PROPERTY, UPPER ARROW
- (1)
LAKE

This property is located on the west side of Arrow Lake,
17 miles south of Arrowhead. The ore consists of mineralized
bands in Precambrian limestone and contains pyrrhotite as the
most plentiful, followed by pyrite as the second most plenti-
ful sulphide. Sbhalerite also is present in smaller quantity.

One lamprophyre, three to four feet'wide, was observed
and two others of a similar character are reported to occur
elsewhere on the property. The lamprophyre carries large
crystals of titan sugite, plagioclase near andesine, calcite,
ilmenite, pyrite and an abundance of radiating masses of ser-
pentine and chlorite. No quartz was noted.. The dyke appears
to cut all other rocks except, possibly, the pegmatitic in-
trusives. (Note: the dyke's relation to ore was not noted. )

(2)
FIELD MAP AREA

There is a laccolithic intrusive of nepheline-syenite to
which 12 dykes are genetically connected. The dykes are in
two groups, one, the bostonite-tinguaite group and the other,
the lamprophyre group. The lamprophyre group consists of
minette, vogesite, monchiquite, fourchite, ouachitite, camp-

tonite and nepheline-basalt. (Note: Allen's petrographic

(1) Cairnes, C.E. and Gunning, H.C.: CeGeS. Summ. Rept., (1928)
Big Ledge (Consolidated) Property, Upper Arrow Lake, Kootenay
District, B.C. '

(2) Allen, J.A.: Mem. 55, Geology of Field Map Area, B.C. and
Alberta (1914). ‘
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descriptions indicate the presence of feldspar in th? ?qn-
‘1
chiqu%t? and fourchite. According to both Johannsen and
2
Harker, there is no feldspar in these two types of lampro-

phyre.)
The Waterloo Mining Claim - This is located near Moose Creek

on Zinc Mountain, not far from Mount Goodsir.

The ore contains pyrrhotite, chalcopyrite, sphalerite,
pyrite and galena and is a blanket-type deposit replacing
limestone. The depésit is roofed by mica-porphyry (ouachitite)
which has irregular Streéks and fragments impregnated with

pyrite crystals.

(3)
BIG BEND MAP AREA

Lamprophyre(ifkes‘are sparingly developed in the Big Bend
map area. Daly desoribed two small dykes of "dark, greenish-
grey, somewhat porphyritic, medium grained minette" and a
basaltic sill at Albert Canyon gorge on the C.P.R. main line.

There is a dark-grey, fine-grained lamprophyre dyke in
Silver Creek, about 1% miles below the forks, which consists
of biotite, gquartz and alteration products (calecite chiefly).
FPluorite and quartz were observed in amygdales. It probably

resembles the minette at Albert Canyon gorge. It is greatly

(1) Johannsen, A,: Petrography, Vol. III. (1937)

(2) Harker, A.: Petrology for Students. (/908

(3) Gunning, H.C.: C.G.S. Summ. Rept. (1928), Geology and
Mineral Deposits of the Big Bend Map Area, B.C.

(4) Dalyo Rvo: CeGeSe Mem., 68. éo/algn A kdm/ao/} d/l_fy e C. PR

(19/5)
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altered.

(1),(2)
HEDLEY DISTRICT
(1)
Description of Lamprophyre.

The types of lamprophyre present are kersantites and camp-
tonites. They are less than three feet wide, are not remark-
ably persistent and occupy tightly closed fissures.

Plagioclase is the most abundgnt constituent, both as
phenoerysts and in the groundmass; hornblende or augite is
second in importance. Biotite, when it is present, occurs
rarely as phenocrysts, but normally is in the groundmass in
gmall flakes Where‘it is relatively abundant. Plagioclase,
hornbiende and pyroxene show as a rule, good crystal form and
the texture of the rock is either porphyritic or panidimor-
phic. The hornblende of the kersantites is dark to light
green and not strongly pleochroic. ‘

Ore.

The ore is closelj associated with the'diorite-gabbro
stocks which garnetized the limestone and is of the contact-
metamorphic type in limestone, & high-temperature, deep-seat-
ed type of deposit. Structural control is provided by the
bedding of the limestone in conjunction with the diorite-

gabbro dykes. The values are all in gold which occurs in

(1) Camsell, Co: C.G.S. Mem. 2, The Geology and Ore Deposits of
"Hedley Mining Distriet, B.C. (1910).
oos Mining District, B.C.
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argsenopyrite almost entirely. Other minersls are pyrrhotite,

specularite and chalcopyrite.

Relation between Lamprophyres and Ore.

The lamprophyre dykes follow closely after the intrusion
of the stocks of diorite or gabbro with which the ore is
related. Whether the lamprophyre is later or earlier than the

mineralization is not stated except in the Sunnyside mine,
in which the lamprophyre is later. The ore is cut by small,

black lamprophyre dykes and by dark green andesite dykes. In

the Nickel Plate mine the limestone is intruded by white
gabbrq Ssheets and dykes and there are other dykes of vérious
kinds.. The most common are hard, black, lamprophyre dykes of
no uniform strike, also andesite and one or two keratophyre
dykes. At least one lamprophyre dyke in the Nickel Plate
mihe is post~ore since a gection of the mine along No. 3 tun-
nel shows the dyke cutting the orefl)

The Kingston Group.

Lamprorhyre dykes cut the sedimentary rocks in which the
‘ ore occurs. The lamprophyres are accompanied by a great many
sheets and dykes 6f diorite and gabbro but apparently are
later than the diorite and gabbro.

The ores are the contact metamorphic type associated with

intrusions of diorite. The outcrop of a payable ore-body has

(1) Camsell, C.: C.G.S. Mem. 2, The Geology and Ore Deposits
of Hedley Mining Distriet, B.C. (1910), p. 155.
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been found in. the sedimentary rocks alongside & black lampro-
phyre dyke which strikes north and south across the side of a
hill. About 600 feet of'tunneling has been done on this prop-
erty but no ore was shipped.

Qther Properties

Two other properties dealt with in Memoir 2 had no lampro-

phyre.
‘ (1)
TULAMEEN DISTRICT

"Small dykes of generally basic composition but varying
constituent minerals will be described unde; the general name
of lamprophyres". They are all dark-colored, the chief con-
stituents identified in the field are feldspar, hornblende,
and sometimes biotite and augite. The dykes are all of small
size and are not limited to any area or formation. The major-
ity show slight porphyritic tendency, most of the phenocrysts
being the ferromagnesian minerals, less oftén the feldspars.

The lamprophyre dykes have no definite age, they cut all
other rocks exgcept that they have not been seen to cut olivine-
basalt. The youngest must be at least Miocene in age.

The ore deposits in the district are gold ores and gold-
copper ores, the latter being more important.

Note: This report gives no description of ore deposits in

relation to lamprophyre dykes.

(1) Camsell, C.: C.G.S. Mem. 26, Geology and Mineral Deposits
of the Tulameen Distriet, B.C. (1913).
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(1)
COQUIHALLA AREA

This is the regibn immediately to the east of Hope, B.C.
There are dykes of diorite porphyry and lamprophyre. Some of
the dykes are called lamprophyres because of an abnormally
high percentage of dark constituents and alteration products,
although the mineral constituents are similar to those of the
more plentiful ordinary dykes. |

Typiceally, the lamprophyres intersect'Cache Creek rocks
in the railway section. There are examples near Jessica.
These contain brownish hormnblende and oligoclasé with magnetite
and apatite as prominent accessories.

Gold ores are the most important deposits of the district.
Arsenopyrite (with which gold is associated), pyrite, chalco-
pyrite and pyrrhotite are the ore minerals. There are also
some economic deposits of silver, copper and molybdenum.

Note: This report gives no descriptions of ore deposits

in relation to lamprophyre dykes.

(2)
ALNBITE DYKE NEAR SEMLIN, ON THOMPSON RIVER

This is an occurrence of alnBite, a rare type of lampro-
phyre, two miles east of Semlin on the north side of the Thomp=-

son River. It is in Nicola volcanics (Jurassic-Triasssic) and

(1) Cairnes, C.E.: HMeG.S. Mem. 139, Coquihalla Ares, B.C.(1924),
(2) Drysdale, C.W.: C.G.S. Summ. Rept., (1912), Geology of the
Thompson River Valley below Kamloops Lake, B.C.
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there are no ore deposits nearby.

The aln8ite dyke is of Mesozoic or Tertiary age. It is
four feet wide. It consists of "....large phenocrysts of
biotite, olivine, and augite in a fine grained groundmass of
the same minerals. The augite shows zonal structure and the
olivine has largely broken down to serpentine. DPerovskite is
present in small, dusty square outlines and melilite occurs
in lath-shaped forms which show obscurely the pegged-in struc-
ture. The meiilite is partly decomposed to calcite. Magne-
tite is disseminated in small grains through the groundmﬁss.

Feldspar is entirely wanting'in the rock."

BRIDGE RIVER DISTRICT

The writer visited the Bridge River district in November,
1947, in order to collect specimens of lamprophyre occurring
underground at Bralorne and Pioneer. 4 description of these
in Appendix B.
lamprophyres and their mode of ocourrenoe-w$}%~be given retewx.

Lamprophyre Dykes.

(1) (2)

In the literature, McCann, Cairnes, and others refer to
the presence of lamprophyre dykes in Bralorne and Pioneer
mines but do not give much detail regarding their relation to
' the ore beyond stating‘thaf they are later. Outcrops of

spessartite are to be found on the sébuth side of Bridge river

(1) McCann, W.S.: C.G,S. Mem. 130, Geology and Mineral Deposits
of the Bridge River Map Area, B.C. (1922).

(2) Cairnes, C.E.: C.G.S. Mem. 213, Geology and Mineral Depos=~
its of the Bridge River Mining Camp, B.C. (1937).
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near Rexmount and elsewhere in the valley. In dealing with
the Bridge River mining camp in general, Cairnes presents a
geological time-table which places the lamprophyre and basalt-
ic dykes in Tertiary time, immediately following intrusives of
the Bendor batholith. It‘is possibly from intrusives related
to the Bendor batholith that the ore solutions 6riginated al-
though this is not accepted without question as there is at
least one distinct pe;iod of pre-Bendor intrusion of which there
arerepresentative intrusive bodies in the district from which
the ore may have originated. The iamprophyre dykes are, how-
ever, together with basaltic dykes, the latest igneous in--
trusive activity in the area and follow the Bendor intrusive
with which the ore éolutions are believed to be associated.
Ore.

The important ores of the district are gold-quartz veins
belonging to the high-temperatﬁre end of the mesothermal group.
The quartz is very 1ightiy mineralized with chiefly pyrite
and arsenopyrite. Free gold often occurs in the quartz and is
later than the sulphides. There is some scheelite at Bralorne
and Pioneer.

Bralorne Mine.

Two parallel biotite-lamprophyre dykes, probably minettes,
intersect the Empire vein nearly at right angles to it and are
later than the ore. Quartz-albitite of aplite dykes are often
associated with veins, especially in the King mine, and may be

mineralized so that they constitute ore.
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Pioneer Mine.

At least two hornblende-lamprophyres, probably vogesites,
occur underground and therecare three or four other inter-
sections with lamprophyre that probably represent separate
dykes. The lamprophyre is all later than the .ore.

Note: Detailgd field descriptions of the lamprophyres at
Bralorne and Pioneef are given elsewhers.

(1)
TERRACE AREA

On Thornhill mountain, granodiorité cﬁuntry rock is cut by
lamprophyre dykes. These are cut by quartz~orthoclase por-
phyry dykes which in turn a?e cut by quartz-diorite dykes.
There are two other types of salic dykes, later in age than
the lamprophyre. There are an unusually large number of ex-
amples of veins following the walls of dykes but these dykes
are always quartz-albite or porphyry dykes. |

Description of Indivihal Properties:

On Thornhill Mountain:

La Libertad =

Lamprophyre dykes are older than quartz-diorite dykes
and both are older than the quartz. The quartz is
barren.

St. Paul and X claims -

Quartz veins occur for 3000 feet along the wall of a

(1) Kindle, E.D.: C.G.S. Mem. 205, Minersl Resources of
Terrace Area, Coast District, B.C. {1937).
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quartz-albite dyke. Lamprophyres also occur and
these are older than the quartz-albite dyke. The
quartz veins carry ISW gold and siiver values and
are minéralized with pyrite, chalcopyrite, galeéns
and sphalefite.

Kitsumgallum Lake:

Kalum Lake Mines Ltd. -

Altered-diorite dykes were intruded prior to vein
formation but the lamprophyre dykes are later than the
ore and one is seen oufting the ore. A small diaWase
dyke cuts the diorite on the Lucy O0'Neil claim and
forms the hanging-wall df the vein.

The ore consists of quartz, pyrite, chalcopyrite and
has gold and silver values. The location is at the
contact between the Coast Range diorite and thé sedi-
ments.

(1)
ZYMOETZ RIVER AREA (Terrace Vicinity)

Lampiophyre dykes occur everywhere. Alaskite dykes and
sills are as widely distributed and there are also granite,
granodiorite, aplite, etec. dykes. The lamprophyres are usual-
ly less than four feet wide and appear to be the youngest of
the dykes. "...Most of the dykes (of all types) are probably

of about the same ége as the Coast Range batholith.™ Most of

(1) Hanson, G.: C.G.S. Summ. Rept. (1925), Reconnaissance in
Zymoetz River Area, Coast District, B.C.
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the alaskite dykes and sills have quartz veins along both
walls; sSome of these veins contain gaslena and sphalerite, and
others, gold snd pyrite.

The area ig very well mineralized but the veins are narrow‘
and not sufficiently rich to produce mines. The valuable
metals and minerals present are silver, gold, lead, copper and
zinc in the east grading to copper and scheelite and molybden-
ite to the west towards the batholith. No information is given
a8 to the relative amounts of lamprophyre dykes in different

parts of the area.

Descriptions of Properties: (1)
‘ 1

Gplden Crown Group and Properties of Kleanza Company.

These are on the east side of the Skeena river, three miles
below Usk. The country rock is granodiorite which is cut by
lamprophyre dykes. The Golden Crown vein consists of quartz
sparingly mineralized with}pyrite, chalcopyrite and perhaps
some arsenopyrite. The main velue is' in gold.

Terrace Claim.

On the surface a vein is exposed which contains quartz,
pyrite, a little galena and sphalerite. A cross-cut 75 feet
long driven in below the outcrop found no ore but cut occas-

ional lamprophyre dykes in the granodiorite.

(1) Hanson, Ge: C.G.S. Summ. Rept. (1925), Reconnaissance in
Zymoetz River Area, Coast District, B.C.

(2) Kindle, E.D.: C.G.S. Mem. 205, Mineral Resources of
Terrace Area, Coast Distriet, B.C. (1937).
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Rosie Group.

At foot of West slope of Kleanza Mountain.

The country rock is granodiorite cut by occasional-lampro-
phyre dykes. There is no ore, just altered rock containing
pyrite and assaying only a trace in gold.

Columario Consolidsated Gold Mines, Ltd. - West slope of

Kleanza Mountain.

About 8000 feet of development work was done and a 76-ton
mill operated for eight months. The ore consists of gquartsz
veiﬁs mineralized with pyrite and gold. Small amounts of
chalcopyrite and galena are present in some places.

Country rocks are cut by quértz albite,‘diorite and lampro-
phyre djkeé.

Cordillera Mine - One mile south-west of Usk.

A number of small lamprophyre dykes intrude the country
rocks. The minerélization consists of sparsely distributed
bornite and chalcopyrite in quartz veins.

Summary of Terrace Area.

44 properties are described in Memoir 205, of which eight

are described as containing lamprophyre dykes.



~484-

(1)
USK _TO CEDARVALE

There are a large number of salic dykes of a great variety
described in this area. Examples are andesine-diorite por-
phyry, albite-quartz diorite and granodiorite dykes. Very
many examples are given of ors following'aoid-pdrphyry dykes
of various types. Lamprophyre dykes are present but are dis-
tinetly in the minority.

Lona Msy claim.

The quartz-albite dyke, which forms one wall of the vein,
is altered and cut by a younger lamprophyre dyke. The ore con-
tains a sparse dissemination of pyrite, chalcopyrife, galena,
gphalerite and tetrahedrite.

Algoma Group - Two miles east of Pitman flag station.

A pit sunk on a three-foot lamprophyre dyke, which cuts s
granodiorite dyke failed to reveal any minerals.

Grotto Group.

A qusartz vein occurs along fhe contact of a 12-foot ande-
gine diorite porphyry dyke in andesite. The quartz is heavily
mineralized with pyrite and a little specularite. A two-fdot
dyke of lamprophyre occurs on the surface 30 feet from the
adit but the relation to ore is not known.

Silver Basin Group.

Several small quartz-albite and lamprophyre dykes occur

here. \

(1) Kindle, E¢Ds: CeGsS. Mem. 212, Mineral Resources, Usk to
Cedarvale, Coast District, B.C. (1937).
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Summary. , _
39 properties are described of which four had lamprophyrss.

(1)
HAZELTON-SMITHERS DISTRICT

The Bulkley eruptives, composed of Jurassic-Cretaceous
granodiorite, are represented at the Rocher Déboule and Hudson
Bay mountains and the Babine range. The ore ococurrences in
'the regidn are assoclsted with them. Associated with the
Bulkley eruptives also are dykes of granite porphyry and quartz
porphyry. A few lamprophyre_dykes were also noticed but these
are clearly of a later age, perhaps Tertiary, since they are
seen to be chilled against quartz porphyry dykeé. The mineral-
ization in the Hazelton district seems to be connected with the
intrusions of the quartz porphyry dykesfl)

Descriptions of Properties:

{2)
Great Ohio Property.

This property is on Juniper Creek. The veins often follow
small dykes of camptonite cutting through them on either wall;
and the dykes themselves are somewhat mineralized. The ore is
of the fairly high temperature type since the veins contain
quartz and actinolite as the chief gangue minerals and the
metallic minerais include arsenopyrite, pyrite, pyrrhotite and

mercassite. There are also zince, copper and lead minerals

(1) Malloch, GeSe.: C.GeS. Summ. Rept. (1912), The Groundhog
Coal-Field, B.C., Omineca District.

(2) 0'Neill, JueJe: CeGeS. Mem. 110, Preliminary Report on the
Economic Geology of Hazelton District, B.C. (1919) -
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which are younger than those already mentioned. The gangue
also includ?s younger calcite and siderite.
1

Duthie Mine - Seven and one-half miles west of Smithers.

One diorite}dyké, a Quartz-albite porpﬁyry dyke and numer-
ous lamprophyre and albite porphyry dykes intrude the volecanic
rocks. Most of the lamprophyres ére less than ten feet wide
but widths up to 35 feet do occur. Nearly all the lamprophyres
are almost at right-angles to the véins. There are many narrow
lamprophyre dykes underground, intersected by, but sometimes
followed by, the vein lodes, the dykes in some éases<being frac-
tured like the lode and the fractures, 1/8 inch to two inches
wide, being mineralized with sphalerite, galena, tetrahedrite,
quartz, carbonate and pyrite. From the descriptions it appears
that the dykes are pre-ore. The ore is a silver-lead-zinc ore,
containing galena, sphalqrite. tetrahedrite, fuby gilver, py-
rite, arsenopyrite and chalcopyrite.

Rocher Déboule” Mine - On Rocher Déboule” Mt., six miles south

of New Hazelton. )
Lamprophyre dykes intrude the granodiorite on the Delta
property and are older than the deposits.
This is a moderate to high temperature deposit in fissures
containing hornblende and actinolite as alteration products
and chalcopyrite, magnetite, pyrrhotite, arsenopyrite, pytite,

tetrahedrite, safflorite and molybdenite as vein minersals.

(1) Kindle, E.D.: C,G.S5, Mem. 223 (1940), Mineral Resources,
Hazelton and Smithers Aread, B.C.
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There is also lesser mineralization of a later age which in-
volves mesothermal minerals. Production of gold, silver and
copper is recorded.

Silver Creek Group - Eight miles north-weat of Smithers.

A granodiorite stock intruding bedded rocks is cut by a
lamprophyre dyke 30 feet wide, which has a flat dip. The ore
is the limestone repiacement type containing pyrrhotite, sphal-
-erite and pyrite.

Glacier Gulch Gold Group -‘Five miles north-west of Smithers.

The mineralization occurs in tuff in a series of coal-bear-.
ing sediments. Io intrusive rocks were sSeen in the immediate
vicinity of the mineral deposits. The volcanic rocks at the
fdot of the glacier are intruded by lamprophyre dykes up to‘

20 feet wide and.joiht plénes in these dykes contain seams of
calcite and molybdenite up to 1/2 ineh wide.

The ore minersls are native gold, tetradymite and bismuthin-
ite which replace altered tuffs.

Summary.

52 properties were described by Kindle in Memoir 223, deal-

ing with the Hazelton-Smithers area. In. these, thére werse

five references to lamprophyre dykes.
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(1),(2)
ALICE ARM DISTRICT

Narrow lamprophyre dykes are common in the Alice Arm disé-
fict. They penetrate Jurassic sediments and are of upper
Jurassic age or younger. Southuof Alice Arm, lamprophyre dykes
are rare but dykes and sills of granodiorite and quartz-diorite
are plentiful. The mineral production of the district is
maiﬁly silver with also a little copper and zinec.

Descriptions of Properties:

Wolf Mine.

This mine is located on the mountain slope north of Alice
Arm village. The country rock consists of argillite and quartz-
ite which is intruded by many lamprophyre and diorite dykes.
There are three narrow silver-bearing veins and 220 feet of
underground development work has been done on the center vein,
A narrow lamprophyre dyke less than one foot wide accompanies
- and intrudes the center vein. In addition, the vein is cut by
many lamprophyre dykes one to six feet wide and by a diorite
dyke 30 feet wide. Two of the cross-cutting lamprophyre dykes
offset the vein several feet.

The ore consists of white quartz in narroﬁ veins which
carries sulphides, chiefly in bands, along the foot-wall of
the vein. The minerals are pyrite, chalcopyrite, sphalerite,

galena, tetrahedrite, ruby silver and native silver.

(1) Hanson, G.:; C.G.S. Summ. Rept. (1923) Part A, Reconnais-
gsance between Skeena River and Stewsart, B.C,

(2) Hanson, G.: C.G.S. Summ. Rept. (1928), Mineral Deposits of
Alice Arm District, B.C.
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Esperanza Mine.

This mine is on the west side of the Kitsault river, one
mile from Alice Arm. It has produced ore from stopes. The
counﬁry rock is.argillite intruded by narrow lamprophyre dykes
which all strike north-east. |

The ore conéists of quartz veins which follow the fold
axes and contain arsenopyrite, pyrrhotité, pyrite, chalco-
pyrite, sphalerite, galena, tetrahedrite, ruby silver and
native silver. Some scheelite occurs in the ore but there has
been no pfoduction of tungsten.

LaRose Min9¢

This mine is on the east slope of Haystack mountaiﬁ, on
the west side of Kitsault river, eight miles from Alice Arm.
Small amounts of ore have been shipped by prospectors.

The ore deposit, which is a vein in a shear zone, is cut
by lamproprhyre dykes. The minerals are arsenopyrite, pyrite,
chalcopyrite, pyrrhotite, sphalerite, galena, tetrahedrite,

native silver.

Alice froup and Tiger Group.
Both these properties have lamprophyres.

(1)
UPPER KITSAULT VALLEY (Alice Arm District)

- The lamprophyre dykes are black and resemble diabase but

very few typical diabase dykes are present. No type-names for

(1) Hanson, G.: C.G.S. Summ. Rept. (1921) a, Upper Kitsault
Valley.
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for the lamprophyre were given but the constituent minerals
are oligoclase-andesine laths and well-formed hornblende and
augite crystals. Some of the lamrpophyres are cut by mineral
veins, others cut the veins but are themselves cut by faults.
Others are later than both veins and faults.

The'Coast-Range batholith is a few miles to the east.

Descriptions of Properties:

North Star Group.

The country rock is grey breccia. Lamprophyre dykes pars-
llel the vein and in some places form its foot- or hanging-
wall, The ore consists of a quartz-pyrite vein which contains
the rich silver minerals and barite.

Dolly Varden.

Numerous reverse faults and late normal faults cut up the
vein. At the main vein, "...Lamproﬁhyre dykes cut the vein,
some of which antedate and some postdate the faults." The
mine was a producer. The main'vein was traced for 1500 fget
and was 8 to 20 feet wide. It is a silver-bearing quartz-
pyrite vein essenéi&lly. with rare sphalerite, galena, chalco-
pyrite ang& tetrahedrite. Quartz is the predominant gangue

mineral, with also calcite, barite and jasper in small amounts.
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(1),(2)
PORTLAND CANAL AREA

The commonest dykes are known as lamprophyre dykes. They
are younger than the qdartz-diorite dykes and commonly also
younger than mineral deposits. Some are very like the felsites'
of the district and are presumably related to them. Most of
the so-called lamprophyres are narrow, dark-coloréd dykes such
as are commonly present along the ast border of the Coast Range
batholith and most of them may be related to the Coast Range
intrusives. An uncommon type, & minette, occurs in the Silver
Chord group. It is fwo feet wide and contains biotite, ortho-
clase and albitefl)Note: There is a variety of silver, coppet.
lead and zinc ores in the district but the descriptions do not
present any relationship of the ore tovthe_lamprophyres.

Narrow, dark lamprophyre dykes are fairly common and are
the youngest rocks in the area. Some are older and some young-
er than the ore deposits with which they are occasionally
agsociated. The ores are veins and replacement deposits con-
taining gold, silver and copper ahd are of the epithermal typefz)

pREMIER MInE(3)» (&)
Ore.

The deposit is intermediate between epithermal and meso-

(1) Hanson, G.: C.G.S. Mem. 175, Portland Canal Area, B.C.((935)
" (2) Hanson, G.: C.G.S, Mem. 159, Bear River and Stewart Map

Areas, Cassiar District, B.C. (1989).

(3) Langille, E.G.: Some Controls of Ore Deposits at the

Premier Mine, Western Miner, June, 1945. ’

(4) Burton, W.D.: Ore Deposition at Premier Mine, B.C. Econom-

ic Geology, Vol. 21, No. 6. (1926)
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thermal in type and the ore minerals are primérily pyrite,
galena, sphalerite and the rich silver minerals., The most
productive ore is thét occurring as fairly solid sulphide in
replacement type veins ten fo 30 feet wide in feldspar por-
phyry. The feldspar porphyry constitutes a stock of the
Coast Range batholith which has been intruded into volcanics
of the Jurassic Hazelton group. The ore solutions are be-
lieved to have originated from later gianodiorite of the
Coast Range batholith whichlintrudes the earlier feldspar

porphyry and volcanios.

The Lamprophyre Dykes.
. The majority of lamprophyre dykes occurring in the mine are
post-mineral but a few are definitely mineralized, so that
s0me ét least, are pre-mineral. The lamprophyre dykes hsave
a fairly constant attitude, generally striking North 60 de-
grees West and dipping 50 degrees south-easterly and appear
to be the result of a period of north-west fracturing at the
closing stages of the emplacement of the Coast Range batho-
lith. The lamprophyre dykes are related $t0 a north-west set
of shear zones in which much of the ore occurs since they
both have the same general strike and dip.
The close time relation that some of the lamprophyre dykes

have to the ore is illustrated by some 6bservations by Burt-

(1)

on who states that"...some earlier dykes intersect the min-

(1) Op. cit. p 587
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eralized zone in a number of places and are slightly mineral-
ized near the edges as well as showing similar alteration
effects to those induced in the porphyry and greenstdne as 8
result of the action of mineralizing solutions.”™ Burton states
further that hypogene minerslization commonly spreads out on
the hanging-wall and foot-wall of the cross-cutting dykes. It
appears then, that some of the lamprophyre dykes are later
than the main part of the mineralization period since they cuﬁ
across the ore zone but that continuing circulation of solu-
tions in the ore zone have mineralized the solidified dykes.
This is good evidence that the intrusion of some of the lampro-
phyre dykes ig nearly cohtemporaneous with: the formation of
ore. |

| (1)

It has also been observed that some post-ore dykes de-
limit silver and gold values in the vein. The vein may con-
tinue on the other side of the cross-cutting dyke with the
same structure and, megascopically, the same mineralogy that
it had before encountering the djke,4but with the silver and
gold values reduced very considerably. Similar phenomena have
been described at Rossland 2\Lhere they were attributed to in-
trusion of'thg dyke after vein formation but prior to the later
mineralization which formed the gold.

Other Dykes Present.

Aplite and coarse-grained diorite dykes salso occupy the

Oral '
(1) Dr. W.H. White:-?ééeeﬁe& Communication.
(2) DrySdale, boWo: C.G.S. Mem. 77. (|9’5) 5 Ro.ssland/ B C
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north-east fractures. The lamprophyre dykes cut the diorite
type, indicating their relative ages. Furthermore, the diorite
dykeé occurring within the batholithic rocks tend to merge
with the host rock whereas the lamprophyres, in the same en-
vironment, present distinct, extremely fine-grained, chilled
.edges showing that the host rock was comparatively cool at the
time it was intruded by the lamprophyre dykes. "It would seen,
therefore, that the lamprophyre dykes and the contemporaneous
Premier mineralizing period or periods were very late phases
of batholithic action. Although the lamprophyre dykesvdo not
appear to'exert a direct control on Premier ore-bodies, it is
not surprising that, considering their similarity in age, ori-
gin and attitude, with the mineralizead nort?i?est shear Zzones,

they are often associated with ore-bodies.”

(2)
TAKU RIVER AREA

The only occurrence of lamprophyre described is that at

the Manville ore-body, where basic dykes of lamprophyre type

cut bdoth the rhyolite'and the andesite and are the youngest
rocks of the series. The only effect they seem to have on the
ore-bodies is to cause their shattering and impoverishment with
included dyke rock in the. areas of intersection.

The ore is probably a medium to low temperature type of

deposit formed at appreéiable depth. Zinc blende, chalcopyrite,

(1) Langille, E.G.: Some Controls of Ore Deposits at the Prem-
ier Mine, Western Miner, June, 1945.

(2) Mandy, J.T.: B.C. Dept. of Mines, Bull. No 1, 1930, Report
on the Taku River Area, Atlin Mining Division.,
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and pyrite with minor quantities of galena occur in very fine-

grained teft?re. A decided banding is characteristic of these
1 . .
ore bodies.
: (2)
ATLIN DISTRICT

Only one lamprophyre occurrence is described. This is on
Mt. Clive, on the west side Qf'Taku Arm, just north of Graham
Inlet. ©No ore deposit is related to it and the nearest depos-
its to it, referred to in this memoir, are seven miles away.

"In places, &s on the north-eastern corner of Mt. Clive,
basic differentiation products of the grano-diorite occur as
dykes cutting the granodiorite and the surrounding Laberge
beds." One such dyke on microscopic e#amination was described
as a hornblende kersantite, a typical hypidiomorphiec dyke rock
consisting mainly of plagioclase, biotite and hornblende. The
plagioclése occurs in long, lath-like, allotriomorphic or hy-
pidiomorphic forms. Biotite and hornblende occur as allotrio-
morphic particles scattered between the feldspars which form a
sort of web or base containing them.(Z)

The descriptions of the mining properties, including the
Engineer mine do not mention lamprophyres. There is one exam-

ple of silver ore composed of mineralized diabase dyke.

(1) Op. cit. Pp. 15.
(2) Cairnes, D.D.: CeGeS. Mem. 38, Portions of the Atlin District,
B.C. (1913)



-60A~

(1)
NO. 8 OREBODIES, BRITANNIA MINES

The dykes present in No.8 orebody are:

l. Andesite dykes. These cut the ore but some are
mineralized.

2. Felsite porphyry dykes. These are probably later
than the mineralization.

3. Lamprophyric dykes.

There are a number of narrow lamprophyric dykes’which

strike north-west and dip steeply to the west. They cut both

the andesite and the felsite dykes and are later than all of

-the mineralization.

Note: During a visit to Britannia in 1947, Dr. Guanning
collected specimens of dykes indicated to him as being the
lamprophyric dykes described by Irvine. Thin sections of
these specimens have been examined.. The rocks do not appear
to be lamprophyric but, instead, are fine-grained, amygdaloid-
al, andesitic rocks containing andesine laths, ).l mm. long,
88 the largest-grained and most plentiful constituent, together
with augite, minor amounts of quartz and accessory magnetite.
| As Mr. Irvine was not pfesent at the time of Dr. Gunning's
visit, there is a possilility that those present at the mine
then were not familiar with the correct location of the lampro-

phyric dykes which Mr. Irvine describeds and that the wrong /;X(

(1) Irvine, W.T.: Geology and Development of the No.8 Orebodies,
Britannia Mines, B.C., C.I.M.M. Bulletin, 1946.
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dykes were pointed out to Dr. Gunning.

BsCse COAST AND ISLANDS BETWEEN THE STRAIT OF
‘1)
GEORGIA AND QUEEN CHARLOTTE SOUND

There are dykes of aplite, pegmatite. granophyre and fel-
gsite in the area. Also, there is a vast number of dark dykes :
whose intrusion marked the close of igneous activity in fhe
district. They cut the ore-bodies and although they have a
thin selvage of pyrite, they played a subordinate part, if
any, in mineralization. They are lamprophyric in appearance
(greyish-green to black). yet plagioclase enters into their
composition to a greater extent than in those djkes to which.
Rosenbusch applies the term "lamﬁrophyre". The phenocrysts
are usually plagioclase, less frequently orthoclase, horn-
blende or augite. Bilotite is very rare. These rocks might be

called diabases and diorite porphyrite.

(1) Bancroft, J.A.: C.G.S. Mem. 23, Geology of the Coast and
Islands between the Strait of Georgia and Queen Charlotte
Sound, B.C. (1913).
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REEVES-MCDONALD MINE

DYKE #£100' FROM PORTAL OF "RIVER ADIT"

- unminerslized -

Megascopic Description

This specimen consists of fine—grained, black-coloured,
fresh~-appearing rock which contains glistening biotite phéno-
crysts and oval pseudomorphs after olivine. DPseudomorphs
after olivine have a maximum length of 1/5 inch, but.most are
2 mm. long or less. Inclusions, up to two inches in diameter,
of both quartz and a fine-grained, siliceous rock are contained

in the lamprophyre.

Thin Section No. 1.
The approximate mineralogical composition of this rock
prior to alteration was:
01iVin@sseseesscssscssses 36 %
Biotit@esseseecesaescese 30 %
DiopSid6eecsccecscccssces 2 %
Andesin@eesecsescccceses 20 %
Alkali FeldspaTeeeessees 1 %
Quartz...;.............. 10 %
with accessory apatite and opagque mineral. Alteration has been
extensive, olivine undergoing 50 to 100% change and andesine
16-30%. '
The texture is pbrphyritic, with olivine and biotite pheno-

erysts occurring in s groundmass composed mainly of andesine.
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Lesser amounts of alkaline feldspar, interstitial quartz,
diopside, apatite and opaque mineral are also present in the
groundmass.

Olivine -

The most striking feature of the rock is the presence of
large phenocrysts of olivine and pseudomorphs derived.from
olivine (Plates 1 and 2). They are the 1argest'grains in the
slide, being up to two mm. long and they show remarkéble al-
teration effects. Unaltered, fractured olivine remains in the
center of the pseudomorph, with its borders roughly parallel
to the original outline of the phenocryst, surrounded by two
distinct, concentric zones of alteration products. The oﬁter
zone, much the larger of the two, consists of a brownish-black
pulverulent mass which is white in reflected light. Although
individual grains in the mass are too small to be distinguish;
ed, the material appears to have a high birefringence and the
refractive index as obtained by the use of immersion oils is
between 1.58 and 1.59. The mass shows a faint concentric band=-
ing which is due to four or five repetitions of alternating
dark and light colored layers. Fine secondary magnetite par-
ticles are disseminated negar both the inner and -outer edge of
this zone. It ig possible that the maferial in this outer zone
is a carbonate, the lack of a great range in its measured in-
dices being prerhaps due to the extremely fine-grained aggregate
nature of the material. |

The outer zone grades rapidly into the colorless, low~
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relief material of the inner zone which has a sharp, smooth
contact with olivine. The mineral of the inner zone is color=- ‘
less antigorite which under crossed nicols shows a fibrous
structure, birefringence up to firt order yellow, and pérallel
extinction. It -is biaxial hegative with 2 V varying from 30
degrees to 50 degrees. 1Its index of refraction as determined
with immersion oils is Between 1.55 and 1l.b56.

Olivine in this lamprophyre has a neggative optic sign and
a large 2 V, between 85 degrees and 90 degrees. The negative
sign indicates that the olivine is a ferriferous variety.

Biotite -

Biotite occurs predominantly as phenocrysts which are up
to two mm. long but approximately 20 percent of it is in the
form of smaller grains around 0.3 mm. in size. All the biogite
grains, bdfh large and small, are well-formed, although their
borders are often irregularly penetrated by blebs of mixed
calcite and chlorite, giving them a corroded appearance. It
is possible that some of this calecite developed through al-
teration of small augite grains which frequently occur enclosed
partially or wholly by biotite. There 1s a fairly well-devel-
oped SPIif%ing of biotite plates along cleavage planes with a
development of elongated calcite bodies in the cracks.

Biotite is brown and the laths alWays have narrow, dark-

brown p@rders and relatively light brown interiors.

Andesine -

Andesine ocours in fairly large grains which average 0.2
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~mm, in length. The crystals are fainfly zoned and twinning
after the albite law is present to a small degree. Andesine
is about 60 pefcent altered. The alteratipn products are:
1. calcite in the forﬁ of large, pure grains.
2. oalcite, clay-mineral and possibly chlorite intimately
mixed together.
3. clay-minersl alteration in the form of dust-like
patches on the surface of the andesine.

Alkali Feldspar -

There are a few small grains of a feldspar which has an
index definitely lower than balsam. The grains are too small
to give a satisfactory figure.

Quartz - | '

Quartz occurs as clear grains, generally between 0.1 and
0¢3 mms in dimension, which take their angular shape from the.
feldspar grains between Which they have grown.

Diopside -

A colorless pyroxene resembling diopside is scattered in'
the groundmass in the form of small, rectangular prism and four
or eight-sided cross-sections. Very frequently, small diop-
side grains are crowded together, around and in contact with
olivine pseudomorphs. Deopside is frequently darkened by in-
cipient alteration.

Apatite -

Well.formed, large apatite_grains up to 0.2 mm. long are

plentiful. A few grains are 0.6 mm. long.
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Opaque Minerdl -

Angular grains of a mineral which is black and opaque in
transmitted light are scattered.sparsely through the rock.
In reflected light they are almost black in color but have a

faint. bronze tint.
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DYKE 4100' FROM PORTAL OF RIVER ADIT
-~ With adhering granitic in-

clusion =~

Thin SectiénsANos. 3 and 4.

Another specimen of the lamprophyre dyke 4100 feet from the
portal was examined in which a portion of a granitic inclusion
geveral inches in diameter is adhering to the lamprophyre.

This specimen'was taken from a location in the dyke only a few
feet away from that of the specimen studied in thin section No.
l. Therefore, the lamprbphyre is alﬁost identical in the two
specimens but there are some slight differences which perhaps
are due to some extent to the presence of the granitic inclus-

ion. These differences will be described below.

'Alteration of Olivine.

Pseudomorphs after olivine are of the same large size as in
Section 1 but the alteration is different. 1In section 3, no
residual olivine remains and although the two disﬁinct outer
zones of antigorite and carbonate(?) are present,'they are in
much Smallef amount. The interior area surrounded by the two
rims contains a talc-like material in two of the pseudomorphs,
whereas the remaining pseudomorphs contain a different material.

The talc-like mineral has. the following properties in thin
gection. It is nearly colorless but has a slight greenish-
grey tinge, its relief is low to fair and varies distinotly as
the stage is rotated. The structure is fibrous but the fibers.

are sufficiently broad to give interference figures which are
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. negative and either uniaxial or biaxial with 2 V very close to
zero. The fibers have parallel extinction and are length
slow. The maximum birefringence is 0.035. These properties
agree with talc except for the slight color and variable re-
lief.

The unknown mineral more commonly occurring in the central
portion of pseudomorphs is colorless, has a very low relief
ﬁhich does not vary appreciably on rotation and an index
greater than balsam. The structure is also fibrous but the
fibers are very fine and no interference figure was obtained.
The fibers have parallel extinctioﬁ and are length fas%. The
maximum birefringence is 0.03.

In thin section No. 4 of the same rock specimen, consid-
erable residual olivine does remain, the two outer concentric
zones of antigorite and carbonate(?) are present to a small
degree and there are also the two products, tale(?) and the
unknown, described in section 3 but they are not so plentiful
as they were in section 3.

Biotite.-

In both sections 3 and 4, the biotite shows beginning
stages of chloritization, Green borders on the biotite grains
are well developed and this effect is most pronounced near
the contact with the granitic inclusion. Chloritization of

the biotite in thin section 1 was almost entirely lacking. -
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RERVES-MACDONALD MINE

DYKE 3000'FROM PORTAL OF RIVER ADIT

- mineralized -

In the hand specimen, this rock is very similar to that bf
the dyke 4100' from the portal, (described above) except that
it has a greyish~-green color and contains black father than
grey-colored pseudomorphs after olifine. These differences are
due to alteration of the dyke by mineralizing solutions which
also deposited grains of metalliec minerals, barely visible to
the naked eye, in the groundmass of the rock.

Thin Section No.2.

Polished Section No.2(a).

This laﬁprophyre dyke has been mineralized with pyrite and

galena. In thin section No. 2, its composition is:
Talc-Hematite PSeudOmOrPhS.e.cscescesscs 30 %
BiOtitBeecsoscecscscacasasasnsccnscase 16 %
CATDONAEOeeeeoscsoocsccscccsscscnssees 40 %
FOlASPETeeeeceovsesesesccncsscscscceas D %
QUATEZecosececssesossssscssosscascscns 2 %
Suiphides............................. 3 %
ApPatite ceeesccesesnssessacsnsces 8CCESIOTY
Magnetiteecesssseasssccscassesses ACCOSSOTY

The original olivine has been completely aitered and the orig-

inel feldspar almost completely altered. ' |

The rock seems to be similar to that of "River Adit 4100"



| " from portal' except that:

1. diopside is absemt

2. apatite is more plentiful

3. Dbiotite isAbleached and chloritized slightly
and has.a greater development of calcite along
cleavage planes.

4, alteratibn of the groundmass to carbonate is
much more complete.

6. sulphides have been introduced.

Talc-Hematite Pseudomorphs -

The pseudomorphs,‘l to 2 mm. in gize, hmve a roughly oval
shape similar to that of the large olivine phenocrysts in the
lamprophyre 4100’ from the portal. No residusal olivine re-
mains, the transformation to talc and hematite has been com-
plete and none of the alteration products are present which
were found in fhe altered olivine of the dyke 4100' from the
portal. . A

The talc is colorless and occurs in broad fibers which
have parallel extinotion and are length slow. 2 V is 20
degrees and the optlc sign is negatlve. ' The maximum blrefrlng-
ence is 0.04 and the indices as determined by the use of im-
mersion oils are Np- 1.55,-Ng= 1.58, Thig small range for the
indices is probably due to the constant orientation of cleavage
flakes in the immersion oils. |

"The pseudomorphs have a distinctive appearance in hand

specimen and on polished surfaces. They have a dark red color
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which is especially noticeable in polished section under in-
direct reflected light. This golor is due to the very fine
grains of a metallic minersal, apparently hemafite, Which are
bright red in.indirectly reflected light and occur in fhe tale
with‘an arrangement suggesting "mesh-structure". Most of the
‘hematite grains are opaque in transmitted light buf a few of
ﬁhe thinnest grains are translucent and red in transmitted
light. Associated with the hematite are a few magnetite
grains.

Grains of pyrite and galena such as occur sbundaently in
the groundmass of the rock are extremely rare in the pseudo-
morphs.

Biotite =

Biotite has a pale, bleached-brown color and about 20 per-
cent of the grains have a green color and lowered birefringence
indicating a transformation to chlorite. There is splitting
and célcite growth along the cleavage to a greater degree than
in the 4100' lamprophyre, somé of the grains being split into
‘'separated shreds.

Carbonate -

Carbonate is very plentiful and is the largest componeht
of the groundmass. It. is, no doubt, in part derived from the
late-magmatic alteratioh of feldspar. However, &8 the carbon-
ate is so much more extensive than is usually the case, it is
most probable that a large proportion is due to carbonatization

by mineralizing solutions. Feldspar was the mineral most
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affected by this metasomatism.

Carbonate contqins.intermixgd clay mineral, apatite,
quartz and residual feldspar. In addition, the sulphide grains
" which apparently have been introduced by mineralizing solutions,
are closely associated with the carbonate and most often occur
betweeﬁ the carbonate and residual feldspar or quartz grains.

Clay Mineral -

There are, among the calcite grains, fine-grained masses
of clay mineral which are brownish by transmitted light and

e

white by reflected light.

Feldspar - 4
Very little feldspar is left and it is much clouded by

alteration., -To twinning could be seen although there were
shadowy suggestions of it. The refractive index appears to
be greater than balsam but this too is in doubt. One inter-
ference figure with 2 V = 900 was obtained.

Quartz -

A few grains of quartz are scattered in the matrix. The
grains are fresh but contain small inclusions which have been
altered. |

Apatite -

Unaltered, euhedral apatite grains are extremely plentiful.
Magnetite =-
Very few small grains of accessory magnetite occur in the

groundmass.
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Sulghides -

The metallic mineralization of the lamprophyre qonsists
primarily of a scattering of pyrite and galena grains in thse.
carbonatized groundmass. Very rarely do. sulphides occur in
the psSeudomorphs after olivine. The two sulphides are in the
approximate ratio of two pyrite to one galena and together com-
rise about three percent of the rock. In size, the grains are
.05 mm. on the average but a few grains are up to 0,5 mm. in
maximum dimension.

Occasionally pyrite and galena are in close association
with each other, one minerai enclosing the other, or a grain of
galena may occur in contact with and have a smoothly curved
contact againgst a grain of pyrife. In the majority of cases,
however,lindividual pyrite and galena grains occur independent4
ly of each other, being widelj separated from mutual contact by
| the carbonate-feldspar-quartz groundmass in which most of them
occur. |

It is difficult to judge from the appearance of the sul-
phide grains whether or not they were formed by replacement of
rock minerals, nor is there any concentration of sulphides
along fractures or towards any particular portion of the slide.
The quite uniform dissemination of the sulphides in the ground-
mass is not unlike that of original opaque mineral gfains
crystal}izing directly from the rock magma. However, no euhed-
ral graing were seen as would be expected in.crystallization

from a magma; the grains are generally irregularly rounded



~14B~

and quite commonly send out curved, tapering tongues into the
enclosing material.

Usually, .the sulphide grains are found between areas of
carbonate on one side and & relic of feldspar on the other side.
Sometimes the sulphide also projects into biotite grains and,
in one case, pyrite cut right through a biotite grain in a
direction perpendicular to the biotite cleavage. There is,
however, no replacement of biotite along the cleavage or around
the edges of the grain as is the case in the mineralized
lamprophyre from the Sullivan mine.

The most probable interpretation of the occurrence of sul-
phides in this lamprophyre is that the whole dyke mass was
soaked with mineralizing solutions, causing the extreme alter-

ation of the olivine, carbonatization of the groundmass, chlor-:

itization of the biotite and deposition of the sulphides.
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SULLIVAN MINE

DYEE 3904 CROSSCUT, SOUTH WALL

- in contact'with "low-grade" ore -

Thin Section No. 3.3b.

The Relation Between the Lamprophyre and the Ore.

.wThis specimen from the Sullivan mine is of biotite lampro-
phyre to which a piece of banded "low-grade" sulphide ore is'
firmly attached (Plate 3). The lamprophyre dyke’is later
than the ore as is attested by its quarter-inch chilled border
against the ore and by the flow- and eddy-lines traced in the
lamprophyre by biotite and sulphide grains. It is even poss-
ible to deduce the direction in which the lamprophyre fluid
travelled by observing the ripple-mark-like eddies produced in
'the'lamprophyre by promontories and embayments of the ore sur-
facse.

There is some increase in fhe sulphide content of the lampro-
phyre at the contact but this added material occurs as fine
(.04 mm.) pyrrhotite particles arranged in streamer-like bands
which lise paréllel to the contact. Such an appearance does not
suggest impregnation of the solidified lamprophyre by .sulphides
from the ore solutions but réther suggests'that the particles
had disintegrated aﬁd been plucked frdm'the solid ore by mov-
ing lamprophyric fluid. Another feature which indicates that
the ore is pre-dyke is the apparent absence of any replacement

of lamprophyre by ore minerals. There is no embayment and no
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velning of the dyke by ore, the pronounced sedimentary banding
in the ore continues.without deviation right up to the contact
where it suddenly stops. It is possible however, if one wish-
es to postﬁlate a post-dyke age for the ore, that the ore sol-~
utions replaced the host rock constituents but were in equi-
librium with the minerals of the lamprophyre at the conditions
obtaining during ore formation. It is more likely, though,

in the light of all the evidence, that the lamprophyre is post-

Ore.

Description of the Ore

The ore of this specimen is composed mainly of sulphides
(70 percent). The sulphides are pyrrhotite, sphalerite and a
little galena, with quartz, feldspar and biotite as the chief
gangue minerals together with minor amounts of amphibole and
chlorite. The ore is strongly banded, a result of'preferent-_
ial replacement along bedding planes of the sedimentary host
rock. There 1is a large amount of calcite in the ore adjacent
to the contact, whereas there is very 1little or no calcite in
the ore elsewhere and no comparable amounts of calcite in the
lamprophyre. The presence of this calcite may be due to either
the metasomatic effects of emanations from the fluid lampro-
phyre or to solutions of another origin travelling along the
contact. |

Description of the Lamprophyre

The lamprophyre itself is unique among the specimens so far

gtudied in that it is so largely composed of biotite with al-
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most negligible amounts of cryptocrystalline, colorless base.
Its composition is:

Phenocrysts
BiOtitOeseseescsosscnascsaccnnee 7 %
"Amphibole Aggregations"...ee... 10 %

Groundmass
BiOtitEeeecesseesascssassssesssse 80 %
001071688 B8SCeescesscossscsccee 2 %
Apatiteesecescscecccsceasccacecessory
Pyrrhotiteecceacesceseessesnocessory

Biotite, euhedral both in phenoarysts and in the groundmass,
is.very bleached, pleochroic from straw-&elléw to colorless and
has dark rims. It has not been chloritized. Thse phenocryéts
are up to 0.6 mm. long but there are all gradations from this
size down té cryptocrystalline,

There are only three areas, all except one being at the
contact, in which could be detected material which might con-
tain feldspar. This material is colorless, shows no discern-
ible graining but gives spherulitic effects under crossed-
nicols.,

The only other major element in the 1émprophyre consists of

aggregates, of various minerals grouped together in masses

which are varlously tabular, rhombmc, hexagonal or partly
rounded in shape and up to 2 mm. in size. Some of these con-
tain a dozen or more colorless amphibole grains but the major-

ity have varying amounts of calcite, chlorite, quartz, biotite
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and pyrrhotite as well. The chlorite, and possibly the cal-
cite, are derived from amphibole by alteration. The guartz
occurrences are rare and the origin of the quartz is in doubt.
These aggregations may be sltered inclusions of country rock
picked up by the lamprophyric fluid.

Tﬂe amphibole grains have characteristic diamond-shaped .
cfoss-sections and cleavage. They are colofless but very
faintl& pPleochroic to a feeble yellpw color. The amphibole is
optically negative, has 2 V = 869, maximum extinction angle
of 22 degrees and upper first-order interference colors. 'There
appears to be no colorless amphibole individuals in the ground-
mass, they all occur in the aggregations.

Chlorite, which is after amphibole, is colorless but very
faintly pleochroic and has anomaloué brown and biue interfer-
ence colors.

Pyrrhotite, where it occurs in the aggregates (Plate 3),

has a long, ramifying, blade-like habit which may be due to
crystallization between angular grains of an earlier age or the
pyrrhotite may be pseudomorphic after replaced amphibole or
biotite crystals. Pyrrhotité in the groundmass of the lampro-
phyré is very sparsely distributed as 0.04 mm. grains, Ko
magnetite was seen.

Apatite is plentiful in the groundmass.
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DYKE, 3904 CROSSCUT
- contains inclusions of "low~-grade" ore
‘and is mineralized -

Thin Sectlion S.36.

Polished Section S 6.

In this specimen, biotite lampréphyre contains three-
quarter-inch inclusions of "low-gréde" sulphide'ore and, in
addition, appears to be itself mineralized by galena-rich ore
of an age later than that of the lamprophyre.

Description of the Lamprophyre.

The descfiption of the lamprophyre of specimen 5 3b.
applies equally well to the rock of this specimen with the ex-
cedption that the sulphide contained in the calcite-quartz-
chlorite aggregates is pyrite instead of pyrrhotfte; In addi-
tion, a few small galena grains are associated with the pyrite.
The "aggregations” have the same size (0.3 mm. to 2 mm.) as
those in the previous specimen and as before are distributed
irregularly through the section. No amphibole was observed
in them in this case but some chlorite is pseudomorphic after
amphibole and indicates that amphibole was originally present.

"Low=-Grade" Ore Inclusions.

In addition to the small aggregations described above,
there are large (% - 2 inch dismeter) inclusions of ore. These
consist of sulphides primarily (70 percent), but contain also
calcite, tremolite, chlorite and quartz in that order of abun-

dance. The sulphide is mostly pyrite and sphalerite but



-21B~

émaller amounts of galena are-also present. No pyfrhotite
waé;Seen. Rough banding due to the replacement of sedimentary'
beds is discernible in the inclusions. The presence of these
inclusions in the.lamprophyre is proaf that the lamprophyre is
younger than the "low-grade" ore.

Judging from the similarities in the non-metallic minerals
occurring in both the large ore inclusions and in the smaller
aggregations, the two might be of the same origin. 3But the
metallic minerals present are different and their crystal form
is different. In the large ore inclusions, pyrite, sphalerite
and galena are present whereas the small aggregations contain
only pyrite'and-sometimes a few specks of galena. Also, the
pyrite in the aggregstions is crystallized in long, narrow
blade-like forms totally unlike the normal cubic habit preval-
ent in the ore inelusions. It is possible that the small ag-
gregations, as suggested for specimen S 35, are inclusions of
mineralized country rock which were picked up by the lampro-
phyric fluid.

The "High-Grade" Ore Band.

The feature of the specimeh which arouses specisl intérest
ig the presence of a thin coating of "rich" ore along one side
of the lamprophyre. This layer is 1/16 inch or less in thick-
ness and consists primarily of galena. There are also smaller
amounts of sphalerite and pyrite with the galena. This is the
only place in the specimen in Which galena is more plentiful

than the other two sulphides. The gangue minerals present are
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colorless chlorite, carbonate, quartz and very little biotite.
The proportion of gangue in the ore is considerably higher than
it is in the "low-grade" ore inclusions since the percentage ’
of sulphides present is less than 40 percent. The sulphides
are not crystallized in such a massive form as they are in '
the inclgsions, the galena particularly occurring in fine
grains of ifregularly rounded, sometimes twisted habit.

Desoriptlon of the Contact Zone.

At the contact with the "high~-grade" ore, the lamprophyre
appears to have flow structure parallel to the contact. It
is, however,‘imperfectly-developed. the biotite phenocrysts
showing some tendency to be parallel to the contact but the
problem being somewhat confused in the thin section by the
fact that the contact is sharply bent with the reéult that
some biotite laths do npt fall into line. However, it seems
fairly clear in the polished section that there is linéation
parallel to the contact. A chilled margin'against the ore is
not evident in this specimen,

The gaslena mineralization seems to be post-lamprophyre.
In the polished section, therg is a tapering tongue of galena
1/8 inch in length which projecfs into the lamprophyre near one
of the "low—graQGh ihclusions. ‘Phis seemsvto be very good evi-
dende that the galena is later in origin than the lamprophyre.
Another phenomenon, which can be observed in both the thin sec-
tion and the polished-section, is the presence of small galensa

and some pyfite grains in the lamprophyre which are definitely
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confined to & narrow zone along the contact. This zone is
one-quarter inch thick and although it is somewhat lighter in
color, it is recognizably lamprophyre due to the presence of
brown biotite laths. The galena grains are generally less
than ,02 mm. in size and very irregularly rounded in shape.

On studying the galena grains in thin section it can be
gseen that they do not replace biotite crystals to any extgnt.
Three or four instances were seen, however, in which narrow
galena bands are localized along the edges of biotite grains.
This type of occurrence suggests that the contact between the
biotite crystal and the fine groundmass was a focus for the
deposition of galena. The galena also appears to cut into the
biotite to a slight extent. One example was seen of a differ-
ent relation between biotite and galena in which a narrow,
transverse crack in the biotite was filled with galena. Re-
placement of biotite along cleavage planes was not éeen.

Practically all the galena (and the small amount of pyrite
associated with it) occurs in the eitremely fine-grained
groundmass of the lamprophyre.

It does not seem feasible to explain the presence of galena
grains in the lamprophyre by assuming a mechanical process of
plucking of galens from the solidified ore by supposedly young-
er lamprophyre. If this had occured, the galena grains should
be more angular than'they are, and in addition should be accom-
panied by sphalerite and pyrite, both of which are plentiful

in the adhering band of ore. In this connection, it is ex-



~24B~

tremely important to note that the galena in the ore band it-
self has a replacement relation to the chlorite and biotite of
the ore and also, but less conclusively, to the pyrite and
sphalerite of the ore.

The above observations lead one to the fairly‘certain con-
clusion that the thin ore band had sblidified prior to the in-
" trusion of the lamprophyre but contained only pyrite and’
sphalerite at that time. At a subsequent stage, after the
lamprophyre had solidified, galens mineralization took place,
causing the replacement of previously formed minerals of the
ore band by galena and an introduction of galena into the
lamprophyre in a thin zone along the contact.

The presence of éalena in the low-grade inclusions must be
explained by postulating a small amount of galena mineralization
before the introduction of the lamprophyre. It is to be noted
here that there is very much more galena in the "low-grade" in-
clusion nearest to the "high-grade” ore band than in those |
farther away from the cont&gt. With the polished section
microscope, this galena can be seen to replace pyrite of the

inclusion.
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ROSSLAND DISTRICT - MAYFLOWER MINE

MAIN LEVEL

Thin Section Np.'M34 - contact against ore.

Polished Section M54 - lamprophyre at contact.
Thin Section No. M35 - middle of dyke.

Polished Section M36 - the ore at contact.

INTRODUCTION.
‘ A study waé made of specimens from a lamprophyre dyke

which cuts and is chilled against heavy sulphide ore. The
lamprophyre, & black, fresh-appearing kersantite, with biotite
phenocrysts, appears tb have been mineralized along its con-
tact with the ore. -

Microscopically, the lamprophyre in the middle of the dyke
is seen to contain phenocrysts of biotite and diopside, about
0,6 mm. long, in a holocrystalline, equigranular groundmass
composed primarily of éuhedral feldspar and biotite. The
grain-size of the groundmass in the middle of the dyke averages
0,15 mm. but at the dyke's edge the grain is much finer and
occasionally the feldspar is cryptocrystalline and spherulitic.

Description of the Lamprophyre (Thin Sections Nos. M34 and M35)

The composition of unminerslized lamprophyre is as follows:
Phenocrysts
DioPSid€ieccecececceneeselh % (50 percent altered to
| uralite, biotite,

chlorite)
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Phenoorysts (cont'd) B
BiOtit@ssseeecoassesess 20 %

Groundmass
FOlASPATesesssosscscsee 30 % (majority is plagio-
BiotitOeseeeceecscscess 15 % clase)
QUATtEZeessoesascococsas D %
C81C1t0eesccccccssecses D %
Magnetitoseeee.seeeCCOB830TY

Diopside.-

Diopside 6ccurs as phenocrysts which commonly are in the
form of rectangular longitudinal sections and eight-sided
cross—sgctions. It is colorless, and non-pleochroic with a
maximum extinction angle of 43 degrees. At the center of the
dyke, diopside is 50 percent altered, primarily to a green,
pleochroic, non-fibrous uralite which commenced to grow at the
edges of diopside grains, spread toward the interior and form-
ed in parallel position on the digside. There also appears |
to be some alteration of another kind, to biotite, chlorite
and a little calcite, since pseudomorphs after pyroxene contain
minute shreds of biotite surrounded by chlorite. At the con-
tact with ore, where the alteration of pyroxené is almost
complete, there are pseudomorphs after diopside which cbntain
pennine, quartz, a pulverulenf white material, pyrite and very
little residual pyroxene, all of which are intimately mixed
together.

5
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Biotite ~ _ _

At the center of the dyke, blotite of both phenocrysts and
‘groundmass is uniformly dark brown in color and strongly pleo-
chroic from very dark brown to grey, but near the contact with
ore, it is bleached to a brownish-grey color and is highly
chloritized.

Feldspar -

The majority of the feldspar grains are twinned and the
maximum extinction angle of 23 degrees indicates an andesine
compositon for the plagioclase. It is but slightly zoned. .
~Both at the middle of the dyke and at the contact, there is
moderate alteration to both calcite and pulverulent clay mater-
ial.

Quartz -

Clear quartz grains are intérstitiﬁl to and have been form-
~ed later than the feldspar and biotite of the groundmass.

Calcite -

Calcite occurs both as large (0.2 mm.), pure grains which
in some cases seem to have replaced entire feldspar grains,
end as small, contorted grains inside plagioclase crystals.

Opaque Minerals -

At the dyke center, nearly all the opaque grains are magne-
tite although there are a few pyrite grains.

Desoription of the Ore - Polished Section No. MM36.

The ore in contact with the lamprophyre consists primarily

of massive sulphides with possibly 20 percent of gangue. The
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most plentiful sulphides are pyrrhotite, arsenopyrite and
chalcopyrite, each amounting to approximately 20 percent of
the ore. In addition, iesser amounts of'pyrite and sphalerite
are present, each combosing about five percent of the ore. A
few grains of galena are also present, »

There is a rough banding qf the sulphideé parallel to the
contact wifh lesmprophyre. This banding results from the local-
ization of chalcopyrite in a zone parallel to and immediately
adjacent to the contact, the pyrrhotite and arsenopyrite,
meanwhile being confined to the interior of the ore specimen.
The minor amoﬁhts of pyrite, sphalerite and galena which occur
in the ore, are in the chalcopyrite zone. Towards the interior
of the ore specimsm, the only sulphides present in appreciabbe
amount are pyrrhotite and arsenopy?ite. This zoning of the
sulphides in the ore appears to have some significance in the
light of the fact that, as will be seen later, the only sul-
phides occurring in the lamprophyre are those of fhe chalco-
pyrite zone.

Description of the Mineralized Lamprophyre near the Contact

with Ore.

Thin Section No. 34.

Polished Section No. M34.

The piece of massive sulphide ore originally in contact
with the lamprophyre in the specimen has been separated from
the lamprophyre and the contact is seen to be a slightly con-

voluted surface with a somewhat polished appearance due to the



-29B-

presence of calcite and probably chlorite along the contact
plane.

The following description is best illustrated by polished
section No.AM54.' This section shows the lamprophyre for a dis-
tance of one and one-haif inches in from the contact. DBiotite
phenocrysts have.a rough orientation parallel to the contact
and this is probably well enough developed to constitute evi-
dence of flow banding. In addition, there is a quarter-inch
wide, darkened zone at»the oonfact, followed by a quarter-inch
wide, lighter-colored zone which separates the dark zone from
the dark-green main mass of the lamprophyre. As far as can be
gseen in the polished section, the grain size of the lamprophyre .
does not diminish appreciably towards the contact. The grain
gize at the middle of the dyke, however, is greater than that
at the contact, as can be seen by a comparison of thin sections
- M34 and M3b.

The alteration of the lamprophyre ét the contact consists
largely of chloritization which can be seen to hawve especially
affectéd biotite. There is also a considerable darkening of
the slide by dust-like black material which is not white in re-
flected light. Carbonatization is nearly absent.

The lamprophyre definitely appears to be mineralized as
theie are grains of ehalcopyripe, sphalerite and galena in the
rock which are most plentiful at the contact but which persist
in diminishing quantity for a distance of one and one-half

inches away from the contact. This distance is the total thick-
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-ness of the specimen available so it is 1likely that sulphide

graing occur even farther from the contact. 'They are not, -
however, present in the specimen from the dyke center.

T™wo large grains, one of chalcopyrite and the other of
sphalerite, occur. in the lamprophyre right at the contact

(see polished section M34). They are one-eighth of an inch
long and are much elongated parallel to the contact. The
appearance of the chalcopyrite grain suggests that it is =8
tongue~like intrusive of the sulphide into the lamprophyre,
making a flat angle with the contact. To support this con-
ception is the fact that a thin separation, apparently of
lamprophyre, exists between the chalcopyrite and the actual
'contact»plane. ; |

Lesser amounts of galena and pyrite also occur in the two

large grains in association with the chalcopyrite and sphal-

' eritef In addition, smaller grains of all these sulphides

are disseminated in the lamprophyre. Pyrite, chalcopyrite,
sphalerite and galena is probably the order of their abundance,
byrite having the mosf widespread and uniform distribution.

The grains are irregular in shape but are ususlly rounded and
average .05 mm. in sizé.

The disseminated sulphide grains, as seen in thin section,
do not replace any original mineral of the lamprophyre but
rather occﬁr in the fine-grained, altered groundmass. In some
cases, sulphide grains are partially surroun@ed by a very

small amount of quartz but more commonly there is no associat-
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ed quartz and the sulphide is surrounded by indefinite, chlor-
itized material. This manner of occurrence may suggest a
primary, magmatic origin in the case of pyrite grains gnd it
may well be that some of the pyrite is due to its.crystallizaf
tion a8 an original component of the lamprophyre. However,
pyrite is more plentiful near the contact than in the specimen
from the dyke center, an indication that some of the pyrite

was introduced from outisde the lamprophyre. Furthermore, the
appearance of the chalcopyrite, sphalerite and galena grains in
polished section, in which the three minerals are intergrown,
very much resembles sulphide occurrences formed by mineralizing
solutions.

Another, more minor occurrence of pyrite is that inside
prenninized pseudomorphs which are probably after diopside. The
pseudomorphs contain quartz and & pulverulent white material
as well. This occurrence is found in the vicinity of the larg-
er fracture in thin section No. 34.

In addition to the ocourrence in disseminated grains, the
g8ame sulphides are to be found in two thin fractures less than
O.1 mm. in width which penetrate the lamprophyre at an angle
of about 45 degrees to the contact and are filled primarily by
quartz and some chlorite.

From a consideration of the foregoing description and the
- fact that pyrrhotite and arsenopyrite were not seen to be
present in the lamprophyre, the conclusion might be drawn that

the lamprophyre was subjected to only the later stage of the
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mineralizing period, in which only pyrite, chalcopyrite, sphal-
erite and galena werse crystallizing. The sequence of events
"could, therefore, be: .

l. Formation of pyrrhotite and arsenopkrite ore in the lode.

2. Intrusion of the lamprophyre with consequent flow band-
ing and slight chilling against the ore.

3. The later mineralizing period in which chalcopyrite,
sphalerite and galena formed in the ore lode and also
penetrated the lamprophyre, the alteration of the lampro-
phyre (chloritization) preceding or accompanying the in-
troduction of sulphides.

. The evidence presented above does not, however, prove an
intra-mineralization age for the dyke since it is equally pos-
sible that the lamprophyre had completely solidified before the
ore solutions arrivéd and that it‘had then been selectively
mineraliged by only those minerals that now appear in the dyke.
A comparable process is the impregnation of wall rock by some
of the minerals present in a vein,while others take no part in

the wall-rock alteration.

ROSSLAND DISTRICT - LEROI MINE
ON THE SURFACE - 50' FROM A LODE
~-"Rosgland - No., 2 Lamprophyre"-

A short description of the field occurrence of this dyke ap-
pears on page 4l. Megascopically, the rock is extremely fine-
grained, dense, unusually hard and black in color, Large bio;
tite phenocrysts up to 1/5 inch in length produce good flow
foliation. (

Thin Section No. L33,

This rock, although lamprophyric in composition, lacks in
its ferromasgnesian crystals (biotite) the euhedral quality
which is usually found in lamprophyres (Plate 5). The biotite

grains, especially those of the groundmass, are very irregular
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although it is usually possible to make out the elongation
direction of longitudinal sections. It differs also, from
the lamprophyres so far studied, in that it contains no apa-
tite. It also contains no calcite even though the presence
of chlorite disseminated through the rock indicates that the
rock is not entirely fresh.
The composition is:
Biotite PhenocryStSeeccecccscscscssccss 3 %
Doubtful PseudomOrPhSecsceessscosssese 2 %
Grdundmass:
BiOtit@eeeesoeeeccecocsosaasasasacsass 35 %
Hornblende (chioritized)............., 15 %
Colorless base (feldspar and near-
21a88)esccescscacss 40 %
UnKnoWNeseesssescssesscessseses 8 fOoWw grains
Pyrrhotite, sphalerite......... asccessory
Biotite - |
Biotite phenocrysts average l.5- 2 mm. in size, are uni-
formly brown and contain no inclusions. In the groundmass,
the average grain size is .06 mm. but it grades down to crypt6-
crystalline. A good deal of the biotite is concentrated in
brownish areas and streaks as aggrégates of grains some ‘of
which give a spherulitié effect with crossed nicols. The_
majority . of the biotite is, however, uniformly distributed in
the groundmass as irregular, shreddy grains.

Doubtful Pseudomorphs -
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Dgubtful.PseudomQ;phs -

There are about s dozen pseudomorph-like areas, 1.0 mm.
in size, which contain either dark green chlorite or serpen-
tine together with some pyrrhotite grains. The shapes of the
areas are dot diagnostic of any mineral therefore they may
not be pseudomorphs.

Chloritized Hornblende -

Green hornblende which has been highly chloritized is
gsparsely distributed through the rock but there is a heavy
concentration of it 4in and near a microscopic fracture. It
is pleochroic (dark green to yellow-green) has a maximum ex-
finction angle to cleavage of 26 degrees and its highest in-
terference color is first-order yellow. A few small cross-
sections were seen which still show the 60 degree cleavage
but most of the grains have lost this characteristiec through
chloritization. ‘

Colorless Base -

About half of the colorless ground is nearly isotropic and
is therefore indeterminate although its refringence is less
thaen balsam and its relief is low. The remaining half of the
colorless base has weak anisotropism, low first-order grey
interference color and forms grains which have the fectangular
shape of feldspar. The index is less than balsam and the re-
lief is low. The grain size is .06 mm. A very little salbite
twinning can be seen and it was possible to get an extinetion

angle to the twinning of 17 degrees, also one positive, bi-
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axial figure with 2 V approximafely 60 degrees. Therefors
albite is apparently present but its proportion to the alkali
feldspar which probably is present in the finer grains could
not be determined. Owing to the alkaline character of the rock
and the scarcity of twinning, the feldspar is likely to be
predominantly alkalic and the rock may be a minette.

Unknown -

An undetermined clear, colorless, uniaxial negative miner-
al with index greater than balsam, very low relief and bright
first-order white interference color occurs in clusters of a
‘dozen or S0 rounded to Broad tabular grains, each .03 mm. in
size‘which afe usually slightly separated from each other. A
distinctivé'feature is the presence in individual grains of
very thin, widely space&, perféctly straight inclusions all of
which are parallel to the straight gide of the grains. The
extinction is parallel to these inclusions. No cleavage is
evident althodgh in some instances the inclusions are regular
enough in fheir spacing to suggest that they occupy cleavage
traces.

Opaques -

No magnetite is in the rock and,nearly all the opaque grains
appear to be pyrrhotite. Two grainé of sphalerite were seen.
There is no localization of the opaques in any particular part

of the thin-section.
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BRALORNE.  MINE

FIELD AND MEGASCOPIC DESCRIPTION OF LAMPROPHYRE DYKES.

Two lamprophyre dykes are known to occur in the Bralorne
mine, both in the Empire sesction. They have about the same
attitude and are about 1000 feet apart. The more westerly of
the two dykes was examined. It is a biotite lamprophyre,
usually two feet wide, which strikes nearly north and is near-
ly vertical but dips slightly -to the east. It is later than
the ore and cuts across the east-west trending Empire vein
almost at-right engles., Where examined, in 1151 East drift,
the dyke is displaced about one foot by late movement along
the vein fracture. The ore at this point is low-grade, prob-
ably sub-commercial, and consists of quartz and gougey, sili-~
cified, albitized country rock in a narrow shear zone, one foot
wide.

The lamprophyre has a very dark, greenish-grey color aﬁd
contains many gliétening. black biotite phenocrysts up fo 1/10
ineh in diameter. There is excellent flow foliation of the
biotite phenocrysts in a band extending four or five inches in
from the wall. The groundmass at the margins is strongly
chilled but the phenocrysts in the chilled margins are only"
very slightly smaller and slightly less plentiful than in the
dyke interior. The dyke containé irregular inclusions of
gilicified "albitite".

There is a seam of soft, very black, biotite-bearing,

lamprophyre about one-half inch wide which occurs between the
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main lamprophyre dyke and the vein material on one wall and
appears to be distinetly different from the main lamprophyre
dyke. This ﬁaterial«is largely cryptocrystalline and is
probably chloritic in composition. (Thin sections 15 and 15a)
Extensive gfoundmass chloritization such as this does not
seem to be & common product of ordinary deuteric alteration,
nor of alteration by weatheringusolutibns in lamprophyres of
this kind. The highiy chloritized material as it occurs here,
suggests alteration of the lamprophyre by hydrothermal solu-
tions passing along the contact between the ore and the lampro-
phyre. As this lamprophyre dyke is strongly chilled against
the ore, it would seem that the suggested liquid cannot‘ﬁe-
long to a late phase of the mineralizing period which prodﬁced
the ore, although there is a less-marked chilling present in
the "contemporaneous" lamprophyre specimen from the Mayflower
mine. It is also difficult to conceive the alteration of the
groundmass of a lamprophyre to form chlorite without any al-
teration of the enclosed biotite and pyroxene phenocrysts as
is the case here, although this too may be possible. There-
fore, in view of the rather sharp contact between the narrow
black band and the main mass of lamprophyre it appears most
likely that this black seam is a later lamprophyre of a highly
mafic composition which came in along the wall of the main
dyke. It was not noticed whether this dark seam was also

present between the main lamprophyre dyke and the country rock.



-38B-.

PETROGRAPHIC DESCRIPTIONS
11561 KEast Drift

Thin Sections Nos. 11 and 13.

A lamprophyre dyke, two feet wide, intersects a sub-com-

- mercial silicified shear in "albitite". The dyke cuts.through
the vein and is therefore younger and has been displaced two
feet horizontally by post-dyke movement along the shear.

Two sections were studied microscopically; number 11, of
lamprophyre at its immediate contact with albitite and number
13, at the center of the dyke. | ,

This rock is a biotite-lamprophyre (minette or kersantite)
but the nature of the feldspar cannot be accurately determined
gsince it is in a glass in Section 11 and is in the form of
small sheaf-like spherulites in Sectioﬁ 13. It 1is most likely,
however, that the rock is minette rather than kersantite be-
cause the refringence of the sheaf-like feidspar crystals is
less than balsam in all the cases observed. A uniform.ground-
mass composed mainly of'granophyre and small biotite hornblende
laths makes up 80 percent of the rock. The phenocryéts are
biotite, pyroxene and apatite.

The composition of Thin Section No. 13 is:
Felsite

GPONOPAFLO e cossosccsscsscecs 40 %

Hornblende of groundmess.... 12 %
Biotite of groundmasS.esses. 20 %
Biotite phenoccrystS.ceeesees 5 %

Pyroxene phenocryStSeceseses 5 %
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ApPatiteessessssessseccacssss 1 %
C21CitO0seeecsscsesnsccsensses 2 % (excludes the vein-
PyritBececsescessessessoscease B8 % lets)
MagnetitGeeceseeeeesaes accessory

Groundmass

The distinctive feature of this rock is the ground, com-
prising 80 percent of the rock, which contains:

biotite seeeeeess 256 %
hornblende esee.s. 15 %
granophyre eeeess 50 %

Biotite crystals, in the form of well-shaped, equigranular
laths less than 0.2 mm. long and six-sided cross-sections are
encldsed in the granophyre accompanied by hornblende. The .
small biotite and hornblende laths show flow lineation which
is most pronounced near the contact and grades to less and
less pronounced lineation away from the dyke-wall until, at
the dyke center, lineation is no longer evident. The biotite
and hornblende grains have a remarkably dense and uniform dis-
tribution in the groundmass, although thebproportion of bio-
tite in relation to hornblende varies a good degl in different
‘parts of the slide.

Hornblende. Dark brown hornblende occurs in the form of

needles and diamond-shaped cross-sections with the same size

range a8 the biotite. The maximum extinetion angle to longi-
tudinael sections is around 13 degrees and some twinning is

present.
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Felsite
Lranophyre, occurring only in Section 13, most commonly

consists of sheaf-like groupings of radial fibers which are
thinner than the slide but show parallel and nearly parallel
extinction, grey interference color and no twihning. The

glass of Section 11 is colorless though slightly darker than

balsam and has an index usually less than balsam.

Phenocrysts

The biotite phenocrysts (0.2 to 1 mm. long) are the larg-

est grains of the rock. Biotite (of both ground and pheno-
erysts), is brown-colored and fresh-appearing, has no dark-
brown resorption rims nor green chloritic borders. Inciusions
of large apatite grains in biotite are extremely common and
there is also a good deal of penetration of biotite érystals
by pyroxene grains. ‘

Pyroxene, occurring in gréins averaging 0.5 mm. in dimen-
sion, is colorless. The characteristic pyroxene habit (squares,
rectangles and eight-sided sectionsg) is much in evidence but
the pyroxene cleavage does not show up very well, though itl
was obéerved in two or three cases. This lack appears to be
due to the loss of a large part of the ﬁyroxene (as well as
some biotite and some Questionable olivine) in grinding the
slice. with the consequence that extinction angles to the
éleavage of pyroxene could not be properly measured. Twinning
is frequently present in pyroxense.

Some remnants remain of large grains which had the poly-
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gonal outline commonly associated with olivine. One such
remnant (in Section 11) showed parallel eitinction to cleav-
age and 2 V = 900,

Apatite forms some very large crystals, up to 0.3 mm. in
diameter, which are comparable to phenocrysts in their size.
These give uniaxial negative interferencd figures. Apatite
is closely associated.with biotite, occurring either as in-
clusions in or as grains penetrating, con%acting or neighﬁour-
ing the biotite. '

Calcite is almost absent'from the gfoundmass Since it
occurs mainly as large grains. It is apparently in part
secondary after pyroxene, completely filling apparent pseudo-
morphs after pyroxene. In anqther type of occurrence, seen
in Section 11, there are both large and small calcite bodies,
very elongated, oriented‘parallel to the lineation of the
biotite needles. These elongated grains do not aprear to be
secondary after an original dyke mineral. The absénce of
gecondary calcite from the groundmass is in keeping with the
general freshness of the rock.

Two seams containing mostly calcite but some pyrite as
well traverse Section 13. These seams may have been formed by
a.post vein-mineralization proeess.involving the ci:culating
ground-waters. However, the présence of pyrite in them suggests
the faint possibllity that the latest-appearing hydrothermal

solutions of the ore period had acted upon the dyke.
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Opague Minerals

In Section No. 13, there is a little magnetite among the
smaller grains of metallics, but all of the large grains (0.1
-~ 035 mm.) and nearly all the smaller grains (less than 0.1l
mm.), are pyrite. Most of the pyrite is in the form of irreg-
ular grains scattered without any definite arrangement in the
groundmass. Some, however, appear to replace biotite crys-
tals (again without any apparent localization in any pért of
the slide), as they partially rim biotite crystals, with
slight penetrétion, and occasionally vein the biotite.

In section No.‘ll from the contact with country rock, how-
ever, there is no pyrite; +the only opaque mineral is magne-
tite, most of which occurs as innumerable small (0.02 mm.)
grains of generally rectangular habit, uniformly disseminated
in the lamprophyre. Therefore, it is highly probable that
the;origin of pyrite in section No. 13 is connected with the
" four or five roughly parallel fractures which traverse that
section and are filled with calcite and pyrite. In this
connection, it is also significant that calcite grains are

more plentiful in Section 13 than in Section 1l.

Thin Seetions No. 15 and 15(a).
These are sections of the same lamprophyre dyke as that
from which sections 11 and 13 were made but, in sections 15

and 15(a), vein material consistingvof quartz, sericitized
feldspar, calcite and pyrite is attached to the lamprophyre.

The vein material is not of commersial grade.
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The lamprophyré is extremely fine-~-grained atvthe contact
but minute bilotite crystals are plentiful and there are also
a few grains of apatite, pyroxene and biotite as large as those
occurring in the interior of the dyke and these are not alter- -
ed. Biotite crystalé show flow lineation parallel to the
contaot'(Plate 4).

The contact between the dyke and ore seems to have been a
channel for solutions because the lamprophyre is highly ser-
pentinized and/or chloritized there, resulting in the formation
of aAgreen, orange, yellow and colorless, non-pleochroic crypto-
crystalline mass which shows flow banding due to color varis-
tions parallel to the contact. The material immediately adjac-
ent to the vein has a yellow color and seems to be the most
highly altered material. The color changes from yellow through
brown to green away from the contact where the alteration be-
comes less intense.

Theré are no changes in the vein material towards the con-
tact. Serpentinous lamprophyre sends out projecting tongues
iﬁto the vein material in one place. Inclusions 6f vein mate-
-rial occur in the lamprophyre and these do not appear to have

'been altered by the lamprophyre fluid.

PIONEER MINE

FIELD AND MEGASCOPIC DESCRIPTION OF LAMPROPHYRES

There are at least two lamprophyre dykes occurring under-

ground at Pioneer. These are 400 feet apart and are believed
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by the mine engineers to be two separate dykes. In addition,
there are tunnel and drill-hole intersections with lamprophyre
dykes in two other parts of the mine but it is not known for
sure Wwhether these are continuations of the two known dykes.

The dykes at Pioneer are post-ore as'they cut acrogs and
are chilled against the vein-quartz. They are unlike the
Bralorne dykes in that they intersect the ore structures at
a flat angle and frequently follow along the wall of the vein
for distances up to 40 feet before cutting through the quartz
to the opposite side. The attitudes of the lamprophyre dykes
and the veins are shown in the plan (back pocket). The widths
of the dykes vary from six inches to two feet.

All the lamprophyres contain hornblende as the most plenti-
ful ferromagnesian mineral. It occurs only in the groundmass,
however, and the smaller amounts of biotite and occasionally
pyroxene, occurring as phenocrysts, are more conspicuous.A
Acourate feldspar identification was impossible as feldspar is
usually contained in glass or granophyre and the rarely-occur-
ring crystals are too small to give interference figures.

" Indices of refraction of feldspar crystals, glass and grano-
phyre were less than balsam in all observed cases, therefore
the dykes are most probably vogesites.

Pioneer lamprophyres are very soft, crumbly and grey in
color, especially along the walls and especially in the older
workings where they have been exposed to the air for a longer

Iime. Relatively recently-exposed rock was obtained near the
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new- 27 vein on 20 level (specimen 25) and in this, the dyke is
black and coarse-teitured at its center. Biotite phenocrysts
up to l/lO inch in dismeter are plentiful in all the dykes,
and there is pronounced flow banding due to parallelism of
the biotite phenocrysts. The grain size of the groundmass
is much smaller énd the rock more dense near the walls but the
biotite phenoerysts do not change much in size nor in quantity
as the wall is approached.

Pronounced color banding in the chilled edges, parallel
to the contact foliation, is a remarkable feature in nearly
all Pioneer lamprophyres. The color bands vary from 1/2 to
1 1/2 inches in width and in the chilled edge of specimen 25,
where the colors are best developed, the sequence is: a light
greenishfgrey color at the wall; then a reddish and finally a
dark green color that grades into the intensely Black, fresh-
appearing lamprophyre of the dyke interior. This color band-
ing was not found in the dykes from other properties. It is
probably due to a combination of‘the effects of primary,
flow-banded, compositional variations of the lamprophyre and
selective alteration by solutions moving along the contact,
the more mobile constituenfs penetrating the dyke more deeply
and producing changes there different ffom the changes pro-
duced elsewhere by less penetrative constituents. Thin sec-
tions showed the compositional differences between the inter-
ior and the outer portions of the dyke to be minor, amounting

at most to five percent less of both biotite and hornblends
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at the wall and 15 percent more calcite. _

‘The extreme chilling sgainst the ore in these dykes mili=
tates against a theory that late, vein-forming solutions
caused the alteration yet the color banding is so marked and
Ehe,penetration is so deep (three inches), that fairly potent
solutions must have been responsible}le more careful study
in the mine might revealra conneotioh between the presence of

" color banding and the association of ore with the dykes.

PETROGRAPHIC DESCRIPTIONS
| 16 P.W. Vein. Sta. 1643

- Middle of dyke =~

Thin Section 17.

Specimen 17 is most likely a vogestie, as hornblende is
more plentiful than biotite and the feldspar is most probably
an orthoclase-feldspar.

The approximate mineralogical composition is:

Biotite PhenocrystSeecessssecscsccsess 5 %
Groundmass
FeldSpaTececossoscecsssssssasscass 65 % (probably
majority is orthoclase-feldspar)
Hornblende.esesscscecsscsvasaass 256 %
QUATEZesooossssocccsccsssncssces 1 %
CBlCiteessesesvescsecssansscnees 2 %
Magnetiteesseeeseccesassecocees 3 %

Apatite, DPYroXenes.seccesses&CCOISOTY
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Biotite is restricted to the phenocryst phase in which it
occurs as crystals up to 4 mm. long which are very much larg-
er than the grains of the groundmass. There are some smaller
biotite grains but the smallest of these are still slightly
-larger than the hornblende needles of the groundmass. There
. does not seem to be any small biotite grains in the ground-
mass; 1if there are any, théy are very inconspicuous and could
not be definitely identified. Biotite phenocrysts are brown,
do not show chloritic borders nor dark resorption rims but do
contain numerous apatite inclusions. Hourglass structure

near the extinction position islvery prominent.

Hornblénde - The groundmass contains a8 its largest grains,
hornblende laths up to 0.3 mm. long. Although they range in
gsize down t0 specks which are discernible only with the high
power objective, the majority are of the large size which
under low power show greét uniformity in size and distribut-
ion in the groundmass. Hornblende crystals are strongly eu-
hedral, forming'clear-cut laths and diamond-shaped cross-
sections which have not suffered interference during their
growth., The maximum extinction angle measured to longitudin-
al sections was 17 degrees. A sipgle twinning line bisecting
the lath is frequently seen.

- Feldspar - The most abundant component of the groundmass‘
is feldspar which forms parallel, branching and radial aggre-

gates of coarse fibers. The refractive index is quite defin-

itely less than that of balsam and it was possible to obtain
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one fairly satisfactory interference figure which had 2 V
near 90°. Simple, Carlsbad-type twinning is frequently seen
but there is no polysynthetic twinning. Therefore, it is
most probable that the feldspaf is an orthoclase-feldspar.

Quartz = There are a few curving grains of quartz up to
0.2 mm. in size among the feldspar fibers of the groundmass.

. They do not appear to be intergrown with feldspar. A uni-
axial positive figure was obtained from several of the grains,

Calcite - There is one mass of pure, coarse-grained cal-
cite, four and one-half mm. in diameter, completely surround-
ed by a narrow zone which lacks the usual hornblénde concen-
tration of the groundmass but is composed entirely of spheru-
litic feldspar fibers. Calcite also occurs scattersd through-
out_the groundmass as irregularly rounded, impure grains
approximately O.2 mm. in size. |

Magnetite is abundant. Euhedral to subhedral grains wifh
square cross-sections are very uniformly disseminated in the
groundmass. They are biack in reflected light.

Apatite occurs mostly in or in contact with biotite crys-
tals although there are a few grains disseminated in the
groundmass. Grains are .05 to O.1 mm. in diameter, an unusual-
ly large size in comparison with the size 6f the other grains
0f the slide. ‘

Pyroxene - Three oolorlesé. highiy birefringent graiﬁs
resembling pyroxene or olivine are to be found in this slide.

They are partially altered to calcite and it is possible
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therefore that many of the calecite blebs of the groundmass
were derived through the alteration of the same material
that occurs in these three grains, |

Crystallites - Curved, branching crystallites which are

black in transmitted‘light are vigible in the feldspar.

2351 South Drift. Sta. 2341

Thin Section No. 328, F.W. contact against quartz;

This is either a vogesite or a spessdrtite but it is
probably the forme; as the clear glass which contains the
feldépar has an index considerably less than balsam, about
1,50, It is a remarkably fresh rock, no calcite whatever
occurring in the slide and all the minerals being practically
unaltered. All crystals are euhedral.

The mineral percentages éré:

Biotite PhenocrysStSeecsesssses 10 %
Diopside PhenocryStS.eeseceeses 10 %
Groundmass

Hornblende lathSeeeeeeessceees 25 %
Glass groundmasSSecesscescessss DO %
G1ass globuleSsicsescsssssesces 3 b
Granophyre globuleScceeeseses. 2 %
Apatitecesssecesccessss BCCE3SOTY

NOTE: magnetite is almost entirely lacking.

Biotite is similar to that in the other occurrences of

Pioneer lamprophyre. It is brown, has no dark borders, con-
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tains numerous apatite inclusions and is almost entirely
restricted to the phenocryst phase, the grains being general~
ly 0.2 to 1 mm. in size. There are a few scattered basal
plates 0,03 mm. in diameter in the groundmass.

Diopside occurs as clear, colorless phenocrysts (0.2 to 1
mm. ). There is slight alteration to white pulverulent mater-
ial, but no calecite. A few 0,03 mm. grains can'be'seen in

the groundmass.

Hornblende laths, 0.2 mm. long, and diamond-shaped cross-

sections which are too small to give a figure, are confined to
the groundmass, being uniformly disseminated-in the glass
’wheré they produce very good flow lineation. It is a very
dark brown barkevitic hornblende showing fair pleochroism

and occasional twinning.

The glass is colorless and clear althoﬁgh it has a faint
brownish tinge in thicker portions of the slide. If contains
very fine, colorless, needle-like crypfocrystals. There are
no granophyric phases in this slide except in the globules
described in a later paragraph. The index of the glass is
less than balsam. | |

Glass globules, 0.1 to 6.5 mm. in diameter, occur through-

out the slide. They consist of clear, colorless glass with
index number less than balsam (n = approximately 1.45), which
>contains crystallites. There are no hornblende crystals in
the globules but the groundmass crystais abut against the

globules and there is a concentration of very few magnetite
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grains occurring in the slide, against the borders of the»
globules. Some globules contain a smoky brown stain.

Granodyric globules, averaging 1 mm. in dismeter, are

outlined by a tire-like layer of pulverulent white material.
Hornblende crystals of the groundmass penetrate intovthe
globuleé,'occur inside the globules and maintain therein the
same lineation which they have in the surrounding groundmass.
The groundmass of the globules is a darker brown thah that of’
the main rock but is granophyric rather thén glassy. '

Apatite occurs occasionally in the main mass of the rock

as well as inside the biotite phenocrysts.

Thin Section No. 3l. Center of dyke.

This th¥n section is of material from the center of the
dyke; thin section No. 32 being from the foot-wall of the
same dyke. The material in thin section No. 31 differs from
that in No. 32, as would be expected, in that it had less
colorleséJélass and more granophyre. A more surprising dif-
ference, however, ig that, in the center of the dyke, diopside
phenocrysts are-almost completely altsred to calcite whereas
there is no calcite whatever in the thin section from the foot-
wall of the dyke. This féature must not be considered a éhar-_
acteristic of this dyke, however, since only two thin sections
were examined and. the calcite content of the rock may be

highly variable.
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The composition of this thin section is:

Phenoorysts
Biotite...Q.I..l.............l... 5%
Calcite (after pyroiene)......... 5 %

Groundmass
vHornbleﬂdeooogoopoooooooooooooooo 30 %

Felsic Material

BrOMiSh‘Wogioooooooocog 50 %

Colorless Granophyre NoduléSe..... 3 %

Iron Ore, apatitBecsceseccesessCCESSOTY

Biotite - Biotite phenocrysts have'the same characteristics
as those in section 32 except that they are larger, being up
to 2 mm. long.

Caleite - The majority of the calcite in the slide is in
large grains up to 1 mm. long, some of which have a form which
suggests that they are pseudomorphs after pyroxene. However.
as the calecite is clear and is not accompanied by another min-_
eral which could account for the iron and magnesium of the
original pyroxene, there is considerable doubt that these
bodies are actualiy pseudomorphs after pyroxene. Some pf the
‘"pseudomorphs" are surrounded by a darkened rim consisting of |
dark, dusty materlal and a compressed mass of hornblende laths.
This gives the impression that either expansion has occurred
in the original mineral of the '"pseudomorph" during its crys-
tallization or that hornblende laths floating in the residual

magmatic fluid had come to rest against the original minersal.
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AHornblende -~ The hornblende, as in section 32, is confined

to the groundmass, and is in all respects similar. It occurs
in grains, the largest of which are 0.3 mm. long. The grains '
exhibit flow'lineation.around the large biotite phenocrysts.

Felsic
Selie material - About one hslf of the slide is composed

of slightly crystallized salic material which, most commonly,
is nearly a glass or, at best, is féintly anisotropic with no
visible crystal structure. Occasionally though, there are
sheaf-like aggregates of crystals with refringence below that
of balsaﬁl This-é;ingggxeséa;, throughout the slide, has a
light-brown color under moderate magnifications but the coior
is apparently produced by minute, dark brown grains, probably
of hornblende;'which lie between adjacent microcrystals of the
aggregates.

Colorless Granophyre - There are, scattered through the

rbck, some nodules, 0.04 mm. in diameter on the average, of
clear, colorless granophyre. The nodules are composed of very
small, equiéranular grains, some appearing to be quartz and
others, with refringence less than balsam, appearing to be
alkaline feldspar. The grains are, howsever, tqo small for
prope#identification. The granophyre shows spherulitic cross-
es with the nicols crossed.

Apatite - Apatite is the same as in section 32. Grains are
.04 mm., wide and 0.3 mm. long and give uniaxial negative in-
terference figures. Apatite is especially associated with

biotite.
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Magnetite - Accessory magnetite is plentiful.

PREMIER MINE

9 C STOPE

Thin Section No. P3 - Interior of dyke.

This is a specimen of dyke rock from fhe 9 C stope, on
the second level from the bottom of the mine. It is a fine;
grained, greenish—gfey rock with a carbonatized appearance,
cbntaining small hornblehde phenocrysts visiblé to the naked
eye.

Thg composition of this thin section is as follows:
FeldSPaTeeeesessessosssscees 60 %
QUATEZeessecscoscscssssoace 5 %
Hornbiende,......,.....,.,. 20 %
Chlorite.......,........;.. 10 %
CATDONAtCeeesessscsnssassee B %

Pyrite, magnetiteses....accessory

The texture is porphyritic. Idiomorphic hornblende pheno-
crysts are present in a matrix composed largely of small feld-
spar laths (Plate 6). Only a few of the feldspar crystals are
"large enough to be classed as phenocrysts. | '

Feldspar - Feldspar forms a felted mass of crystals which
in some portions of the slide comprises 70-80 percent of the
rock and in other places oniy 40~50 percent. On the average,
the proportion of feldspar is about 60 percent. Most of the

-laths are less than 0.2 mm. in length. Simple Carlsbad-type
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twinning is present as well as a little polysynthetic twin-
ning. Polysynthetio‘twinning, however, is rare and is obscur=~
ed by kaolinization with the result that no extiﬁction angles'
were obtained. The refractive indiceé of the majority of
feldspar crystals were below that of'balsam, a fact which, in
conjunction with the scarcity of polysynthetic twinning, in-
dicates a sodic and possibly a potassic composition for the
majority of the feldspar. The feldspar grains are kaolinized,
especially the interior portions of the larger grains..

- Quartz - Quartz occurs as small, interstitisl grains among

the feldspar crystals.

Hornblende ~ Hornblends occurs as prominent, euhedral
phenocrysts avefagiﬁg 0.6 mm. in length but ranging up to 2
| mm. in length. It'is pleochroic, brown to greenish-brown and
is somewhat chloritized. Long feldspar laths frequently rest
against the straight edges of hornblende grains with an atti-
tude parallel to the edges suggesting that early~formed feld-
gspar laths had come to rest against the hornblende crystal
when most of the rock was &ill fluid.

Chlorite - A green chlorite, some of Which is penniné.
comprises 10 percent of the rock. It occurs in partly altered
hornblende grains, and in both large and small grains, some
of which appear to be pseudomorphs after hornblende. In the
latter occurrence it is usually associated with carbonate.

Carbonate -~ Carbonate ocgurs mostly as pure greins assoc-

iated with the feldspar of the groundmass but also as rounded, -
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irregular grains inside chlorite grains.

Name of the Rock.

This rock may be classed as a vogesite lamprophyre al-
though it has perhaps, too low a proportion of ferromagnesian
constituents for a typical lamprophyre. Nevertheiess, it has
a high alkali proportion, since the majority of feldspar is
alkalic, and it therefore fulfills the requirements for a
lamprophyre in regard to its chemical composition. The rock
might be classified as a hornblende-quartz-syenite except
that the proportioﬁ of ferromagnesian minerals is too high for
a typical syenite. In view of the lamprophyric texture of
the rock, together with its relatively high proportion of
ferromagnesian minerals and its alkalic composition it is
rerhaps bést to call the rock a vogesite lamprophyre. This
designation should be qualified with the statement that the

rock is transitional to a quartz syenite.

910 DRIFT
Thin Section No. Pl - Interior of dyke.

This specimen of dyke rock is from the 910 drift at
Premier. the second level from the bottom, in the recently-
worked part of the mine. The rock is aphanitic, has a dis-
tinctly green color and appears to be carbonatized.

The composition of this specimen is as follows:

Feldsparf,.................... 75%

Quartz.g..?.’..............‘.. 3%
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chlorite.‘.’.....“..l..‘.C.". 20%
Carbonaﬂte..............l......--5%

Magnetite, pyrite........accessory

This rock consists primarily of a méas of small feldspar
laths, together with lesser amounts of both large and small,
green chlorite grainé. Some of the larger chlorite grains
appear to be pseudomorphic after hornblende and there are in-
stances of feldspar laths resting against the large chlorite
grains in a manner similar to the "wrapping-around" of the
hornblende phenocrysts by feldspar laths seen in thin section
No. 3. The rock has certain similarities in appearance to
that in thin section No. 3 but has a still higher proportion
of feldspar.

Feldspar - The feldspar laths average 0.2 mm. in length
and form a groundmass of interlocking laths. They are less
clouded by alteration than those in thin section 3 and it
could be seen that about five percent of them are pblyéynthet-
ically twinned. The twinned feldspar is albite and the re-
maining untwinned feldspar also has a refringence less than
balsam and is orthoclase,

Quartz - Quartz occurs interstitiaslly.

Chlorite - Chlorite oceurs mostly as small, irregularly-
shaped grains (less than O.1 mm. in size) scattered through
the groundmass but also in lesser amount as large (0.3-0.4

mm.) grains which may be pseudomorphic after hornblende phenb-
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drysts, As there is no identifiable residual hornblende or
biotite, it is not known for sure what mineral was altered to
form the chlorite. |

Carbonate - Most of the carbonate is scattered among the
feldspar grains but some of it is in association with chlorite.

Opague Spots - Small dark-grey, powdery, opaque spots

averaging 0.02 mm. in size are uniformly distributed in large
number through the rock. They are white in reflectedblighf.
Owing to the fact that chloritization of the original
mafic minerals has largely destroyed any euhedral quality
they may have had, it is impossible to judge accurately the
original textural characteristics of the rock. There is a
fairly strong suggestion, however, that prior to chloritiza-
tion this rock was somewhat similar, texturally, to specimen
‘No. 3. In view of the fact that the majority of tﬁe feldspar
is orthoclase-feldspar, the rock might be called a vogesite
but as the ferromagnesian proportion is so low (20 percent)
and as the texture is not clearly lamprbphyric it is perhaps
Better to classify this rock as a syenite. In this ocase,
also, the name should be qualified by stating that it is trans-
itional‘to 8 vogesite since the proportion of ferromasgnesian

minerals is large for a syenite.

Thin Section No. Rll, - Contact of dyke with mineralized por-

phyry.
This is a specimen, from Dr. W.H. White's collection, of
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dyke rock such as is termed lamprophyre at the Premier mine.
Megascopically, it is a very fine-grained, almost aphanitic,
dark greenish-grey rock which contains small whitish grains
of carbonate and small.particles of pyrite. It is in contact
with porphyry which is mineralized with pyrite.

Microscopically, the dyke is éeen to be largely (65 per-
cent) composed of an indeterminate, grey-colored groundmass
which is clouded by alteration so that it appears white in
reflected light. The groundmass showsnno anisotropism in its
present state. Under high magnifiéatibn there can be seen
colorless, needle-like crystals, 0.0l mm. thick to almost
sub-microscopic in size, very thinly distributed in the
groundmass, giving it, in places, a felted appearance.

The only essential minerals which could be identified are
calcite, feldspar and quartz. They generally occur'in grains
of .05 mm. dimensions. Feldspar is the only euhedrsl mineral
in the slide, the largest crystals of which rank as micro-
phenocrysts.

The composition of the rock is:

081CitEu nnernenesnanncns 20 %
FeladSPATeeesseecossesssse 10 %
QUATrtZesssecceaceccsceaes DB %
Isotropic Groundmasé;.... 65 %
Apatite, pyrite, magnetite - accessories.
Quartz - Quartz is uniformly disfributed in the form of

rounded grains, .00 mm. in diameter.
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Feldspar - Feldspar laths are up to 0.2 mm. long and aré
untwinned; no interference figures nor refractive indices
could be obtained for it.

Calcite - Calcite has formed by groundmass alteration,
which was most effective around édges of quartz and feldspar

" grains, and by partiasl or complete replacément of feldspar
laths by calcite. Calcite is profusely scattered thiough the
rock in grains of .02 to O.1 mm. diameter, which often have
clear interiors and cloudy, incompletely transformed outer
zZones. ’

Isotropic Groundmass - The very fine colorless needles

which sometimes give a faintly discernible felted appearance
to the groundmass seem at first glance to be the smallest
‘representatives-of feldspar grains grading downward in size
from the micro-phenocrysts. However, the interference color
of these tiny needles is too high for feldspar as it is first-
order white in grains which are less than .01l mm. thick. The
needles have parallel extinetion and they may therefore be
biotite or some other ferromagnesian mineral. The ferromag-
nesian constituents of this rock, which must be in appreciable
amount to give the rock such a dark color, are contained in the
groundmass where they are insufficiently orystallized to
permit identification.

Apatite, pyrite, magnetite - Occasional euhedral grains of

apatite can be seen as well as 0.l1l5 mm. grains of pyritevand

.05 mm., square and diamond-shaped, euhedrons of magnetite.
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A tear-shaped inclusion or amygdule, l.5 mm. in diameter,
occurs in the section. It cohtains small calcite and sericite
graiﬁs poikil;pically enclosed by a grain of a nearly color-
less mineral which is biaxial and has dark grey interference
color.

The rock has flow structure due to alignment of feldspar
laths and some elongated carbonate grains.

The specimen is, unfortunately, from the chilled edge of
the dyke, and is insufficiently crystallized to permit a de-
termination of its composition or its identification as a
lamprophyre. Its dark green color suggests that it is fairly
basic in composition, yet there are no ferromagnesian crystals
present. It has been observed, in all lamprophyres studied,
that their chilled edges invariably contain ferromagnesian
crystals which are only slightly smaller than phenocrysts
occurring in the center of the dyke, even though all the salic
constifuents be uncrystallized. The lack of ferromagnesian
crystaié in this specimen is therefore indirect evidence that
the rock is not a lamprophyre but it‘must be'discounted owing
to the possibility that a non-porphyritic, very fine-grained
lamprophyre mighf have no mafic crystals in its chilled bor-

ders even though they occur at the center.
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RUTH MINE, SLOCAN DISTRICT

LAMPROPHYRE SILL - 5 LEVEL

A dsicussion of the field relations is given in Appendix
A,

Thin Sections Nos. 1 and 2..

S3pecimen No. 1 is from a lamprophyre sill near its cbn-
tact with the Ruth lode and specimen No. 2 is from the same
sill, four feet away from the contact. The only difference
between the two specimens is that No. 2 has very many large,
elliptical, carbonate aggregations, all oriented normal to
the sill walis Qhereas in No. 1, there are only three such
bodies. Megascopiéally, the rock has a grey color due to
'intense carbonatization. No constituent minerals are dis-
cernible other than calcite.

The outstanding feature of this rock is the occurrence in
it of large, pale-green chlorite crystals up to'l mm. long
which constitute about 45 percent of the rock and are the only
ferromagnesiaﬁ crystals present except for a few small shreds
of biotite. This c¢hlorite may have been formed through al-
teration of original biotite since there are smali biotite
shreds in seotioh,é énﬁ becalige the chlorite laths resemble
biotite in their shape. On the other hand, as these shreds of
biotite Qo not show particulaxly close gss@ciation with the
chlorite, it is not certain that chlorite is after biotite.

No feidspar could be found in either section.
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The composition.of thin section 2 is:
ChL1OT1t0ue0esassosnsansenanareees 45 %
Calcite, in Oval Aggregations.... 20 %
Calcite in the ROCKesessssssessss 20 %
UNKNOWN.eeeeoessassscesssscaansess 10 %

 QUATTZeecesccssrsscesscscsrsssnene O %

Biotite, phlogopit€eees....a fow grains

Chlorite - This mineral is probably prochlorite. It has a
pale-greenish color, distinect pleochroism, first-order white
interference color, one perfect cleavage and an extinction
angle of 29-5°, The laths are length fast, the optic sign is
‘positive and the figure either uniaxial or biaxial with 2 V
less than five degrees. The mineral‘ocdurs in biotite-like
laths and large, irregular basal'sections which are almost
black under crossed nicols. The refringence as determined with
immersion oils is between 1,59 and 1l.66.

The chlorite laths show a distinct tendency to lineation
similar to that of the carbonate ellipsoids but not to such a
high degree. In addition; chlorite may also occur in radiating
groups of large crystals which usually show spherulitic ex-
tinction effects. The occurrence of chlorife in this rock is
very novel and is the more remarkable since it is accompanied
by no other ferromagnesian mineral except the few grains of
biotite.

Calcite - Calcite is present in two forms. One, as clear,

~.
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coarse grains scattered through the rock and the other, as
large (up to 1/3 inch long) ellipsoidal aggregations, esch
composed of a granulated mass of small calcite grains. These
ellipsoids have parallel orientation in a direction normal to
the walls of the sill. The calclte 1n the ellipsoids is dark-
ened by material which is white in refleeted light. The csl-
cite in the ellipsoids is thought(llo have been formed by
secondary solutions moving through a system of parallel frac-
tures, which was intersected by another set df fractures, thus
causing the formation of oval-shapéd oriented masses wherever
two fractures- meet.

Unknown - A mineral very similar to cordierite in appear-
ance but with a definitely positive optic sign is irregularly
'&istributed in the rock in anhedral grains, O,4ymm. in—dia-
meter. Very many fine sericitic grains are invariably contain-
ed in the mineral. The optical properties are: colorless, no
visible cleavage, relief vefy low, index very close to balsam
but probably a little greater than balsam, interferencé color
first-order grey, uniaxial or 2 V very small, optic sign posi-
tive. The mineral may be a feldspar but it is very hard to
prove it.

Quartz - Quartz occurs as interstitial grains among the
calcite and chlorite crystals.

Biotite - Biotite grains, seen best in section 2, definite-

(1) Sharp, W.: Personal Communication.
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ly appear to be relics of alteration as they are never eu-
hedral but are usually in the form of small shreds. Biotite;
however, rarely occurs inside grains of chlorite as would be
expected if the chlorite were a result of biotite alteration.
The color of the biotite is brown. In thin section 1, the
chloritic material frequently has a birefringence too high
for chlorite. This occurrence may represent the transition
gstage between biotite and chlorite. |

Phlogopite - A few grains, tentatively identified as

rhlogopite, occur in thin section 2. They are lath-shaped, al-
most colorless, have parallel sextinction and-are length fast.
The highest interference color observed was second-ordér blue
and the interference figure is almost uniaxial, negative with

s

one ring.

Opaque Minerals - There are very few, irregularly distribut-

ed black opaque grains which are probably magnetite,

Inclusions - A few inclusions consisting of granulated

quartz grains together with a little muscovite and carbonate
osccur in the rock. These are up to one-quarter inch in
diameter and have no specific orientation such as that of the

calcite aggregations.



Plate 1. x B0

Reeves lamprophyre, T.S. 1l. Shows the two zones of altera-
tion surrounding residual olivine. Also visible are biotite,
diopside, apatite and metallic grains in a ground of feldspar,
carbonate and quartz.

Reeves lamprophyre, T.S. 1l. Similar to Plate 1. Partly
altered diopside grains are more plentiful and are concentrat-
ed around edge of altered olivine grain.



Plate 3. x 20

Sullivan, 3904 cross-cut. T.S. S3b. Biotite-lamprophyre
at top in contact with earlier "low-grade" ore at bottom,
Illustrates flow-banding in the lamprophyre.

Plate 4, x bb

Bralorne, 1351 East Drift. T.S. 15(a). Chloritiec lampro-
phyre (black) in contact with vein quartz (white). Biotite
phenocryst and flow-banding are visible in the lamprophyre.



Plate 6. xbb

Premier, 9C stope. T.S. P3.

Kersantite containing horn-

blende phenocrysts in a

groundmass of kaolinized

feldspar, carbonate, chlorite

and & little interstitial
quartz.

Plate 5. x 60

"Rossland No.2" lamprophyre.

TS, R33. Anhedral biotite

(dark) with feldspar (white).

Biotite phenocryst on the
right.




