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A MICROSCOPIC STUDY OF
ORE FROM LYNN CREEK ZINC MINES

Near Vancouver, British Columbhis,

- By Jack F. Lerbekmo =~

ABSTRACT

A suite of ores from Lynn Creek 7%inc Mines, near
Vancouver, British Columbia, was examined microscopically
in 8 polished sections. The hynogene metallic minerals
identified, in probable order of masjor periods of depos-
ition ere as follows: pyrrhotite, sphalerite-chalcopyrite-
cubanite (ex-solution), pyrite (?); sphalerite, galens.
There was some continuation of silication after deposition
of the pyrrhotite.

A strong sugeestion of ex-golution of sphalerite
from chalcopyrite indicates a temperature of deposition of
over 550°C.

Svhalerite is the ore mineral and ty far the most
abundant of the metallics. It is very c¢leen, and a recovery

of 90 percent, or bhetter, is forecasted.
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INTRODUCTION

Purnose of the Study:

A sulte of ores from %the pronerty of Lynn Creek
Zine Mines was examined microscopically in polished sec-
tions to determine the metallic minerals present and their
paragenesis.

The results are expected t0o be of aid in studying
the conditions of ore deposition and the metallurgical
treatment of the ore, as well as to illustrate some measure
of the vractical $echnique and knowledge gained by the

writer from the course Zeology 409.

Location of the Proverty:

The property of Lyann Creek 7inc ikines lies 1in
the Vancouver Minine Division near Vancouver, British
Colunmbia. The eight elaims which constitute the holding
lie seven miles directly north of North Vancouver on the
south slope of a spur extending eastward from Crown Mountain,
The claims stretch over a verticsl range of 2500
tfeet from the West rork of Lynn Creek, at an elevation of
1600 feet, to the top of the ridze. The claims inclvded

are the followine:

No.
Kemptville Extension 1609
Bvening Star 1633
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No.
Russell 3748
Jersey 3749
Lyan Fraction 3760
Cascades 3762
Fleming 4020
Pretty Bess 4026

The ore examined came from Xemptville Extension
and Bvening Star, which lie approximately in the centre of
the group and cover the prineipal outcrops.

The ground lies within the North Vancouver Water
Shed, and & permit from the Water Board is required to
visit them. A passable vehicle road exists from the Water
Shed boundary, at the lower intaeke on Lynn Creek, %o the
upner intake, a mile away. From there aporoximately five
miles of rather difficult trsil lead to the location. An
0ld timbered logging trail, if it may still be called such,
follows the east bank of the creek to where the West Fork
comes in. From there, a former pack trail pursues the north
bank of the West rork,angling up the hillside, to end on
Kemptville Extension Claim on the lower end of Zinc Canyon.
Here, at an elevation of 2100 feet, are the Lower Workings,

from which the majority of the ore came.



GEQLOGY

General:

The lower course 0f the Fraser river, with Van-
couver at its mouth, markéaﬁhysiographic southern margin
of the great Coast Range Batholith. Lynn Creek occupies
a typical Coast Range valley with precicipitous walls ex-
hibiting & relietf ot 3000 feet.

Forming the drainage basgsin of the headwaters of
the creek, and undifferentiated topogranhically, is one of
the xenoliths so common to this part of the batholithie
intrusive. The body measures about 3 miles by 1% miles,
and trends northwesterly.

The rocks are a complex series of andesites,
quartzites and limestones of probable late Palseozoic or
early iesozolic aze. They strike a little north of west,

are sharply folded, and in part recrystallized.

deonomic

The mineralization is related to the batholith
but is localized entirely by the thin, lensine limestone
members of the pendant. Only four such beds have been
noted. The mos% easterly, on the west slope of Lynn Ridge,
is connected with some copper mineralization of a spotty

nature. The two most important beds outerop at the western



contact of the xenolith on the properties under consideration,

The ore is controlled by favorable beds in the
limestone, which is now largely altered to skarn, and by
a number of sets of shears. The mineralizing solutions
have followed shears in the limestone where available, re-
plaéing the beds for one %o five feet on either side of the
break., The grade of ore gradnally diminishes outward, so
the ore limits are in part assay boundaries. The sediments
strike sbout N. 18° E. where exnosed in the canyon at the
Lower Workings, and dip very steeply to the west, abutting
against the intrusive contsasct on the west wall of the
gulley. The ore uncovered so far is all within a few tens
of feet of the intrusive. The averase sampdle assays about
17 percent zince, and less than 0.5 ounces of silver.
Samples from the Pearson Shoot, however, which were rich
in galena, carried about 35 vercent lead, 30 percent zinec
and & ounces of silver. Outside of the Pearson Shoot, the
chief ore mineral is sphalerite.

The second ore zone is exposed 2000 feet t0 the
northwest and 200 vertical feet below the ridge erest, on
the nose tetween Zinec and kleming Ceanyons. The beds here
strike L. 45° E. and dip about 69° to the northwest, The
veins here are several hundred feet from the contact.

The majority of the ore so far exposed must be
classified as contact-metamorphic by virtue of its position

and the accompanying wall rock alteration.



MINERALOGY

The microscopie study of the mineralogy of this
ore was begun with the hope, common to student and master,
of finding some rare minerel occurrénce or asgssociation.
When the writer became convinced that no such discovery
was forth-coming, he turned his efforts to unravelling the
paragenesis of the rinerals. The fine-greined nature of
the minerals in the sections facilitated such a sgtudy, for
border relations were fhumerable, end veining character-

igties quite frequent.

MEGASCOPIC EXAWINATION

The gangues will be considered first, then the

metallies in order of abundance.

Gangue MNinerals

Siliceous "contact-rockV?

This is the normal gangue of the specimens from
the West Vein. It is & hard dark-green siliceous rock
deriving its color from secondary, contact-metamorphiec
silicates. The nature of the originsal rock which it rep-
resents is rather obscure.

Epidote:
The clean sphalerite developed abundantly at the



intersection of shears is set in a gangue of nearly pure
epidote.
guartz:
Coarse-grained white quartz, somewhat vugghy,
occurs only in the Pearson Shoot, where it is the principal

gangue of the high-grade galena-sphalerite ore.

Metallic Minersls

Spalerite:

Sphalerite is the most important ore minersl in
this suite and by far %he most abundant. The grains range
in size from 1 em down to dust-like partiecles, the majority
&re less than 3 mm. Most of the sphalerite is massive, but
in epidotized shear-fillings it occurs evenly disseminated
in medium-sized grains covering about half of the surface,
giving the rock a characteristic speckled appearance. It
is often associated with minor chalcopyrite.

In the specimens from the Pearson Shoot, spvhalerite
appears in elose connection with galena, hoth massive and
disseminated throush the quartz. It is more equi-granular
here, averagine 2-4 mm where disseminated, and slightly
more where massive.

Galena:

The presence of galena is restricted entirely %o
the Pearson Shoot specimens. Its occurrence is very similar
to that of the sphalerite in this body. Where massive, the

grain size reaches 1 em, but the averace is between 3 and 5



mm. The smaller disseminated grains show the cubic erystal
habit quite strongly.

Pyrrhotite:

This minerel occurs very fine-grained and messive.
Pyrite or marcasite in one specimen is closely associated
in a vein abtout 3 mm wide. The pyrrhotite is sleo somewhat
allied to the chalcopyrite but seems %o shun sphalerite.

Chelecovnyrite:

This single copper representative ié not abundant,
but 1% is found quite commonly with the pyrrhotite and the
snphalerite as irregular patches less than 1 cm in extent.

It would probably best be described as a light spattering.
Pyrite:

For a mineral commonly so socisble and ubiquitous,
the pyrite is here noticeatble for its isolation and scarcity.
It is habitually disseminated but with a linear arrangement
of grains. The grains grew as large as 2 mm where the
mineral was c¢oncentrated, but decreased in size with dis-
semination,to mere pin points. A rather poor cubiec ecrystal

habit 1is suszested in some of the larger grains.
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MICROSCOPIC EXAMINATION

Primary Minerals

To give the reader as clear a picture as possible
of the formation of the deposit, the minerals will be treat-
ed in whet was their probsble order of deposition.

Ganguel :

Most of the cangue falls into this category, which

probably represents the originael hard, silicified country

rocke.

Gangue Il:

such less abundent than the original gangue, it
occurs as slightly lighter colored veins up %o 2 mm wide.
Greater ease in polishing shows if td he a 1little softer
than the other gangue, but too hard to scratch with a needle,
It is entirely older than the ore.

Pyrrhotite:

Pyrrhotite was recognized in polished section by
its characteristic color, extreme anisotropism, and negs-
tive reaction to HNOS. The lack of copper in chemical
tests disproved the possibility oif cubanite.

Though usually by itself, it is more often con-
tiguous to chaleopyrite than sphalerite. The solutions
have been fairly fluid, for the minersal forms veins in

the gangue only a few microns wide. The »nyrrhotite has

also been active in replacing the gangue in minute
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irregular bodies (Fig. 1). 1In section A, the pyrrhotite
has been largely altered %o marcasite by surface weathering.

Gancue II1:

This gangue is seen to be a glightly different grey
from either of the first two when all three are together
under the microscope. When only two of the gangues were
gseen together, the writer could not be sure which they were
unless they could be traced to a mass of pyrrhotite. Here.
one is very distinctive in that it continues as very fine
branching veinlets and wisps throughout the metallic minersl
(Fig. 2). This late siliceous phase is hard, like the ear-
lier ones.

Sphalerite:

The sphalerite was easily identified under the
nieroscope by its blue-grey color and softness. Its iso-
tropie property and inertness to nitric acid were consider-
ed sufficient verification.

The zinc minerel is intimately mixed with chal-
copyrite where the two minerals are abundant, as in section
D. ZEsach is found in the other in grains of all sizes down
t0o less than 10 microns, but the chalconyrite is far more
abundant in the sphalerite. Some larce patches of chal-
copyrite show numerous blebs of sohalerite near the centres,
but in most cases the sphalerite is peripheral. T™he in-
clusions show all the variations o1 shape, from well-rounded
to most irregular. Amongst the latter, tynical "carfies"

texture is abundant, and any one example can bte matched by
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(:) Pyrrhotite (:) Gangue (I&IT)

Fig. 1. Pyrrhotite veining and replacing gangue.

Gangue TIT
(:§:;Lngue £

Fig. 2. Ganguelll veining Gangue I and pyrrhbtite,

(:) Pyrrhotite



another fully as contradictory. This, together with the
lack of any hind of orientation of inclusions, suggested
contemporaneous deposition. However,‘Edwards (p. 68) states
that this orientation is not evident in what he terms
"emulsion" textures of ex-solution minersls. Section D
exhibits an almost identical texture to that shown by
Rdwards (fig. 76) as typical of this process, except that
the chalcopyrite is somewhat more abundant in Edwards'’
example. Since sphalerite-chalcopyrite ex-solution has
been proven in the laboratory, the writer is convinced that
in the ore represented by section D, at least, the two
minerals were denosited tozether in solution.

The occurrence o2f the sphalerite in the chalcopy-
rite in this form 1s rather uncommon, for it requires a
high temperature of deposition. According to Borchertl,
the unmixine occurs at about 55000.

A few inclusions of pyrrhotite are found in the
sphalerite, the reverse situation is parely present. No-
where is the sphalerite found veining the pyrrhotite, How-
ever, & blanket study of the inclusions shows stronger
evidence of replacement by sphalerite it "carfies" texture
is to be given weight at all (fig. 9). Sphalerite veins
the gangue abundently and preferentially.

Cubanite was located in two places, hoth in
section D, where it occurs as ex-solution bodies in the

chalcopyrite. Both occurrences were toesmall t0o identify

1
Borchert, H., Chemie der Hrde, Y, pp. 156-157 (1934).



. Pyrrhotite

Fig. 3. Hematite veins through pyrrhotite

uarcagite
O Pyrrhotite

Fig. 4. lisarcasite revlacing pyrrhotite from fractures.

]
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by micro-chemistry, but the following evidence satisfied
the writer that the identification was correct. -
Color - Slightly paler than pyrrhotite
Hardness- To the eye, it polishes unpreferentially
to chaleonyrite, but the Becke line
shows it to be slightly softer.
Eteh - Negative %o HNO3
Anisotronism - Strong
The largest body was a straicht composite lath
about 30 microns by 1560 micerons, which is perfectly ex-
emplified by Edwards (fig. 84). The other occurrence was
a small group of parallel hair-like bodies only a few tens

of mierons long, at the edge 01 & chalcopyrite grain.

Chalcopyrite

This mineral is easily differentiated from any
mineral except gold by its color, isotropism, and chemicsal
inertness.

The relationship shown in section D between chal-
copyrite and sphalerite was discussed under the latter
minerel, Section B, however, from a different vein, suggests
the chalconyrite to be later than all of the primary miner-~
als present. Here the chélcopyrite is prolifie in megas-
copic veins. An overall examination leaves a stronz im-
pression that the conper mineral is renlacing both country
rock and former sphalerite veins without decided preference.
The "carfies" texture in the section also bears this out

(fig.5 and 7), though nowhere is the chalcopyrite very




Chalcop'te

(:) Sphalerite (:) Gangue

Fig. 5. Chalcopyrite exhibiting 'caries' texture
toward sphalerite.

vlarcasite
(:) Pyrrhotite (:) Gangue

Fig. 6. Colloform habit of wmarcasite replacing
nyrrhotite outward from fraetures.

16
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definitely veining sphalerite.

This situation leaves the observer the choice be-
tween two conclusions. Either there was overlanping de-
position of the chalcopyrite, or a second generation. The
small proportion ot chalcopyrite, compared %o sphalerite,
in the ore as a whole makes overlapping deposition seem un-
likely to the writer. On the other hand the assumption of
more than one generation of a mineral is frowned upon by
some investigators unless there is very good evidence to
support it. The writer admits suoh evidence is lacking.

Pyrite- (Marcasite 7):

The pyrite was distinguished in poly-section by
its hardness and color, except where confused with marcasite.
In such cases the writer relied upon isotrople properites
but must admit that in this distinction there was doubt in
gsome instances. The origin, age, and distinction between
pyrite and marcasite was one of the most confusing probléms.
Everywhere the pyrite shows lack of go0d crystal outline.

In the only section where the pyrite is uniform and nearly
igsotronic, it occurs alone (section ¥) in elongated, vein-
like replacement bodies. 1In section A the marcasite and
pyrite can quite definitely be separated on polishine char-
acteristics. Hhowever, no definite borders between them can
be seen, even thougn the two are always c¢losely related. In
some cases the c¢olloform rings of marcasite are convex out-
ward from the pyrite towerd the pyrrhotite grains, as if %the

oyrite represented an older core of marcasite, altered since
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t2 pyrite. The writer does not know whether this is poss-
ible or not under ordinary conditions of weathering. Too,

it might be argued that the pyrite as well as the pyrrho-
tite was altering to marcasite. Where the irregular "pyrite"
masses have no secondary marcasite bordering,them they show
heterogenity under crossed nicg¢ols, unlike the homogeneous

npyrite in section F.

1 2

Stokes™ and marr® have found %hat both marcasite
and pyrite can occur as primary minerals in the same de-
posit under slightly differing conditions of temperature
and acidity. Marcasite cannot exis%t above 457°C accordine
to Taerr,and if the two are precipitated alternately, it
must be a% a temperature of about 1007C.

The writer sees only %wo nossible explanations
for the marcasite and pyrite mineralization in this ore.
There may be two types of marcasite, one:iggaing like the
oyrite but showine a wavy anisotropism, the other definit-
ely secondary. The glternative is to have two types of
pyrite, one primary (section ¥), and the other resulting
from the alteration of secondary marcasite, and retaining
a semblance of anisotropism.

The writer doubts the presence of a nrimary
marcasite, and therefore is forced %72 offer the second
axplanation.

3alena:
The grain bounderies of the galena are quite

smooth and regular, even more so than the sphalerite with

Stokes, He. Neo, On pyrite and marcasite, U.S. 3e01l.
2 Survey Bull. 186, 1901.
Tarr, W. A., Alternate deposition of pyrite, marcasite
and possibly melnikovite, amer. iinersal, 12, 1927. ’



(:) Chalecop'te
O Sphalerite

O sangue

Fig. 7. <Chalcopyrite showing 'caries' texture and
gsemblance of veining sphalerite.

(:)&alena
O Sphalerite

Fig. 8. 'Reversed caries'
galena.

(:) Quartz

texture of sphalerite and
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which 1t is closely associated. There is no certain ev-
idence that it is younger than the sphalerite, but that is
the general impression received, without teing able to
point it out conelusively at any one place. If such is the
case, the rsverse "carfies" habit of sphalerite and galena,
mentioned by Zdwards (p. 107), is present here (fig. 8}).

It is very possible that the sphalerite in this section C
from the Pearson Shoot is a second seneration. The char-
acters of the metallic minerals and the quartz vein suggest

this to be the casse.

Secondary Minerals

Marcasite:

siarcasite is ubiquitous as a weathering alter-
ation of pyrrhotite working inward from grain boundaries
and cracks in its typical colloform manner (fig. 6). 1In
a well polished section it is not obvious, but it is a
1little rougher and in slight relief to the »nyrrhotite.

S5light etching with HNO_, brings it ou% very clearly.

3
Hematite (%)

Late veins of & minerael which is probably hema-~
tite cut all the other minerals. The mineral looks very
much like sphaelerite but is seen to bhe slizhtly darker
where the two are in contact. By internal reflection it
could not be definitely distinguished from sphalerite and
some of the gangue minerals. Small veins occur in %the

pyrrhotite and pinch out rapidly in ad jacent minerals.
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marcasite
C:)Sphalerite
(:)Eyrrhotite (:) Fangue

Fig. 9. 'Caries' texture of sphalerite toward pyrrhotite;
alteration of pyrrhotite to marcasite producing
excess iron in the form of hematite veinlets.

LOCATION OF FIGURES

Section A Section B Section C
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In other places,larger veins when going through pyrrhotite,
widen out sharply upon entering the mineral and narrow as
rapidly on the other side. The veins seem to prefer sphal-
erite to zangue, K for they follow earlier sphalerite veins,
and often part of the sphalerite remains along side the
hematite.

The writer is led to believe that the hematite
veins are a result of the excess iron produced in the ex-

tensive alteration of pyrrhotite to marcasite.



CONCLUSIONS

1. Paragenesis

The paragenesis of the minerals suggested by the
writer is shown below.

Gangue I «-P——

Gangue II .« + o—nu

Pyrrhotite . « o o —

Gangue III « « + o o o

Sphalerite-Chalcopyrite- .
Cubani te . . L . . . ') 8 en——mmsme

Chalcopyrite =« « « ¢« « &« o« o ——

Pyrite (?) . « o e o ¢ & o e —

Quartz T R S T R -
Sphalerite +« «+ ¢ ¢ o« .+ . . . e _—
Galena L] L] L] L] L] * . - L] . [ ] [ - ——

MarOaSite L] . . L] . . . . (] 3 . . . * L

Hemati te L L] . L] L] L L ] L] - . [ ] L] L ] [ ] a——

Pyr‘lte (?’ . o L] . L] . L] . . . . L] L] L] .

|

2. Temnerature

The indicated ex-solution of sphalerite from
chalcopyrite shows that the probable temverature of de-

position was over 550°C. The almost certain ex-solution



of cubanite from chalcopyrite sets & minimum temperature
of 450°C.

3, Precious Metals:

Sinee no silver mineral was identified, it is
agssumed that the few ounces of silver carried by the ore
is probably present as argentiferous galenal.

The ore carries only a trace of gold, and this
may be connected with the pyrite.

4, ¥illing:

The ore as a whole is exceptionally clean and
no difficulty should be encountered %o free it from im-
purities. The gangue is brittle and should crush easily.

The writer sees no reeson—why difficulty in
attaining a zinc recovery of 90 percent, or better from

about a 50 percent concentrate.

1
Warren, H. V., "Distribution of silver in base metal
ores", Trans. Amer. Inst. WMin. Met., Bng., 115, (1935).
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Section A.

B.

Ce
D.
B.
F.
Ge

LIST OF wINSRALS BY SECTIONS

Pyrrhotite, sphalerite, chalcopyrite,
pyrite, marcasite, hematite.

Chalcopyrite, pyrrhotite, sphalerite,
pyrite, marcasite.

Sphalerite, galena.

Cheleopyrite, sphalerite, cubanite.
Pyrrhotite, marcasite, pyrite (%).
Pyrite.

Sphalerite.



Allen, K. T.,

Borchert, H.:

Kdwards, A. B.:

Gruner, J. We.:

Short, M. No:

Stokes, H. N.:

Tarr, W. A.:

Warren, H. V.:

BIBLIOGRAPHY

Crenshew, J. L., and Johnston, J.:

The mineral sulphides ot iron,
Amer. Jour. Sei., 33, 1v1l2.

Chemie der Erde, 9, 1934.
Textures of the ore minerals and
their significance, Aus. Inst.
Me #ie, 1947.

Magnetite-martite~hematite, Ec.
eol., 21, 1926.

iticroscopic determination of the
ore minerals, U. 3. %enl. Survey
Bull. 914, 1948.

On voyrite and marcesite, U. S.
7e0l. Survey Bull. 186, 1901.

Alternate denosition of pyrite,

marcasite, and possibly melnikovite,

Amer. wineral, 12, 1927.

Distribution of silver in base
metal ores, Trans. Amer. Inst.
wmin. met. Eng., 116, 1935,

26



