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Dear Mr Idziszek: (SRR READ |

Enclosed are written descriptions and XES analytical data for your 13 samples sent last month.

I am returning the slides, polished sections, rock remains, and photo negatives under separate
cover by parcel post.

Each sample was studied optically in thin and polished section, and the polished section was
analysed by XES prior to examination by electron optics. The descriptions of the samples will
provide the detail you may find useful, but some general comments are in order as well.

One of the weak points of the study is determination of lithology. I believe these rocks to have
been shaly/cherty sediments and volcanics that were metamorphoseéd, then sheared/brecciated,
then severely altered hydrothermzlly as a part of the mineralization process. The alteration
obliterated any metamorphic mineralogy once present, and indeed in some cases I couldn’t tell
if relic crystals were plagioclase - or andalusite - or something else. The alteration mineralogy
is simple, mainly quartz -sericite. Locally there is phlogopite, and in general the micas were on
a trend to become more magnesian with time. Barite was seen onae, but the anomaious Ba in
other samples remained unexplained.

Also unexplsined by the study was the location of Mn, Mo, and Tl in the mineralogy. Failure
to find minerals of these elements suggests that they are substituents in other minerals and thus
below the detection limit of the probe. All other elements analysed were satisfactorily explained
by the mineralogical findings.

The suifides were introduced after shearing/trecciation ceased and seem quite contemporaneous
with the wallrock alteration. The paragenesis is as follows: pyrite (first) - arsenopyrite -
sphalerite (+chalcopyrite) - tetrahedrite - stibnite - cinnabar + gold - realgar (+calcite) - native
arsenic - stibnite + cinnabar + polhemusite. A couple of other minerals were found but are very
rare and there is insufficient informatios to fit them into the paregenesis.

It seems clear that gold traveled with mercury in this case, but considering the very high assays
you report, I seldom saw gold. It is usually intimately admixed with cinnabar with a grain size
up to and well under ¢u and below the size limit for useful analytical resolution. Unfortunately,
too, its mole weight is comparable to that of cinnabar so that no useful contrast is possible. The
few larger gold grains seen (up to 20u) are paragenetically of the same age, occur in the general
vicinity of the Au-cinnabar intergrcwths, and yet can account for only s tiny fraction of the gold
present. In sum, I would estimate that 95%+ of the gold is ih sub-micron sizes.
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It is possible, too, that the mineral of gold is in fact gold-amalgam, for it can only be said that
certain domains within the early cinnabar "veinlets” are aurian, and all domains analysed gave
high mercury readings as well. Whether all mercury is from interference with host cinnabar or
not could not be determined. However, the few larger grains found were analysed, and they are
not amalgam. They also contain no detectable silver. All of that element is tied to sulfosalts.

I trust that these data will be of value to you.

Sincerely,

%\ Q\.. Q\r\d&_&\ N

Sidney A. Williams
SAW:Dbj

encls.



CA-001

The original rock is believed to have been a severely chil-
led basalt vitrophyre, possibly a subagueous flow breccia.
Textural detail has been almost obliterated by strong subse-
quent epizonal alteration.

Oval basalt fragments are still visibie owing to clouding of
the original glass bazse by lsucoxene dust, and a few fragments
display relic plagioclase microlites within the glass. Each
fragment is altered differently. The glass may be replaced by
sericite, or by neerly amorphous albite, or by dolomite. The
matrix to the fragment relics is a paste of sericite which
locally shows a crude foliation. Quartz crystalloblasts occur
rarely in the matrix, engqulfing inclusions of sericite and
dolomite. :

Sulfides are erratically disseminated, seeming to form
preferentially in certain Fe-rich glass fragments. Arsenopyr-
ite is the most abundant sulfide, as euhedral prisms that tend
to coneentrate in certain clasts, often in reticulated array.
Less common is pyrite, as curious spongy spherulee that show
no spatial or paragenetic relationship to arsenopyrite. They
tend to be dispersed in the foliated sericite matrix. No oth-
er opaque phases were found during optioal or electron optical
examination.

CA-002

The rock is a chertstone, a fragmental unit of uncertain
origin. It is an aggregate of imm fragments oriented with
long axee parallel in a crude bedded fabric. The fragments
(mere ghosta now) give no textural clues as to origin. They
range from oval in outline to irregular lens-like patches,
some of which are themselves fragmentals. Commingled with
them are occasional round chalcedony patches, perhaps radio-
laria originally.

Epizonal silicification has been intense, and all fragments
are converted to cryptocrystalline to amorphous, cloudy chert.
In a few places interconnected chalcedony patches have begun
to form and they are free of dust-like inclusions, unlike the
chert matrix. The rock is but by innumerable parallel veins
of calcite in which quartz is a minor accessory. A few veins
of like age are normal to these sheeted veine.

The cherty matrix is host te sharply euhedral arsenopyrite
prisms that are sparingly disseminated with no sign of change
whatsoever in the nearby chert. Far less commonly disseminat-
ed, and as small interstitial grains, is stibnite.

The snlfide assemblage sssociated with younger celcite veins
is more complex. Commonly the calcite core contains stringers
of granular realgar rimmed with botryocidal native arsenic.
Embedded in the realgar core are irregular patches of stibnite
that hest small cinnabar inclusions.



CA-003

The rock is a cherty argillite. 1Its cherty domains resemble
CA-002 closely and are cryptic fragmental rocks with no relict
textures visible within them. Thess cherty domains were once
interbedded with argillic material.

Textures have been blurred owing to epizonal alteration cou-
pled with shearing. The argillic material has been converted
to sericite, and the shearing has given the sericite a crude
foliation around detached chert fragments. The sericite is
more randomly eriented within some domains that are partially
cherty - theae sometires resemble vitric basalts. Small round
quartz graina of uncertain origin are rarely embedded in ser-
icite foliae.

Sulfides are fine grained and are evenly disseminated both
in cherty and sericite-dominated domains. Pyrite is invari-
ably present as curious spongy spherulites, rarely clustered.
Stibnite grains are anhedral and they may attach to pyrite as
a younger phase. Arsenopyrite crystals are invariably euhed-
ral, floating in ckert domains most commonly. The only other
reflective phase found is sphalerite. It is rare, as fillings
in curved extensional microcracks in chert domains.

CA-004

The rock is an argillic chertstone similar to CA-003. It is
a complex bedded unit with chanty laminae that show cryptic
fragmental structure. Some of the fragment domaine are chert
intimately admixed with argillic matter, and more clays once
occurred in sinuous laminae interlayered with the chert-domi-
nated ones.

Alteration has been accompanied by mild shearing. Cherty
laminae are little affected; quartz in them still ranges from
cryptocrystalline to amorphous, even though clays have re-for-
med as sericite. The chert patches now lie in a matrix of
coarse granular quartz rimmed with sericite that is partly
converted to curved phlogopite scales. This assemblage has
begun to advance upon and replace some of the chert. Associa-
ted minerale (in the quartz) are calcita and barite.

Tha ailicate gangue is host to euhedral and slender prisms
of arsenopyrite and blebs and beads of pyrite. These two min-
erals show no paragenetic relationship and they are confined
to unrecrystallized domains. The quartz-phlogopite assemblage
is related to coarse granular realgar which is armored by bot-
ryoidal native arsenic against the gangue. Small irregular
stibnite inclusions occur in the realgar and in the base of
the arsenic coatinge on it.

CA-005

The sample is a microbreccia composed of small and rounded
fragments scattered widely in a sulfide matrix, mainly



CA-005 con't.

realgar. The majority of fragments consist of granular to
prismatic quartz and coarse scaly phlogopite and they show no
relict textures whatsoever. Far less common are fragments
composed of cloudy and cryptocrystalline feldspars that appear
to haue heen basic volcanic glass, and a few small fragnments
consist of euhedral calcite crystals.

Those fragments containing quartz enclose sulfide dust and
small beads within the quartz, and their sulfide assemblage
may differ from thet of ths matrix, ae if brecciation were an
interruption to the mineralizing process.

The realgar cementing fragments in this sample is host to
occasional small round pyrite grains that are typically .02mm
in size. Much amaller pyrite patches occur interstitially to
silicates in the fragments as well. Stibnite is found as ir-
regular grains within realgar and interstitially to silicates
as well. It hosts irregular grains of cinnabar and is also
cut by tendrils of cinnabar. In the latter avent cinnabar is
intimately intergrown with native gold as filaments so small
they are not resolvable analytically (i.e. less than iu in
size). Larger gold grains (up to 20u) are very rare and occur
at the contaots of realgar and gengue. The rare mineral pol-
hemusite was found as inclusions in stibnite end occurs in
much the same manner as the late cinnabar.

The paragenesis, thus, is pyrite (first) - stibnite - cinna-
bar+gold - realgar - stibnite+cinnabar+polhemusite (last).

CA-006

The rock appeare to be a sheared breccia, altered subse-
quently, and protolith textures in fragment domains are conse-
quently obliterated. Most of the fragment domains are lenses
of coarse scaly muscovite that are interwoven and intergrown
with opaques. Other lenses consist of cryptocrystalline and
cloudy orthoclase and these seem to be rocks which were frag-
mentals originally. Quartz occurs only occasionally in the
interstices of the breccia and rarely as discontinuous veins
£filling extensional features. The calcite is interstitial to
coarse grained stibnite as a gangue mineral in ill-defined
veins that wander along the “foliation" induced by shearing.

Stibnite is abundant in this sample as massive, coarsely
crystalline matrix to gangue minerals. It is host to small
round pyrite grains that occur in vaguely defineu stringers
but pyrite of like habit occurs in the gangue as well. Stib-
nite hosts grains of cinnabar, sometimes in parchee with an
unknown sulfosalt of Pb-Ag close to Pb,(Ag,Hg),(Sb,As),S,, in
composition. Stibnite may also be cut by threaés of cinnabar
whichsare intimately intergrown with unresolvable gold (less
than %u).
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CA-007

The original rock was a porphyry, or a porphyroblastic meta-
morphic, possibly an andesite, and it may have been effusive
or hypabyssal. The outlines of squarish phenocrystals are
still clearly visible but other textural data have been lost
owing te intense epizonal altaration.

The "phenocrysts" are replaced in gituy by a fine scaly paste
of sericite. The matrix is replaced by a patchy mix of cryp-
tocrystalline and cloudy orthoclase and very fine grained
sericitpn. The distributibn of these mineraie and their color-
ing by colloidal debris defines cryptic textures.

The rock is cut by occasional younger shears and sericite is
drawn into foliation in these. Cracked sulfide crystals in
the virinity say be healed by fibrous quartz whereas carbon-
ates rimming some sulfide grains appear to be older.

Sharply euhedral arsenopyrite prisms are disseminated in the
gangue. They lie in the plane of foliation but are randomly
oriented within it. Pyrite is more rare and it is sn older
sulfide, occurring as round heads locked in both gangue and in
arsenopyrite. No other reflective phases were found.

CA-010

The rock is a silicified breccia in which the majority of
fragments seem to have been porphyritic rocks initially. Mild
shearing accompanied the brecciation and was followed by in-
tense epizonal silicification, so that textures are oblitera-
ted.

Shears are filled with lenses of shreddy, crudely foliated
sericite, the foliation often diverted around larger frag-
ments. The porphyries are replaced wholly by a jigsaw-puzzle
mosaic of quartz grains. Finer quartz clouded with sericite
replaces the matrix areas whereas feldspar phenocrystals are
replaced by coarser, clearer quartz. Leucoxene is an accesso-
ry in the sericitic matrices of these fragments.

Pyrite is the dominant sulfide here and it occurs as curious
hollow rings from 0.03 ta 0.005mm in size thet are disseminat-
ed throughout tbhe fabric. Rarely are the central portions of
the rings occupied by pyrite. Sphalerite occurs as larger
(0.1mm) blotches in the gangue, spatially unassociated with
pyrite. The cores of pyrite rings are apmetimes occupied by
ramdohrite (a Pb-Ag-Sb sulfide) or by Ag-rich tetrahedrite.

CA-011

The rock is a sheared breccia of uncertain origin. Some
fragment domains display faint relic textures suggestive of
porphyries, others show no recognizable features at all, 1In-
tense alteration preceding shearing has destroyed most of the
original features.

Some fragments are dense cloudy chert, others are coarser
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grained quartz with sericite in the interstices or engqulfed in
the quartz. It is in some of these domains that rectangular
patches of especially coarse quartz, free of inclusions, seens
to represent former feldspar grains. Pockets of shreddy seri-
cite have been drawn into tortuous foliae that wind around the
fragmenta or are squaezed ihto extensienal fractures. Most of
the sulfide present occurs in these features and it appears to
post-date the deformation. Some pyrite grains are mantled by
curious fibrous quartz.

Pyrite i« widely but sparingly dissominated both as small
rounded anhedra and as larger (0.lmm) crude cubes. The small-
er grains are also to be found as inclusions in sphalerite,
which occurs as irregqular crystalloblasts up to 0.2mm in siee.
In one instance a larger pyrite crystal is cut by tendrils of
galena, and more commonly there is tetrahedrite within pyrite.
It fills the irregular cores of rounded or ring-like pyrite
grains of small size. Analysis of the tetrahedrite shows sub-

stantial Ag-Zn-Fe in eubstitution for its Cu, but little or no
As.

CA-012

The rock is a breccia, the protolith now uncertain. Its
textures have been modified by intense epizonal alteration
that lergely preceded but also followed brecciation.

Most fragments consist of coarse, strained quartz crystals
that are slab-like anhedra, packed in parallel, with very fine
grained sericite in the interstices. The sericite is not at
all foliated and it seems to have replaced an earlier alumino-
silicate. The orientation of the fragments is random in a
matrix of directionless, cherty-textured quartz, again with
sericite in the interstices. Dust-like sulfides color matrix
grain boundarias but are absent in the fragments. Calcite is
a minor matrix accessory.

Pyrite is evenly disseminated as minute grains Su to 0.02mm
in size. The larger grains are found in the sericite that is
interstitial to the quartz gangue. The only sther reflective
phase found is galena which occurs as tiny (1-5u4) beads in the
cores of larger pyrite grains and rarely as larger patches
£illing microcracks in the quartz.

CA-013

The mature of the protolith is unoartain though an equi-
granular hypabyssal intrusive of intermediate composition is a
possibility. Textures have been virtually destroyed by very
intense epizonal alteration.

The rock is replaced about equelly by quartz and sericite.
Quartz grains are crudely prismatic, interlocking in random
orientation. Very fine grained sericite packs interstitial
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space and often is concentrated within crudely rectangular do-
mains. It also replaces an earlier foliated mineral that was
squeezed through the fabric prior to alteration. Sulfides
tend to follow these foliae but the cosrsest grains lie within
areas where quartz grewth is strongest.

Sulfides are abundant and coarse grained in this sample,
including pyrite as ctrude cubes and clusters of them to 1mm in
size or more. Pyrite is an sarly eulfide, and so, too, is
arsenopyrite which occurs rarely c¢s sharply euhedral prisns
isolated within the gangue. Other sulfides tend to cluster
around or envelop pyrite and they include sphalerite, tetra-
hedrite, and galsna in paragenetic succession. Sphalerite
hosts irregular axsolution patches of chalcopyrite and ie rim-
med or corroded by tetrahedrite, a mineral of composition like
that found in Ca-012. Galena then coats and veins both tetra-
hedrite and sphalerite.

CA-014

The nature of the protolith is uncertain though a sediment,
metamorphosed to an aluminosilicate assemblage seems possible.
The last event, intense epizonal alteration, has blurred ear-
lier textures and destroyed the prograde mineralogy.

The rock now consists of quartz and sericite. Quartz grains
tend to be concentrated in lenses and bands suggestive of bed-
ding, their grain size and texture varying from one domain to
another. Fine grained sericite packs the interstitial spaces.
In places it seems to replace a former prismatic mineral; in
other cases it has replaced foliated silicates that follow the
bedding structure. Fine grained sulfides tend to be lodged in
sericite that has replaced certain foliae.

Pyrite is sparingly present as small (0.01 -~ 0.02ma) crudely
cubic grains that are disseminated in the foliation in vague
stringers, and the grains are almost invariably embedded in
the sericite, not the quartz. The only other reflesctive phase
found is galena which is preaent ae micron-size beads floating
as inclusions within a few pyrite crystals.

CA-015

The rock now consists almost solely of sericite and there is
little evidence of protolith owing to the intense alteration
event that produced the sericite.

The sericite occurs in patches of slender rectangular out-
line, sometimes in parallel, sometimes in random orientation.
Equally fine grained but disorgenized sericite packs the in-
terstitial spacres. The »nsctangular patches are clearly pseu-
domorphs - the host crystals could have been plagioclase or an
aluminosilicate. Small quartz crystalloblasts are rare in the
interstices. Dust-like sulfide grains cloud the disorganized
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(interstitial) sericite. They are absent in occasional cross-
cutting bands of sericite that are packed into the young frac-
tures. Analysis of this sericite shows a higher Si content
than that comprising the bulk of the rock.

Pyrite is the only sulfide found in this sample and it is
thickly dispersed as minute (2-10u) grains that are hollow
rings of irregular oval outline. Analysis of sericite within
the rings shows a notably high Ti content in comparison with
the sericite outside in the general matrix.
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Sample CA-002 at 35X, Plane Polarized Light. Brown chert with
numerous small fragments oriented about E-W. Black prisms of
arsenopyrite lie in the chert. Numerous calcite veinlets in
parallel cut obliquely across bedding. The length of a photo-
graph at 35X represents 4mm.



TS 2

Sample CA-003 at 100X, Crossed Nicols. The dark areas are
cherty laminae, cut and detached in a folia of sericite.
The photograph represents a length of 1.5mm at 100X.
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Sample CA-004 at 35X, Crossed Nicols. A patch of granular
quartz (white, yellow) mantled by scaly phlogopite. Dark
areas are unrecrystallized chertstone.
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Sample CA-005 at 100X, Crossed Nicols. Dark reddish is the
realgar matrix. Two patches of quartz-phlogopite are visi-
ble and another one (top) is mainly granular quartz.
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All colored areas are

patches of muscovite scales and the black is sulfide between

the muscovite patches and filling fractures.

Sample CA-006 at 35X, Crossed Nicols.
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Sample CA-007 at 35X, Crossed Nicols. Several light colored
squarish patches of sericite pseudomorphous after plagio-
clase or an aluminosilicate. Darker area to left is ortho-
clase-sericite. The black prisms are arsenopyrite.
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Sample CA-010 at 35X, Crossed Nicols. A general view show-
ing the small interlocking quartz grains, their boundaries
clouded with very fine grained sericite.
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Sample CA-011 at 35X, Crossed Nicols. A patch of coarse
quartz (right center) rimmed with sulfide (black). To the

left are deformed quartz domains interlayered with quartz-
sericite matrix.
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Sample CA-012 at 35X, Crossed Nicols. One of the fragménts
composed of quartz laminated in parallel with a paste of
very fine grained sericite in the interstices.
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A general view of

grained intersti-

Crossed Nicols.

interlocking quartz grains and very fine

tial sericite.

The black grains are sulfides.

Sample CA-013 at 35X,
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Sample CA-014 at 35X, Crossed Nicols. Quartz grains (yellow
or white) and abundant and very fine grained sericite which
sometimes is visible as vaguely rectangular patches.



TS 12

Fine grained sericite

with (black) clouds of tiny sulfide grains.

They are absent

Crossed Nicols.
It is this younger sericite which is more silica -

in the sericite-packed seams cutting diagonally cross the
rich than elsewhere.

Sample CA-015 at 35X,

photo.



Photo 001

Sample CA-001 at 270X, BSE image. Field width is 500u4. The
white prisms and rhombic sections are arsenopyrite. Also
visible are small (and greyer) spherules of pyrite (e.g. SE
corner).



Photo 002

Sample CA-002 at 53X, BSE image. The field width is 0.2mm.
Black is quartz gangue cut by a complex vein with native
arsenic rims on realgar (duller grey interior masses). Em-
bedded in the realgar are stibnite grains (same shade of
grey as native arsenic) hosting tiny (white) cinnabar inclu-
sions.



Photo 003

Sample CA-003 at 2600X, BSE image; field width is 40u. The
black is gangue, and the white patch is stibnite to the left
of a spherule of pyrite. Such grains are disseminated very
widely, (plus equally small euhedral arsenopyrite prisms).



Photo 004

Sample CA-004 at 16X, BSE image. Black is quartz and the
large grey mass is realgar rimmed with native arsenic at the
left. Small (bright, nearly white) stibnite inclusions are
just visible in the realgar.



Photo 005

Sample CA-005 at 500X, BSE image. The black is gangue, dark
grey 1is realgar. In the center is an irregular patch of
(late) stibnite (grey) with a 4u white grain of cinnabar
enclosed.



Photo 006

Sample CA-005 at 750X, BSE image. The black is realgar, the
grey irregular mass is corroded stibnite which is cut by
(white) threads of cinnabar intimately intergrown with gold.



Photo 007

Sample CA-006 at 1500X, BSE image. The dull grey is stibnite
with an irregular patch (slightly lighter grey, to the NE)
of an unknown Pb-Ag-Sb sulfosalt). The lightest colored
grains near the center are cinnabar.



Photo 008

Sample CA-006 at 730X, BSE image. Black is gangue and grey
is stibnite. A white cinnabar grain in the center is linked
to hairline threads of cinnabar intermixed inextricably with
gold, but no gold was found in the larger patch of cinnabar.



Photo 009

Sample CA-007 at 73X, BSE image. A general view showing the
(dark grey) sericite gangue and (white) arsenopyrite prisms
floating within it. The photo is electronically flawed (ho-
rizontal streaks).



Photo 010

Sample CA-010 at 500X, BSE image, showing black gangue host-
ing ring-like pyrite (grey). The interior of the grain is
filled with more pyrite and (white) ramdohrite. Tetrahedr-
ite may occur in similar fashion in other grains of pyrite.



Photo 011

Sample CA-013 BSE image at 150X. Dull grey is gangue host-
ing an irregular patch of sulfides. The dullest grey (e.g.
isolated grain at right edge) is pyrite (P). Some occurs in
the large irregular patch of tetrahedrite (T) with sphaler-
ite (S) and galena (G).



Photo 012

Sample CA-015 at 1770X, BSE image showing the (white) pyrite
rings floating in sericite matrix.



