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SUMMARY AND RECOMMENDATIONS

The ZX-Sentinel Joint Venture (ZXJV) was formed in early 1982 by Chevron
Canada Limited, Enterprise Exploration Limited and SMD Mining Co. Ltd. to explore
for sedimentary exhalative (sedex) deposits within Selwyn Basin. At the end of
the season, the Marg Target was staked as the TUDL claims and explored briefly.

The Marg Target, situated 35 km ENE of Elsa, Y.T. in the Keno Hill silver
camp consists of a soil geochemical anomaly with strong values in lead, zinc,
copper, silver and gold. The anomalous pattern is discontinuous within a zone
that is roughly 1200 m Tong and up to 300 m wide and is generally conformable
with the trénd of an underlying pyritic and graphitic sericite schist, calcareous
ch]ofite schist, and quartz-sericite schist assemblage. Most of the geochemical
response may be caused by hydromorphic dispersion.

Only a few small fragments of pyritic mineralization have been found in spite
of thorough prospecting. These are remarkable, however, because they give very

high assays even though only traces of common lead and zinc minerals have been

recognized in them. They also contain the'supefgene copper sulphide, covellite.
Assays of three specimens averaged 12.8% Cu, 8.0% Pb, 2.2% Zn, 160.1 g/t Ag and .

2.3 g/t Au.

The best rocks were apparently quite pyritic prior to weathering, although
they do not display prominent 1imonitic soil or residual rock gossans. This target
escaped the latest Pleistocene glacial scouring and may be intensely weathéred

to a considerable depth.



The gedchemica] and mineralogical evidence suggests that the Marg Target
is neither galena vein mineralization of the Keno Hill-type nor typical sedex
mineralization. The base metal and precious metal content of the mineralized
specimens and the geological setting all suggest that the Marg geochemical anomaly
is more 1iké1y caused by weathering of a volcanogenic massive sulphide deposit.
The source of the anomaly should be located and sampled using a combination of

detailed mapping; geophysical surveys, .bulldozer trenching and drilling.

Respectfully submitted,

C.A. Main, B.Sc.
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INTRODUCTION

The Marg Target is located near the Keno Hill silver camp, as shown on
Figure 1 on the following page. It is a strong lead-zinc-copper anomaly in soil
that was explored with geochemica]ksamp1ing and hand trenching between 1965-67 and
has been id]e'since. It was re-evaluated by 7ZXJV to determine if it might represent
the weathered expression of a sedex deposit. The brief 1982 program consisted of
cleaning out old hand trenches, collecting additional samples for petrographic

examination and sampling, mapping and prospecting.

HISTORY

The Marg Target was first staked in early 1965 by Canadian Superior
Exploration Ltd. as the Jack claims to cover a stream sediment anomaly of 300 ppm °
lead, 2400 ppm zinc and 240 ppm copper discovered by the GSC's Operation Keno in
1964 (GSC maps 45, 47 and 50-1965). During 1965, Canadian Superior explored with
prospecting, soil sampling and hand trenching and added the Marg and Heather claims.
In 1966, United Keno Hill Mines Ltd. (UKHM) entered a joint venture with Canadian
Superior. and performed additional prospecting, grid geochemistry and hand trenching.
Archer, Cathro & Associates L'td: conducted a brief progfém on the property on behalf
of Canadian Superior in 1967, at which time the previous grid sampling was rechecked
and additional hand trenches were dug. A1l work between 1965 and 1967 was performed
with the objective of locating Keno Hil1l-type galena veins with high silver content.
The target was subsequently staked as the Flash claims in 1977 by Mountaineer
Mines Ltd. and Welcome North Mines Ltd. but has received no additional exploration

work since 1967.



The early work consisted primarily of grid sampling ~centred on a transported
gossan about 1.5 km upstream from the GSC silt sample site. Lead and zinc soil
response was highly anomalous but copper and silver content were not analyzed.
Initial efforts to determine if the lead anomalies were derived from veins failed
to uncover any galena, although a single 5 mm fragment of fine-grained sulphide
panned from overburden, was found to contain 40 percent sphalerite and 20 percent
chalcopyrite in polished sectijon. Because lead soil geochemistry had proven so
effective for Tocating galena veins in the Keno Hill camp, the conclusion drawn
from the 1965-67 work was that no Keno Hill-type veins were present and that no

further work was justified.

PROPERTY, LOCATION AND ACCESS

The property consists of 32 contiguous claims recorded in the name of

Archer, Cathro & Associates (1981) Limited at the Mayo Mining Recorder's office

as follows:

No. of
Claim Name Claims  Mining District  Sheet Grant Numbers Expiry Date
Tudl 1-32 32 Mayo 106D/1 YA76768-YA76799  Sept. 14/83

The Marg Target is located at latitude 64°01'N and longitude 132528'w between
the Keno Ladue River on the south and the Beave} River on the north, both of whiéh
are tributaries of Stewart River. It is situated 32 km ENE of the settlement of
Keno City, which is 466 road km from Whitehorse, Y.T. Barry Lake (ZXJV name)

5 km west .of the property is accessible by float plane from Mayo, 79 km to the

southwest. Access in 1982 was by helicopter from a basecamp in Keno City.
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REGIONAL GEOLOGY

The Marg Target 1jes along the south margin of the rugged Patterson Range,

which Tocally reaches elevations in excess of 2000 m. The grid area is situated

at about 1400 m, just below treeline, on a more recessive slope with moderate
relief. It Ties above the Tevel of Pleistocene valley glaciation and has apparently
not been glacially scoured.

The Keno Hill camp has been mapped in varying detail by a number of GSC
geologists, including Keele (1904), Cairnes (1915), Cockfield (1921-2), Stockwell
(1926), Bostock (1938-42), Roddick and Green (1957), Boyle (1956-7), McTaggart
(1960), and others. Blusson has recently mapped the rocks to the east in NTS
areas 105N and 106C and Tempeiman-Kluit has reinterpreted the Keno Hill stratigraphy
in the Tombstone Mountains, 200 km to the west (Bulletin 180).

Most of this mapping has been confined to Keno and Galena hills, with heavy
emphasis on the Central Quartzite that hosts the bulk of the silver-lead veins.

The underlying Lower Schist and upper Hanging Wall Schist are less well mapped
because they are more recessive and have not been productive as hosts to
mineralization. Neither the Keno Hill camp nor the area to the east have been
remapped to correlate them with other metasedimentary terranes in central Yukon

or interpret them within current plate collision models.

Central Quartzite

Where unmetamorphosed in the Tombstone Mountains near Dawson, this unit
consists of over 600 m of uniform, massive, grey, thick-bedded and fine-grained,
submature orthoguartzites with minor black slate horizons. The unit is easily

traced due to its resistant, ridge-forming nature and can be followed for over



300 km along strike to the east into the Keno Hill camp where mefamorphism and
deformation have destroyed original texture and completely indurated the rock
with quartz. This well healed and competent unit hosts the most important Keno
Hill veins, which are localized in brittle fractures. The quartzite and the
underlying Lower Schist were assigned Cretaceous and Jurassic age, respectively,

by Tempelman-Kluit but his interpretation is controversial when applied to the

Keno Hill camp.

Lower Schist

In the Tombstone Mountains, the Lower Schist is a recessive unit composed of
over 300 m of black, carbonaceous, pyritic, siliceous, fissile, silty slate,
phyllitic slate, feldspathic greywacke and lesser brownish, calcareous siltstone
with minor basal conglomerate. This unit occurs parallel with and appears to
underlie Central Quartzite along the belt to the Keno Hill camp, where it is
metamorphosed to graphitic schist, thin-bedded quartzite, quartz-mica schist,
phyllite, calcareous schist and minor quartzite.

Regional mapping infers that the belt of Central Quartzite and Lower Schist
extends into the Marg PrOject Area. In.1977, Stu Blusson of the GSC assigned
an upper Devonian age to formations Tocated to the northeast that resemble units
near the Marg Target. There is some difficulty with Blusson's interpretation
since he did not map near the Marg Target itself and his interpretation conflicts
 with other opinions about the age of the Keno Hill rocks. If Blusson is correct,
it suggests a similarity between the Lower Schist and the Lower Earn Group that
hosts the Macmillan Pass sedex mineralization. The 1982 program was designed to

investigate this possibility.



GEOLOGY - MARG TARGET

GSC regional maps show that the Marg Target is underlain by a quartzite
sequence that was interpreted as the Central Quartzite. The brijef examination in
1982 of five short regional traverses suggest, instead, that rocks in the immediate
Marg Project Area appear more correlative with the Lower Schist. For this reason,
no attempt has been made on Figure 1 (following page 3) to identify the regional
1ithologies near the Marg Target.

The local geology of the Marg Target is shown on Figures 2 and 5
(in pocket). At least three mappable rock units form an apparently conformable
panel that strikes about N60°W and dips 40° to the southeast. These units have g,
been traced at least 15 km along strike to the southwest but their continuity
to the northeast of the Marg Target is unknown. A1l three units contain
quartzite, chlorite schist, graphitic sericite schist and calcareous rocks,
including minor limestones. The major units can be distinguished on the basis
of T1ithology, weathering characteristics and colour. These three rock units are
called the "Quartzite Unit, "Chlorite Unit" and"Graphite Unit" reflecting the
predominent rock type. Selected rock specimens from these units have been studied
petrographically and the reports are shown in Appendix A. The detailed descriptions
generally agree with hand specimen identification. Although all rocks are altered
to lower greenschist facies and their provenance is uncertain, there is a strong
suggestion of igneous textures in the chlorite schist, indicating they were
derived from intermediate volcanics, and of a pyroclastic component in the
sediments. Current investigations suggest that the graphitic schists associated
with the Marg anomaly are probably the metamorphosed and deformed equivalents
of a tuffaceous, carbonaceous shale within a volcanic assemblage. The three

units are described in more detail below.




Quartzite Unit

This uppermost unit consists of brown weathering, moderately resistant,
slightly calcareous, graphitic quartzite. It contains interbedded graphitic
schists, thin- and thick-bedded phyllitic quartzite, minor clean quartzite and
limestone, and minor chloritic schists. No thick sequences of clean orthoquartzite
were seen that are comparable to the Central Quartzite although such rocks do
occur across Barry Creek to the northwest of the property. This unit is a scarp-
former that caps the rugged ranges lying south and west of the Marg Project Area.

The top of this unit was not seen.

Chlorite Unit

This unit is about 200 m thick and 1ies beneath the Quartzite Unit. The nature
of its upper and lower contact is unknown and it may be gradational into the
adjacent units. It consists of tan weathering, recessive, partly calcareous,
chloritic schist which is sometimes graphitic and often rusty and pyritic. Minor
graphitic schistand rare 1imestone horizons and conformable resistant gabbro sills
are present in this unit. No volcanic features or characteristics were noted in
hand specimens; however, the abundance of chlorite and relic quartz—gyes suggests
the original rocks were flows or pyroclastic sedimenfs of possibly intermediate

composition.

Graphite Unit -

This unit lies beneath the Chlorite Unit but the contact is not well defined.
It consists of black weathering, very recessive, pyritic-graphitic-sericite schist
and contains abundant interdigitated calcareous, pyritic, chloritic schist and
at lTeast one bed of pyritic, feldspathic quartzite. The graphitic sericite schist

appears to host the Marg mineralization, possibly at the contact with pyritic



quartzite beds. One gabbro sill is well exposed beneath the horizon of
mineralization and a bed of massive chlorite overlying the favourable horizon
is probably a metagabbro. Gabbro is not as prevalent as in the overlying

Chlorite Unit.

MINERALIZATION

A trace of base metal sulphides was located on the Marg Target during the
Archer, Cathro trenching program in 1967 following unsuccessful trenching by
Canadian Superior and UKHM in 1965 and 1966. The 1967 hand trenches were located
at the uphill edge of the anomalies, assuming them to be hydromorphic or
gravitational dispersions from an upslope source. Samples from these trenches
were systematically panned and the heavy mineral separates were inspected and
assayed. The only sulphides recognized in the concentrates was a euhedral
pseudocubicr variety of pyrite common in the country rock that ranges up to 1 cm
in size. However, geochemical analyses from some panning concentrates returned
values of up to 5500 ppm Pb and 60 ppm Ag.

During the winter of 1967-68, a fragment from one of the concentrates, an
unusually fine-grained 5 mm specimen, was studied at the University of British
Columbia by C.A. Main and found to contain about 40 percent sphalerite, 20
percent chalcopyrite and a trace of covellite, chalcocite, pyrargyrite and
tetrahedrite. This specimen was from the bottom of Trench L (see Figure 5,

in pocket). It was concluded that the mineral assemblage in this

specimen is typical of volcanogenic massive sulphide deposits.
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The 1982 program was designed to locate more mineralization and to determine
if the host rocks have a high potential for hosting stratabound mineralization.
Trench L and other trenches were cleaned out and panned at one metre intervals but
no additional fragments of fine-grained sulphides were found other than common
euhedral cubes. Even so, geochemical analysis of these panning concentrates
returned values of over 1% Pb and over 100 ppm Ag (there was insufficient sample
for a more accurate assay) and up to 1850 ppm Cu and 2600 Zn.

While inspecting other old trenches, three small fragments of massive sulphide
were found at Trench B, about 80 m north of Trench L. These three specimens,
which range up to 10 cm in length, are composed of fine-grained pyrite within
a gangue of carbonate and foliated graphite. The pyrite has a black tarnish
that was at first assumed to be caused by manganese staining. Surprisingly,
assays of these specimens averaged (and ranged up to) 12.80% (14.40%) Cu, 8.00%
(9.02%) Pb, 2.24% (3.32%) Zn, 160.1 ppm (169.4 ppm) Ag, and 2270 ppb (2570 ppb) Au.
Analyses for additional elements returned an average of about 0.2% As, 0.02% Sb,
0.02% Ba, 70 ppm Sn, 5 ppm Te and less than 5 ppm Mn. The metal content of these
specimens is quite different from typical Keno Hill mineraljzation which has
much lower copper and gold content and a much'higher silver-lead ratio. Similarly
typical sedex mineralization would be expected to have much lower copper, gold
and silver cdntent.

Poiished thin sections from these specimens showed them to be composed of
crumbly, weathered euhedral pyrite (about 20%) and chalcopyrite (15%) with lesser
amounts of covellite (6%), sphalerite (*.5%) and galena (tr). The latter two
minerals are mainly found as inclusions in the pyrite and the covellite is found
as intergrowths within the gangue and secondary minerals such as limonite or

plumbojarosite.
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The only copper stain observed on the property occurred on specimen GGG,
which assayed 5200 ppm Cu. It consisted of a resistant, malachite-stained,
massive chloritic rock, probably a metagabbro. In spite of extensive examination
of hand specimens and polished sections, no lead or zinc minerals have been
recognized that would explain the high assays.

These mineralized float specimens appear to be local in origin. Trench B
is actually a series of four small (1 by 2 m) pits dug by Canadian Superior in
1965 and by UKHM in 1966. UKHM reported in its 1966 Report (see Appendix B)
that "an 8 inch break of manganese and gouge was exposed in trench B,
and returned an assay of 4.64 oz/ton Ag". There is no record of analyses for
copper, lead or zinc. Other float in Trench B consists of pyritic and graphitic
sericite schist and pyritic feldspathic quartzite. Trenches B and L are directly
across strike from each other and, since the rocks dip about 40° to the southeast,
their stratigraphic position is about 60 m apart.

Most of the grid area is underlain by graphitic sericite schists and related
rocks that are part of the regional Marg Graphite Unit. Most rocks in the grid
area, including graphitic schists, minor interbedded quartzites, chloritic schists
and even some intruded gabbro sills, are pyritic to some degree. Although pyrite
is generally preserved only -in the more siliceous units, open vugs and boxwork
are present in all rocks, usudally with eubic shapes. The average pyrite content
" was probably at least 5 percent if all the cubic boxwcrk was after pyrite. The
high pyritic content seems characteristic of the Graphite Unit. In contrast,
graphitic schists occurring stratigraphically higher in the section in the Marg

Quartzite Unit are much less pyritic.
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Cansu Creek, which crosses the grid and trends roughly across the regional
strike, passes about 100 m east of Trench B and L. This creek is precipitating
an intense exotic ferricrete gossan that appears to have an upstream limit at the
upper contact of the pyritic Graphite Unit. Several other gossanous seeps are
also located 700 m along strike to the west. Copp Creek, the next major drainage
to the west, also flows across the strike of the Graphite - Unit but contains no
exotic gossan. This suggests that either the pyritic content of the unit has
changed, the geochemistry of this creek and Cansu Creek are quite different or
that the pyritic schist has been faulted away and is not present.

Although the Marg Target shows strong evidence that it is a weathered sulphide
zone, it does not display the usual weathering characteristics such as brown
Timonite soils and residual gossan staining. A linear vegetation kill zone near
Trench B is the only feature, other than the ferricrete spring gossan, that is

present.
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GEOCHEMISTRY

The Keno Hi1l district was regionally stream sampled by the GSC in 1964
(Operation Keno, maps 45 to 56-1965) and in 1977 (Open File 518). Stream sediment
samples from the mouth of Cansu Creek were anomalous in both surveys, with values
of 300/284 ppm Pb, 2400/2300 ppm Zn, and 230/1200 ppm Cu in 1964 and 1977,
respectively.

In 1966, UKHM established a grid on the Marg claims covering an area 1200 m
{4000 ft) long by 450 m (1500 ft) wide and centred ~on the ferricrete gossan about
1.5 km upstream from the mouth of Cansu Creek. Soil samples were collected on
30 m (200 ft) centres with fill-in sampling every 9 m (25 ft) within anomalous
areas. Analyses for lead and zinc only were performed by UKHM at its own
laboratory at Elsa using a colourimetric (dithizone) determination of a hot aqua
regia extraction of a fraction screened to approximately minus 10 mesh. Samples
which were collected across the grid in 1967 and 1982 by Archer, Cathro were
assayed at Chemex Labs using the analytical techniques described previously in
this report and the results reconfirmed the magnitude of the original anomalies.

The UKHM geochemical results are highly anomalous, with an irregular
distribution of values that range up to 15,000 ppm Pb and commonly exceed 500 ppm.
Zinc values range up to 2400 ppm Zn and commonly exceed 400 ppm Zn. Although
individual clusters of anomalous values form-patterns that might suggest linear
(vein) sources, they collectively occupy an area the length of the grid (1200 m)
by some 300 m wide that trends east or east-northeast, conformable with the
general strike of the country rocks. At least part of the irregular pattern of
anomalous samples is caused by patches of glacial till that prevented sampling

of residual soils.
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UKHM also soil sampled a grid on its W and WV claims to the west (see
Figure 5, in pocket), the results of which are available as assessment reports.
Two small areas on the WV. grid were anomalous in lead, zinc and copper. The
approximate position of these anomalies is shown on Figure 6, accurate to within
50 m. UKHM also reported that zinc anomalies occurred along Barry Valley. This
may represent an expression of the faulted offset of the Marg Graphite Unit,

The approximate position of one line of the 1966 grid was resampled in 1982
to reconfirm the position and magnitude of lead and zinc anomalies and to gain
additional information on other elements. The results are shown on Figures 5 to
?, in pocket. These samples returned anomalous values up to 2050 ppm Pb and
1500 ppm Zn but the highest values are not exactly coincident with the UKHM
anomalies, perhaps due to differences in location or analytical technique. The
samples also returned anomalous values of up to 1500 ppm Cu, 33.0 ppm Ag,

35 ppb Au and 2650 ppm Ba, which were generally not coincident with the lead or
zinc anomalies. The range of anomaly location suggests either a pattern of
lateral zoning or differences in intensity of leaching and hydromorphic dispersion.

ZXJV sampled Cansu Creek at roughly 200 m intervals and obtained strongly
anomalous va1ﬁes’of up to 1180 ppm Pb, 2750 ppm Zn and 4400 ppm Cu. Silver and
gold values were only up to 0.6 ppm Ag and 6 ppb Au. Recent placer claims have
been étaked 3 km downstream from the junction of Cansu and Copp Creeks but the

extent of work is unknown.
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CONCLUSIONS

The Marg Target consists of a soil geochemical anomaly with strong values
in Tlead, zinc, copper, silver and gold. The anoma]qus pattern is discontinuous
within a zone that is roughly 1200 m long and up to 300 m wide and generally
cornTormable with the trend of an underlying pyritic graphitic sericite schist,
cal zareous chlorite schist, and quartz-sericite schist assemblage. At least part
of <he irregular nature of the anomaly may be caused by patches of blanketing
glezial till or scree that prevented proper soil sampling, or by drainage
complications that affected hydromorphic dispersion. Most of the geochemical
resoonse 1is evidently caused by hydromorphic dispersion.

In spite of thorough prospecting, only a few small fragments of mineralization
have been found. These are remarkable because only traces of common lead or zinc
minerals have been recognized in them even though they return high assays. They
also have an unusually high cbpper content and contain supergene sulphides such
as covellite. The copper and gold content is much higher than would be expected
from typical Keno Hill or sedex mineralization.

The rock units associated with the Marg Target were apparently quite pyritic
prior to weathering, as evidenced by the presence of leached vugs, boxwork and
ferricrete spring precipitates. However, these rocks do not display the typical
prominent limonitic soil or residual rock gossans usually associated with the
weathering of pyritic zones in the northern Cordillera. In addition, the unusual
mineralogy of the weathered sulphide specimens confirms that this target has
weathered much differently than other occurrences in the region. Since this
location escaped the latest Pleistocene glacial scouring, it seems reasonable to
assume that the weathering is not only intense but may have proceeded to a

considerable depth.
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The geochemical and mineralogical evidence suggests that the Marg Target is
not associated with either galena vein mineralizatijon of the Keno Hill-type nor
with typical sedex mineralization. The base metal and precious metal content of
the mineralized specimens and the geological setting all suggest that the Marg
geochemical anomaly is caused by the deep weathering of a volcanogenic massive

sulphide deposit.
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JAMES VINNELL., Manager . P.O. BOX 39

JOHN G. PAYNE. Ph.D. Geologist 8887 NASH STREET
FORT LANGLEY, B.C.

vOX tJO

PHONE (604) 888-1323

J.K. Mortensen,
November 19, 1982,

Mr. S. Main,

Archer, Cathro, and Associates (1981) Ltd.,
510 West Hastings St.,

Vancouver, B.C.

Dear Sir:
Enclosed are petrographic descriptions for 13 thin sections
and 9 polished thin sections from samples that you submitted to us

recently. The results of the examinations are summarized below:

Thin Sections:

5
Sample No. 25635, jﬂf, 59, 76: quartz-muscovite schist. All but
No. 25676 are carbonaceous, and therefore definitely sedimentary
in origin.

Sample No. 25664: quartz-plagioclase (+ mafic) porphyritic metavolcanic.

Sample No. 256L0: metamorphosed quarti porphyry or bimodal quartz
grit. ‘

Sample No. 25637, 672, 709, 712: quartz-chlorite-muscovite schist.
Samples 25637, 709, and 712 contain abundant carbonate or carbon-
aceous material, and are definitely metasediments. Compositionally
the rocks may contain a volcanic component, but no relict igneous
textures are preserved.

Sample No. 25701: impure carbonaceous marble.

Sample No. 25639: metamorphosed hornblende diorite.

Sample No. 25702: altered albite-pyrite-siderite-chalcedony vein
assemblage.

SAMPLE PREPARATION FOR MICROSTUDIES ¢ PETROGRAPHIC REPORTS @ SPECIAL GEOLOGY FIELD STUDIES
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JAMES VINNELL, Manager

P.O. BOX 38
8887 NASH STREET

JOHN G. PAYNE. Ph. D. Geologist
FORT LANGLEY. B.C.

VOX 1JO

PHONE (604) 888-1323

Polished Thin Sections:

Sample No. 25655, 71h4: quartz-muscovite schist with variable amounts

of pyrite. Well banded; derived from a banded pyritic rock.

Sample No. 25710: pyritic quartz-chlorite-muscovite schist. Much

limonite after pyrite. Well banded. Appears to have been a
cherty rock originally (tuffaceous pyritic chert?)

Sample No. 25685, 698, 706: quartz-muscovite schist with abundant
limonite after primary pyrite. Trace amount of galena and
sphalerite.

Sample No. 25688: quartz-chlorite-muscovite schist with abundant
limonite after pyrite.

Sample No. 25686: mainly limonite and sulfides (pyrite, chalcopyrite,
galena, sphalerite, and covellite). Covellite is present as a
supergene sulfide enrichment.

Sample No. 25641: metamorphosed medium-grained mafic to intermediate
composition igneous rock. ‘

If you have further questions concerning these specimens, please

contact me at 228-280kL.
Yours truly, -,
N N

. Mortensen
Vancouver Petrographics

fAMmt S mAERARATIANM CAD MICFDACTIINIFS o PETROGRAPHIC REPORTS o ,SPECIIAL GEOLOGY FIELD STUDIES




Sample No. 25635

mode : quartz 65-70%
muscovite 30-35%
opaques 6-8%

The rock is a carbonaceous quartz-muscovite phyllite. It

consists of very finely recrystallized quartz with abundant
schistose muscovite-rich bands. A vague compositional layering,
defined by relative amounts of quartz, muscovite, and opaque minerals,
is present in the rock, parallel to the main foliation. The opaques
are fine-grained carbonaceous material.

The early foliation is deformed into microlithon structures
related to two distinct crenulation cleavages that cut the early
fabric at a high angle.



Sample No. 28637

mode: quartz 30-35%
chlorite 30-35%
carbonate 15-20%
muscovite 6-8%
plagioclase L-5%
limonite L-5%
opaques 1%

The rock is a fine-grained quartz-chlorite-carbonate-muscovite
schist. There is a well-developed compositional layering on a
scale of 2 to 10 mm that parallels the metamorphic foliation defined
by chlorite and muscovite alignment. Most of the rock consists of
a fine-grained mass of felted chlorite and minor muscovite, plus
carbonate and scattered quartz grains. This material is traversed
by bands of recrystallized quartz and plagioclase (albite) with
minor muscovite.

Limonite occurs throughout the section, along grain boundaries
and as irregular structureless masses. It is commonly associated
with opaque grains, at least some of which are pyrite, but also
occurs separate from the opaques.

The high chlorite content of the rock suggests that it may be
derived from a volcanic parent, or from a sediment with a significant
volcaniclastic component.




Sample No. 25639

mode : actinolite L4o-45%
epidote 40-45%
chlorite 6-8%
sphene 2-3%
hornblende 1-2%
quartz 1-2%
apatite trace
limonite trace
zircon trace
opaques trace

.The rock is a very strongly altered, medium-grained equigranular
igneous rock. The only relict minerals present are pale brown pleo-
chroic hornblende and rare apatite prisms. The remainder of the
specimen consists of roughly aligned pale green, slightly pleochroic
actinolite with minor intergrown chlorite, and finely crystalline
masses of epidote and minor quartz. Primary hornblendes are over-
grown and partly replaced by actinolite. The epidote masses appear
to be pseudomorphing primary plagioclase. Sphene occurs as irregular
masses to 2 mm in diameter that commonly surround opaque minerals.
The opaques are probably primary ilmenite, and the sphene is an
alteration of it. Rare pleochroic halos are visible in some of the
actinolite around very small irregular high relief grains that are
probably zircon.

The specimen originated as an intermediate or mafic medium-
grained igneous rock, probably a hornblende diorite. It has been
metamorphosed at middle greenschist facies.



Sample No. 25640

mode : quartz 60-65%
muscovite 30-35%
tTimonite 2-3%
plagioclase trace
opaques 1-2%

The rock is a quartz-muscovite sghist. Compositional layering
on a scale of 1 to 2 mm is pronounced (defined by relative proportions
of quartz and muscovite) with a well-developed metamorphic foliation
parallel to it. A second crenulation cleavage is visible at a high
angle to the layering.

The majority of the rock consists of very finely-recrystallized
quartz, commonly with muscovite along grain boundaries, interbanded
with limonite-stained muscovite schist. Anhedral, strongly strained
quartz grains to 3 mm in diameter occur throughout the quartz-rich
bands, and make up roughly 15% of the rock. The grains show
incipient recrystallization locally along their borders.

Limonite occurs as irregular masses, and also as partial
replacements of euhedral pyrite grains and grain aggregates to
3 mm in diameter.

The rock appears to be derived from a quartz grit, although in
view of its bulk composition and the recrystallized nature of the
quartz eyes, a felsic volcanic protolith is not impossible.



Sample No. 25641

mode : chlorite 25-30%
stilpnomelane 25-30%
sphene 12-15%
apatite L-5%
quartz L-5%
limonite 4-5%
epidote 2-3%
muscovite 1%
opaques -~ ilmenite 12-15%

chalcopyrite 2-3%
pyrite 1%
hematite(?) trace

The rock consists mainly of a felted mass of pleochroic green
chlorite and brown stilpnomelane with irregular patches of recrystal-
lized quartz and scattered grains of epidote, muscovite, and limonite.
In this are set fractured euhedral crystals of apatite to 3 mm in
length, and corroded, elongate, commonly bent ilmenite laths to
L mm in length. There is a vague compositional layering in the
section, defined by the abundance of ilmenite. In the ilmenite-
rich bands (up to 30% ilmenite) the laths are roughly aligned; in
the remainder of the section the laths are randomly oriented.

A narrow rim of leucoxene surrounds each ilmenite grain as an alteration
product.

Chalcopyrite occurs as irregular grains and scattered grain
aggregates to 0.3 mm in diameter. throughout the rock. It also
occurs as very finely-disseminated grains in the leucoxene rims
on some of the ilmenite grains. Irregular clusters of fine pyrite
grains to 0.4 mm in diameter are present throughout the section.
These occur within masses of limonite, which presumably represent
pseudomorphs after partially or wholly altered single pyrite grains.

The origin of the rock is uncertain. It is unfoliated, but
the mineral assemblage indicates that it has been recrystallized
at middle greenschist facies. Some of the chlorite masses preserve
subhedral outlines, indicating that they are pseudomorphing primary
olivine. It is probably taht the sample was originally a medium-
grained igneous rock. The abundance of ilmenite and its apparent
alignment remains problematical. The rock was metamorphosed at
greenschist facies. The origin of the sulfides, whether primary
or introduced at some later time, is uncertain.



Sample No. 25659

mode: quartz 75-80%
muscovite 20-25%
limonite : 1%
chlorite trace
opaques 2-3%

The rock is a very strongly foliated carbonaceous quartz-
muscovite schist. It consists primarily of finely recrystallized
quartz with scattered aligned muscovite flakes and narrow discont-
inuous bands of fine-grained muscovite. Average grain size of the
quartz is about 0.1 mm. Elongate laths and irregular grain aggregates
of opaque minerals (mainly carbonaceous material) to 1 mm in length
occur in quartz-rich bands, commonly associated with fine anhedral
grains of limonite.

A weak crenulation cleavage cuts the compositional layering
and early~formed fabric at a low angle (1ess than 10 degrees) and
locally deforms the muscovite bands into microlithon structures.

The rock originated as a carbonaceous sediment.



Sample No. 25664

mode : quartz 65-70%
muscovite 15-20%
K-feldspar L-5%
chlorite L-5%
sphene 1%
limonite trace
opaques 1-2%

The rock is a very fine-grained quartz-feldspar-muscovite-chlorite
phyllite with abundant quartz and plagioclase eyes. The quartz eyes
are 0.1 to 2 mm in diameter, and are typically rounded to sub-rounded.
They are strongly strained, and show incipient recrystallization
along their borders. The plagiocalse is albite, and forms stubby
anhedral to subhedral grains to 1 mm in diameter that are strongly
sericitized. Fine-grained elongate intergrowths of sphene and
opaques to 1 mm in length occur throughout the section. These are
alteration products of primary ilmenite laths.

The groundmass of the rock consists of a very fine-grained
schistose mass of quartz, K-feldspar, chlorite, and limonite.

Chlorite also occurs as elongate fine-grained, felted masses that
are probably alteration of coarse-grained primary mafic minerals.
The foliation defined by alignment of mica and chlorite flakes
wraps around the quartz and feldspar eyes. Only one foliation is
present in the section.

The protolith for the sample is felsic volcanic (qmartz-feldspar-
mafic(?) porphyry) or possibly a crystal tuff.



Sample No. 25665

mode : quartz 75-80%
muscovite 18-20%
limonite 1-2%
pyrite 2-3%

The rock is a pyritic, fine-grained quartz-muscovite schist.

It displays a pronounced compositional layering (defined by the
relative abundance of quartz and muscovite), with a well-developed
metamorphic foliation parallel to it (defined by the alignment of
mica) The quartz is wholly recrystallized with an average grain
size of 0.1-0.2 mm. Muscovite occurs as narrow, very elongate
blades to 0.4 mm long. Limonite is present along grain boundaries,
particularly in the mica-rich bands.

The only opaque mineral present is pyrite. It occurs as euhedral
grains and grain aggregates to 2 mm in diameter. It tends to be
concentrated in individual bands, but is distributed rather erratically
in the bands, never making up more than 20% of any single band.

The compositional layering and main foliation are strongly
deformed by a later crenulation cleavage that is developed at a
high angle to the early fabric. No new growth of minerals is
associated with the crenulation cleavage.



Sample No. 25672

mode chlorite 45-50%
muscovite 20-25%
quartz 12-15%
limonite 12-15%
opaques 1-2%

The rock is a strongly altered fine-grained chlorite-muscovite-
quartz phyllite. There is a vague compositional layering on a
scale of 1 - 2 mm, defined by relative proporations of chlorite
and limonite. The specimen consists mainly of a fine-grained,
weakly schistose, felted mass of brownish chlorite and muscovite
with scattered grains of partly recrystallized quartz. Limonite
occurs as scattered irregular masses throughout the rock, presumably
as an alteration of fine-grained pyrite. It also occurs as rims
on euhedral pyrite porphyroblasts to 0.5 mm in diameter.

The composition of the rock suggests derivation from a volcanic
or volcaniclastic protolith.
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mode : quartz 50-55%
opaques Lo-45%
muscovite 3-4%

The rock is a very complexly deformed, fine-grained, carbonaceous,
micaceous quartzite. There is a vague compositional layering
visible in hand sample, but in thin section this is seen to be the
net result of intense deformation of what may have been primary
layering. The deformed layering is between quartz-rich bands and
carbonaceous bands. The quartz-rich bands are very finely recrystal-
lized (average grain size less than 0.1 mm) and fine muscovite flakes
commonly occur along grain boundaries.

The nature of the deformation is uncertain. Lithon structures
are locally developed that would suggest that the most pronounced
compositional layering in the rock (parallel to the length of the
section) is a second-phase deformation fabric. Also, muscovite
flakes are locally bent around these lithon structures. It appears
that the rock was relatively incompetent due to the abundant carbon-
aceous material, and the superimposed deformation events produced
the complex patterns seen in the section.

The rock originated as a highly carbonaceous quartzose sediment,
either as a siltstone or an impure chert.



Sample No. 25676

mode : quartz 65-70%
muscovite 30-35%
chlorite trace
limonite trace
opaques 1%

