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Recommendations: 

Recommendations for future exploration on the Morrison property are as follows: 

1. Compile the data from the 2000 field season into a computer database. Combine the new 
data with Noranda’s database to make a geological model of the deposit. Complete an in- 
house scoping study including an ore resource estimate using computer generated ore blocks. 

2. Upon a positive outcome of the scoping study, plan a large drilling programme over the 
deposit. This phase of work would include a strategic drill programme to delineate high- 
grade areas within the deposit and a systematic programme using a grid patter, possibly 
within 50m centers to define the whole deposit. 



Introduction 

This report describes results of trenching and diamond drilling programmes at the Morrison porphyry 
copper gold silver deposit which is currently being explored by Pacific Booker Minerals under an 
option agreement with Notanda Corporation, The basic physiographic details ofthe claim group are: 

Location and Access 

The Morrison deposit [Ellen l-16 claims] is located in the Babine Lake region of the 
Intermontane Belt of central British Columbia (Fig. 1). Situated at latitude 55” 11’ N and 
longitude 126” 18’ W. The Morrison&arne Hill property is 30 kms due north of the village of 
Granisle which was originally built to service the Granisle and Bell miles. 

The Granisle mine ceased production in 1982 and all surface facilities have been removed. 
Production ceased at the Bell mine in 1992 and the minesite has been decommissioned. 

Access from the rest of BC is by means of paved provincial highway 321 (Topley - Granisle) to 
Michel Bay. Then by barge (no charge) across Babine Lake to Nosebay (approx. 20 minutes). 
A network of main haulage logging roads (principally the Hagen along the east side of Babine 
Lake) gives access to the Morrison property (approx. 38 road kms from the ferry). 

Topography 

The Babine Lake region forms part of the rolling uplands of the Nechako Plateau within the 
lntermontane Belt of central British Columbia (Fig. 1). Oligocene to Recent block faulting 
dissected the region into a basin and range morphology consisting of north-westerly trending 
ridges and valleys. The major trenches are tilled with long, narrow and deep lakes, the largest 
of which is Babine Lake, Morrison Lake lies to the northwest of Hatchery Arm of Babine Lake 
and occupies the same valley. Elevations range from 733m on the shore of Morrison Lake, (i.e. 
in the basin) to 1380m on Heame Hill (i.e. the Range). The eroded scat-p of the Morrison Fault 
forms the western flank of the Morrison graben. 

Claim Details 

The Ellen 1 - 16 claims on which the trenching and drilling programmes were done are shown on 
Figure 2. 

The remaining claims which comprise the Morrison - Hearne Hill property are shown in the 
following table: 



Claim Name Tenure No. 

Heame 1 242812 
Heaxe 2 242813 
Ellen 1 243847 
Ellen 2 243848 
Ellen 3 243849 
Ellen 4 243850 
Ellen 5 243851 
Ellen 6 243852 
Ellen 7 243853 
Ellen 8 243854 
Ellen 9 243855 
Ellen 10 243856 
Ellen 11 243857 
Ellen 12 243858 
Ellen 13 243859 
Ellen 14 243860 
Ellen 15 243861 
Ellen 16 243862 
Alva#l 243863 
Aha #2 243864 
Ellen #3 Fr 243879 
Frances #25 244011 
Frances #27 244012 
Dull Axe #l 244266 
Dull Axe #2 244267 
She 13 244278 
She 14 244279 
Dyke #7 Fr 244320 
Patch Fr 244326 
Cub 200 341509 
Cub 300 341510 
copper 200 341511 

copper 100 341512 
cub 100 341513 
BB 1 341551 

BB2 341552 
BB3 341553 
BB4 341554 
Heame3 347037 
HeaIne4 347038 
Heame 5 347039 

Heanle 6 347040 
Hearne 7 347041 
Heame 8 347042 
Heave 9 347043 
Hears IO 347046 
Heame 11 347047 
Heame 12 348735 
H&me 13 348736 
Dyke 1 360773 

Dyke 2 360774 
Dyke 3 360775 
Dyke 4 360776 

w=s 360777 

Current Expiry Date 
September 15,ZOOO 
Se$3nlxr 15,2000 
September 15,200O 
September 15,200O 
September 15,200O 
September 15,200O 
September 15.2000 
September 15,200O 
September 15,200o 
September 15,ZOOO 
September 15,200o 
September IS, 2000 
September 15,200O 
September 15,20&l 
September 15,200O 
September 15,200O 
September 15,200O 
September 15.2000 
September 15.2000 
September IS, 2000 
September 15,200o 
September 15,200O 
September 15,ZOOO 
September 15,200O 
September 15,200O 
September 15,200O 
September 15,2C+lO 
September 15,200O 
September 15,2OOl 
September 15,2002 
September 15,2002 
September 15,2002 
September 15,2002 

September IS,2002 
September 15,2002 

September 15,2002 
September 15,2002 
September 15,2002 
September 15,2002 
September 15,2002 
September 15,2002 
September 15,2002 

September 15,2002 
September 15,2002 
September 15,2002 
September 15,200Z 
September 15,2002 
September 15,2002 
September 15,2002 
September 15,200a 
September 15,ZOOO 

September 15,200o 
September IS,2000 
September 15,2ooO 

New Expby Date 
Swtembcr 15.2007 
Se&mber 15.2007 
September 15, 2007 
September 15,2007 
September 15, 2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15.2007 
September 15, 2007 
September 15,2007 
September 15,2007 
September IS, 2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September IS, ZOO? 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 

September 15,2007 
September 15,2007 
September 15.2007 

September 15.2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 
September 15.2007 
September I5,2007 
September IS, 2007 
September 15,2007 
SqXember 15,2007 
September 15,2007 
September 15,2007 
September 15,2007 

September 15,2007 
September 15,2007 
September 15,2007 







Historv of Exoloration at Morrison 

The Morrison Lake area was first explored in the early 1960s during the initial rush of 
exploration to the Babine region. Regional stream sediment sampling in 1962 by the Norpex 
Group of Noranda Exploration Company, Limited led to the discoveq of the Morrison deposit 
in 1963 with critical early work by L. Saunders, R. Woolverton and D.A. Lowrie (Woolverton, 
1964). 

During the follow-up in 1963 of copper-anomalous stream sediments that were collected in 1962, 
copper-bearing BFP float and exposures were found by employees of Noranda Exploration 
Company, Limited in the stream that flows over the copper zone (Figs. 2,3). Trenching of the 
thin overburden uncovered relatively unweathered chalcopyrite-bearing bedrock in large areas 
on both sides of the stream, where soil samples were anomalous. 

Ninety-five diamond holes, most oriented east or west with dip 45 degrees, were drilled from 
1963 to 1973. 65 holes were AEX diameter. The other 30 were BQ diameter. Induced 
polarization surveys were not very definite, because of very widespread pyrite. However, the 
BFP intrusions, including portions of the BFP plug, were known to contain abundant magnetite; 
therefore, magnetic surveys were used as a guide in the early drilling. By 1968, a sub-economic 
deposit had been outlined that consisted of two zones totalling about 55 million tonnes averaging 
0.42 per cent copper. The zones are immediately northwest and southeast of the small central 
pond (Fig. 3), and their positions correspond closely to strong geochemical and magnetic 
anomalies. 

Geological mapping done in 1963 and 1967 had indicated the possibility that the two zones 
might be parts of a single faulted deposit. Hydrothermal alteration studies initiated in 1967 
showed that the deposit had well-defined biotite-chlorite zoning and that biotitization was very 
closely related to copper grades. Although data was sparse, biotitization in the large poorly 
tested area between the two known zones appeared to be widespread and strong, indicating that 
this area was probably underlain by additional +0.4 per cent copper mineralization. Drilling in 
1970 to test the central area, succeeded in joining the portions of the faulted copper zone and 
increased the known tonnage of the deposit from about 55 to 86 million tonnes. 

The Morrison copper zone and peripheral hydrothermally altered rocks have resisted erosion by 
glaciation more than the surrounding unaltered rocks. The altered rocks occur in an elevated, 
thinly mantled, roughly elliptical plateau 60-90 metres above the level of Morrison Lake. This 
plateau is bisected by a north-south gully carved along a fault, the east fault, and is surrounded 
by areas of shallow to very deep glacial overburden (Fig. 3). 

It is significant that following the 1973 drill programme Noranda did no further active field work 
at Morrison. Pit design studies were carried out in 1988 and 1990 to establish whether Morrison 
could supply feed to the Bell Mine but no further drilling was done on the property until Booker 
Gold Exploration (now Pacific Booker) drilled 3 holes, No. 98-1, 2, 3 in 1998. 
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RePional Geolom 

The Morrison deposit is situated on the norther edge of the Skeena Arch in a region underlain by 
volcanic, elastic and epiclastic rocks ranging in age f?om Lower Jurassic Telkwa Formation to Lower 
Cretaceous Skeena Group. This sequence of rocks has been cut by a northwest trending series of 
faults that have created a long linear sequence of horsts and grabens. The rocks have been intruded 
by a variety of intermediate to felsic stocks, plugs and dykes of Eocene age (Richards, 1990). 

During the Tertiary-Eocene period, BFP plugs and stocks of the Babine Igneous Suite were emplaced 
along major faults in a continental magmatic arc. Two ore bodies (Bell and Granisle) and numerous 
sub-economic deposits occur as porphyry-copper deposits which are temporally and spatially 
associated with the Babine Igneous Suite intrusions (Carson and Jambor, 1974). 

Proper& Geology 

Lithology 

[The following description of the geology of the Morrison property is partially based on regional 
mapping by MacIntyre et.ul. (1997-l), detailed petrographic studies by Carson and Jambor 
(1974) and field investigations by Pacific Booker Minerals Inc.] 

Jurassic Sedimentary Rocks 

Host rocks for the BFP intrusions at Morrison are siltstone, silty argilites and minor 
conglomerates of the Upper Jurassic Ashman formation. 

In most localities on the Morrison property, the Ashman rocks are massive and strongly altered, 
and bedding is not visible. Where observable, bedding generally strikes northerly to 
northwesterly and dips steeply. 

The siltstones and silty argillites are very fine to medium grained and consist largely of a hetero- 
geneous mixture of detrital quartz, feldspars, and volcanic and sedimentary rock fragments. The 
over-all appearance and minerology of these rocks depend largely on their location in the 
Morrison alteration zones. Fawn or medium grey colours and observable elastic textures are 
characteristic of rocks with considerable introduced carbonate in the outer portions of the 
property. Some siltstones are poorly indurated; some arc shaly. The rocks become darker 
greyish-green and fawn, indurated, chlorite-carbonate-rich greywackes and argilites as the copper 
zone is approached, and are dark grey and jet-black biotitized variries in copper zone. 

Conglomerates have been observed at a few localities such as in the creek near the old Noranda 
camp site. These conglomerates are light gray to fawn-coloured rocks that contain rounded 
pebbles of cherty, dacitic and andesitic rocks. 
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Throughout the entire property, the Hazelton sedimentary rocks arc cut by abundant BFP dykes 
and sills. 

Eocene Rhyodacite 

Widespread rhyodacite dykes in the Babine area are believed to be co-magmatic with the BFP 
intrusions. At Morrison, light tan-coloured, medium- to fine-grained rhyodacite dykes with 
aplitic textures occur at a few localities. They are leucocratic rocks composed almost entirely 
of quartz, albite and K-feldspar. At some localities, the dykes have a fine to coarse breccia 
texture in which aplitic fragments are contained in a very fine grained siliceous matrix. 

Eocene Biotite-Hornblende Plagioclase Porphyry (BFP) 

Morrison BFP is similar to BFP at other Babine porphyry copper deposits. A complete 
description of this rock, including chemical and microprobe analyses, is given by Carson and 
Jambor (1974). 

The main BFP pluton at Morrison is a faulted plug, with nearly vertical contacts, which occupies 
a north-westerly oriented elliptical area of 900 by 150-300 metres. Before faulting, the plug was 
roughly circular in section, with a diameter of about 500 metres. Numerous offshoots of the 
plug, many of which are northerly trending dykes or sills, occur everywhere in the Hazelton 
sedimentary rocks. The offshoots vary in width from less than 1 metre to greater than 500 
metres. Most BFP contacts are sharp. Angular inclusions of siltstone have been observed in only 
a few localities. 

Unaltered BFP is speckled with abundant l/4 to S-mm phenocrysts of plagioclase (zoned 
oligoclase-andesine), biotite and hornblende in a fine-grained matrix of the same materials as 
well as quartz and K-feldspar. Apatite and magnetite are common accessory minerals. At 
Morrison, all rock exposures are altered, and hornblende phenoclysts in particular have been 
largely replaced by hydrothermal chlorite or biotite. Rare phenocrysts of K-feldspar and quartz 
have been noted in some Babine porphyry deposits, but not at Morrison. Compositionally, 
Morrison BFP is equivalent to quartz diorite porphyry (dacite porphyry). 

At Granisle, many phases of BFP intrusions are evident from cross-cutting relationships among 
slightly different-appearing types of BFP and from the occurrence of hgments of one type in 
another in breccia pipes (?) and intrusive breccias. Such features are seen most clearly during 
close examination of rock faces in the pit. At Morrison, the plug is known to contain a large 
number of phases of BFP. Their presence is indicated by the occurrence of varieties of BFP that 
have contrasting abundances of phenocrysts and of groundmass grain sizes. Some of these BFP 
variations occur over distances of only a few metres, and in a few cases intrusive contacts have 
been observed in drill cores. 

Part of the variation in appearance of BFP is due to superimposed hydrothermal alteration. BFP 
in the chlorite-carbonate zone is typically a greenish grey speckled rock of phenocrysts of pale 



grey plagioclase, pale green chloritized hornblende and books of unaltered brown biotite. In the 
weak, outer part of the biotite zoner, the rock is darker greyish green. In the inner. stronger 
biotitized part of the copper zone, BFP is dark grey to black and speckled with distinct unaltered 
white plagioclase phenocrysts and books of black biotite. 

Post-Mineral Andesite Dykes 

Light green, very tine grained to aphanitic, weakly altered dykes ranging in width from l/3 to 2 
metres have been encountered in a few drill holes. The dykes are andesitic and contain widely 
scattered l/2 to l-mm phenocrysts of plagioclase, hornblende and biotite. These intrusions. 
possibly a late-stage, relatively mafic type of BFP, are barren of copper. 

Structure 

The Morrison deposit occupies the central part of a major graben that is a component of the 
regional northwesterly trending block-fault system of the Babine area (Carter, 1973; Richards, 
1974). The western bounding fault is believed to be along Morrison Lake, and the eastern fault 
is about 0.8 km east of the property. Within this graben, Upper Jurassic Ashman formation, and 
the Cretaceous Sustut Group which crops out 3 km to the northwest of the Morrison deposit have 
been down-faulted and preserved from erosion. 

The most prominent structure at Morrison is the north-westerly trending east fault, which bisects 
the BFP plug and copper zone (Fig. 3). The fault-is apparently vertical and has a right-hand 
heave of approximately 300 metres. The vertical displacement, although unknown, is believed 
to be considerable. Rather than a single break, the East Morrison fault is a linear zone of parallel 
shears and fiwtures. The zone averages about 25 metres in width, but ranges from 50 metres in 
its central portion to only a few metres at its extremities. 

Along its entire length, the Morrison fault is marked by intense clay-carbonate alteration and 
well-defined z.ones of carbonate-cemented gouge and breccia. North-westerly trending streaks 
and patches of clay-carbonate alteration found elsewhere in the BFP plug and surrounding rocks 
are believed to have developed along minor shears and fractures that formed along contacts and 
bedding planes during movements on the Morrison fault. 

Mineralized fractures. 2 to 10 cm apart, are exposed in trenches and outcrops. The fractures have 
a great variety of orientations, but tend to dip steeply and trend northerly, parallel to the strike 
of the Ashman sedimentary rocks, the copper zone and the Morrison fault. However, at the 
northern end of the deposit, the strikes of both the copper zone and the more prominent fractures 
swing to the northeast and east. 

Major fold structures have not been observed at Morrison. Although the strike of the 
sedimentruy rocks appears to be mainly north-northwesterly, some argillaceous siltstones and 
conglomerates at the southern end of the property strike east-northeast to east-southeast and dip 
steeply. This suggests that the BFP plug may be localized in the north-northwesterly trending 
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isoclinal fold, the nose of which is at the southern end of the property. 

Mineralization and Alteration 

Copper Zone 
The Morrison copper zone is a vertical annular cylinder that conforms to the shape of the BFP 
plug and is disrupted by the east and west faults. The copper zone is defined by external and 
internal boundaries that mark the limits of rocks which consistently grades greater than 0.2% 
copper. In most places, the external boundary is relatively sharp and copper content declines 
outward to less than 0.1 per cent within about 40 metrcs. However, along the western and 
northwestern edges of the copper zone, sporadic areas of + 0.3 per cent copper occur for several 
hundred metres beyond the 0.2 per cent copper boundary. The low-grade core averages between 
0.15 and 0.2 per cent copper. Between the internal and external 0.2% isopleths, copper increases 
fairly regularly to form a higher-grade annulus. In the annulus, which is 15 to 150 metres wide, 
copper exceeds 0.5 per cent. Maximum grades over appreciable widths are about 0.7 per cent 
copper, and the average grade of the entire 0.3+ per cent zone is 0.42 per cent copper. 
Molybdenum averages approximately 0.01 per cent and gold and silver 0.3 gram per tonne and 
3 grams per tonne respectively. Spotty occurrences of galena and sphalerite, in carbonate- 
cemented brecciated veins within and near the Morrison fault and in smaller parallel shears, 
contribute to relatively high, but uncommercial, values of lead and zinc. 

At Morrison, all copper sulphides are primary. Chalcopyrite is the main copper-bearing mineral. 
It is distributed chiefly in fracture stockworks with or without quartz, but about 20 to 30 per cent 
of the mineral is disseminated in the BFP matrix and in peripheral sedimentary rocks. 

Pyrite Halo 

All rocks at Morrison contain anomalous quantities of pyrite (> 1 per cent) that contribute to an 
over-all high induced polarization response. Coarsely disseminated l/2 - 5-mm crystals of pyrite 
are common in the inner parts of the halo, whereas 0. 1 - to 0.5-cm-wide stringers predominate 
in the outer portions. 

The most pronounced concentrations of pyrite (5- 15 per cent by volume) occur in three segments 
that surround the copper zone. The outer two thirds of the segments average only about 0.05 per 
cent copper. The eastern pyrite segment is very large. Pyrite content at its outer margin 
decreases abruptly to 1 to 2 per cent. However, in the smaller western segments, pyrite 
abundances decrease more gradually and zones of 3 to 5 per cent pyrite are common in the area 
that includes the large northerly trending BFP and rhyodacite dykes. 

Sulphide Mineralogy and Zoning 

Chalcopytite and pyrite are the main sulphides at Morrison. Minor to moderate amounts of 
bornite at a few places in the copper zone contribute significantly to copper grades. However, 
most of the high-grade sections owe their copper content solely to chalcopyrite. Most of the 

6 



chalcopyrite occurs along thin seams and veinlets with or without quartz and biotite, but notable 
amounts of the sulphide are also finely desseminated in the BFP matrix and in sediments. 

Very minor molybdenite occurs in some chalcopyrite-pyrite seams and as minute disseminated 
flakes in the copper zone, which averages about 0.01 per cent molybdenum. 

Though pyrrhotite and marcasite occur in only minor quantities at Morrison, these minerals are 
more abundant than in other porphyry copper deposits. Pyrrhotite is almost exclusively in the 
pyrite halo, but the quantity present is unrelated to the percentage of pyrite present. Marcasite 
is most commonly associated with pyrite, arsenopyrite, galena, sphalerite, geocronite and 
boulangerite. These minerals occur with quartz and carbonate in small vuggy veinlets and 
pockets in minor faults and in the clay-carbonate-altered rocks of the fault zones. 

Detailed polished-sections indicate that pyrite and chalcopyrite have a well-defined zonal 
relationship. Although pyrite predominates in the pyrite halo, the 0.2 per cent copper grade-line 
precisely marks a change in pyrite-to-chalcopyrite ratios; calcopyrite consistently exceeds pyrite 
in samples only from the inside of this boundary. Although the absolute abundance of pyrite 
decreases toward the centre of the Morrison deposit, disseminated grains of the mineral persist 
throughout the copper zone and in the low-grade core. 

Polished-section studies have shown also that, in addition to chalcopyrite and pyrite, magnetite 
and minor bomite are present in the low-grade-core of the deposit. Magnetite is confirmed to 
the low-grade core and the copper zone; that is, the &ea enclosed by the outer 0.2 per cent copper 
grade-line. The mineral is a finely desseminated original constituent of the BFP and the 
siltstones and is most abundant in the western segment of the copper zone. Many magnetite 
grains are partly altered to hematite, which seems to be most abundant at the outer 0.2 per cent 
boundary. No iron oxides have been observed in the pyrite halo. 

Hydrothermal Alteration 

Hydrothermal alteration at Morrison is similar to that at Granisle and other Babine porphyry 
copper deposits (Carson and Jambor, 1974). The copper deposit is within a centrally located 
biotite zone, the quality of which decreases outward. Surrounding the biotite zone is a chlorite- 
carbonate zone. Intense clay-carbonate alteration is associated predominantly with the faults and 
related shears. 

Minor amounts of well-crystallized chlorite occur in the biotite zone, mainly as veinlets and 
crystal clusters. Finer, less strongly crystallized chlorite is common in the weak outer part of the 
biotite zone, and abundant chlorite that occurs mainly as pseudomorphs after hornblende 
characterizes the chlorite-carbonate zone. 

As is evident from the above, the biotite-to-chlorite ratio increases as the copper zone is 
approached externally, and the crystallinity of both minerals also increases. 



The three types of phenocrysts in BFP - biotite, hornblende and plagioclase - possessed distinctly 
different subceptibilities to alteration. Biotite phenoclysts were relatively stable and remained 
largely unaltered both in the chlorite-carbonate and biotite zones. Only in the most intensely 
biotitized rocks are phenocrysts partly replaced on their rims by finer hydrothermal biotite. In 
contrast to biotite, hornblende phenocrysts were very sensitive to hydro-thermal alteration. Their 
replacement in the central, copper-bearing area by hydrothermal biotite and inthe peripheral aTeas 
by chlorite and carbonates, is the most diagnostic and useful feature of hydrothermal alteration 
at Morrison and all Babine deposits. Within the biotite zone of the Morrison deposit. residual 
primary hornblende as well as hydrothermal amphibole of the tremolite-actinolite series are 
common. 

Plagioclase phenocrysts are flecked only weakly with kaolin, sericite and carbonate in the 
outermost part of the chlorite-carbonate zone. However, this feldspar destructive alteration 
increases in intensity inward to the inner chlorite-carbonate zone, where some crystals are 
completely replaced; others are partly replaced in irregular patches or along cleavages and 
compositional zones. In the carbonate-deficient parts of the inner biotite zone, most plagioclase 
is clear and unaltered. However, in some cases, unaltered phenocrysts occur adjacent to totally 
altered (sericite-kaolin-carbonate) phenocrysts. 

K-feldspar has been observed in very minor amounts in quartz-chalcopyrite f biotite veinlets in 
the inner + 0.3 per cent copper portion of the copper zone. Its distribution coincides with the 
inner. stronger part of the biotite zone, which therefore corresponds to the classical potassic 
zones of other porphyry copper deposits. 

Along faults and shears, clay-carbonate alteration is superimposed on the earlier biotitic and 
chloritic alterations. In the fault zones and at other localities of intense clay-carbonate alteration, 
biotite, hornblende and plagioclase phenocrysts and BFP matrix have been almost totally altered 
to kaolinite + montmorillonite, chlorite and mixtures of calcite, dolomite and, rarely, siderite. 
Pyrite is an additional alteration product of the mafic phenocrysts. At several localities where 
the streaks and patches of moderately intense clay-carbonate alteration are exposed in trenches. 
many can be seen to be parallel to the Morrison fault, to most BFP dyke contacts and to the over- 
all strike of the Hazelton sedimentary rocks. 

Disseminated fine-grained apatite is anomalously abundant in the BFP plug and in some large 
dykes. Veinlets and pockets of coarse apatite-biotite-bomite-calcopyrite, such as those that occur 
at Granisle, have not been found at Morrison. Gypsum has been observed at places in the copper 
zone. Very minor amounts of tourmaline were observed in thin sections of BFP and siltstone 
at four localities near the western edge the copper zone. Minor epidote is found in all parts of 
the property, but is most common in the outer chlorite-carbonate zone. Minor amounts of 
sericite are also resent in most localities. Moderate amounts of sericite, accompanied by 
carbonates, occur in the southern third of the large rhyodacite dyke and in some siliceous 
sedimentary rocks in the southeastern part of the pyrite halo. 

As is evident from the above, hydrothermal zoning at Morrison, like copper zoning, is relatively 
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uniform Except for superimposed, structurally controlled clay-carbonate alteration, there are 
no significant reversals in the mineralogy. 

Exploration Proeramw 

Trenching 

During October, November 1999, and June - October, 2000 extensive programmes of trenching 
were done on the Morrison property. Various large backhoes (Kobelco mostly) were used to 
excavate and extend the trenches originally dug by bulldozer for Notanda Exploration - probably 
in 1964. 

These old trenches had “sloughed in” and being originally excavated by bulldozer, they had not 
been successful in achieving continuous exposure of bedrock. The modem backhoe trenches 
provided a much more continuous exposure of bedrock - enabling copper and gold values to be 
sampled and assayed over entire trenched distances in some cases. 

Initially the trenches were logged in 5m lengths. Lithology, alteration, fracture density were all 

observed plus estimates of chalcopyrite, bomite and pyrite content. Each 5m sample was then 
analysed for 30 elements by I.C.P. methods. Subsequently sampling intervals were changed to 
1 Om lengths. 

Location of the trenches are shown in Figure 3. Lo& of mapping of the trenches and analytical 
certificates are shown in Appendix A. [Some analytical certificates date from after 3 1 August 
2000 due to time delays in submitting samples for analysis. These results are included in this 
report because they are part of the overall data produced but they are a part of the assessment 
work in this report that is detailed in Statement of Costs for assessment work credit.] 

Diamond Drilling 

In October 1999 Pacific Booker drilled a vertical hole MO-~ which was deepened as part of the 
year 2000 programme. Hole 99-3 was also deepened as part of the year 2000 programme. 

The recent programme of drilling started 20 April 2000 and was completed 9 November 2000. 
Details of holes drilled by Pacific Booker since the start of its programme at Morrison up to 31 
August 2000 are shown in the following table. All holes were drilled with NQ diameter, 
diamond drill equipment by Falcon Drilling of Prince George, BC. Core is stored at Pacific 
Bookers Camp at the property. 
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. 

16-22 Jan 1998 

ext. 3050 3866 

MO-4 3125 3870 

ext. 3126 3874 

090 45 1044 318.21 I-5 Aug. 2000 

90 1019 310.67 16-25 Oct. 2000 

90 1491 454.46 20-27 Apr.2000 

1 MO-5 3010 3805 092 75 1447 44 1 .os 28 Apr.-S May. 
2000 

MO-6 3190 3932 090 78 1221 372.01 9-l 8 May, 2000 

MO-7 3548 3394 270 77 1203 366.67 19 May-11 Jun. 
2000 

MO-8 3330 3564 270 70 1071 326.44 12-20 Jun.2000 

MO-9 3406 3205 90 1007 306.93 21-27 Jun 2000 

MO-IO ( 3390 1 3350 1 270 1 60 1 896 (273.1 128Jun.8 Jul2000 ( 

MO-l 1 1 3410 I 3340 I 090 1 70 1 1077 I 328.27 I IOJul-16Jul.2000 1 

MO-12 2985 3560 090 45 1116 340.16 6-15 Aug. 2000 

MO-13 2985 3560 270 45 495 1 SO.88 16-19 Aug.2000 

MO-14 3108 3445 090 50 997 303.89 20-27 Aug. 2000 

MO-15 3490 3200 090 45 1026 312.73 28 A@-5 Sept. 

In order to ensure accuracy of sampling and assaying, Pacific Booker maintained a quality control 
programme throughout the drilling: 

a. A geotechnical log of each hole was made which noted recoveries achieved in each 10 ft (3.05 
m) section. This log also noted condition of drill core, i.e. amount of broken material present. 
Generally core recovery using modem hydraulically driven, thin walled NQ drill rods was 100%. 
In fractured zones minor amounts of material were lost. 

b. Core was split or sawn into two halves. One half was taken as a sample for assay (10 A. Or 3.05 

IO 



m lengths). The other half was replaced in the core box for reference 

c. The core samples were either assayed for copper and gold or analysed by I.C.P. for 30 elements. 

d. Pacific Booker commissioned CDN Resource Laboratories Ltd. To prepare copper standards. 
A set of gold standards were purchased from Rock Labs of Auckland, New Zealand. These 
standards were inserted in the material submitted for analysis to ensure the accuracy of assaying 
procedures. Blank core samples were also inserted randomly. 

Drill logs and assay certificates are contained in Appendix B. Petrographic work by Vancouver 
Petrographics is detailed in Appendix C. 

Results of the drilling programme are summarized as follows: 

Deepening of hole MO-98-3 completed Phase I of the drilling programme at the Morrison porphyry 
copper gold deposit. 

The aims of the Phase I programme were outlined as follows: 

1. Establish grade and continuity of copper values, using modem state of the art thin walled NQ 
hydraulically driven drill equipment, which achieves essentially 100% recovery. All previous 
drilling (95 holes) dates from 1963 to 1973. All of these holes were small diameter core size 
which resulted in inconsistent core recovery and made accurate assaying difficult. This 
necessitated Pacific Booker redrilling within the known porphyry deposit with modem 
equipment. 

2. Establish gold and silver grades (Few of the original drill holes were assayed for these metals. j 

3. Explore the depth of the copper/gold/silver bearing system. Historic drilling was by 45-degree 
angle, short holes, which had explored the system to a maximum depth of 500 vertical feet. (150 
metres). 

The Phase I programme adequately achieved its stated aims by successfully defining higher copper 
grades; establishing significant gold values within the known deposit and extending the system to 
increased depth with holes MO-99-4 and MO-00-9. 

During the course of the Phase I drilling it became evident that the Morrison deposit had not been 
fully explored on the west, northwest and north sides. 

Pacific Booker’s initial Phase II programme was therefore extensive trenching, drilling and 
geophysics in these areas to locate and define the deposit boundaries. Mapping of alteration zoning 
with attendant mineralization was utilized to assist in defining the true size of the Morrison deposit. 
To date the Morrison deposit is open to depth and to the west, north and northwest. 



The 11 holes comprising the Phase I programme are summarized in the following table. 
are shown on Figure 3. 

Drill hole 

kb9ai 

MO-96.2 

MO-98.3 

MO-994 

MO-m-5 

MO-00-6 90 

MO-00-7 270 

Mo-00-s 270 

Mo-00-9 

MO-00-10 270 

MO-00-l 1 090 

Azimuth 

90 

90 

90 

92 

Dip Hole 
Angle Lenath 

-70 

-50 

-50 

-90 

-75 

-78 

-77 

-70 

-90 

-50 

-70 

239.8 
includes 

318.6 
includes 

441.05 
includes 

372.01 
includes 

326.44 
includes 

306.93 
includes 

273.10 

includes 
328.27 

MORRISON DEPOSIT 

SUMMARS OF PHASE I DIAMOND DRILLING 

3.10 
3.10 

26.50 
3.90 

86.90 
239.20 

3.00 

3.00 
96.00 

4.25 
85.06 

20046 

2.60 

2OOoa 
212.00 

3.00 
5560 

30780 
2.44 

174.4 

312.0 
16.15 
42.06 

206.64 

2.13 

200.2 
2338 

6.20 
95.75 

2.44 
165.75 

239.60 236.7 
96.60 93.50 

34.60 6.10 
376.40 374.50 
285.10 198.20 
265.10 45.90 
266.99 263.99 
101.80 98.80 

101.8 5.60 

454.46 450.21 
17043 8537 
22835 2789 

288.72 285.92 
26500 65.00 
240.00 28.00 

372.01 369.01 
133.70 78.10 

34300 35.20 
346.25 343.61 

340.0 -165.60 

340.0 26 

326.44 310.29 
142.64 100.6 

310.27 103.63 

30693 304.80 

249.0 46.8 
249.0 15.2 

273.10 264.90 
141.21 45.46 

320.27 325.63 
274.84 109.09 

Feet CODWr 

760 0.41 0.29 
310 0.72 0.53 

30 1.03 0.96 

,230 0.50 0.24 
650 061 0.29 
150 a81 0.48 
666 0.51 0.27 
325 0.60 a27 

20 0.70 a36 
1477 0.70 0.40 

280 0.97 053 
92 0.98 0.49 

938 0.50 0.45 
210 0.65 0.79 

so 0.80 1.02 

1211 0.50 0.26 
250 0.60 0.26 

115 0.70 0.36 
1128 0.44 0.20 

543 0.54 0.25 

92 0.64 0.25 
1018 0.50 0.28 

330 0.8, 0.20 

340 0.48 0.46 

,000 0.42 

160 0.64 
50 092 

869 0.22 
150 038 

1069 0.61 
360 0.52 

0.13 

0.18 
0.26 

0.14 

0.18 

Gold 
grams/ 
kxlne 

Locations 

1.40 
2.25 
3.47 

1.62 
1.9, 
2.27 
2.44 
f.73 

2.16 

2.85 

3.00 

Note: Figures in italics are higher grade intercepts included within the overall intercept. 

Drilling in Phase II has focussed on defining the boundaries of the deposit. This required drilling 
either from the deposit out or from outside the boundaries into the deposit. Many of these holes, 
by definition, do not grade in the same range as those within the core areas of the deposit. 

Summary of assay results from Diamond Drill Holes MO-12 to MO-1 5 are as follows: 

DDH MO-OO- 12 to define the south edge of the central zone to the east 
from surface to 178.6 Metres (586 feet) .19% copper, .07 grams/tonne gold 
178.6 mares-340.16 metres (530.1 feet) .30% copper, .21 grams/tonne gold. 



DDH MO-OO- 13 same set up to define the south edge of the central zone to the west 
from surface to 114.6 m&es (376 feet) .13% copper, .04 grams/tonne gold, 

114.6-150.88 metres barren 

DDH-MO-00-14 to further define the south area of the central zone. 
From surface to 127.10 metres (417 feet) .09% copper, .04 grams/tonne gold 

127.10-303.89 metres (580 feet) .3S% copper .14 grams/Rmne gold 

DDH MO-00-1 5 to further define the south edge of the central zone. 
From surface to 273.10 metres (775 feet) /42% copper, .25 
grams/tonne gold 

273.1-312.73 metres (130 feet) .13% copper, .09 grams/tonne gold 
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I, Christopher J. Sampson, of 2696 West 1 lth Avenue, Vancouver, BC, V6K 2L6, hereby 

certify that: 

1. 

2. 

3. 

4. 

I am a graduate (1966) of the Royal School of Mines, London University, England with a 

Bachelor of Science degree (Honours) in Economic Geology. 

I have practiced my profession of mining exploration for the past 34 years in Canada, 

Europe, United States, Central and South America. For the past 25 years I have been 

based in British Columbia. 

I am a consulting geologist. I am a registered member in good standing of the 

Association of Professional Engineers of British Columbia. 

This report is based on supervision of trenching and drilling programmes at the Morrison 

Property, BC. 

Dated at Vancouver, British Columbia this 4th day of December, 2000. 

&& 
Ch?isaer J. Sampson, P. Eng. 
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Personnel 

Equipment 

camp costs 

Drilling 

Assay 

Other disbursements 

TmVeI 

other Items 

ITEMIZED COST STATEMENT FOR ASSESSMENT CREDIT 
September 16, 1999 to August 31.2000 

coosuIting Engineer 
Consulting Geologist 

Prospector 
Geologists 

Field Assistants 
Coresplitters 
Camp Cook 
First Aid training 

Payroll benefit cost 

Workers Compensation cost 

Truck rental 

Excavator 
Generator 
ATV rental 
Computer rental 

Fuel tank rentals 
Core Storage-rental 

Radio rentals 

Camp food & supplies 

Camp equipment 
Fuel & Maintenance costs 

Small tools/equipment 
Road building/snow removal 

Diamond Drilling 13,159.oo 

Analysis of samples 

.4irf%es to properry 4,473.45 

Travel expenses 14JA9.85 

Helicopter 3,068.06 

Drafting & map reproduction 425.88 

Field Supplies 3,796.30 

Core boxes 9,041.72 

Telecommunicatioos 1,817.96 

Freight 4.778.13 

16.50 
3.00 

61.00 
279.00 

134.00 
19.00 

109.00 

116.00 

397.72 
9.00 

101.00 
80.00 

1,723.OO 

&YS 
&YS 
&YS 

feet 

samples 

7,500.oo 
288.00 

24,400.OO 

83,380.OO 
19,754.80 

2.850.00 

23,143.OO 

754.75 
2J24.37 
6,507.19 

5,970.97 
56,93X03 

1,000.00 
1,010.00 

400.00 

1.297.33 
2,198.74 

2,628.70 

14,188.19 

10,965.82 
17,294.20 

777.13 

1,628.Ol 

321,185.67 

32,846.32 

171,102.ll 

71,440.77 

44,853.35 

321J85.67 

32,846.32 

22,191.36 

19,859.99 

TOTAL 6X3,479.57 
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. APPENDIX A 

A) Trenching - Logs 
Assay Certificates 
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. ApPENDlX 

(3 Petrographic Reports: Vancouver Petrographics 



Vancouver Petrographics Ltd. 
8080 GLOVER ROAD, LANGLEY, B.C. Vi M 3S3 
PHONE (604) 888-1323 l FAX (604) 88S-3642 

et-nail: vanpetro@vancouver.net 

PE~TROGRAPHIC REPORT ON 10 POLISHED THIN SECTIONS FROM MORRISON 
PROPERTY, BABINE DISTRICT, B.C. 

Report for: J. Paul Stevenson 
10th Floor, Princess Building 
609 West Hastingst Street 
Vancouver, B.C. V6B 4W4. 

Invoice 0003 80 

Aug. 15, 2000. 

SUMMARY: 
All but one of the samples in this suite may be characterized as variably altered porphyritic 

hi&-level intrusive rocks, likely mainly a crowded biotite-hornblende quartz diorite (tonalite) porphyly 
pror to alteration. Typically the rock originally consisted of about 30-50% 1-4 mm plagioclase and 
IO-1 5% 1-2 mm mafic (biotite, hornblende) phenocrysts in a fine-grained (0.1-0.2 mm) groundmass of 
quartz and alkali feldspar plus minor mafic minerals. The last sample, MO-9-12.4, is a fine-grained mixture 
of quartz, ?albitic alkali feldspar, carbonate, biotite, chlorite, K-feldspar and sulfides and oxides with a 
equigranular texture that likely represents a homfelsed sediment or volcanic rock. 

Alteration in the intrusive rocks may be roughly divided into early potassic 
(quartz-biotite-amphibole-Kspar-magnetite-chalcopy~te kapatite, epidote, chlorite) typical ofthe Babine 
porphyry setting (all the dark grey, hard samples including MO-4-l 11.6, 356, 446; MO-5-214; 
MO-7- 164.7). Carbonate and minor sericite and ?clay in these samples may be the result of overprinting 
by later phyllic/argillic alteration, which is well illustrated in the rest of the samples. Phyllic alteration 
(quartz-carbonate-?clay-?chlorite-rutile) in MO-4-87.6 and 88.4 shows remnants of earlier lsecondary 
biotite. Similarly, argillic or advanced argillic (?clay-quartz-carbonate-sericite) alteration in MO-4-154.3 
and MO-5-2 10 contains trace lrelict secondary biotite and secondary K-feldspar. 

Veins and veinlets, mainly of quartz but also including amphibole, biotite, carbonate and sulfides 
plus rare magnetite/hematite, are common in this suite of rocks. Alteration envelopes include secondary 
biotite and K-feldspar in the potassic altered samples. Sulfides are also distributed along microfractures, or 
are disseminated. 

The rocks in this suite of samples were submitted with a question as to “Cu not visible-but getting 
values”. The petrographic study, detailed below, clearly demonstrates the presence of abundant copper 
sulfides in all samples (mainly chalcopyrite; bomite is also present in minor quantities in two samples, 
MO-4- 1 I 1.6 and MO-5-214). The distribution, character and size range of the copper sulfide blebs are 
illustrated in the photomicrographs appended to this report 

Oxide minerals associated with these sulfides are mainly magnetite (in places partly to completely 
oxidized to hematite) and rare ilmenite, rutile and sphene. 

Craig H.B. Leitch, Ph.D. P.Eng (250) 653-9158 cleitch@saltspring.com 
492 Isabella Point Road, Salt Spring Island, B.C. V8K lV4 

SAMPLE PREPARATION FOR MICROSTUDIES . PETROGRAPHIC REPORTS - GEOLOGY FIELD STUDIES 



Baits Std. 
8080 GLOVER ROAD, LANGLEY, B.C. V3A 4P9 
PHONE (604) 888-1323 . FAX (604) 888-3642 

MO-4-87.6: INTENSELY PHYLLIC (QUARTZ-CARBONATE-?CLAY, ?CLAY/CHLORITE + 
RELICT SECONDARY BIOTITE, CHALCOPYRITE ? PYRITE) ALTERED INTRUSIVE 

Pale grey-green, strongIy phyllic (quartz-carbonate-clay/sericite-pyrite) altered, quartz vein 
stockworked, high-level felsic intrusive rock, The rock is not magnetic and shows no stain for K-feldspar 
in the etched slab, but reacts strongly to cold dilute HCI, and is softer than steel. Modal mineralogy in 
polished thin section is approximately: 

Quartz (partly secondary) 3 5% 
Carbonate (mostly calcite) 30% 
?Clay (?kaolinite) 20% 
?Clay/Chlorite 5% 
Relict secondary biotite 5% 
Chalcopyrite 3-5% 
Pyrite 1% 
Rutile 1% 
Apatite Cl% 

This is a very strongly hydrothermally altered rock; the original porphyritic texture is best visible in the 
etched slab, in which white ?clay altered relict plagioclase crystals with rounded to subhedral outlines up to 

4 mm long are visible. In thin section, these relics are composed of mainly tiny ?clay crystals of about 5-10 
microns diameter, or void space (where ?clay has been plucked out during section preparation) and 
subhedral carbonate of about 0.1 mm diameter or less. Other, less abundant, relict crystal sites with 
coarser ?clay/chlorite (subhedral flakes up to 0.1 mm in diameter, mainly length-slow) could represent 
former matic crystals with rounded outlines up to about 1.5 mm in diameter. 

In places the relict mafics also contain minor pale brown (relict, altered) secondary biotite as 
subhedral flakes mostly CO.1 mm in diameter, commonly mixed with sulfides (see below) and traces of 
rutile (minute euhedra mostly ~20 microns in diameter) and apatite (subhedra up to 0.1 mm in diameter). 

The former groundmass consists of granular, subhedral quartz, carbonate and clay or clay/chlorite 
mostly CO. 1 mm in diameter. 

Sulfides are mainly chalcopyrite, and are mainly distributed along quartz, carbonate or 
quartz-carbonate veinlets, stringers and disseminated or along microfiractures. The blebs of chalcopytite 
are mostly anhedral to subhedral, ~0.15 mm in diameter. Only in the major quartz veins (up to 8 mm 
thick) is there any significant pyrite, forming euhedral crystals up t 0.5 mm across that aggregate to 1.5 
mm Thus there is significant copper present in this sample (in the +l% range). 



Mincouver Petrqyaphics Ltd. 
8080 G!.OVER ROAD, LANGLEY, B.C. V3A 4P9 

PHONE (604) 888.1323 . FAX (604) 886-3642 

MO-4-88.4: INTENSELY PHYLLIC (QUARTZ-?CLAY-CARBONATE-SULFIDE-RWLE-APATIE 
&RELICT BIOTITE) ALTERED PORPHYRITIC FELSIC INTRUSIVE ROCK 

Pale buff-grey coloured, medium-gmined, porphyritic high-level intrusive rock characterized by 
about 30-35% white I-3 mm plagioclase relics in a matrix of orangey ?ankeritic carbonate and fine sulfides. 
Sulfides are mostly fracture-controlled, and appear to be mostly chalcopyrite. The rock is partly harder 
than steel, not magnetic and shows no reaction to cold dilute HCI, and no stain for K-feldspar in the etched 
slab. Modal mineralogy in polished thin section is approximately: 

?Clay (?kaolinite) 35% 
Quartz (partly secondary) 30% 
Carbonate (?mainly ankerite) 25% 
Relict biotite (partly secondary) 5% 
Chalcopyrite 2-3% 
Rutile I-2% 
Apatite <l% 

This is also a strongly altered rock, composed of?clay-altered relict plagioclase sites in a matrix of quartz, 
carbonate, sulfide and relict secondary biotite. Former mafic sites are not easy to distinguish. Alteration 
varies in intensity with the most altered rock found along narrow carbonate veins and veinlets that are 
mostly less than 1 mm thick. 

Relict plagioclase sites have euhedral to subhedral outlines up to 3 mm long that are almost entirely 
pseudomorphed by extremely fine flakes of ?clay mostly ~5 or 10 microns in diameter (low birefringence, 
low relief suggests ?kaolinite) plus lesser carbonate (subhedra mostly 150 microns in diameter). 

The groundmass is composed of 0.1-0.15 mm subhedral quartz crystals (probably mostly primary) 
set in a matrix of?clay-altered feldspar relics, carbonate, secondary quart& and s&ides. The former 
feldspar crystals have subhedral outlines up to 0.2 mm in diameter, and may have included both plagioclase 
and K-feldspar. Secondary quartz is distinguished by its radiating “brush” or chalcedonic texture, with 
rosettes up to about 0.15 mm in diameter. Carbonate, likely mostly ankerite (ferroan dolomite) to judge by 
the colour and lack of reaction in hand specimen, forms subhedra up to about 0.1 mm in diameter. 

Possible former m&c relic sites up to 2 mm in size are marked by the presence of minor dark 
brown biotite (anhedral flakes up to 0.2 mm diameter, mixed with the carbonate), sulfides, abundant rutile 
and common apatite (subhedral to euhedral crystals up to 0.4 mm long). Part of the biotite and possibly 
some of the apatite may be secondary in origin. 

Chalcopyrite is mainly found distributed as tie a&e&al to subhedral blebs (mostly x0.2 mm, rareiy 
to 0.35 mm diameter) along fractures and their immediate envelopes. However, the outer boundaries of 
these envelopes is generaily diffise, and there is a transition to finely disseminated (mainly <75 micron 
diameter) blebs in the surrounding rock. Most of the chalcopyrite in the veins and envelopes is hosted in 
carbonate; most of the disseminated chalcopyrite is hosted by quartz, or found in relict matic sites where it 
is associated with fine-grained (25 micron) rutile. Note that pyrite is not seen in the section, implying a 
relatively high Cu:Fe ratio in the mineralizing fluids for this sample. 
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MO-4-l 11.6: POTASSIC (QUARTZ-BIOTITB-CARBONATE-CHALCOPYRlTE-MAGNBTlTB) 
ALTERED, PLAGIOCLASE-HORNBLENDBBIOTiTB PHYRIC QUARTZ DlORITE INTRUSI= 

Dark grey (mafic-rich), medium- to fine-grained altered porphyry cut by quartz veins and 
chalocpyrite-bearing fractures that in places show dark envelopes. The alteration in this sample is likely 
secondary biotite (potassic), that has not been overprinted by later phyllic (quartz-carbonate-?clay) 
alteration as in the previous two samples from this hole. The rock is mostly harder than steel, weakly 
magnetic and shows minor reaction to cold dilute HCI, but there is only trace yellow stain for K-feldspar in 
the etched slab. Modal mineralogy in polished thin section is approximately: 

Plagioclase (andesine) 40% 
Quartz (partly secondary) 35% 
Biotite (partly secondary) 15% 
Carbonate (mainly calcite) 5% 
Chalcopyrite, minor bomite 2-3% 
,Magnetite, hematite l-2% 
K-feldspar I-2% 
Apatite, epidote ~1% each 

The original porphyritic texture of the intrusive rock is well preserved in this sample, which consists of 
about 40% plagioclase and 15% relict mafic crystals in a fine-grained groundmass of quarts, PkgiOChSe 

and minor K-feldspar. 
Plagioclase crystals have euhedral outlines up to 3.5 mm long and retain original compositional 

zoning. from cores (about 90% of the crystal) of andesine, near An45, based on extinction angle YWlO 
near 25 degrees and relief close to that of quartz Narrow rims (10% of the crystal) are of ?oIigoclase 
(smaller extinction angle). Minor (~5%) alteration is mainIy to fine grains of carbonate, likely mostly 
calcite, less than 20 microns in diameter. 

Mafic crystals have subhedrai outlines up to 2.5 mm long that are suggestive of former 
?homblende, now replaced by fme secondary biotite (subhedrai flakes mostly CO.2 mm in diameter) and 
variable amounts of carbonate (subhedra mostly <50 microns in size). In some casesthe crystals are luger 
single crystals of biotite, mostly <l mm in diameter, that likely represent primary biotite crystals. Minor 
amounts of magnetite (subhedral to euhedral crystals up to 0.25 mm in diameter) and apatite (subhedral 
crystals up to 0.2 mm long) are closely associated with the altemd matic sites, as are minor amounts of 
chalcopyrite (subhedral crystals mostly CO.1 mm in diameter). 

The groundmass consists of roughly equal proportions of pIagioclase and quartz, both forming 
subhedral to anhedral crystals about 0.1-0.2 mm in diameter, lesser biotite and K-feldspar of similar size, 
plus minor magnetite and rare chalcopyrite (both as subhedral crystals mostly CO.1 mm in diameter). 

Veins and veinlets, in places up to 0.5 cm thick, consist mainly of quartz (subhedral to anhedral 
crystals less than 0.5 mm in diameter), with minor amounts of chalcopyrite (anhedral blebs up to 1 mm 
across, generally closely asociated with biotite as euhedral flakes to 0.2 mm diameter) and rare bomite 
(subhedra to 0.2 mm in diameter). In places the veins contain some carbonate, or are mostly composed of 
carbonate (subhedral to euhedral crystals up to 0.3 mm in diameter). Although magnetite is not found in 
the quartz veins, it is present along narrow hairline fractures (with chalcopyrite), suggesting that some of 
the magnetite is secondary and confirming the mainIy potaasic nature of the alteration 
(quartz-biotite-chatcopyrite-magnetite). 
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MO-I-1 54.3: INTENSE ARGILLWADVANCED ARGILLIC (?CLAY-QUARTZ-CARBONATE- 
SERICITE-CHALCOPYRITEflYRITE) ALTERED PORPHYRITIC INTRUSIVE ROCK 

Chalky white to buff-cream coloured, fine-grained, intensely ?clay altered intrusive rock (much 
softer than steel, sticks to tongue when wetted). Vague porphyritic texture preserved; stockwork of grey 
quartz veins; minor sulfides, mostly chaicopyrite. throughout (disseminated, on microf?actures, and in 
quartz veins). The rock is not magnetic and shows little reaction to cold dilute HCI, but there is minor 
yellow stain for K-feldspar in the etched slab, especially along the envelope of a major quartz vein. 

?Clay (largely after feldspars) 55% 
Quartz (partly secondary) 25% 
Carbonate (?ankerite, minor calcite) 1oYo 
Sericite 5% 
Cbalcopyrite, rare pyrite l-2% 
Iron oxides, ?rutile 1% 
K-feldspar (secondary) 1% 
Relict secondary biotite 1% 

Only traces of the original texture of this porphyritic intrusive rock remain, atIer intense 
argillic/advanced argillic (clay-sericite-quartz-carbonate-sulfide); and relict potassic (K-feldspar-biotite) 
alteration. 

Former plagioclase crystals have rounded to nregular or vague outlines up to 2.5 mm long. The 
former crystals are pseudomorphed by very fin~grained (a0 micron diameter) Way, with lesser amounts 
of carbonate (subhedra to 40 microns) and minor sericite (subhedral flakes to 35 microns in diameter). 
Commonly, the centers of the pseudomorphed crystals have been plucked out during section preparation, 
leaving voids. Former ‘Imafic relic Sites are likely marked by concentrations of sulfides, carbonate and 
wisps of brown ?secondary biotite plus traces of t-utile as minute crystals <20 microns in size. 

The groundmass is distinguished by small anhedral to subhedral crystals of quartz, mostly CO. I mm 
in diameter, separated by areas of?clay, carbonate, and sericite plus iron oxides or t-utile. The ?clay and 
carbonate likely represent the former sites of feldspar and matic crystals respectively. The oxides are 
extremely tine-grained (microns in diameter) and not identifiable precisely, but may include limonite and 
t-utile. Traces of K-feldspar, probably secondary, occur as fine subhedra (<O. 1 mm in diameter) along the 
margin of a major quartz vein. There may thus have been potassic alteration present prior to the intense 
argillic/advanced argillic now evident. 

Virtually all the sulfide in this sample is chalcopyjte, forming small blebs mostly CO.5 mm in 
diameter (coarser in the quartz veins, finer as disseminations). Only rare pyrite occurs (minute subhedra to 
50 microns in diameter, mainly found enclosed within chalcopyrite, in the quartz veins). 
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MO4356: POTASSIC (QUARTZ-BIOTITE-AMPHIBOLE-KSPAR-MAGNETITE-SULFDE- 
GYPSUMIANHYDRITE-CARBONATE) ALTERED PORPHYRITIC INTRUSIVE ROCK 

This sample is a dark grey, fine to medium-grained, strongly altered porphyritic intrusive rock 
similar to that from 111.6m in this hole (probably biotitic, i.e. potassically altered; some destruction of 
texture). The etched slab reveals the crowded porphyrjtic texture, with about 40-45% white plagioclase 
crystal relics, and yellow stain for (secondary) K-feldspar along narrow (commonly chalcopyrite-bearing) 
fractures. The rock is magnetic but shows no reaction to cold dilute HCI, and is mainly harder than steel. 
Modal mineralogy is roughly: 

Plagioclase (oligoclase-andesine) 50% 
Quartz (partly secondary) 20% 
Biotite (partly secondary) 10% 
Amphibole (mostly secondary) 10% 
K-feldspar (mainly secondary) l-2% 
Magnetite, hematite (minor ihnenite) l-2% 
Chakopyrite, trace pyrite I-2% 
Clay-sericite l-2% 
Carbonate l-2% 
GypsumAnhydtite l-2% 
Apatite <I% 

This potassic altered sample consists of closely spaced (crowded) plagioclase phenocrysts set in a 
groundmass of quartz, feldspar and biotized or amphibolitized mafic relics. The rock is cuf by a network 
of quartz?sulfide/magnetite veins and fractures, some of which are accompanied by secondary biotite, 
K-feldspar and gypsudanhydrite. Plagioclase phenocrysts have mainly euhedral outlines up to 4.5 mm 
long. They show oscillatory compositional zoning that ranges little about an average near the 
oligoclase-andesiie boundary (about An30, based on extinction X’WO 1 and X”o10 near zero degrees), 
except for very narrow rims that are more sodic (oligoclase-albite). Alteration of the plagioclase is minor, 
to traces of sericite or less commonly alkali feldspar (?partly K-feldspar) along microfractures. 

In the matrix, quartz forms subhedral to anhedral crystals mainly CO.25 mm in diameter that are 
mainly primary, but in places show overgrowths due to addition of secondary quartz, or grade into coarser 
crystals (up to almost 1 mm in diameter) that form poorly to in places well defined quartz veins and 
veinlets. Matrix feldspar forming subhedrai crystals mostly KO.2 mm in diameter appears to be mostly 
plagioclase, but in places it grades to an alkali feldspar, likely mostly secondary, that includes some 
K-feldspar. Matic minerals have vaguely defined, relatively anhedral outlines up to 1.5 mm in diameter and 
have been entirely replaced by amphibole, biotite, magnetite, sulfide and apatite. Amphibole forms pale 
green fibrous crystals up to 0.5 mm long, with extinction angle near 18 degrees; it is likely actinolitic 
hornblende and is typical of potassic alteration. The biotite forms fine medium brown subhedral flakes up 
to about 0.15 mm in diameter, and is typical of potassic alteration. 

Quartz veins up to 3 mm thick containing minor chalcopyrite and pyrite @l&s up fo 0.15 mm 
diameter) have amphibole-rich envelopes, and are cut by biotite-chalcopyrite-magnetiteIhematiteJiienite 
-Kspar-gypsum/anhydrite veinlets <l mm thick. Chalcopyrite forms blebs up to several mm long; 
magnetite, largely oxidized to hematite, forms subhedra up to 0.3 mm. Gypsum crystals (possibly tier 
anhydrite) are elongate (up to 1 mm), and commonly dissolved out (?during sectioning). Carbonate forms 
subhedra up to 0.1 mm in size along later fractures. 
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MO-4-446: POTASSIC (QUARTZ-AMPHIBOLE-BIOTll-B-KSPAR-CARBONATE-SERlCITB- 
EPlDOTB-CHALCOPYRITB-MAGNBTIITEXLME NITEJsPHENBCHLoRlTE) 
ALTERED PORPHYRlTIC INTRUSIVE ROCK 

Dark grey, fin to medium grained, potassic altered potphyritic intrusive rock cut by a network of , 
quartz-chalcopyrite veinlets and microfractures, along some of which significant (secondary) K-feldspar is 
developed as indicated by yellow stain in the etched slab. The rock is we&y magnetic and shows minor 
reaction to cold dilute HCI; it is mainly harder than steel. Modal mineralogy is approximately: 

Plagioclase (andesine) 45% 
Quartz (partly secondary) 20% 
Amphibole (largely secondary) 10% 
Biotite (primary and secondary) 5% 
K-feldspar (?mainly secondary) 5% 
Carbonate (Imainly calcite) 5% 
Sericite 2-3% 
Epidote, minor allanite l-2% 
Chalcopyrite (trace pyrite) 1% 
Ilmenite, sphene 1% 
Hematite (?mostly after magnetite) 1% 
Chlorite 1% 
Apatite <l% 

Plagioclase forms mainly euhedral crystals up to3 mm in diameter with weakly defined oscilfatory zoning 
closely confined to a composition near An35 (andesine). Most crystals show only minor alteration to fine 
flecks or fractures of fme-grained (20 micron) clay-sericite; however, replacement of plagioclase by 
K-feldspar is evident in thin section as irregular areas accompanied by fine flakes of clay-serieite that 
spread along fractures outwards from borders of major quartz-amphibole veins, 

Ma& crystals include euhedral brown biotite up to 1.5 mm in diameter (probably primary) and 
subhedral to euhedral ?homblende relics that are replaced by fibrous pale green amphibole (likely 
secondary actinolitic hornblende as subhedra to 0.25 mm long) and secondary biotite as bright brown 
subhedral flakes mostly CO. 1 mm in diameter. Minor apatite (subhedra to 0.3 mm), sulfides and oxIdes 
accompany this alteration; in places there is also minor epidote (euhedral cry&s to 0.3 mm diameter) that 

are variably cored by reddish-brown euhedral crystals of 7allanite (RBB-bearing epidote). 
The matrix is composed of finegrained quartz (subhedra rarely over 0.1 mm in diameter, probably 

mostIy primary), alkali feldspar (plagioclase, and in places secondary K-feldspar as subhedra mostlyu CO.15 
mm in diameter and mostly partly sericitized), amphibole (fibrous subhedra to 0.1 mm), carbonate 
(irregular subhedra to 0.25 mm) 

Veinlets consist of quartz (subhedra to 0.3 mm diameter), K-feldspar (subhedra to 0.3 nun), 
carbonate (calcite and ?ankerite, subhedra to 0.5 mm), amphibole (fibrous subhedra to 0.5 nun), 
epidote&Ilanite (as described above), minor chlorite (subhedral flakes to 0.1 mm) and sulfides/oxides (see 
below). Chalcopyrite forms irregular blebs and anhedral crystals up to about 0.25 mm in diameter, 
commonly loosely controlled along narrow fractures and veinlets of variable composition. Pyrite is rare in 
this assemblage, forming anhedral to irregular crystals up to 0.2 mm in size. Oxide mineral grains, mostly 
CO.25 mm in diameter, associated with the sulfides include ilmenite (commonly surrounded by sphene) and 
hematite (probably mostly after magnetite, traces ofwhich remain). 



tincower Pettwgraphics Ltd. 
8080 GLOVER ROAD, LANGLEY, B.C. V3A 4P9 

PHONE (604) 688-1323 . FAX (604) 686-3642 

MO-5-210: INTENSELY ARGILLWADVANCED ARGILLIC (?CLAY-QUARTZ-CARBONATF- 
SERICITE-SULFIDES), RELICT POTASSIC (EtIOTITE-KSPAR) ALTERED PORPHYRY 

Chalky white to greyish, intensely argillic/phyhic altered porphyritic intrusive, cut by a fine network 
of narrow sulfide-bearing fractures that in places broaden into irreghtar larger blebs, and are associated 
with orangey-brown, likely ankeritic, carbonate. Minor secondary Kspar is also indicated along some of 
these fractures by yellow stain in the etched stab. The rock is easily scratched by steel, sticks slightly to the 
tongue, is not magnetic and shows modest slow reaction to cold dilute HCI. Modal mineralogy in polished 
thin section is approximately: 

?Clay (?kaolinite) 45% 
Quartz (partly secondary) 25% 
Carbonate (calcite, ?ankerite) 10% 
Sericite 5% 
Relict secondary biotite/amphibote 5% 
Chalcopyrite 2-3% 
Pyrite 2-3% 
K-feldspar (secondary) 2-3% 
Limonite l-2% 
Chalcopyrite <l% 
Apatite <I% 

This sample is intensely argillic or advanced argillic altered (?ctay, quartz, carbonate, sericite, pyrite), but 
retains much of its original porphyritic intrusive texture. 

Former plagioclase phenoctysts have euhedral to subhedral outlines up to 2.5 mm in diameter, and 
are now completely pseudomorphed by very finegrained ?clay and minor amounts of fracture-controlled 
sericite and carbonate, plus scattered crystals of pyrite and/or limo&e. The ?day mineral forms minute 
flakes mostly Cl0 microns in diameter, with low birefringence and low relief suggestive of ?kaolinite. 
Sericite flakes are up to 20 microns in diameter; carbonate crystals are anhedral and tend to be less than 20 
microns in diameter. Traces of former secondary Kspar, replacing plagioclase, are seen near larger quartz 
veins as cloudy areas; adjacent plagioclase has been replaced by sericite flakes up to 50 microns in 
diameter. 

Relict matic sites are marked by concentrations of flakey, pale brown ?relict biotite/amphibole, now 
largely converted to brownish carbonate, and mixed with secondary quartz, sericite and ?clay. The flakes 
of ?fonner biotite are subhedrai and up to 0.3 mm in diameter; quartz crystals inter-grown with the relics 
are subhedral, up to 0.15 mm in diameter. Carbonate crystals are mostly CO. 1 mm and subhedral to 
anhedral, with variation in colour and relief suggesting both calcite and ?ankerite may be present. Sericite 
forms flakes up to 35 microns in diameter; ?ctay is mostly <lo microns in diameter. 

The groundmass consists of small (mainIy CO.1 mm, primary, but in places up to 0.25 mm, partly 
secondary) subhedral to anhedral crystals of qusrtz, in a matrix of very fine-grained ?day, sericite, 
carbonate sulfides and liionite. Veinlets are mostly <l m thick, and consist of quartz (subhedra to 0.25 
mm diameter), sulfides, ?relict biotite (subhedrai brownish flakes up to 0.15 mm in diameter) and minor 
carbonate and limo&e. Sulfides are an intimate intergrowth of fine-grained chalcopyrite and pyrite, both 
forming mainly subhedral crystals of CO.2 mm in diameter, The very fine-grained (amorphous) limonite 
may be derived by hydrothermal oxidation of former magnetite/hematite. 
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MO-5-214: POTASSIC (QUARTZ-AMPEIIBOLE-BIOTITE-CABBONATE-KSPAK-SEBIClTE- 
CHALCOPYRITE-BORNITE-MAGNETITE-APATITE) ALTERED PORPI-IYRITIC INTRUSIVE 

Dark grey, strongly potassic (amphibole-biotite) altered porphyritic intrusive rock, cut by abundant 
narrow veinlets and fractures coated with chalcopyrite. In places, a few of the narrow fractures contain or 

are associated with secondary K-feldspar as indicated by yellow stain in the etched slab. The rock is mainly 
harder than steel, magnetic and shows minor reaction to cold dihrte HCI. Modal mineralogy in polished 
thin section is approximately: 

Plagioclase (andesine) 45% 
Quartz (partly secondary) 25% 
Amphibole (secondary) 10% 
Biotite (secondary) 5% 
Carbonate (mainly calcite) 5% 
Chalcopyrite Z-3% 
K-feldspar (secondary) l-2% 
Chlorite (after biotite) l-2% 
Sericite 1% 
Bornite <I% 
Magnetite, hematite <I% 
Sphene <I% 
Apatite -3% 

This sample consists of about 3540% l-3 mm plagioclase phenocrysts and lo-15% vaguely defined mafrc 
relics in a matrix of quartz and feldspar plus minor mafics and sulfides. Alteration is potassic 
(quartz-biotite-amphibole-carbonate-Kspar-copper sulfides-magnetite). 

Plagioclase phenocrysts have euhedral to subhedral outlines up to 3 mm in diameter and retain 
primary oscillatory compositional zoning which appears to vary little about a median of An35 (andesine) 
except at the narrow rims. There is mainly only minor alteration to minute flecks of sericite (<20 microns 
in diameter), except along narrow fractures or microveinlets of quartz and amphibole or biotite plus 
sulfides, where plagioclase is replaced by subhedral K-feldspar crystals mainly ~0.2 mm in diameter. 

Mafic relics have vague and poorly defined outlines up to about 1.5 mm long, suggestive of former 
hornblende crystals that are now pseudomorphed by tine-grained, fibrous amphibole crystals mostly CO.25 
mm long and lesser secondary biotite as medium brown subhedrsl flakes mostly CO.15 mm in diameter, 
plus sulfides and oxides, apatite and sphene. The sulfides consist almost entirely of chalcopyrite and lesser 
bomite (subhedra up to 0.25 mm in diameter), mixed in places with minor oxides (magnetite, partly 
oxidized to hematite) and sphene mostly a.15 mm in diameter. Pyrite is extremely rare, indicating a high 
Cu, low Fe, low total S system. Apatite forms subhedral crystals up to 0.15 mm long; sphene forms 
subhedra mostly 60 microns in diameter. 

The groundmass is strongly silicic (likely partly silicified), composed of roughly equal parts of 
feldspar (mainly plagioclase; minor K-feldspar) and quartz (suhhedral crystals mostly CO. 1 mm, but ranging 
up to 0.5 mm where silicillcation is intense or grades into quartz veins), plus minor amphibole, biotite, and 
sulfides. Veinlets are either quartz (subhedra to 0.7 mm diameter) with minor sulfides, or amphibole 
(fibrous crystals to 0.2 mm long), in places mixed with minor biotite (flakes to 0.15 mm), carbonate 
(mainly calcite, subhedra to 0.25 mm), sulfides and sphene. 
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MO-7- 164.7: POTASSIC (QUmTZ-BIOTXTE-CARBONATE-KSPAR-CHLORITE- 
CHALCOPYRITE-PYRITE-MAGNETIT E.&EMATlTE ALTERED POIWHYRITIC TONALITE 

Grey, fine to medium-grained, biotite-amphibole (potas.&) altered porphyritic intrusive rock cut by 
planar l-2 mm thick quartz veins and more irregular microf&tures, both with &ides (chalcopyrite and 
pyrite). The rock is harder than steel and magnetic but shows only trace reaction to cold dilute HCI, and 
only minor yellow stain for K-feldspar in the etched slab. Modal mineralogy in polished thin section is 
approximately: 

Plagioclase (oligoclase-andesiie) 60% 
Quartz (partly secondary) 15% 
Biotite (primary and secondary) 10% 
Carbonate (calcite and ?ankerite) 7-10% 
Chalcopyrite l-2% 
K-feldspar (secondary) l-2% 
Chlorite (after biotite) l-2% 
Magnetite, hematite, minor ?ilmenite l-2% 
Pyrite <I% 
Apatite <I% 

In thin section, this sample consists of about 30-35% l-3 mm plagioclase, IO-IS% altered 7homblende 
relics, and ~5% brown biotite in a matrix of plagioclase and lesser quartz. The composition is about that of 
a tonahte (biotite-hornblende quartz diorite); alteration is potassic 
(quartz-amphibole-biotite-Kspar-sulfides-magnetite), 

Plagioclase phenocrysts have mainly euhedial outlines and show oscillatory zoning with a narrow 
compositional range near oligoclase-andesine (Ar125-~~) based on extinction angle X931 that varies fiorn 
-5 to 7 degrees. The crystals show only minimal alteration, mostly to fine fracture-controlled carbonate, 
except near major quartz veins, where there is also minor fracture-controlled secondary alkali feldspar (ii 
part K-feldspar, as indicated by the stained slab). 

Maiic crystals are either hiotite books up to 1.2 mm in diameter (likely mainly primary, although 
margins are corroded) or relics that have subhedral outlines up to 2.2 mm long suggestive of former 
hornblende. These are replaced by carbonatte (minute crystals mostly x20 microns in diameter, likely 
ankerite), or carbonate and secondary biotite @ale brown flakes up to 0.2 mm in diameter, in pIaces partly 
chloritized) plus remnants of fibrous amphibole, sulfides, oxides and apatite. In places the biotite is 
completely replaced by pale green chlorite as subhedral flakes of 0.1-O. 1 S mm diameter. Apatite crystals 
are subhedral, up to 0.1 S mm in size. 

The groundmass consists of fine plagioclase microlites mostly ~75 microns long, anbedral to 
subhedral quartz generally <SO microns in diameter but rarely up to 0.2 mm in size (?microphenocrysts), 
biotite to 0.15 mm and magnetite and sulfides mostly <30 microns in diameter. Veinlets are composed 
either of anhedral quartz up to 0.25 mm in diameter with selvages/core areas of scattered sulfides/oxides 
(euhedral pyrite to 0.7 mm, chalcopyrite to 0.3 mm, magnetithematite to 0.25 mm), chlorite, and 
carbonate subhedra up to 0.1 mm in size. Traces of ilmenite may be mixed with magnetite. Later fractures 
are filled by carbonate as minute subhedra <50 microns in diameter, apatite subhedra to 75 microns and 
cbalcopyrite as anhedral blebs to 0.1 mm, with minor Kspar (anhedral crystals to 0.1 mm) along their 
selvages. 
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MO-g- 12.4:“HORNFELS” (FINE-GRAINED EQUIGR4NULAR QUARTZ-ALKALI FELDSPAR- 
CARBONATE-CHLORITE/BIOTITE-SERICITE-CHALCOPYlUTE-P~TE-RUTB-E) 

Finegrained, brownish, strongly altered rock of uncertain derivation but more probably hornfels 
than intrusive, strongly stockworked with a network of 6ne fractures&inlets that contain sulfides (pyrite 
chalcopyrite). The rock is harder than steel, but not magnetic and shows only trace reaction to cold di!ute 
HCl, and trace stain for K-feldspar in the etched slab Modal mineralogy in polished thin section is 
approximately: 

Quartz (paflb secondary) 45% 
?Alkali feldspar (plagioclase) 25% 
Carbonate (mainly ?ankeritic) 15% 
Chlorite, hiotite 5% 
Sericitel?pyrophyllite 5% 
Chalcopyrite l-2% 
Pyrite l-2% 
Rutile 1% 
K-feldspar (secondary) 1% 
?Anhydrite/gypsum <l% 

The mineralogy in this very fine-grained “hornfelsed” rock is difficult to quantify, but appears to be 
composed of quartz, ?alkali feidspar, carbonate, biotite, sericite plus minor rutile, sulfides and 
?anhydrite/gypsum. If significant feldspar is present, it is not easily distinguished due to a lack of relief 
difference against quartz. However, the whitish colour ofthe etched slab suggests that in fact alkali 
feldspar (plagic-clase such as albite) is a major component of the rock, and the estimated percentages given 
above reflect this assumption. Minor K-feldspar appears to he ~acturecontroiled and therefore is likely 
secondary; alteration may be potassiophyllic. 

Quartz forms interlocking suhhedral to anh&al irregular crystals up to 0.25 mm in diameter, 
although more commonly ~50 microns in size. Possible alkali feldspar crystals are of similar size and 
character, but are distinguished by fine flecking of sericite and carbonate. Veinlets are distinguished by 
coarser grain size, although the minerals are likely the same as in adjacwt wallrock. Carbonate occurs 
either as fine fibrous aggregates (individual crystals mostly <SO microns long) or as coarser, more euhedral 
crystals up to 0.2 mm in diameter. Due to the lack of reactivity in hand specimen, it is possible that the 
bulk of the tine-grained carbonate is largely ankerite (and the coarse-grained crystals are minor calcite). 
Sericite or ?pyrophyllite, forms radiating rosettes up to 0.25 mm in diameter. These minerals are 
indistinguishable under the microscope. In places intergrowths with sericite of a flakey mineral having near 
zero birefringence suggest the presence of ‘l’chlorite, likely after biotite. Biotite forms subhedral to 
euhedral, pale brown flakes up to 0.15 rmn in diameter, mainly partly to wholly chloritized. 

Sulfides, including both chalcopyrite and pyrite, and oxides that appear to be mainly rutile, are 
mainly controlled along narrow veinlets and hairline microt?actures cutting the rock. These veinlets are 
mainly composed of quaitz (subhedra to anhedra up to 0.2 mm long), but include lesser carbonate (fibrous 
aggregates up to 0.1 mm long or euhedral crystals to 0. I5 mm), chlorite (subhedraJ flakes to 0.15 mm), 
K-spar (subhedra to 0.15 mm), and minor gypsum!anhydrite (subhedra to 0.1 mm). Chalcopyrite forms 
subhedral crystals up to 0.4 mm in diameter, commonly intergrown with or surrounding subhedral to 
euhedral pyrite crystals up to 0.5 mm in diameter; both are associated with r-utile as euhedral to deep 
brown subhedral crystals mostly CO. 1 mm in diameter 




