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ASSESSMENT REPORT 

MARK CLAIMS GROUP 
GOLDEN M.D. 

by C.E Fipke 

1. INTRODUCTION: 

The Mark Group consists of two contiguous claims totalling 18 
units. The claims are presently 100% owned by Dia Met Minerals 
Ltd. of Kelowna, B.C. Norms Manufacturing & Geoservices Ltd. was 
contracted as operator to complete three years of assessment work 
with respect to the claims. 

Previous work by Falconbridge Metallurgical Lab, prior to 1983, 
resulted in the detection of a single micro diamond, 13 chromite 
and a single,picroilmenite of kimberlitic composition. 

The present report objective of Dia Met Minerals Ltd. was to 
substantiate whether or not the minerals recovered by Falconbridge 
were likely to have originated from one of the Mark diatremes or 
from laboratory contamination. In addition, thin section studies 
were completed by kimberlite/lamproi.te expert petrographer 

a!i 
alcholm McCallum, professor of Geology at Colorado State 
niversity, to determine the nature of diatreme rock collected 

during his 1987 
f 

eologic mapping of six of the eight diatremes 
present on the c aims. 

2. LOCATION: 

The Mark claim diatreme cluster (Figures i &,2) is situated 
astride the British Columbia-Alberta border approximately 41 km 
north-northwest of Golden, B.C. at longitude 116 degrees 57' 50"W 
and latitude 51 degrees 46' 48”N, NTS 82N/l4E. Relief in the area 
is steep and maximum elevation is approximately 2896 meters. 
Eight well-defined breccia (1) bodies are present but only five of 
these have been authenticated as consisting of diatreme material 
(Fig. 3). Time constaints have prohibited on-site evaluation of 
the Mark 3 and Mark 1X bodies, which were established as possible 
diatremes on the basis~ of binocular scans and helicoper 
overflights. 

The claims are accessible by helicopter from Golden. There is a 
logging road within 10 kilometres, west of the property. 
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LOCAL GEOLOGY: 

No known-detailed-geologic-studies have been conducted in this 
and time constraints on Dr. _ ._. area, and the limited area1 extent 

McCallum's 1987 mapping precluded the collection of much detailed 
stratigraphic and/or structural data. However, a generalized 
compilation of the geology of the southeast Cordillera by R.B. 
Campbell (1972) indicates that the northwest trending, southwest 
dipping Mons Fault probably extends beneath the Niverville Glacier 
several hundred meters(?) east of the Mark diatremes. The upper 
plate of the Mons Fault is reportedly comprised of 
Cambro-Ordovician sediments, and a northwest trending 

,(approximately 60 degrees) anticline is present about a kilometer 
southwest of the diatreme cluster (Campbell, 1972). Sedimentary 
units in the map area (Fig. 3) consist of an upper dolomite 
sequence, a middle limestone and mudstone sequence, and a lower 
massive limestone unit. These,may correlate with the lower part 
of the Middle to Lower Ordovician Skokie Formation, the Lower 
Ordovician Oytram Formation? and the uppermost part of the Lower 
Ordovican Sunny Peak Formation respectively as described by 
Norford (1969). All of these units are characterized by a well 
defined, moderately to steeply dipping (60 - 80 degrees SW), 
northwest,trendin 
that is St 

axial plane(?) cleavage (Figs. MR-4 and MR-5) 
essential y parallel to the axis of the nearby anticline 

depicted on Campbell s (1972) geologic map., 

,e 4. GEOLOGY OF THE DIATREMES: 

The Mark 1, 3, 4, 5, and 6 diatremes (Fig. 2) all straddle the 
sharp, rugged northerly trending divide that separates British 
Columbia and Alberta (Fig. 3). The western portions of these 
bodies are completely exposed in cliff to near cliff faces, 
whereas eastern extensions, except for the Mark 1 pipe, are 
entire1 

rc 
covered by the Niverville Glacier in Alberta. Although 

the Mar 1 diatreme, the largest pipe in the cluster, also extends 
beneath the Niverville Glacier, a significant portion is will 
exposed east of the divide for approximately 250 meters in an east 
trending arete. Fabric within the Mark 1X breccia body (exposed 
surface area about 40 x 150 meters) to the southeast could be an 
extension of the main Mark 1 body, and if so, the surface area of 
the Mark 1 diatreme could have maximum dimensions of as much as 
250 x 1200 meters. Even with a more conservative estimate of its 
extent beneath the glacier, the Mark 1, with dimensions of at 
least 250 x 550 meters, is one of the largest known diatremes in 
the Canadian Rockies. The Mark 3(7), 4, 5, and 6 diatremes are 
all roughly elliptical with average dimensions of approximately 65 
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TALCS 

LAWPROPHYRIC(?) DIKES: pale to dark green to greenish 
black, aphanitic to porphyritic or microporphyritic and 
locallv trachvtic. averaae 0.3-5 m thick: most 
phlogopite(?)-bearing (b&h fine groundmass and coarser 
macrocrystal phases), small .(c 3mm) rounded grains of 
analoite(?) or olivine pseudomorphed by carbonate 
locally common; weakly to intensely sheared especially 
along contacts or dikes within diatreme breooia where 
lntrusave dike breocla phases are not uncommon: locally 
cut by shallow dipping (< 40° NW) l-10 cm thick quartz 
+ calcite & ankerite (?) veins that generally are 
confined to dike particularly where in host sedimentary 
units. 

DIATWWWW BPECCIA: "tuffisitic(?) breccia" (crystal-lithic 
and lithic ash-lapilli tuff varieties) ranging from 
coarse (clasts average 10-3 cm but may exceed 1 m) to 
fine (clasts < 0.5 cm), contains local~well bedded, 
sandy to pebbly horizons or lenses (generally < 2m 
thick): clasts moderately to well aligned and consist 
predominantly of nearby supracrustal sediments 
(dolomite, limestone, mudstone, siltstone, guartzite 
and argillite), rounded clasts of basalt/andesite 
and/or phlogopite(?) lamprophyre (lamproite?) common 
and may comprise bulk of clast material locally, deeper 
crustal granitic fragments less common and typically 
are intensely altered (carbonitized and/or oxidized); 
"sandy" crystal clast rich variety typically contains 
abundant well rounded quartz grains (most CO.5 mm) with 
variable amounts of phlogopite,and pseudomorphed 
olivine + pyroxene + amphibole + K-feldspar: quartz ' 
poor variety contains more ferromagnesian crystal 
clasts and commonly is enriched in lamprophyric(?) 
pelletal lapilli and ash grains: groundmass typically 
is mostly finely crystalline to microcrystalline 
dolomite/calcite + chlorite + serioite i: orthoclase(?) 
+ quartz (fibrous) + leucoxene + leucoxenized 
perovskite and/or sphene + opague oxides + pyrite: 
prominent cleavage parallel or subparallel to axial 
plane(?) cleavage in host sediments; locally sheared 
along cleavage surfaces. 
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0 

dbb; pale brown to dark brown to locally red or maroon 
weathering gray to olive gray breccia, common in 
central part of Mark 1 pipe and in outlying pipes. 

% 
w ii! 

db; dark gray to gray green weathering pale gray to olive 
gray breccia characteristic of much of the Mark 1 pipe. 

0 E 

I TECTONIC BRECCIA: brown weathering, gray, clast 
supported, dolomite (Od) breccia; matrix less than 5 

0 percent and consists mainly of rock flour set in 
w angular wallrock clasts; minor lamprophyric(?) 
W tuffisitic breccia matrix material may be present 
% locally; occurs in a tabular to irregular zone at 

I 
central north edge of Mark 1 pipe; little evidence of 
significant fragment transport or rounding. 

. 
orange-to orange brown, silty to clayey layers (l-20 
mm) and locally interbedded pale gray weathering, gray, 
thin (2-20 mm) to thick (l-2 m) bedded gray limestone; 
silty-clayey layers commonly accentuate prominent 
crenulations and minor folds (wavelengths a few mm tb 
several tens of cm) (may correlate with the lower part 
of the Middle to Lower Ordovician Skokie Formation - 

L 
0 

Norford, 1969). 

I Od5 
ORDOVICIAN(?) DOLOMITE: pale to dark brown and buff 

weathering, pale to medium gray, thin to medium bedded 
(l-2cm). fine-urained dolomite with abundant buff 

ORDOVICIAN(?) LIMESTONE-MUDSTONE: gray to buff or brown 
weathering, medium to dark gray, thin to medium bedded 
(lcm -0.5m) commonly argillaceous limestone with 
abundant buff to orange brown, silty to clayey, platy 
to irregular layers (1 mm - 1 cm thick): interbedded 
orange brown weathering, gray brown calcareous mudstone 
and siltstone locally abundant (may correlate with the 
Lower Ordovician Outram Formation - Norford, 1969). 

ORDOVICIAN(?) LINESTONS: gray weathering, dark gray, 
thick bedded (0.3-2.0 m), fine-grained limestone with 
thin to medium interbeds (l-30 cm) of orange brown 
weathering, clayey to silty gray limestone (may 
correlate with the upper massive member of the lower 
Ordovician Survey Peak Formation). 
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220 meters. The Mark 2 body, located about 210 meters west of 
the Mark 1, is approximately 30 x 50 meters, and may be a small 
outlier of the Mark 1 structure. 

5. METHOLOGY OF PRESENT STUDIES 

Three (-0.85 + 0.075)mm heavy non-magnetic concentrates previously 
concentrated from (+ or -) 35 kg rock samples collected at sites 
Mark 7, New Mark,Lower and Big Mark Lower talus (Fig. 3), were 
fused using a 12,stage proprietory method of the C.F. Mineral 
Research Ltd. laboratory. The (+ or - O.lgm) resultant fused 
products were centrifuged onto scanning electron microscope mounts 
and examined by,geologist C. Fipke for the presence of (-0.85 + 
0.075)mm microdiamonds. Several (unlikely) possibilities were 
tested for "Co and other elements utilizing the C.F.M. windowless 

scanning eLectron microscope. 

In addition, three olished sections of about 1000 grains of 
mostly oxide,minera s (chromites and ilmenites) were made from B 
chromites extracted from heavy mineral concentrates of rock 
collected from sites Mark 6, Mark 7, New Mark Lower, and Big Mark 
Lower talus (Fig. 3).. These were S.E.M. scanned for 
Ca-Al-Ti-Cr-Fe-Mg and each of the foregoing elements printed out 
on a color printer. On the basis of the color combinations, 281 

@ho, 
grains were selected and S.E.M. analysed for Si02, Cr203, FeO, 

MgO, CaO, Na20, K20, NiO, Nb205 and Cl. 

The analytical results were firstly computer classified into 
mineralogic species. The resultant chromites were computer 
plotted on Cr203-MgO binary diagrams for comparision with the 
compositional field of chromites included in diamond from 
worldwide sources. 

Twenty two thin sections were made by Ray Lund from rocks 
collected in 1987 by Dr. M. McCallum at sites located on Figure 5. 
Nine of the thin sections were petrographically descripted by Dr. 
McCallum from least altered rocks from the largest Mark (1) 
diatreme; and two from the Mark 4 and Mark 5 pipes (Fig. 5.) 

6. RESULTS: 

No micro or micordiamonds were recovered from the three (+ or -) 
35 kg rock samples which were collected from diatreme rock sample 
sites Mark 7 and New Mark Lower and talus rock site Big Mark Lower 
talus. The minerals S.E.M. tested were corrundum. Several blue 
sapphires were present in the fused concentrates of the three 
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samples. The microdiamond sample sites and results are plotted on 

a 
Figure 3 along with the previous Falconbridge Metallurgical result 
sample reported to contain a single commercial microdiamond. 

'The S.E.M. analytical results are given as Appendix A. These 
indicate 275 of the grains analysed were chromites. 
Picroilmenite, rutile and ankerite identified in concentrates from 
the Big Mark Lower talus, and picroilmenite and ilmenite from New 
Mark Lower diatreme rock sample concentrates, 

Figures 6 to 8 illustrate that two of the chromites from diatreme 
rock, from sites Mark 7 and New Mark Lower, plot in the field of 
chromites included in diamond. 'The Mark 7 rock sample is from the 
largest Mark 1 pipe and the New Mark Lower rock sample is from the 
Mark 2 pipe thought to be an outlier of Mark 1. 

The petrographic descriptions of Malcholm McCal.lum are given as 
Appendix II. 

a 

SummarY of the detailed petrographic descriptions and age 
relations completed by Dr. McCallum is as follows: 

PETROGRAPIIY: 

A summary of the main petrographic features of the various phases 
which constitute the Mark diatremes is presented below. Detailed 
petrographic descriptions for individual samples are provided in 
Appendix 6. 

All of the evaluated Mark diatremes are comprised predominantly 
of diatreme facies, "tuffisitic (intrusive) brecoial'. Most of the 
breccia phases are matrix supported, but coarse, clast supported 
breccia occurs locally in thin (l-2m) layers or lenses. Clasts 
generally range from approximately 5mm to lOcm, but coarser 
breccia phases have abundant lo-30cm clasts, and blocks <An excess 
of lm are not uncommon. The most abundant phase is a 18sandy88, 
rounded quartz grain-rich, crystal-lithic ash-lapilli tuff 
variety (Plate MR-l), but quartz-poor lithic ash-lapilli tuff 
types (e.g. Plate MR-2) also are common. Most all phases are 
characterized by variable amounts of block sized clasts. 
Fragments range from subangular to well rounded and consist 
primarily of supracrustal wallrock sediments (dolomite, 
limestone, mudstone, siltstone, quartsite and argillite). 
However, rounded clasts of fine- to coarse- grained phlogopite(?) 
bearing to phlogopite(?) rich lamprophyre (lamproite?) are 
locally common and in some, minor phases may comprise the bulk of 
the clast material (e.g., sample site MA17H at Mark 1, Fig. “!-5, 
Plate MR-3). Lapilli and ash sized grains (many pelletal) 
predominate, essentially all are porphyritic or microporphyritic, 



and varieties range from vitrophyric and aphanitic to locally 
medium grained. Most contain phenocrysts (or microphenocrysts) of 
olivine and pyroxene replaced by dolomite + calcite & quartz and 
dolomite 4 calcite + chlorite, respectively. Amphibole replaced 
by leucoxenized chlorite 4 sericite 2 dolomite is abundant in 
some clasts, and a few contain phenocrysts of sanidine, both 
fresh and partially sericitized and/or replaced by quartz. 
Phlogopite is present in widely varying amounts and ranges from 
fresh to completely replaced by leucoxenized chlorite + sericite. 
Lamprophyre clast groundmasses typically are intensely 
leucoxenized and consist of variable amounts of microcrystalline 
dolomite f sericite + chlorite + orthoclase(?) C leucoxenized 
perovskite and opaque mineral grains. Some chlorite, both 
groundmass and pseudomorphed phenocrystal, appears to be enriched 
in Cr, and some of the coarsest sericite appears to be fuchsitic. 

Well rounded to subangular fragments of basalt and/or andesite 
also are abundant locally (e.g. sample site MA171(, Mark 1) (Fig 

.-5, Plate MR-3). These are characterized by abundant small 
laths of plagioclase (partially to completely replaced by 
sericite 2 calcite,+ albite) set in a groundmass of pyroxene 
(replaced by chlorite + dolomite f goethite/ limonite) and 
oxidized magnetite and ilmenite(?). Phenocrysts of olivine, 
pyroxene and plagioclase in porphyritic varieties are completely 
altered and pseudomorphs are rimmed by concentrations of 
goethite/ limonite. 

A few deeper crustal fragments of granitic rocks were observed; 
but these typically are intensely altered (carbonatized? and/or 
hematitized). Groundmass material is similar to that reported for 
the Jack diatreme breccias, except degree of alteration does not 
appear to be quite as severe (less sericite?). 

The dominant "sandyl' phase is characterized by well rounded to 
oblong quartz grains (most CO.5 mm) that may comprise more than 
15% volumetrically of the total rock. Smaller quartz grains 
(10.2 mm) typically are more angular and rarely comprise more 
than I-2% of any given sample. Intensely sericitized clasts of 
K-feldspar are common locally as are angular dolomite clasts that 
may be partially replaced by microcrystalline dolomite along 
their borders. Crystal clasts of pseudomorphed olivine + pyroxene 
1-. amphibole and generally unaltered phlogopite may be present in 
small concentrations, but typically are considerably more 
abundant in quartz-poor lamprophyric(?) pelletal lapilli-rich 
phases. 
calcite, 

Olivine and pyroxene clasts are replaced by dolomite & 
and pyroxene pseudomorphs generally have interiors 

dusted by leucoxene and may contain chlorite. Amphibole and 
phlogopite (where altered) are replaced by leucoxenized chlorite 
and local sericite. 
aggregates of 

Pseudomorphs generally are rimmed by 
finely crystalline leucoxene and some have thin 

rims of leucoxenized anatase(?). Rounded grains of variably 
altered opaque oxides (chromite, ilmenite?, titanates?) occur 
sporadically, and two well rounded grains (CO.25 mm) of 
tourmaline (dravite?) were noted. These mineral clasts and rock 



: ‘, : 

flour fragments (fine ash) are set in a matrix of mostly finely 
crystalline to microcrystalline dolomite/calcite with variable 
amounts of chlorite, sericite, orthoclase(?) and quartz 
(typically fibrous). Leucoxene is pervasive, and tiny equant 
leucoxenized grains (<0.02 mm) of perovskite and/or sphene are 
abundant. Small isolated leucoxenized opaque mineral grains 
probably are ilmenite and/or titanates, and spinels are present 
locally. Small euhedral grains (most CO.25 mm) of pyrite commonly 
are present. 

Many exposures exhibit moderately intense locally pervasive 
alteration to hematite, and shallow (several mm to cm) surface 
oxidation to goethite and/or lllimonite*O is common (dbb). Non- 
oxidized exposures (db) typically weather dark gray to gray 
green, but bulk compositions are essentially identical to their 
oxidized counterparts (dbb). 

The Mark 2, 4, and 5 diatremes consist predominantly of pale 
brown to orange brown weathering, pale gray to olive gray, 
coarse, *'tuffisitic breccial' (dbb). Both somewhat 18sandy*8 (>5% 
rounded quartz clasts) and "non-sandyN1 (<2% quartz clasts) 
varieties are present. Pseudomorphs of olivine + pyroxene r. 
amphibole and variably altered phlogopite comprise the majority 
of the crystal clast population in the non-sandy breccia. 

A minor intensely oxidized red phase is present near the south. 
contact of the Mark 4 pipe (sample site MA16D, Fig. MR-5), and 
probably reflects greater mobilization of very late oxidizing 
fluids along that interface. Phlogopite(?) olasts occur in 
variable concentrations in these pipes, but are relatively 
abundant in the Mark 2 breccia. 

The Mark 1 pipe contains a variety of phases but most are not of 
sufficient extent or continuity to warrant subdivision. Only two 
principal phases were mapped: a dominant dark gray to gray green 
weathering pale gray to olive gray breccia (db) and a pale brown 
to dark brown weathering gray breccia (dbb). Minor intensely 
oxidized red to maroon phases occur locally. The breccias range 
from crudely bedded coarse varieties to well bedded fine to 
medium grained, locally pebbly varieties. The finer grained 
phases rarely exceed a few meters in thickness, and typically are 
intimately interbedded with the coarser phases. Locally pelletal 
phases (Plate MR-2) enriched in well rounded lamprophyric lapilli 
and ash grains reflect an earlier 18autolithic88 fragmentation 
process. 

All phases of the Mike 1 diatreme, 
the cluster, 

as well as the other pipes in 
exhibit a prominent moderate to steeply dipping (50- 

70° SW) northwest trending cleavage that is roughly conformable 
to that in the host sedimentary units (Pigs. MR-4 & MR-6). This 
cleavage conforms with bedding features in the diatreme brecoia 
facies, and appears to have controlled the directional fabric of 
locally sheared faCiSS (e.g., sample sites MAX, MA&I and WAS, Mark 
1, Fig. '-5). A large, southwest dipping tabular slab of gray 



.::/ 
‘8 dolomite in the Mark 1 pipe also appears to be conformable with. 

this prominent cleavage. Planar fabric observed at the thin 
section scale is imparted by the strong parallel alignment of 
elongate clasts and segregationary concentrations of finely 
comminuted debris and wispy shreds of sericite and chlorite 
(Plates MR-1 & MR-4). Fine grained opague minerals and 

microcrystalline to cryptocrystalline leucoxene comm0nl.y are 
abundant in zones of maximum shearing and accentuate the planar 
fabric. 

Mafic, phlogopite(?) and/or analcite (or olivine pseudomorphed 
by carbonate) bearing (lamprophyric?) dikes are relatively 
abundant in the area, and most appear to roughly conform with 
cleavage. Several intrude breccia of the Mark 1 pipe where they 
commonly have been intensely sheared (e.g., sample sites MA5, 
MA6, and MA17S, Fig. .-5) and locally contain intrusive breccia 
phases. Quartz + calcite jl ankerite (?) veins (l-10 cm wide) are 
locally common in the dikes. The veins dip at low angles (< 40° 
NE) and are generally confined to the dikes. They probably 
represent gash features which were generated during post-tectonic 
relaxation processes. Relaxation slippage along axial plane 
cleavage in host rooks probably promoted partial solution of. 
quartz and carbonates from local siliceous limestone and/or 
calcareous mudstones and siltstones. Some of the lamprophyric(?) 
dikes may be genetically related to the tuffisitic diatreme 

t 
breccias as also may be the lamprophyric(?) (lamproitic?) clasts 
within the breccias. More detailed petrographic and chemical 
data are needed to ascertain such a relationship, but preliminary 
evaluation of the various phases do not suggest a kimberlitic 
affinity for either diatreme breccia or hypabyssal dike phases. 

&GE 

All of the Mark diatremes appear to be moderately to steeply 
southwest dipping, elliptical to tabular shaped bodies that 
conform geometrically with the axial plane cleavage of the host 
sedimentary units (Figs. MR-4 & MR-6). This pronounced conformity 
is similar to that observed at the Jack and Mike diatremes and 
strongly implies axial plane cleavage control on diatreme 
emplacement. Presence of a comparable cleavage fabric in the 
diatreme breccias probably reflects slippage related to very late 
syntectonic deformation or post tectonic relaxation processes. 
There is no evidence of folding in the diatremes which likely 
precludes pre- or early syntectonic emplacement and infers at 
least a post .Columbian orogeny (<98 Ma) age. Emplacement probably 
occurred during the latest stages of or shortly after the 
Laramide orogeny (< 60 Ma), but this can not be definitively 
ascertained without radiometric age dates. 

t 



Plat XR-&: Photomicrograph of %andyll crystal-lithic ash- 
lap& tuff breccia (tuffisitic breccia - db) showing 
abundant rounded and angular quarts grains, subrounded to 
angular sedimentary rock clasts (e.g. lower right) and 
pelletal lamprophyre (lamproite?) lapilli (e.g. upper left, 
lower left). Note weak irregular E-W foliation imparted by 
elongate clasts and alignment of wispy chlorite and 
sericite. Breccia groundmass dominated by carbonate. Plane 
polarized light, long dimension field of view 4.4 mm. 
Sample: MA 17P. 



sate MR-2.: Photomicrograph of lithic ash-lapilli tuff 
breccia (tuffisitic breccia - db) with abundant pelletal 
lapilli of lamprophyre(?) (phlogopite-olivine lamproite?). 
Quartz and sedimentary rock clasts relatively rare. Breccia 
groundmass dominated by dolomite, calcite and chlorite with 
minor sericite and patchy areas of finely crystalline 
orthoclase (?). Plane polarised light, long dimension field 
of view 11 mm. Sample: MA 17K. 



Plate MR-2: Photomicrograph of lithic ash-lapilli tuff 
breccia (tuffisitic breccia - db) with two fragments of 
plagioclase lath-rich basalt (central clast contains olivine 
phenocrysts replaced by calcite). Clast in lower right 
corner is a phlogopite-olivine-pyroxene lamprophyre 
(lamproite?). Clear rounded grains in breccia groundmass are 
quartz; groundmass consists of microcrystalline to 
cryptocrystalline dolomite + sericite + chlorite + 
orthoclase(?) + quartz + leucoxenized perovskite(?), 
anatase(?) and opaque minerals. Plane poLarised light, long 
dimension field of view 4.4mm. Sample: MA 17H. 



a 

plate WR-4: Photomicrograph of lithic ash-lapilli tuff 
breccia (tuffisitic breccia - db) showing E-W zone of 
shearing (central area of photo). Irregular planar fabric is 
defined by segregation of comminuted debris and parallel 
concentration of wispy chlorite and sericite. Local shear 
foliation also accentuated by abundant leucoxene and locally 
concentrated pyrite. Plane polarised light, long dimension 
field of view 11 mm. Sample: MA 17K. 

a 
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7. DISCUSSION OF RESULTS: 

Although no additional microdiamonds other than the original 
commercial microdianmond chip recovered by Falconbridge 
Metallurgical labs have been recovered, two diamond inclusion 
chromites have been recovered. These chromites were recovered 
from the largest Mark 1 pipe and the Mark 2 pipe, that may be a 
(axial plane fault?) outlier of Mark 1 with most contacts covered 
by talus and alpine glacial sediments (Fig. 3). In fact, Dr,. 
ElcCallum indicates that the Mark 1 pipe may be a part of the Mark 
1X situated across the park boundary within Banff Park. Thus a 
very large pipe with maximum up to 250 x 1200 meters is indicated. 

The diamond inclusion chromites present indicate that the Mark 
diatreme magma intruded a chromite hartzburgite host rock source 
of diamond. This is compatible with the microdiamond chip 
recovered by Falconbridge from a diatreme talus rock sample 
collected down slope from the Mark 1 and Mark 2 diatremes (Fig. 
3). I 
Thirteen chromites and a single picroilmenite were analysed from 
the Falconbridge sample and many chromites and two picroilmenites 
were recovered and analysed from the C.F. Mineral Research Ltd 
processed samples. These nearly identical lamproitic heavy 
mineral assemblages recovered in different labs are incompatible 
with the possibility of the diamond chip being a contaminate. If 
the diamond chip had originated from a kimberlite contaminent 
source, chrome diopside, pyrope and other kimberlitic diamond 
indicator mineral contaminents should have been recovered in the 
Falconbridge concentrates. 

Of the 48 chromites analysed from the Mark 1 diatreme from sample 
Mark 7, one (2%) plots in the,diamond inclusion field (Fig. 6). 
Of the 53 chromites analysed from the Mark 2 diatreme from'sample 
New Mark Lower, one (2%) plots in the diamond inclusion field. 
This compares with the two diamond inclusion chromites of 76 
analysed (3%) from the diamondiferous Jack lamproite in the Golden 
Cluster and five diamond inclusion chromites of 198 (3%) analysed 
from the Prairie Creek diamondiferous lamproite, Arkansas. 

The petrographic descriptions of Dr. McCallum indicate the Mark 
diatremes examined are lamproitic; ie. "probable olivine 
lamproite?W. Olivine lamproite is the host rock of the Argyle 
diamond mine deposit as well as 'Prairie Creek, Jack and Ellendale 
diamondiferous lamproite deposit. Furthermore, the large Mark 1 
diatreme is now known to contain a similiar heavy mineral 
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(chromite, picroilmenite, round dravitic tourmaline, 
rutile) to the aforementioned diamondiferous 

(Pg. 533, Part 3, G.S.C. open file report 

8. CONCLUSIONS: 

,From the foregoing discussion, it appears that a large tonnage 
diamondiferous olivine lamproite pipe(s) could be present in 
covered and outcrop areas on the B.C. side of the Mark claims in 
the vicinity Mark 1 and Mark 2 diatremes. Although no additional 
diamonds have been recovered by the present study, two chromites 
of the same composition that grow with diamonds have been 
recovered. These diamond inclusion chromites recovered as well as 
the compatible min.eralogies recovered by the differing labs, 
suggests the microdiamond chip recovered by Falconbridge from 
talus rock downslope from the Mark 1 diatreme originated from the 
Mark claims rather than as a lab contaminate. 

9. RECOMMENDATIONS:' 

As economic diamond pipes usually have less that 1 p.p.b. by 
volume diamond, the collection of additional large tonnage 
superficial samples is warranted on the Mark 1. diatreme. The 
unsampled diatremes should also be sampled, and analysed for 
microdiamonds and diamond indicator minerals. Additional 

"S 
etrographic work is also justified on the unsampled diatremes. 
he microprobe work of polished thin sections of Mark 1 minerals 

recommended by Malcholm McCallum (Appendix 8) is justified to 
obtain a definitive petrographic classification of the Mark 
diatremes. 



APPENDIX "A" 

SCANNING ELECTRON MICROSCOPE ANALYTICAL RESULTS 



HARK SAMPLES 

SAMPLE GRAIN DC HINERAL 5102 7102 AL203 CA203 FE0 HNO HGO CA0 WA20 K20 NIO NW05 CL 

GtlLTZG 180 I 
BtlLl2E 180 I 
GNLTZR 180 1 
GtlLlZR 160 I 
GHLIZE 180 ,I 
GnLTZG 180 1 
RliLT2G 180 I 
GHLTZG 180 I 
l!ARK7 181 6 
tlARK7 Ml 6 
IfARK7 181 6 
NARK7 161 6 
tlARK7 181 6 
HARK7 161 6 
HARK7 181 6 
HARK7 181 6 
HARK7 181 6 
tlARK7 181 6 
HARK7 181 6 

.HARK7 181 6 
tlARK7 181 6 
HARK7 I81 6 
BARK7 181 6 l NARK7 tlARK7 181 181 6 6 

MARK7 181 6 
tlAAK7, lG1 6 
BARK7 181 6 
tlARK7 181 6 
ItARK 181 6 
liARK7 1.31 6 
liARK7 181 6 
HARK7 181 6 
HARK7 181 6 
MARK7 181 6 
HARK7 181 6 
HARK7 181 6 
ilARK 161 6 
tlARK7 181 6 
1RK7 181 6 
HARK7 181 6 
ItARK 181 6 
MARK7 181 6 
HARK7 101 6 
HARK7 181 6 
IARK 181 6 
HARK7 181 6 
tiARK7 181 6 
NARK7 181 6 

a IIE :;: : 
HARK7 181 6 
MARK7 181 6 
lfARK7 181 6 
HARK7 181 6 
HARK7 181 6 

1 CR 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
7 CR 
8 CR 
9 CR 
1 CR 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
7 CR 
8 CR 
9 CR 

,I0 CR 
11 CR 

‘12 CR 
13 CR 
14 CR 
15 CR 
16 CR 
17 CR 
18 CR 
19 CR 
20 CR 
21 CR 
22 CR 
23 CR 
24 CR 
25 CR 
26 CR 
27 CR 
28 CR 
29 CR 
30 CR 
31 CR 
32 CR 
33 CR 
34 CR 
35 CR 
36 CR 
37 
38 CR 
39 CR 
40 CR 
41 CR 
42 CR 
43 CR 
44 CR 
45 CR 
46 CR 
47 CR 
48 CR 

0.82 0.74 16.85 49.74 15.08 0.01 16.30 0.16 0.00 0.00 0.12 0.17 0.00 
0.82 0.70 17.22 49.64 14.81 0.00 16.48 0.12 0.00 0.00 0.15 0.07 0.00 
0.72 0.77 17.95’49.06 14.30 0.00 16.66 0.16 0.00 0.01 0.21 0.13 0.00 
0.70 0.71 17.17 49.69 14.58 0.00 16.50 0.22 0.10 0.05 0.14 0.13 0.02 
0.83 0.71 17.43 49.93 13.66 0.00 16.88 0.14 0.00 0.00 0.19 0.21 0.02 
0.78 1.60 8.83 55.44 17.24 0.06 15.43 0.21 0.00 0.06 0.04 0.29 0.01 
0.73 0.72 17.11 49.93 14.60 0.00 16.35 0.18 0.00 0.01 0.19 0.16 0.02 
0.74 0.69 18.77 48.39 14.19 0.00 16.70 0.16 0.01 0.00 0.23 0.12 0.00 
0.81 0.76 16.89 50.42 14.44 0.00 16.43 0.13 0.00 0.00 0.01 0.10 0.00 

13.21 0.50 21.78 38.22 12.92 0.00 12.75 0.12 0.07 0.08 0.33 0.02 0.00 
0.47 1.04 16.26 50.99 16.09 0.00 14.51 0.20 0.00 0.04 0.21 0.20 0.01 
1.88 0.58 15.07 52.05 15.61 0.00 14.45 0.13 0.00 0.01 0.12 0.10 0.00 
1.54 0.70 14.95 52.39 15.95 0.00 13.95 0.18 0.00 0.07 0.14 0.13 0.01 
0.54 0.77 16.1351.43 15.44 0.00 15.19 0.19 0.00 0.03 0.20 0.08 0.00 
3.08 0.62 16.40 49.60 16.14 0.00 13.68 0.12 0.01 0.07 0.09 0.19 0.00 
0.70 0.59 14.62 53.56 14.37 0.00 15.44 0.17 0.00 0.03 0.28 0.18 0.05 
0.59 0.62 15.22 53.15 14.44 0.00 15.33 0.19 0.00 0.04 0.25 0.19 0.00 
8.48 0.63 lB.31 44.88 14.74 0.00 12.14 0.14 0.24 0.02 0.33 0.08 0.02 
0.52 0.57 14.68 53.12 15.73 0.00 14.91 0.12 0.00 0.00 0.23 0.12 0.00 
0.60 0.61 16.20 51.73 15.17 0.00 15.05 0.15 0.00 0.04 0.20 0.23 0.02 
3.80 0.57 15.04 51.58 14.55 0.00 13.38 0.18 0.05 0.46 0.19 0.18 0.02 
2.02 0.87 17.64 47.19 17.48 0.00 14.37 0.12 0.00 0.00 0.17 0.12 0.02 
1.34 0.66 17.0050.03 15.51 0.00 15.07 0.10 0.00 0.00 0.16 0.11 0.02 
0.54 0.59 16.52 51.10 15.89 0.00 15.00 0.15 0.00 0.04 0.11 0.05 0.00 
0.67 0.72 16.03 51.32 15.26 0.00 15.26 0.20 0.00 0.07 0.32 0.15 0.01 
0.57 0.69 14.37 54.09 14.71 0.00 15.00 0.20 0.00 0.07 0.19 0.10 0.00 
8.43 0.61 20.82 41.46 13.05 0.00 15.05 0.13 0.09 0.01 0.20 0.12 0.02 
0.62 0.71 15.61 51.79 15.35 0.00 15.15 0.14 0.00 0.00 0.13 0.28 0.02 
5.03 0.42 19.22 46.37 13.26 0.00 15.22 0.12 0.07 0.00 0.17, 0.09 0.02 
0.51 0.92 16.45 50.87 15.95 0.00 15.06 0.10 0.00 0.00 0.13 0.01 0.00 
0.57 0.05 11.39 57.35 17.51 0.00 12.70 0.16 0.00 0.00 0.12 0.14 0.00 
0.66 0.62 lJ.BG 54.55 14.82 0.00 14.99 0.20 0.00 0.02 0.10 0.15 0.00 
0.92 0.73 14.83 52.68 16.02 0.00 14.22 0.18 0.00 0.02 0.06 0.29 0.04 
4.09 0.57 16.19 49.28 ,14.83 0.00 14.32 0.14 0.07 0.08 0.25 0.15 0.02 
0.58 0.68 15.20 52.49 15.01 0.00 15.42 0.21 0.00 0.03 0.16 0.20 0.02 
0.03 0.67 14.8852.64 15.40 0.00 15.10 0.16 0.00 0.00 0.16 0.16 0.00 
1.20 0.65 14.50 53.26 14.97 0.00 14.76 0.20 0.00 0.06 0.21 0.2C 0.00 
0.56 0.62 14.78 52.98 15.39 0.00 14.95 0.15 0.00 0.00 0.26 0.25 0.05 
1.67 0.66 14.97 51.86 15.79 0.00 14.34 0.13 O.lE 0.03 0.23 0.13 0.00 
0.83 0.68 15.58 51.27 15.54 0.00 15.43 0.27 0.02 0.02 0.21 0.13 0.01 
0.62 0.60 14.14 54.64 14.18 0.00 15.25 0.20 0.00 0.04 0.22 0.10 0.00 
1.52 0.74 17.11 50.26 14.93 0.00 15.17 0.12 0.00 0.03 0.03 0.09 0.00 * 
2.43 0.65 15.72 50.81 15.94 0.00 13.89 0.20 0.00 0.00 0.20 0.15 0.00 
0.73 0.63 14.91 52.84 15.78 0.00 14.67 0.16 0.00 0.05 0.14 0.11 0.00 
0.71 0.71 15.66 51.09 16.47 0.00 14.80 0.17 0.00 0.05 0.08 0.22 0.05 

,26.86 0.33 29.47 20.88 9.33 0.00 12.28 0.09 0.53 0.08 0.00 0.13 0.01 
0.70. 0.61 13.93 54.75 14.45 0.00 15.08 0.17 0.00 0.01 0.00 0.26 0.04 
0.62 0.86 15.46 50.80 17.33 0.00 14.59 0.12 0.00 0.00 0.12 0.11 0.00 
0.73 0.49 12.67 56.98 13.22 0.00 15.31 0.20 0.00 0.01 0.16 0.22 0.00 
5.40 0.67 17.34 47.75 14.93 0.0013.32.0.14 0.10 0.02 0.11 0.22 0.01 
0.65 0.65 15.04 53.03 14.51 0.00 15.57 0.12 0.00 0.05 0.31 0.07 0.00 
0.74 0.59 13.86 54.39 14.62 0.00 15.32 0.17 0.00 0.00 0.12 0.19 0.00 
0.48 0.09 8.42 59.88 18.89 0.00 11.94 0.13 0.00 0.00 0.00 0.13 0.04 
3.90 0.5315.31 51.2815.15 0.00 12.69 0.17 0.02 0.31 0.26 0.16 0.02 
0.71 0.32 11.24 58.60 13.51 0.00 14.95 0.21 0.00 0.06 0.18 0.21 0.00 
1.39 0.64 16.83 50.49 15.50 0.00 14.48 0.18 0.00 0.05 0.06 0.18 0.00 
2.76 0.77 16.11 49.62 16.52 0.00 13.55 0.14 0.00 0.13 0.17 0.24 0.00 



49 CR 
1 ml 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
1 CR 
8 CR 
9 CR 

10 CR 
11 CR 
12 CR 
13 CR 
14’ CR 
15 CR 
16 CR 
1 CR 
2 CR 
3 ‘CR 
4’ CR 
5 CR 
6 
1 CR 
8 CR 
9 CR 

10 CR 
II CR 
I2 CR 
13 CR 
I4 OR 
15 PIL 
16 CR 
17 CR 
18 CR 
19 CR 
20 CR 
2 
3 CR 
4 CR 
5 CR 
6 CR 
1 CR 
8 CR 
9 CR 

10 CR 
II CR 
12 CR 
13 CR 
1 CR 
2 CR 
3 CR 
4 OR 
5 CR 
6 CR 
1 CR 
8 CR 

0.60 0.62 14.01 54.63.16.03 0.00 13.17 0.12 0.00 0.03 0.10 0.09 0.01 
0.49 0.60 16.16 52.27 14.39 0.00 15.51 0.17 0.00 0.01 0.13 0.18 0.04 
0.55 0.88 16.30 51.lb 15.36 0.00 15.31 0.15 0.00 0.02 0.06 0.18 0.04 
0.57 0.76 16.72 51.09 14.73 0.00 15.57 0.11 0.00 0.00 0.20 0.22 0.01 
0.57 0.86 15.41 52.38 15.32 0.00 14.91 0.21 0.00 0.00 0.19 0.12 0.02 
0.49 0.83 17.46 49.91 14.70 0.00 16.43 0.12 0.00 0.02 0.04 0.00 0.00 
0.54 0.75 15.28 52.96 14.50 0.00 15.41 0.18 0.00 0.05 0.22 0.12 0.00 
0.64 0.74 16.55 51.62 14.93 0.00 15.07 0.19 0.00 0.00 0.06 0.19 0.02 
0.61 0.82 15.27 52.65 15.36 0.07 14.62 0.25 0.00 0.03 0.25 0.04 0.02 
0.71 0.78 16.35 50.18 lb.13 0.00 15.09 0.19 0.00 0.02 0.30 0.23 0.02 
0.55 0.77 16.43 50.06 15.63 0.00 16.09 0.12 0.10 0.02 0.09 0.11 0.03 
0.59 0.69 17.31 49.83 15.56 0.00 15.42 0.16 0.00 0.02 0.19 0.20 0.01 
0.81 0.75 15.71 51.91 14.82 0.00 15.39 0.16 0.00 0.00 0.24 0.14 0.02 
0.59 0.73 16.77 50.90 15.17 0.00 15.36 0.M 0.00 0.00 0.10 0.19 0.00 
0.64 0.78 15.98 51.5B 15.59 0.00 14.80 0.18 0.00 0.03 0.28 0.10 0.03 
0.61 0.84 16.03 51.33 15.53 0.00 15.12 0.14 0.00 0.02 0.22 0.16 0.00 
0.58 0.79 15.61 51.83 15.99 0.00 14.77 0.16 0.00 0.04 0.03 O.lR 0.00 
0.48 0.73 15.53 52.31 15.96 0.00 14.57 0.15 0.00 0.00 0.07 0.19 0.02 
0.65 0.92 16.76 49.32 11.08 0.00 14.76 0.16 0.00 0.02 0.10 0.22 0.01 
0.50 0.79 15.84 51.10 16.42 0.00 14.91 0.07 0.01 0.00 0.18 0.16 0.01 
0.53 0.71 15.47 52.30 15.72 0.00 14.81 0.21 0.00 0.01 0.04 0.18 0.02 
0.54 0.96 15.40 50.43 17.82 0.00 14.37 0.15 0.00 0.01 0.11 0.19 0.00 
0.70 0.01 0.61 0.50 10.83 0.31 31.19 55.34 0.22 0.17 0.12 0.00 0.00 
1.82 0.56 14.79 52.42 15.78 0.00 13.81 0.16 0.15 0.06 0.27 0.11 0.00 
0.61 0.70 15.84 51.11 16.54 0.00 14.75 0.11 0.00 0.00 0.12 0.15 0.00 
0.57 0.84 15.1952.22 16.57 0.00 14.17 0.13 0.00 0.00 0.14 0.17 0.00 
0.46 0.92 15.14 52.43 16.14 0.00 14.51 0.14 0.00 0.02 0.08 0.08 0.00 
0.95 0.87 16.04 50.52 14.90 0.00 15.94 0.20 0.19 0.03 0.18 0.14 0.06 
0.56 0.13 15.06 52.58 15.09 0.00 15.19 0.19 0.08 0.04 0.26 0.17 0.05 
0.56 0.79 16.32 52.07 13.24 0.04 16.34 .0.14 0.08 0.01 0.26 0.14 0.00 
0.62 0.80 16.3250.64 14.81 0.00 16.04 0.19 0.15 0.01 0.18 0.21 0.01 
0.55 52.72 0.88 0.34 33.09 0.13 11.97 0.00 0.00 0.00 0.01 0.32 0.00 
0.49 0.74 15.54 51.79 15.83 0.00 15.09 0.17 0.09 0.02 0.19 0.05 0.00 
0.57 0.87 15.86 50.21 16.35 0.00 15.47 0.19 0.09 0.03 0.22 0.13 0.00 
0.52 0.98 15.08 51.84 15.62 0.00 15.41 0.15 0.04 0.01 0.14 0.17 0.04 
0.51 0.73 15.29 52.28 15.09 0.00 15.56 0.20 0.00 0.02 0.16 0.10 0.00 
0.53 0.83 16.35 50.62 15.60 0.00 15.64 0.16 0.08 0.00 0.17 0.02 O.OU 
1.39 90.58 0.76 0.65 2.60 0.00 0.00 0.02 0.00 0.03 0.00 3.95 0.00 
0.61 0.67 16.43 50.74 15.75 0.00 14.94 0.19 0.00 0.03 0.25 0.18 0.02 
0.60 0.93 16.12 49.99 17.71 0.00 14.27 0.19 0.00 0.00 0.08 0.12 0.00 
0.54 0.65 15.14 53.55 15.72 0.00 14.02 0.20 0.00 0.00 0.13 0.04 0.00 
0.80 ,0.80 15.39 51.83 16.85 0.00 13.94 0.19 0.00 0.01 0.13 0.06 0.01 
0.71 0.76 14.35 53.12 16.49 0.00 14.01 0.21 0.00 0.03 0.19 0.10 0.03 
0.51 0.81 14.16 53.27 16.86 0.00 13.86 0.22 0.00 0.06 0.13 0.08 0.04 
0.57 0.66 14.67 53.45 15.29 0.00 14.86 0.17 0.00 0.03 0.23 0.06 0.00 
0.69 0.06 16.24 51.1016.20 0.0014.57 0.15 0.02 0.02 0.09 0.06 0.00 
1.17 0.69 16.35 50.61 15.02 0.00 15.56 0.19 0.05 0.08 0.13 0.15 0.00 
0.63 ,0.78 14.90 53.13 15.95 0.00 14.09 0.16 0.00 0.00 0.22 0.12 0.01 
0.46 0.84 12.78 56.10 16.67 0.00 12.48 0.15 0.00 0.07 0.31 0.12 0.01 
0.52 0.77 16.09 51.87 14.81 0.00 15.47 0.13 0.00 0.00 0.20 0.14 0.00 
0.59 0.88 15.90 52.39 15.44 0.00 14.37 0.15 0.00 0.00 0.13 0.15 0.00 
0.55 0.70 16.29 51.07 14.66 0.00 15.22 0.19 0.00 0.06 0.23 0.20 0.03 
0.52 0.6514.29 54.13 14.73 0.00 15.15 0.14 0.00 0.00 0.22 0.18 0.00 
0.60 0.84 15.98 51.58 14.64 0.00 15.56 0.20 0.00 0.00 0.30 0.23 0.05 
0.51 0.89 15.62 51.59 16.46 0.00 14.46 0.12 0.00 0.03 0.17 0.15 0.00 
0.57 0.85 16.37 51.06 15.53 0.00 15.36 0.17 0.00 0.01 0.00 0.09 0.00 
0.50 0.75 17.61 49.34 15.52 0.00 15.74 0.19 0.00 0.04 0.09 ‘0.23 0.00 

,,@r/ ! 
HRRK SAHPLES 

ID SRHPLE 6RRlN OC NINERRL SIO2 1102 RL203 CR203 FE0 NNO HGO CR0 N120 K20 NIO NB205 CL 

EWLllA 183 I 
EliLTlR 183 I 
MLTIA 183 I 
EtlLTlR 183 I 
BtlLTlR 183 I 
BilLTlR 183 1 
EliLTlR 183 I 
EHLTM 183 I 
twin 183 I 
BtlLTlR 183 1 
MLTIR 183 I 
MLllR 183 I 
RnLIln 183 I 
8nLrln 183 I 
m71n 183 1 
man 183 I 
RNLl2 183 2 
ML12 183 2 
Rl!LlZ 183 2 
smr:, 183 2 
MLT2 183 2 
BilLI 183 2 
BtlLl2 183 2 
nnLT2 183 2 

Q 
12. 183 2 
12 183 2 

ElfLT2 183 2 
wu2 i83'2 
RnL72 183 2 
BHLTZ 183 2 
RnLi2 183 2 
ttnL72 183 2 
rtnL72 183 2 
RnLT2 183 2 
8nL72 183 2 

* nnL72 183 2 
faLi 183 3 
6nLT 1~3 3 
ML1 I83 3 
RnLT 183 3 
6nLT 183 3 
RnLT 183 3 
BnLT 183 3 
RnL7 183 3 
8nLT 183 3 
nnLl 183 3 
RnLT 183 3 
BnLr 183 3 
BnLuR 183 4 

Q 

118 183 4 
118 163 4 

Lll8 183 4 
BnLun x13 4 
RMLTIR 183 4 
RtlLTlR 183 4 
MLllB 183 4 



SMPLE WIN OC MNERRL SIOZ 1102 61203 CR-203 FE0 MN0 I460 CA0 NRZO K20 NIO NE205 CL 
.~~&!;;;-.;; ------- ;-;; ----____-_____-------------------------------------------------------------------------------------- 

- 
RlfLTlB 183 4 10 CR 
BHLTlB 183 4 11 CR 
ML118 183 4 12 CR 
BtlLTlB 183 4 13 CR 
ML118 183 4 14 CR 
BNLTl8 183 4 15 CR 
ML118 183 4 16 CR 
EltLll8 183 4 17 CR 
BnLTlB 183 4 16 CR 
BliLTl8 183 4 19 CR 
ML718 183 4 20 CR 
BtlLTlE 183 4 21 CR 
8tlLT18 183 4 23’ CR 
BtlLTlB 183 4 24 CR 
8nLl18 183 4 25 CR 
ML118 183 4 26 CR 
BtlLllC 183 5 1 CR 
8HLTlC 183 5 2 CR 
BnLllC 183 5 ’ 3 CR 
8nLUC 183 5 ’ 4 CR 
MLTlC 183 5 
Bntllc 183 5 
RHLTlC 183 5 
BNLTlC 183 5 
RliLllC 183 5 
MLTlC 183 5 
EtlLTlC 183 5 
Bt8.TIC 183 5 
BHLTIC 183 5 
Rntllc 183 5 
EnLTlc 183 5 
wtc 183 5 
cvit7lc 183 5 
ml0 183 5 
BtlLllC LB3 5 . 
BllLlZ 183 6 
BR72 183 6 
ML12 183 6 
8lO.K’ 183 6 
ML72 183 6 
ML12 183 6 
ML12 183 6 
nntT2 183 6 
RntT2 183 6 
wit72 IB3 6 
ML12 183 6 
ML12 183 6 
ENLT2 183 6 
MILT2 183 6 

l BHLT2 8tlLllC 183 183 6 7 
MLllC 183 7 
BllLllC 183 7 
MLllC 183 7 
BMLTlC 183 7 
BfiLIlC 183 7 

5 CR, 
6 CR 
7 CR 
8 CR 
9 CR 

10 CR 
11 CR 
12 CR 
13 CR 
14 CR 
15 CR 
16 CR 
17 CR 
18 CR 
19 CR 
I CR 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
7 CR 
8 CR 
9 CR 

10 CR 
12 CR 
13 CR 
14 CR 
15 CR 

111 CR 
1 CR 
2 CR 
3 CR 
4 CR 
5 CR 
6. CR 

0.56 0.79 17.57, 50.32 14.41 0.00 16.00 0.09 0.00 0.00 0.15 0.08 0.03 
0.54 0.76 15.80 51.92 15.73 0.00 14.89 0.13 0.00 0.04 0.04 0.14 0.00 
0.64 0.70 14.32 55.18 15.15 0.00 13.46 0.16 0.00 0.02 0.12 0.20 0.04 
0.63 0.84 16.73 50.58 14.71 0.00 15.80 0.20 0.00 0.00 0.27 0.19 0.04 
0.66 0.68 15.35 52.54 14.94 0.03 15.22 0.16 0.00 0.02 0.22 0.14 0.04 
0.72 0.69 16.89 50.67 14.80 0.00 15.51 0.20 0.03 0.03 0.34 0.11 0.00 
0.72 0.78 17.02 49.61 15.33 0.00 15.77 0.23 0.00 0.04 0.30 0.20 0.00 
0.63 0.84 17.00 SO.57 14.62 0.10 15.67 0.21 0.00 0.00 0.26 0.10 0.01 
0.72 0.69 15.93 51.95 14.71 0.00 15.53 0.14 0.04 0.00 0.12 0.16 0.01 
0.52 0.88 16.14 50.15 16.88 0.06 14.72 0.19 0.00 0.05 0.22 0.18 0.00 
0.73 0.87 15.6451.11 16.27 0.0014.74 0.18 0.00 0.00 0.28 0.14 0.03 
0.63 0.78 15.36 52.85 14.98 0.00 14.74 0.15’ 0.00 0.02 0.27 0.20 0.01 
0.62 0.79 16.01 51.68 11.92 0.00 15.27 0.22 0.00 0.00 0.16 0.30 0.02 
0.57 0.69 16.90 50.84 14.59 0.00 16.00 0.11 0.00 0.02 0.21 0.03 0.02 
0.67 0.67 15.23 52.82 14.39 0.00 15.74 0.18 0.04 0.00 0.18 0.09 0.00 
0.57 0.65 16.93 50.47 14.62 0.00 16.09 0.15 0.00 0.05 0.35 0.12 0.00 
0.55 0.87 17.04 SO.56 14.76 0.00 15.76 0.18 0.00 0.02 0.17 0.08 0.01 
1.24 0.78 15.83 50.49 lb.28 0.00 14.63 0.24 0.04 0.13 0.24 0.10 0.01 
0.58 0.93 19.31 46.70 16.23 0.00 15.60 0.17 0.00 0.05 0.25 0.17 0.01 
0.47 0.77 17.14 50.41 15.01 0.00 15.75 0.17 0.00 0.00 0.20 0.09 0.00 
0.59 0.83 17.53 49.49 15.26 0.00 15.81 0.17 0.00 0.00 0.20 0.13 0.00 
0.55 0.81 16.72 50.75 14.57 0.00 16.19 0.18 0.00 0.02 0.07 0.14 0.00 
0.73 0.71 16.95 50.40 14.66 0.00 15.88 0.15 0.14 0.02 0.22 0.13 0.01 
0.77 0.68 16.46 51.10 14.61 0.00 15.85 0.21 0.00 0.01 0.16 0.14 0.01 
0.58 0.77 16.49 51.41 14.94 0.00 15.47 0.14 0.00 0.00 0.13 0.06 0.00 
0.55 0.80 15.40 52.61 14.89 0.00 15.33 0.10 0.00 0.02 0.20 0.10 0.00 
0.63 0.73 16.81 50.22 15.14 0.00 15.92 0.16 0.00 0.03 0.16 0.20 0.00 
0.59 0.43 14.79 50.03 25.85 0.68 7.20 0.12 0.00 0.00 0.17 0.12 0.01 
0.59 0.72 14.99 53.11 15.49 0.00 14.57 0.17 0.00 0.02 0.09 0.22 0.01 
0.66 0.81 17.29 5O.U 14.92 0.00.15.20 0.16 0.00 0.05 0.08 0.22 0.02 
0.58 0.69 16.82 50.91 15.19 0.00 15.30 0.11 0.00 0.00 0.20 0.16 0.03 
0.56 0.7016.5351.0915.16 0.0015.58 0.18 0.00 0.00 0.11 0.10 0.00 
0.65 0.5515.9951.7614.88 0.0015.62 0.14 0.00 0.03 0.10 0.27 0.01 
0.58 0.63 16.39 51.40 15.29 0.00 15.04 0.18 0.00 0.01 0.26 0.19 0.04 
0.57 0.81 15.39 51.71 15.54 0.00 15.47 0.20 0.00 0.02 0.14 0.15 0.00 
0.59 0.60 15.69 52.45 14.54 0.00 15.49 0.21 0.01 0.03 0.27 0.10 0.01 
0.88 0.64 17.89 49.19 15.47 0.00 15.48 0.12 0.13 0.07 0.00 0.07 0.06 
0.55 0.04 lb.17 50.48 15.64 0.00 IS.57 0.19 0.20 0.00 0.16 0.21 0.00 
0.69 0.88 16.43 49.92 16.43 0.00 14.97 0.11 0.08 0.00 0.25 0.23 0.00 
0.58 0.75 13.42 55.93 15.61 0.17 13.07 0.21 0.00 0.03 0.13 0.08 0.01 
0.71 0.86 16.23 50.22 15.30 0.00 16.03 0.15 0.21 0.03 0.14 0.11 0.01 
0.80 0.62 16.40 50.89 15.34 0.00 15.62 0.10 0.00 0.02 0.06 8.13 0.00 
0.56 0.80 17.22 49.84 14.98 0.00 16.04 0.14 0.23 0.00 0.07 0.11 0.00 
0.63 0.87 15.82 50.53 17.52 0.00 14.15 0.23 0.04 0.01 0.14 0.04 0.01 
0.68 0.74 14.71 52.74 16.52 0.00 14.26 0.17 0.03 0.00 0.00 0.15 0.02 
0.92 0.72 13.87 54.01 16.39 0.09 13.56 0.21 0.00 0.02 0.07 0.13 0.02 
0.59 1.05 15.90 49.89 16.56 0.01 15.35 0.17 0.09 0.00 0.24 0.15 0.00 
0.57 0.94 16.34 49.35 17.39 0.00 15.09 0.13 0.04 0.01 0.06 0.09 0.00 
0.52 0.93 16.00 50.24 16.47 0.00 15.30 0.18 0.00 0.00 0.23 0.12 0.00 
0.56 0.7916.1749.9R16.45 0.0015.37 0.13 0.10 0.00 0.26 0.16 0.03 
0.54 0.86 15.71 50.80 16.34 0.00 15.20 0.10 0.18 0.01 0.09 0.18 0.00 
0.59 0.71 14.7853.54 14.54 0.0015.28 0.21 0.00 0.01 0.20 0.14 0.00 
0.60 0.68 15.92 52.41 14.74 0.00 15.22 0.15 0.00 0.00 0.09 0.15 0.05 
0.55 0.82 16.60 51.01 14.41 0.14 15.80 0.15 0.00 0.01 0.34 0.15 0.02 
0.75 0.85 16.14 Sl.08 14.99 0.12 15.52 0.15 0.00 0.00 0.23 0.13 0.03 
0.51 0.67 17.00 50.60 14.84 0.00 15.74 0.10 0.08 0.00 0.27 0.18 0.01 
0.69 0.77 15.80 52.07 14.79 0.00 15.27 0.16 0.00 0.02 0.19 0.23 0.02 



-RnLTlC 183 7 
RnLTlC 183 7 
BnLTlC 183 7 
BHLTIC 183 7 
LMLllC 183 7 
RtlLllC 183 7 
RtlLTlC 183 7 
RHLTlC 183 7 
EnLTlC 183 7 
EIILTJC 183 7 
RliLTlC 183 7 
.RnLTlC 183 7 
RHLIJC 183 7 
MLTJC 183 7 
uiL12 183 R 
RMLTZ 183 8 
ML12 183 8 
ML12 183 8 , 
ML12 183 8 
ntl~rz 183 0 
EHLTZ 183 8 

'RnLT2 183 8 
RnL72 183 8 
nnL72 183 8 

ai 
nLl2 JR3 8 
tlLT2 183 e 

RnL72 183’~ 
RnLri 183 8 
RnL72 183 8 
RnL72 183 8 
RnL72 183 R 
HILT2 183 8 
RIILTZ 183 8 
onL72 183 e 
0nLn 183 0 
RnLlz 183 8 
HILT2 183 8 
nnLT2 183 0 
NtlL 184 1 
NL 184 1 
NHL 184 1 
NIL JR4 1 
NIlL 184 1 
NllL JR4 1 
NNL 184 1 
NIlL 184 1 
NI(L 184 1 
NNL 184 1 
NllL In4 1 

SMPLE GRRIN OC llINERAL SIO2 1102 AL203 CR203 FE0 nN0 Ii60 CR0 NA20 K2O NIO NE205 CL 
.-&-;;.;. _-_---------------_-____________________----------------------------------------------------------------------------- 

7 CR 
n CR 
9 CR 

10 CR 
11 CA 
12 CA 
13 CR 
14 CR 
15 CR 
16 CR 
17 CA 
18 CR 
19 CR 
20 CR 
21 CR 
1 CR 
2 CR 
3 CR 
4 CR 
5’ CR 

‘6 CR 
7 CR 
8 CR 
9 CR 

10 CR 
II CR 
12 CR 
13 CR 
14 CR 
15 CR 
16 CR 
17 CR 
18 CR 
19 CR 
20 CR 
21 CR 
22 CR 
23 CR 
24 CR 
1 PIL 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
7 CR 
B CR 
9 CR 

.I0 CR 
11 CR 
12 CR 
13 CR 
14 CR 
15 CR 
16 CR 
17 CR 
JO CR 

0.60 0.78 16.04 52.p7 13.98 0.00 lS.RI 0.26 0.00 0.02 0.20 0.19 0.00 
0.63 0.66 17.88 49.38 14.48 0.00 16.22 0.16 0.00 0.01 0.38 0.16 0.05 
0.63 0.36 18.98 49.90 13.31 0.00 16.17 0.14 0.00 0.01 0.23 0.24 0.02 
0.62 0.90 lb.98 51.04 14.49 0.00 15.36 0.17 0.00 0.00 0.26 0.17 0.00 
0.50 0.74 15.14 53.05 15.38 0.00 14.67 0.14 0.00 0.00 0.27 0.09 0.03 
0.53 0.01 15.22 53.15 14.46 0.00 15.26 0.17 0.00 0.00 0.17 0.22 0.00 
0.56 0.73 15.42 52.26 15.61 0.00 14.86 0.12 0.00 0.00 0.28 0.11 0.05 
0.41 0.82 14.34 53.87 14.96 0.00 15.02 0.21 0.00 0.06 0.16 0.13 0.01 
0.51 0.70 14.96 52.72 15.66 0.00 14.71 0.17 0.00 0.00 0.21 0.26 0.03 
0.47 0.61 14.69 54.46 15.37 0.00 14.02 0.13 0.00 0.00 0.16 0.10 0.00 
0.55 0.82 15.84 51.87 15.78 0.00 14.72 0.17 0.00 0.00 0.11 0.11 0.03 
0.64 0.69 14.21 54.38 14.60 0.00 14.95 0.26 0.00 0.06 0.17 0.05 0.00 
0.49 0.60 15.27 53.24 14.98 0.00 14.89 0.16 0.00 0.04 0.19 0.12 0.02 
0.93 0.76 17.24 49.73 15.03 0.00 15.75 0.15 0.00 0.03 0.15 0.19 0.04 
0.58 0.67 15.52 52.92 14.00 0.00 15.78 0.19 0.00 0.03 0.15 0.16 0.00 
0.67 0.75 17.48 49.21 15.27 0.00 15.92 0.15 0.25 0.00 0.05 0.22 0.01 
0.3 0.06 16.96 50.30 14.42 0.00 16.24 0.16 0.12 0.04 0.12 0.18 0.01 
0.45 0.76 16.19 50.91 15.19 0.00 15.917 0.17 0.03 0.02 0.23 0.06 0.00 
0.55 0.76 15.76 51.69 14.96 0.00 15.79 0.22 0.00 0.00 0.14 0.12 0.00 
0.53 0.05 16.13 50.79 15.42 0.00 IS.50 0.10 0.10 0.04 0.10 0.21 0.00 
0.48 0.77 14.77 52.76 15.96 0.00 14.87 0.15 0.00 0.00 0.12 0.12 0.00 
0.48 0.64 15.02 53.35 15.45 0.00 14.59 0.16 0.01 0.01 0.26 0.03 0.01 
0.54 0.60 14.56 54.02 14.31 0.00 15.68 0.14 0.00 0.00 0.02 0.11 0.00 
0.49 0.91 15.78 51.20 15.23 0.00 15.M 0.14 0.05 0.00 0.22 0.06 0.03 
0.50 0.01 15.54 51.8R 14.94 0.00 15.84 0.17 0.15 0.00 0.04 0.12 0.00 
0.58 0.74 15.38 51.93 15.41 0.00 15.17 0.17 0.20 0.02 0.23 0.16 0.00 
0.50 0.81 16.76 50.23 15.17 0.00 15.90 0.19 0.07 0.00 0.25 0.13 0.00 
0.58 0.76 16.15 49.89 16.15 0.00 15.78 0.22 0.11 0.04 0.17 0.12 0.04 
0.65 0.68 14.39 53.72 14.64 0.00 15.38. 0.10 0.03 0.00 0.16 0.16 0.03 
0.62 0.86 16.24 50.00 16.95 0.00 14.9’1 0.19 0.02 0.00 0.12 0.05 0.04 
0.75 0.92 14.19 53.36 15.69 0.00 14.60 0.19 0.03 0.01 0.17 0.07 0.00 
0.69 0.81 17.10 49.56 14.77 0.00 16.37 0.19 0.20 0.06 0.10 0.14 0.00 
0.52 0.82 15.55 52.09 15.27 0.00 15.32 0.16 0.08 0.00 0.15 0.03 0.00 
0.54 0.79 14.95 53.04 15.77 0.00 14.34 0.21 0.00 0.03 0.22 0.10 0.00 
0.62 0.61 14.40 53.21 16.10 0.00 14.25 0.13 0.06 0.01 0.29 0.23 0.00 
0.46 0.70 14.34 53.37 16.17 0.00 14.60 0.14 0.00 0.00 0.09 0.13 0.00 
0.71 0.83 15.22 51.88 15.28 0.00 15.39 0.18 0.23 0.01 0.16 0.08 0.00 
0.57 0.76 15.21 51.65 16.16 0.00 14.98 0.14 0.18 0.00 0.17 0.16 0.02 
0.52 0.89 13.92 53.68 15.88 0.00 14.61 0.10 0.06 0.00 0.24 0.07 0.02 
0.36 53.29 0.58 2.03 31.55 0.22 11.68 0.00 0.00 0.00 0.14 0.17 0.00 
0.78 0.63 13.03 54.64 16.88 0.00 13.50 0.22 0.00 0.04 0.06 0.20 0.01 
0.45 0.97 16.80 51.37 14.82 0.00 15.18 0.20 0.00 0.00 0.05 0.13 0.03 
0.77 0.70 13.23 56.13 15.02 0.00 13.66 0.16 0.00 0.00 0.23 0.10 0.00 
0.47 0.61 13.24 55.66 15.67 0.00 13.95 0.17 0.00 0.00 0.11 0.12 0.00 
0.44 0.75 16.82 51.48 15.54 0.00 14.48 0.21 0.00 0.00 0.21 0.07 0.00 
0.58 0.69 15.92 52.08 14.01 0.00 15.27 0.16 0.00 0.00 0.27 0.16 0.06 
0.40 0.65 15.15 54.35 14.13 0.00 14.85 0.21 0.00 0.04 0.11 0.00 0.02 
0.57 0.64 16.09 52.83 14.49 0.00 14.91 0.25 0.00 0.03 0.09 0.10 0.01 
0.43 0.55 16.90 52.71 14.23 0.00 14.76 0.16 0.00 0.03 0.19 0.05 0.00 
0.57 0.50 12.83 56.36 15.47 0.00 13.95 0.13 0.00 0.00 0.03 0.15 0.00 
0.65 0.49 12.74 56.37 15.30 0.00 13.89 O.lE 0.00 0.01 0.07 0.31 0.00 
0.56 0.55 16.24 52.78 15.08 0.00 14.24 0.25 0.00 ‘0.04 0.26 0.00 0.00 
0.54 0.68 14.25 55.02 14.37 0.00 14.56 0.19 0.00 0.03 0.18 0.19 0.01 
0.48 0.57 12.78 55.91 16.42 0.00 13.36 0.20 0.00 0.00 0.08 0.15 0.06 
0.51 0.64 15.07 52.41 J5.36 0.00 14.68 0.20 0.00 0.04 0.09 0.19 0.00 
0.54 0.73 16.64 51.29 15.37 0.00 14.81 0.17 0.00 0.01 0.27 0.17 0.00 
0.54 0.73 15.05 52.46 16.63 0.00 13.97 0.14 0.00 0.00 0.31 0.12 0.05 
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SMPLE GRAIN DC MNERAL SIO2 1102 RL203 CA203 FE0 nN0 HGO CR0 NR20 K20 NIO Na205 CL - --__--__-_-_-_------____________________-------------------------------------------------------------------------------- -a--------- - NHL 184 1 19 CR 
NllL 164 1 20 CR 
NI1L la4 1 21 CR 
NIL 184 1 22 CA 
NL la4 1 23 CR 
NHL 184 1 24 IL 
NnL 184 1 25 CR 
NHL 184 I 26 CR 
ML 184 I 21 CA 
NnL 184 1 28 CA 
NHL 184 I 29 CR 
NHL 184 I 30 CR 
NHL 184 I 31 CR 
NnL la4 1 32 CR 
NIL 184 I 33 CR 
NNL 184 2 1 CR 
NIL la4 2 2 CR 
NIIL la4 2 3 CR 
NHL Ia4 2 4 CR 
NflL la4 2 ’ 5 CA 
NllL la4 2 ’ 6 CR 
NIL la4 2 
NNL la4 2 
NHL ia4~2 
‘NHL la4 2 

e 11;: 
la4 2 
la4 2 

IjNL la4 2 
NNL la4 2 
NHL la4 2 
N)IL la4 2 
NliL la4 2 
NnL la4 2 
NL ia4 3 
NBL la4 3 
NtlL la4 3 
NtlL 104 3 
nRRK6 185 1 
nARX6 la5 1 
HRRW~ la5 I 
ndRK6 185 1 
~ARW~ 185 i 
MARKS la5 2 
HARK6 la5 2 
MARK6 185 2 
nR~ti6 la5 2 
nARK6 lE5 3 
HARK6 185 3 
tlRRK6 185 3 
nARK6 185 3 

1 CR 
8 CR 
9 CR 

10 CR 
11 CR 
12 CR 
13 CR 
14 CR 
15 JR 
16 CR 
17 CR 
ia CA 
1 CR 
2 CR 
3 CR 
4 CR 
1 CR 
2 CR 
3 CR 
4 CR 
5 CR 
1 CR 
2 CR 
3 CR 
4 CR 
1 CR 
2 CR 
3 CR 
4 CR 
5 CR 
6 CR 
7 CR 

0.52 0.81 16.20 51.99 15.20 0.00 14.82 0.19 0.00 0.03 0.12 0.13 0.00 
0.68 0.69 13.02 55.24 16.38 0.00 13.34 0.19 0.00 0.07 0.08 0.27 0.04 
0.76 0.49 13.35 55.43 14.87 0.00 14.61 0.13 0.00 0.04 0.15 0.16 0.02 
0.68 0.55 17.60 50.58 15.05 0.00 15.01 0.17 0.00 0.00 ,0.18 0.20 0.00 
0.41 0.86 14.16 54.52 16.93 0.00 12.70 0.12 0.00 0.00 0.09 0.19 0.02 
0.47 45.49 0.12 0.00 46.12 4.11 3.11 0.00 0.00 0.01 0.00 0.56 0.00 
0.92 0.71 13.19 54.63 17.90 0.00 12.29 0.15 0.00 0.00 0.19 0.01 0.00 
0.60 0.61 16.06 52.97 14.68 0.00 14.52 0.16 0.00 0.06 0.13 0.18 0.02 
0.55 0.56 12.90 55.72 16.34 0.00 13.28 0.22 0.00 0.04 0.11 0.27 0.00 
0.52 0.77 14.49 54.07 15.81 0.00 13.78 0.15 0.00 0.00 0.24 0.17 0.00 
0.49 0.78 15.66 53.02 14.89 0.00 14.61 0.20 0.00 0.03 0.18 0.11 0.02 
0.55 0.60 13.30 55.27 15.91 0.00 13.92 0.20 0.00 0.03 0.04 0.19 0.00 
0.38 0.67 15.20 52.74 16.33 0.00 14.26 0.13 0.00 0.00 0.15 0.13 0.01 
0.55 0.59 13.09 55.43 16.24 0.00 13.25 0.20 0.00 0.01 0.32 0.31 0.00 
0.50 0.50 13.33 55.43 15.55 0.00 14.13 0.18 0.00 0.04 0.16 0.19 0.00 
0.34 0.79 16.35 52.20 15.32 0.00 14.42 0.23 0.00 0.05 0.22 0.09 0.00 
0.42 0.73 15.60 53.22 14.94 0.00 14.60 0.16 0.00 0.00 0.24 0.08 0.01 
0.46 0.51 12.62 56.72 15.38 0.00 13.76 0.15 0.00 0.01 0.16 0.22 0.00 
0.60 0.72 15.92 52.19 15.06 0.00 14.71 0.20 0.00 0.00 0.40 0.19 0.00 
0.49 0.54 12.93 55.87 16.22 0.00 13.36 0.18 0.00 0.00 0.25 0.16 0.00 
1.14 0.60 11.02 57.98 15.75 0.00 12.78 0.26 0.00 0.01 0.25 0.19 '0.03 
0.50 0.50 12.02 57.50 14.73 0.00 14.28 o.ia 0.00 0.00 0.12 ,0.13 0.04 
0.60 0.70 7.26 62.38 14.81 0.00 13.53 0.23 0.00 0.04 0.15 0.30 0.00 
0.57 0.74 13.02 55.77 14.65 0.00 14.64 0.16 0.00 0.04 0.28 0.14 0.00 
0.46 0.79 15.62 53.02 14.88 0.00 14.76 0.18 0.00 0.01 0.13 0.15 0.00 
0.64 0.63 16.95 50.96 15.20 0.00 14.92 0.15 0.04 0.00 0.28 0.23 0.00 
0.59 0.55 13.00 56.58 14.64 0.00 13.99 0.16 0.00 0.00 0.30 0.13 0.06 
0.53 0.54 16.86 52.89 14.05 0.00 14.53 0.15 0.00 0.03 0.21 0.21 0.00 
0.57 0.54 16.52 52.92 14.27 0.00 14.53 0.17 0.00 0.05 0.24 0.19 0.00 
0.76 0.78 15.62 52.64 15.53 0.00 14.19 0.17 0.00 0.05 0.08 O.lB 0.00 
0.42 0.64 15.66 52.99 15.44 0.00 14.44 0.17 0.00 0.01 0.23 0.00 0.00 
0.54 0.53 la.02 50.70 14.77 0.00 14.84 0.1s 0.00 0.00 0.27 0.14 0.00 
0.52 0.69 13.07 55.48 16.37 0;OO 13.36 0.21 0.00 0.05 0.14 0.10 0.00 
0.52 0.75 16.35 52.23 14.80 0.00 14.83 0.14 0.00 0.04 0.24 0.09 0.00 
0.46 0.52 12.45 56.90 15.11 0.00 13.94 0.27 0.00 0.00 0.11 0.23 0.00 
0.61 0.67 15.66 52.47 15.65 0.00 14.31 0.18 0.00 0.02 0.21 0.21 0.01 
1.00 0.85 14.69 53.36 16.45 0.00 12.79 0.30 0.00 0.03 0.29 0.23 0.00 
0.56 0.82 14.39 53.41 16.03 0.00 14.28 0.17 0.00 0.00 0.13 0.17 0.03 
0.45 0.91 13.82 53.44 16.60 0.00 14.41 0.16 0.00 0.00 0.13 0.08 0.00 
0.53 0.91 14.16 53.47 16.05 0.00 14.47 0.20 0.00 0.00 0.08 0.12 0.02 
0.47 0.93 14.79 51.43 16.46’ 0.00 15.40 0.20 0.00 0.06 0.16 0.09 0.00 
0.64 0.93 15.29 51.66 16.16 0.04 14.58 0.10 0.00 0.00 0.36 0.22 0.02 
0.40 0.88 16.02 51.78 16.08 0.00 14.47 0.19 0.00 0.06 0.00 0.09 0.03 
0.53 0.72 16.51 51.47 15.90 0.00 14.49 0.16 0.00 0.02 0.20 0.00 0.00 
0.75 0.82 15.18 51.66 16.20 0.01 14.77 0.13 0.00 0.00 0.25 0.18 0.05 
0.73 0.80 14.88 51.81 15.84, 0.00 15.15 0.17 0.00 0.04 0.39 0.19 0.00 
0.47 0.79 14.32 53.10 16.43 0.04 14.45 0.14 0.00 0.03 0.13 0.10 0.00 
0.56 O.Bl 14.63 52.62 16.60 0.00 14.39 0.14 0.00 0.00 0.09 0.15 0.00 
0.53 0.83 15.98 50.94 16.08 0.00 14.97 0.15 0.00 0.00 0.33 0.18 0.01 
0.68 0.86 14.43 52.48 16.61 0.00 14.39 0.20 0.00 0.00 0.11 0.23 0.01 
0.68 0.84 16.49 49.95 16.22 0.03 15.09 0.19 0.00 0.00 0.38 0.12 0.00 
0.50 1.49 9.14 56.42 18.20 0.00 13.60 0.19 0.00 0.03 0.20 0.23 0.00 
0.53 0.80 15.55 51.77 16.05 0.00 14.76 0.18 0.00 0.03 0.25 0.06 0.02 



APPENDIX ' B" 



1 PIPE 

SamleM?g 

pwxceowic Dz!scriDtiq 

Pale olivebmmweathering, graygreen "~'tllffisiticbreccia~~ (db) 
frcmlnearthermalern bo&er(alorqtheRarqedMde)oftheMark1diabeme. 
Ihe~esiteisabaut7meters~~ofthe~~inan~ofweLl 
foliated, -My D breccia with avenge lithic olast sizes rarqing 
frCm5-30 ml. SedimentaryrockfraglQentepredaninate,andthe~parallel 
al- of elqte clssts, al-d presencsofalmdantslippl.mesdefinedby 
coMentraticoreoffinely~~debrisard~shredsofsericiteand 

Micrceowic Descriwtiml 

Thissan@eisalithicclastdminat&,matrixqportedfmgmmblmck 
thatislmdeMelywellfoliated. Lithicfragnmb~abcut7050fthe 
rockvolume,andapprcodmatsly1/4ofthesearegreaterthan4ilpm. Foliation 
ishpaztedbyi9lepEuallelsugmentoflnznems elcasgate olasta (espaciauY 
sericitic azyfflites that are - alt ard oontabd 

g?Aneddebrisiml~-l- Dolcmiticnx&3da&atethe 
lithicclastpopulaticn,anlindludsfineto~~gainedvarieties,wmeof 
which are - (silty arKI llzardy) ad/or a?qillaceaw. Also relatively 
aburdantarelimestcne, sericitic aq@lite,lmz%tom, arrlsammonewith 
dolc0liticcelDanL Severalfrasmentsof~ite.tisericit.eschistalsowere 
c&sewed. Pzwsureshadcwsoffihmusq.aartz~dolcrniteare~atthe 
en% (parallel to foliation) ofscnnedolczniticrcckclasts. 
&J-Pm-mldc - gelmllyareweu-andare&- 
in the fine lapilli to ash size range. All are 
lui~itic VitmFhyres 

htensely altered, lx& 
~havebeentantativaly 

minviware 
rep?lacedbyfinalyQystallinedolcmitethathas~flocdedbyl~,kn 
mIlli--bemedasolivine,WroDIBneard 
phlogcpite,suggestingthatthesarochcculdbel~. Fhgrained 
equigranular pillmite bearing clasts also may be 1m ic. lhese cantain 
~tlaths(toO.3nnrlong)repl~byintansely1 euamlized, turbid, 
finalYcrystal~~~~~~~,~~thase,FPPbablYwerephlogopitecrystalS. llle 

g7iwkmaofclotsanairregularmassesof 
t, chlorite and o?khc&m(?), witi lccally -masses of 
subradiating hndks of sericite and chlorite. Ahmiant tiny grains of pyrite 
and leumxenized perwskite(?) are scattered thtwgmt. 

Qartz gmins constib.ke appzvxinbately79 ofthecrystal t5lastpqalaticor. 
Most~crystalsarelessthan0.5mmacrossard~frcrmwellrourdedto 
angular, the smaller size pcpulation (c 0.2 nun) baing most angular. Pressure 
ahadcrwsOffihrrnts~ardseriCite~anbathends(parallelto 



foliation) ofeomelargerquartz grahe. mlcmite~qwrtzPeudom@e (to1 
) after olivine ard pyroxem are li-d.atively alanant, as axe cliloritized, 
icitizede1~~Idolc4nitizedanphibolecryetals (tolmlong). Somea@hle 

are ccepletelychloritized, whereas otherehBvec0res Of 8UbEdbw 
chloriteandrlnsof intermixed do1cmiteardeericite. chloritizedphhgopit8 
crystals (to 0.5mlong) are relativelyabu&mt, arKIonelargedefomEdand 
partiallydienlptedchloritized~ogopitecrystal (~3.5lmauvee) hae 
l~ticulardolcDniteperatratingalcorg~eavageplanes. Smepseudomorphed 
olivineclaetsarerinmMbythh1 ewxenizedaggmgatesoffinelycxyetalline 
arEaelse( 

Ihe~ofthisrock~istsmostlyofgrarollardolcmitewith 
intenaediateareasof finely~~linesericite+cNorite+orthaclase(?)~ 
quartz.weaktoetlxuYgleu#mene fl~ispenrasiveandtinygrains (<O.l5 
lnm) ofequantpyriteandl eucmxedzed pe.rovate(?) are scattered tllmq&a. 

CWIClUeioIJ 

This rock is a WuxIy~~ cryetal-lithic aeh-lapillituff breccie with 
Wle lw=sW-ic (-Wb@dWmi livhe lempmite?) 
affinity. Micmpnhenalyeeeof~ ozthochm(?)tileeeteltered 
areas Of@llcgopiteXemc?iym lnightprovideueefulinfoxmationnzgmug 
petrologic aeerxiation. 

alar 
palegrayishgreepl~~~,graygreen~~tuffisitiobreccia" (db) from 
~smWea&medge~~kldia~. Xheeen@lesitacutcropis 

characterized by alsnant suhravded blocIm (to 60 an acmes) of 
finetocoame srainea, pale tt~ de w-b ~J.&==$tlW~ 
laIlpm@yre (lampmite?). mchlesecmnmn 
shl.lartoneaxkysedinm~uni~,andafewin~ycarbonatizedard 
oxitized gxanitic(?) blocke were o&em& melmkiemoderatelywsll 
foliated, ulepl~fatpric~byaligrnnentof~~~~~~~ 
etmtchedoutlithiccl~andpreeem3ofalx&ant 
sericita foliaethat wraparouxlmanyclaets. Tnis foliation isparallel to 
axialplanecleavageeurfaceeintheadjacentsedimerrtaryeequeme. 

'Ihis~leisanolivegreantograygreenlithicclastdcDainated 
freqnentel nxkwithwelldefined foliation. Nearly709 of the ?mcJc is 
rmpdsed of lithic claste, and at least 3/4 of these are of igneous origin. 
MorethanhalfOfthafragmentsexceed4imainlerrgth(wmaas~as1.5cza' 
long),andnmthavea ~el0ngaticu-l. Strungparal1elism0fel~te 
clee~wpledwithrfutualaliglmlentofthinsegregati~ zmes ofvezyfine 
grained elastic debris an5 ccrlcen~tions of bundles of chlorite ad wispy 
eericite define a pxahent foliation. !Ibis planer fabric is accentuated by 
paallal.interndl.ncwageandshearingin~oftheelongaterock~~~. 

The most abmdant fragmente are lapilli arid ash gmine (mny pelletal) of 
aphanitic to lned.iUm gained or vitraphyric, porphyritic to micraporphyritic 

i. 



0 

0 

l . 

l~yre.=-- of olivine and pyroxem tbatbavebeen 
replacedbydolcmite_+qusrtz arkTdolaaite_+chlorite, respectivay. Saneare 
~leand/orFhlcgopiterich,ardthesemineralshavebeenraplacedby 
lemmenizedchlorit43~ sericite_+dolauite andchlorite,+ sericite 
respectively. Afe~dastscrmtainsanidine,bathfreshtipartidlly 
seri.citized arKl/or replacedbyquartz. GrambBa of these clasts typically 
~le~~~~~&edandconsistofvariableamountsofmi~ 1inedo1a&.e+ 
eJzd.cite+chlcnite+ orthoclaee(?). Tiny (EC& < 0.2 m) leucaxenized QXiqUB 
~b~ti'~te?' ad pamvswta - ukhu-=. A few grains of 

eumxenizedskeletal~ofilmeniteexc8edO.3m. SQpe 
oftheg-cadmm chlorite, alongwiththatin~phenocryst 
appearstobeenrichedinCr,andSaneofthe coarsest sericite appears to be 
fuchsitic. 

These have 
ahrdantsmallplagi~laths(altaredto 

sericite -+ dokanitemlcite -+ albite) set in a gmundmass Of wmxena w- 
to chloria + dolcanite + goeelite -limcnite)andcortdizedmagnetiteantvor 
ilmenite. AfewofWeseclastshave~olivheandmmxene 
phenacrysts. Afewwell~tuffautolitksal~WSp~Z~~% Sedhmtmy 
ruckclastsincludefhegrainedl-,fineto- 
(somewitlapcSsible fossil fragmts,locallydolCmitizedc!EzYz"~tic 
alxJlllit8. Manyoftheseclae~havepre-WB EhadcWsoff&dol~te+ 
quartz arxyor eericita. 

c!lys~clasts~isa1esstban2%0ftherockvolunuaardtheseare 
mst.lypEleuaolPorFhedolMne, pymxene, eqhiboleand~ogopite (sane fresh). 
'Iheyrarrgeto0.3IlDnlcolgandmayba~~bymundedspinalgrainsof 
similar size. A few smll ?mmIedquartz grains (mmt< O.Zmn) alsoare 
~,~lMny~pressure shadu&of fibmsquartz andsericite. 

megLTx&msofthisrcckconsistsofmicrocrystallineto 
cryptoc?rstal1inedolclatte+ sericite+clllorit8+ -m ,+ Q=b - 
Mlme~~~~y~l~bycoarsalycrystallinedokmite.'6mall 
humxenized grains (most < O.lnun) of pemWkiti(?), arEhse(?) ti c@que 
minerelsaresca~ thnughchltthemtrix. mger,amgular,loCally 
sksletdl, 1 eucoxenizedgraine (to 0.4zilu) of umenita are alEopQ3aent. 

This rock is a lithicash-lapillituffbmazia @lockOr~~~~ 
inoutcrcp)withpxhblelermprophyric(i~ 
lalqmite?) affhity. Mi~analysisoffreshphlogapite, spirbal, 
g-romba oahoclase(?) andleucoxenizedqxque minemlsamld~ide 
valuable infomationreganlingpetrolcgicasscciatio3I. 



tomrethan7oauindiam3ter. Maficigneousrockfza~~aremost 
,andaeaet.eMtobe subraudedtowellranded.Iheepotfy~- 

colorofthebzwciais hpartedbyhend.itizationofFebear~mineals 
inmaficmxkclasts. Aweakfoliation isdefhedbylacalalignrmentof 
elongate litbic fra+ts ard preseme of alxrdant chlorite and mricita along 
shMrplsnes. 

Btretchedcut, irreqular, elorqate swirlyhltfilesand foliae 
ofchlorit8andminorserioite, withvarlableamunteoflewmmsand 
l~zedparwekiteand/orsphene. GedimerRaryrcckclasteterdtobemare 
alcolgatethanignecrusvarieties,andinoludafinelycrystallinedolcmite, 
dnlrxaitio sarastone, sil-, ala cbert, ard raze qlAatzite. 
Bssaltic/andeeitio clasts pL-&ahate, ala range f?xan diabasic intergranrlar, 
fluidal lmchytio, to vitxo@yrio. E¶Exayb (nK& < 1.0 IIn) of olivins, 
~an8plagiodlaseinporyrtryritiovarietiestypicallyarealteradand 
r-by cmxmtmti=of~te-limrmite. Al~scamplagicclaseis 
~~yfreshlocblly,itgensallyisatl~partially~by 
sericiteanyorcaloite. Fanagluirmlls arecqhtaly~by fine 
lllhtmmofdolaniteandgoathits-li. Intenselyleol#ptenizedor 

alxvdantintheseclasts. Afewofthelargar-of 
itacmsistofdoltznitizedaldlimoritized PF===- w 2 ml 

setina~daninatedbyplagioclase~ths(partiallyreplaceaby 
sericiteandcalcite)anaampletelyaltamdinterstitial 
minerals. Afewmcdexatelycoarse 

WmDpenaandopaque 
to vitropbyric ftcagmnb appear to be 

htensely altered w. coarsex varieties are dcminatea by OliVine(?) 
- phlosopita, whereasfinergrainedtoglassytypes~more~ti 
t3snidh(?) with almlant 
iscnn@etelyreplac%ibydoldte_+~,~ 
chlorite, atxlPllosopitean3 sanidine(?) aremriably&lorit.izedti 
sericitized respectively. Many of the phMocrysts arerinmedbyintasely 
c.cddizedop4lle.minerals,whicbalsoare~akpdantinthe~~ 
bhich aredadnated~doladte/calcite, chlorite, sericite~andorhclam(?). 

Crystalclastscmpriseonlyafewpercmtoftiro&. Mostpmdnsnt 
aredisruptsd,irregular,phlogopite~biatiteboaks(to1.3~acroes)that 

. I4xeakur&ntarawellrnadedto&l~grain(toO.6 
non) sndsmallermre sl-qulsrgrains (C 0.2 nun) ofqla&z. Pseudomorphed 
olivine clssta (to 0.4 nun, replacedbydolcmlite~ quartz, f?mhangulargrains 
('~llnun) of X-feldsparrinnrwibydolcnnite antldnor chlorite, submw&d 
chmni~(~1nm),arxlafwleurxrxeni zedopacpelllimalgains (to l.0lnm) 
thatprchb1yareilmenitean5/ortitanatealsoarepresento 

Tbegnmdmssofthl.snxJcisafhegdnedmixhmofdolcdt8, 
CZitdte, chlorite, dnorsericite, andpatohya?ms ofalawbirefringmce 
md.althatisplmbab1y0rthcclkse. 

0 
small g-rains (most < 0.06 nun) of 

. 



variab1yoxidizedopaqusaxidemcnerdls (Magetite?, spinel?) arxileucoxenized 
pe.mveUte(?) arxl/orspbem (m&c 0.03nuu) areubiquitcus. Afewmall 
grains of apatite also were noted. 

!mis rock is a lithic ash-lapilli tuff breccia (block or boulder brexia 
inoutcrop) withpmbablelanprophyre (.@logopite-olivhelanproit8?) affinity. 
tItxmi.cal ana1ysis0funaltWdphlcgopite, opaqueoxidelllineWsandx- 
feldsparsmuldbeuseful foramre pr&seevaluationofpetrolcgic 
asscdation. 

Marwnishgreentograygreen, fineg&ned"saMy" Wuffisiticlxeccia" 
(db)fmnnsarthesal+zhmsWn IwxderoftheMarkldiatreaneafewmtexsfrm 

llEderatelywe.urandedtoelli~cal~ 
predmimte. Mc&xckfmgmmtsareleasthan1an,butafewclastsare 
several~~mineralphasesinmany0ftheignsousclastsare 
intenselyhemtitized (ana/orlinwnitiz&) impartinga spettyreddishtomaman 
colortothemck. Amodemtelywelldeml~ foliation isdefhdbylocal 
sizesegregaticnandalignmentofelangateclasteaswallasthepresenceof 
abmdantprallel foliae of chlorite. 

thinssdicol,nrostofthelithicclastserelesethan4nrm~~af~reach 
ahxt6mm. Mcetakuxhnt are opacpe mineral rich, coarsely dolanitized o.lasb 
wittl sea- irregular chlorite w (met c 0.2 mm) of probable 

pharrocrysts (to 0.3 nun) of 
pywxene (HC6tlytodolcmite~ quaI& _+cblorite) 

~tBLgrirrpnedan8partiallyreplacedbyl~~~,andkregularto 
blocky o&ho&me(?) crystals (to 0.15 mm) may be present in less dolauitized 
partsofthegroumWs. Tinyleucoxehedgrainsofpemvskitepervadethe 

akndant,andmanyoftheseareveryfinegrainsdto 
vi~ic. ale sedhmwy ccalpmt 0fthelithicclastpqaJlation is 
~~mostlyoffinalycrystdllinedolaniteardlimestcole(sclaesilty), 
withminoramm~ofdolaniticsilhtcneardsanMone. 

Quartz m cmprise ahnat 10% ofthe cxyshl clastpqulaticm; coarser 
grains (to 0.7 ml) arewellmurded tocblong, whereas smallergrains (C 0.2 
nm)ommnlyareangular. Rareironoxide(gcetMte-linnnite)rimed 
~~~oofdolcDnitefquartzafterol~v~and~, and &loritized 



phlogq~itearepresant, anda feweubmwdedgraine (toO.6m) ofchmdte 

Ibis rodcis a%andy~~ cry&al-lithicash-lapillituffwithpmbable 
le (pNcgopit8-olivinelanpmite?) affinip. Analysis of opaque 
~~l,mi.ghtallowthepetmlogic assxiatmntobe~re firmly 

. 

m2iacoDic cx?scrilYtioQ 
-i-r dark green to - 

a~~Ibre&ated,chloritizedhypabyeW 
theMark1diatzmm.lhiebrecciaoccurs 
than5mtMc.k(- 
m&nmt8rlydirection. Ihedikeappearstoparallelfoliationinthe 

'diatrcapemard emmtiallyeeperatesabrqmto ===--wEJ=@ 
(dkb) frathe~ocaman 
variably -, fairly 

of f?agKmb of basalt ani 
lywellfoliated, 

lanpm&m? lxecda (autoliths) in a 
ccaapirarted clast and chlorite rich matrix. 

ccmm?nl-i~,ard~sareasg-yare 
floodedwith Illi~lineleucoxene. several-sained~ 
containl~ zedskeletalillnenit8cxys~s(m3t~lnml). sevwalash 
sized basaltiC olasts are charaderized by almaant smaUplagioclaselaths 
inaleucoxmizedglaseymtrix. Autolithsoffine~~~o~(tuff) 
consist of smallnm&d clasts of basalt(?) arKI almr&nt 
pe@kicm@ed olivine (to 2 nun, replaced by calcite/dolmite), pymxene (to 
1.5, replaoErlnwtlybychlorite) tiphogopite(?) (to 1.5nnn, ompletely 
chloritized) , in a matrix of ndronystalline matte2 to locally fibrous 
chlorite+ eericite+lcwbi?zefrjruenc%mterial (orthoclase?). Afewgrains 



(< 0.6 m) of rcurded to angular quartz ard x-f~dSpU(?) aleO are present. 
Tiny grains (met< 0.03 mm) of o~~t~$@cpddes(?) mdk3UOXdZ@d~te 
ard&rsphenearecrmnrm. 

megxxurwwofthebreccFaieccmlposit.ioMllysimilartothatinthe 
autoliths,butexhMteaIGarch~~ foliaticn than ths latter. The 

presenm of atudant chlorite and 

%biercckappearetobeanintenselyalteredhypabyssal 
lithic a&-lapilli tuff brecoia) of probable lanpzqhyric affeb$%%?- 
sedionsofadditi~dikesanplles~dbe~tobem~l.edefinitive. It 
ispossiblethat~dikeisprimarilybasaltic,with~yl~~areksof 
bmadation an8 jntnlsim by lq~yric(?) mate&al. Analysis of cpaqlle 
minerals and feldspars in the bmxia smuncaMssWlldb3hd@llltOdetenaine 
the possibility ofalanproitic assoiaticn. 

pale green -thering, olh gray to gay grrren, t3camhat sandy 
%uffisiticbrecoW (db) incliff faceattheea&hern 
diatreme. !Umbrecoiaieablock(or 

edgeoftheMark1' 
b+zulde) variety with abrdant litbic 

clasts,scm00fwhichexrz3d50an. sedimentaryarr9igneousrock~~~ 
intheaehardlapilligapllatian,kutblcoksare 

rocks. Axdera~ywelldevel~~-folia~is 

This eanple is a lithic clad dcaninated (~65%) flqmealrockinwhi& 
sedimentaryandigneausrcck~area~telyequalinakadance. 
Lithic~astsrangetoabautlcmandatleast2Hofthatotdl~4~ 
~clastsare~~~,~~lythosec4~,atrltendtobestrongly 
align3zlparalleltoaprwnmxd irregular planar fabric imparteaby 
concerRrationsoffinely~~debrisardwell~~foliaeard 
chlorite ad/or sericite. This planar fabric is t3trorgly a ccentuatedinthin 
eectionbyabum3mtfinelycryetallinel~ inzonesof- 
-ion. SedFmentary rcckclastsare pmwnanuy~tes,arrlmostof 
the<4nrmfragmentpopllationisofthis~iticpl.Bathlimestcnasand 
dolcmlitesa?spresent,uleytypicallyare~to subangulardrangef- 
veryfinetofineandmedimgrained,arriecmearewellbedded. Afewdolmite 
fraglnentsarearer?a-,ardssverdLcarboMte-havepressura shadua of 
calcite ard fibrouequartz. 
xaxls~alsQare~. 

several ekqate clasts of sericite argillite an3 
I~rockclaststypicduyaresub-to 



~l~anlappeartobemostlyl~~~~in~i~~. Wst 
&udant is aporphyriticphlogopite-olivinarichvarietythatIIlaybe 

a 
anproite. meae olasta are charaderized by v olivine #lencap- 

(~3mm)~l~yylacedbyturbiddolanlte. TheplenocrVsts~yare 
partially rim& and locally veined by calcite with tiny grains (most < 0.02 
~UQ) ofl~edpemvskiterard/orspbene. SmllerFhenacrysts (mst<O.3 
ml) of do1cmitized olivine and pymxene arKI akndant dlloritized #llogoplk8 are 
setinagmundmassoffinaly~~inedol~~+cNorfte+alcw 
birefrhgencephase(pmbablyorthoclase)+fineleucoxene. 
cikmdantareolastsofa~~granular,connwr 
capletely replaced by dobani.te ,ard chlorite. me dllorbe occurs insca- 
irregularp&chesthatappeartobe pseudcnwphic after phlosapite atai/or 
pymxene. meseolaststypicallycontain akmdanttinygrainsofl~zed 
pemvskitean3opaqueminerelsandhaveal~yric&ara&erinhaMean@e. 

P==lt. smalls and olivine phenocrysts 
dolanithdEspectively. Samclastsamtain abmdant small laths of 

ana/orglassrepla~by~yleucooceni 
tXystalolastecxmpriseappmxhately10-l5%of&rock. Mostakn.u&mt 

(6-108) and most appamnt am well mnxIed to oblong quartz grains (0.2-0.6 nun) 
that give ttie mck a mmubat %amzly~~ appwmnce. Finer gmin& (~'0.2 mu) 
~zislessnoticeableandtypicallyissubarrgulartoangular. Azsocmanprl 
(3-5%) a?% pseudaaorphed crystals (to 2 lm) of olivim and PP-===replacedw 

birefringencematerial(orUmche~quartz). Ealallgrains (mst < 0.04 ml) of 
l~.zedpemvskitearrd/ors&enearere.latively mmdantiuxiscattered - 
grainsofleucoxeni zed opacpe minerdls (ilmenita?, titanate?) are plFeent, 
Finslycrystallinel~ 
of pyrite were noted. 

isubiqui~, ard'rare smllgrains (C 0.15I9 

This rodcisasczmibat~~~ crystal-lithicash-lapilli tuffbreszia 
(blockbreeciain~~)of~elamproPlyric(phlogopits-olivine 
laqxoite?) affinity. Fr&IqaqueoxidemFneralgainsandgrcpm&lags 
orthodlase(?)shculdbe~~lyaralyz~topmvidedataregardin3 
petrolcgic assooiation. 

Palebmweath~ing, pale gray, scmmhatnsaMy~~, YxffisiticbreccW 
(db) frcunthewe&-centralpzrtoftheMarkldiatmme. Thebmcciais 
dcmcMtedbywallmurdedtosubangularsedimentaryrpckdlasts,~of~~ 



a 

. 

a.r81essthan30cmincliamster. 1tvI8atheratomodeatelysteep1ydipping 
slabathataraa%ltzolledbytheprea=m of wall definaa slip cleavage 
surfacee aat prwbke diffe.rentM alteration. mem surfaces are variably 
~~(~.to10'sofcnrs.apart)thustherockienotcharacterizedbya 
penmaive foliatim. 

l%is sauple is a lithic clast dcminated (> 50%) frasmentalrpckinwcb 
sedimentaryfragmentsqrbabout3/4ofthetotalticlasts. Mostclasts 
arelessthan4mmacross,ardmaxinarsizeinthinsedicnis6nrm. !Um 
~~isessentiallynon-foliated,~~~~teclasts~itamFnar 
alignmnt, tiaveryweakplanarfabric ispresentlozallyhpartedbyafew 
irregular zones of cqdmlted clastio debris With assodatad drawn aut chlorite 
and sericib. mweakfoliation is accentuatedbyabmdantleumxensanl 
local cmcenhations of fine grained (0.01-0.07 ml) p@t8. 

Fine,mecliumto Cxarsegraineddolclnites(scmb3~and/orsuty) 
dcaninatethe lithic clastpognalation. Many oftha fragnmtahavepmssure 
shadowsoffibzmsquarts andsericita, s&3arepartiallyrimzdbymricite 
orbylessferrom clolcml.ite(orcalcite),amlsmecontaham&nteuhedml 
(rha&?s)dolmit.euysMlcblasth Alsopresentisdolaniticsandstcae, 
dolcmiticchertandvariablysericitizeddolclniticimdstane, alorg with minor 
1imedcaraandeericiticqillite. Ignscrusmckclastsareprederminanty 
poxphyritic mfic VitroFhyres. These are &laracw~edbydolanitized 
@lemnpa (sew to lnnn) of OliVine tipyroxem 
~~~~i cryptocryetal 

inadevitzrified, locally 
line- Ofortho&m(?) +&lo&x+ 

eucoxem. saDa--mrici~x-feldsparor 
plagioclase phenocrys+s, and soxe conta.i.n celloritised &hlogcpite 
w(to0.2m). Afewmremaficvit%ophym(?)clastsare 
~lletalyreplacedbyaolaaite~for~l~x~~~~~of 
leucoxmearrd.minorlocalareasoccupiedbyamicrecrystalline,l~ 
birefringence&ass(pmbablyorthoclase). SWmalsWll,wellrcmdsdtuff 
autoliths also were observed. The 
typi=JlY 

gmmna=sofallignaalsclastsare 

Ihe~~~~arawsllmundedquarts&(nlost 
betwesno.2-o.snrm.:<o.2~grainsarelegsakpldant 
that amprise akmt 4-6% of the rock. 

d typicauY angular) 
OliVh and pymxem 

nm) peeudamorphed by turbid dolamite are lccally p?ccbmt (Z%lY iii3 
oftheseclastshavethinrimsofcalcite(~O.2prm~~),),and~ 
ratherint8Melyleucoxeniz ed.Sub~,l~zedapaquemLneralgrains' 
(> 0.5nml: ilmal.ite?, titite?) arerelatively-, andseveralpxbable 
dmanitegrains (one 0.6nm1, others C 0.2 nun) wa-emtd. 

Ttlebrxccia 
axnmtsofnli 

gmunrbMssis~yfinelycrystallinedolaaitawithvariable, 
Qpcrystalline to fine g-Jdnd chlorite ,+ sericite ,+ olaoaam(?) 

~fibJmsquartz+leucoxene 
gzains). 

(- replacins tiny mb aria/or SFhwe 
Sam areas are dminated by blocky orthoclase(?) crystals (to 0.04 

null) asscciated with ldnor ailmmts of chlorite and sericite, axllocally 
replaced by 0.005 - 0.03 nun ?zbo&s of dolcmite. oulerareasarecladnatedly 
~n$~t~&radimtdi~sericite. AfaWirregulargrati (C 0.31m) ofpyr+te 



. 

a 
'Ihis rock i,s a sawwhat %akiy~~ crystal-lithic ash-lapilli tuff (brea2i.a 

outcmp) withpnkeblelamproFhyr ic (olivh lamproite?) affinity. C2mnica.l 
analyses0ffrash~que~demineraI9rainean;lprobable~ 
orthcclaeemuldkehelpful~doarmwting petmlcgic association. 

Palebrawnweatheringolivegraytogray,finagrainedMndytufforgrit 
phase hterlayeredwithgzay %uffieit.icbreccia~ (db) afwmtere fmneaxple 
eiteMAl7TlintheMarkldiat.mm. Layersoftbisphaseraralyexcaeiafew 
meterethick,averageclaetsizeieleeethan 2tnm,atd lmally~lyhmizone 
(xamIedclastetoebout1an)~yarepresent. Mode?3telywel1develqled 

This sample is a fine grainad, heterolithic ‘sandy” tuff cc grit 
mbparal1elalignant0fecamel~teclaeteardmLnr~ sericite is 

ab%lwmt axe varieties of 
aol~~(especiallyfirsgrained.type;i)mMyofwhichareeancly,sFZty,atd/or _: 
argillac%xa%Afwl~~te~eo~~ Iqeo~~claeU 
tmdtobeecmewhatmrezxYun%d(~ypelletel)arrjincl~mcnor 
ehngate, deforniB3 doldtlzed and leuwxeni zed vi-, Sam of vdli&l are 

Afewmallpalletal tuff autolithsaleowerenoted. 
'~1murdedtooblcng~c1as+s(most<0.5~arethemost 

ptxaaent uystal clast ccm@rmt0ftheroolc,ardtllcee~terthM0.01Irml 

~PYJ===pseudaaJrphs generaUyhaveinteriomdwtedbyleucwem. Afew 
/olivine peedmqu are partially rinrined by fina grabed (c 0.01 mu) 

gtz- . Intwselysericitizedclasts OfK-feldspwam - lccelly, as are 
aqulardolcmke claste (to 0.4 nm~) that are paaially replacedby 
nai~~linadolcuni~alongtheFr~borders. Gnewellra&eddravite(?) 
~q'stal (~0.25 nun) was rioted. 



Thegmmknssofthissampleconsistsnmtlyof fh0ly cqstallineto 
micracrystallinedolcanite, withlocal areasof fiJmxsmi crocrystallh w=-, 
ardvariableamxmts of finegraineisericite, cblorita, andprobeble 
OMIOClaSe. Leuamne is pervasive, arKl - 

opaque-grainsprokablyareilmenite~ortitanatee.ml~ 
grains (< 0.25 mn) of pyrite are distrihted qmdicelly thnx@mt the 
sanple. 

conclusion 

conpmdstoother~inthediatrm3suggesta 
pmbablelampmiteassociatim. Additional useful pebagic Monration could 
beestablishedfraeachemicalanalysesoffreshopaquecarides,grcpnrhaass 
orthcclase(?), andthe single ckeemedgrainofdravite. 

liWGUEE ~tetnCutlier? of Mark1 Pipe) 

Bamle MU1 

Erc4Mweathering, olivegray "tuffisiticbmxia" (dth) fmnnearthe 
northarnedgeoftheMark2diatrsme,aemalltakrlarbodythatmaybean" 
~i~~Ofa~~extenai~~k1pipe. ?he~~&~i~a.llel 
towelldevelopMaxialplanecleavageinthehcstsedimentary 
penetn&edbyamutmllyparallel foliationdefimdbyageneral ali&mentof 
eloqatelithic-and preseme of local mnes of i?nxgulmly alndplanar 
~~~ofW~,dawn'autsericitewithfinegraineddlasticdabris 
alxlfindyuystel1h1euccocens. lherockislithicch3tri&,ntstof~ch 

litholcqi&3aMfra~~~abaIt2-15cm (scamexce& 
. coarserclastsaretypicallysubangulartosubmurded,~amaller 

claststendtobemorerauded.Igneausrockclastsarerelativalysparse, 
tendtobemre cmncen~tedinthespdllesclastpopilaticul,andareall 
extmelyal-Mc6terefinegrapned~ 
A few clasts (to 1 au) of cbloritized @lcgopite ware chewed 

Thissampleisa fragmental,locallyclastsupported, m-foliated rock 
cxm&sedofgreaterthan8o%lithicclas~. Inthinsection,xc.kfragments 
range t01.3 an, atleaSt25% exceed 4 mu, andmost are eubraaded to 
sukuqular. sedimentarytypesareimst-~ especiallydolanitic 
v&etiesthatmngefmnfineto cxxrsegrainedandlocallyaaltain~ict 
fossil f?iagmnb. sericiticnadstones amIsiltyargillitesalsoerepCesent 
al~withchertymcksthathave~lacally~~byirregularmassesard 
sat~rhQnbs (to 0.3 nun) ofdolcdte. 

(many as pelletal lapilli and ash grains). ?fcet ccmmlon are microporphyrtic 



vitrophyres (possiblylamprophyric) inwhich Enall, dolcxnitizedmicro- 

a 
ph"n"Qy"t" (mc&< 0.2 nun) of olivina alxlpynxene are set in a turbid, 
Meneelylewoxenizedglaesymatrix. AfewclastsarecCm@risedof 

flocdedwithl-. 
contieuhedral- (to 0.7 nunlong) of amphibole replacedbymats of 
miQpcrvstallinechloritewhichinturnislacdllyreplacedbydolaaite. Afew 
clasts consietingofrelativelycoarm, nulti-eizedcqe~line dolcmite 
flcodedbyl-, typicallycZcn~irregular,l~ zed qxqle m.inem. 
gJsaine(to1nuiIauEs3)tllatmaykeilnEniteortitanearrgneti te. lhes%clasts 
mayb3peridotites inwh.ichrelativelycoarm SUicate~bavebeen 
ccmpletelydalanitized. 

Qystaldlasts~~a~lpmporti~ofthis~,andmostalxndant 
are dolce&e pseudcnrxFhs (most c 0.4 mu) after olivine and pynxene. A few of 
theseamrhmdbythin aggregatesofepinel(?)(ti~ -3 anyor 
anatase. Afewchloritized am@itoleclaetaTxepKwentahngwithratx%nly 
ecattezedwel1roundedgrains (< 0.5 nnrl) ofquutz. several eqlantcTIwmlite(?) 
crystalal i(ln) also weze absanred. 

~coneie~maFnlyoffinetomediulll~ar 
dolcenitethetieweaklytolItxlentelyflocdedbyl-. pvrite grab, 
-Y- andasnu&asO.4nunacross, arescattered~the 
matrix,andscpaetinygrains(<0.02nma)areassociatedwith1euccorenized 
~cpaqueIer&(F, tianite?). Sam lazger pyrite grains am 

pYassum sbaduds of fjbrous quartz end mricite. some 
interclastareasapparenty~openat~timeardthie~wasfFlledby 

i 
lrcderately - dolcmite(crystaleto<lMn),-ywiti~er~. 
in central regions. 

Th.ierockieaclast supported, lithic lapilli tuff breocia of possible 
lanpzqhyrio (olivinelamp~it8?) affinity. Althc9.@aadefinitivepatrologic 
aeeociationcannotbeestabliehe3, theapparent presace of olasts of olivine, 

useful chemical data might be trhbtb& 
ala sanidine phemxysb in lithic olasts. 

m-- 

S-leMAl64 

Macxoscowic Descriotim 
. 

Coaree, bnwn w&&e.ring, olive gray 9uffieitic b&al' (dbb) frmm the 
mrthemedgeofthebbularMark4brecciam.ss. lbercckexpeedatthis 
siteislithioclkstdanCMtedard~~tbest~betenaedablcck(orbculder) 
brexia. Rackfragmen~aremoetly 
varieties), are 

w types m@dallY ~kmliti~ 
pxhh&lygreaterthan6cmand~togreaterthan1m. 

l 
Despite tile coareenatureofthebn?ccia,itcontahs amderately wll 



dsvelopedplanar f~ic~finedbyalignmentofalangatedlasts,locallized 
sqregationofssnallersizedclasts, ardpresence ofwiqysericitein 
inqularzone5offinelycCzdmtddebr~. 

)fhxBcmic Descxivtion 

'Ihtssauplei.safragmmtal,laqelyclast8uFported, weakly foliatad 
(locally) z-cck that is camposed of mtex than 80% lithic clasts. rock 
fragpaerrtsrangefmnwellraudedtoangulararrj~thanhalf~~ly 
arelarg~than4lmsewmlexhibitminorto~e~~on,anl 
rmmwwus fractures ha largeclast (~2 can) ofdolcdtizsdsiltstoneare 
healed by dolanite. Fine grained to ~0ar8d.y crystalline, -y amnamms 
arKI lccally fossil bear- dolaaite vzd.aties p?cehdmte as clasts, alorg with 
dolcllnitic siltatones an3 mdstcnas (sc4neofwbic9laresericitic). Minor 
e@.llitss, generally sericitic, cm@se the hllk of the mst elongated 
fragmatlte,andasinglesl~~yydolanFtized~iteclastwks~. 

are ralatively untxamm seaimentaryvarieties. meyaretypically 
WelllZcuded, intmwlyaltxmd,atdbasichypabyssdl anyorvolcmicin 
m. Despits the l+lh degr%3 of alteration, relict fabrica T4hez-e 
~~suggestthattheigneaJsolastsare~yandesita/baaaltwithafew 
micmpoz&dticvitro@qmmofpDPbable1 allw@yric affinity. crystal clasts 

of dolcmllte after olivirie mrs obsemed. 
essentiallynon-foliated,aw3k,localirmgular 

plzsmce of mill zones (mst c 0.3'lml 
wide) enridled in clrawn alt sericite, chlorite, laxoxene anafin8gdns (mst 
c 0.02 nun) of pyrite and hllcoxd Zed&=zwakite(?) gatbel?Jaradmdc 
f-. -gmsrdmass consiStS~tlyOffirslygrarrulardoldte,tith'~ 
~laicrocrystalline~~~,drlorite,~lccdllyfibmus~,andis 
llcdexawy flccded by cryptccrystallineleuccorene.saminterclaetareaEare 
filled with relatively CGarse (to> 0.6m), uxcmnlybladeddold~ 
inteqmmlccallywithganular~ oi: fibrous quartz ardse?+cite. 

CCTIClLlS3i~ 

lhis-~isclearlyaclast.darJnatedfragmantdlrockbestreferredas 
alithiclapilli-tuffbrecda. Howwer,attheoutcmpscaleitwculdbe 
bettertemeda litbiclapilli-block (orbadder) breda. tittleevidexe is 
aMilablein--letoestablishapetrologicaffMtyforthisapparently 
%'kru~ive~ breccia, altboughits similaritytonearbybred.as that exhibit 
1~~~affMty~~~aoclmparableassaciatl~. 

&mdeNAl@ 

m-ic -iwtim 
Brown weathers, pale olive Wrdy II "tuffisiticbreccia" (dbb) f-the 

east-csntralpartofthe~arMark4~ia~.PlerpCkincutcsopis 
characterized by abmdantsubanwlartomurdedsedknentarynxkclaststbat 



average aJxut 5-20 an but may exceed lm. Afewwellroundedmaficigneaus 
rpcJrfragments~present~the<2Ocmclast~~~. 'Jhebreccia 
~i~awelldarelopedoutcmpscaleplanarfabricdefined.byaligned 
elongatelxcJcfragmentsmithepresence of differentially spaced zones of 
~lippasethatparaller~axial plariecleavageplanesinadjacentrocksandwhich 

conoentrat.ions of fin0 claetic debris am3 wispy sericite 

fio.rscooic DescriDtiO~ 

Tbi.sea@eisafmgmkal rockwith similar -~-present 
atnearbysample sit8MAWh, kn&lithicclastSize ardancentraticol is 
5laller,ignecusIDclcEIardcrystalclast comentmtion is higher, and foliatim 
isbetterdeveloped. Aweaklydevelqedht~iveplanarfabricis 
irqm3xdbythealiglnmnt0fel~teand etmtchdllthicclastsardis 
accentuatedlocallybe#epmeence ofwiepyehi7JateaggYegatesofs8ricite? 
and/or ohlorite boa am%mnlyflccdedbyleucoxene. tithic clasts ox&se 
ebcut6O%ofthismckandmcetareleesthan4mnacross. tmlaniticvarieties 
predcpaFMte,~ingfranfinelyto~ycrystaLline~locallyarenaceoirs 
orcberty. VariablydolcmitizedsamMone, SiltStOIb3,fhertandsandychart 
am relatively abmdant as is eericitic arqillite. A few f?aqmenh of 
guartzitealsoarepresent. qpabyWlaxi/orvolcanicrccJcclaetsarelmstly 

t&3resandplaghlaselathslnscm3ar8unaltered. Iimever,nmt 
i3lB-tel~tO intemelyalteredwitb littletomprimarymatarial 
prWemed,anaaretypicallyflocdedbyl~. sale basalt/z8rKiesite clasts 
arecharacterizedby~~glrsevmatrices,kutmostvi~cdlaets 
typically cxmtain alter& olivirke am3 
r3anane(?) Fhanocrysts, an3la&plagio&lee. lhegx%mhes ofthese 

wroxslrsmicrqrhenocrystst-~ 

vitmphyresisintensely1~ zedmdglass(?) llasbeenlxplacedby 
micronystallinedalclaitewi~minoramxlntsofsericite, chlorite, an8alow 
birefriqeno.amaterialthatmaybeorthoclase.mesarc&smybe 
lamprophyric. 

~tosubmurrled~~~(to~O:6~,a,t<O.4raa)ccacp?rise 
thebuUcofthecrystal clast~aticmandalongwithemallergraim (e 0.2 
nnn)mtaremostlyarqulartosubangular aaxxult for nearly 10% Of the x-cck 
volume. Dolcanitepseudmox@s(to0.6mlo1~) afterolivineandpymxeneare 
mderatelyabmdant,ardafewelongatepm@mqdm (0.4 - 0.6 nmr long) 

e. Several rcunkdchzxanit8grains (to 0.6m) at-da fewleumxenized 
nxrnded~~mineralgrains(prcbablyilmanite)were~sanearqular 
eanidinegreins(too.5nm)alsoarepment. 

Tne~softhis~lee~p~~~yoffinato~~ 
grained~l~~replacingalcrwbirefrl-rgence,blocky,micmcrystalline 
materialthatiepmbablyorthoclase. Alsopresentarevariableanmmi~of 
n&ted andisolatedtinygraine ofsericite andchlorite, allflocdedby 
leucoxene. Tiny, equant, intenselyleucoxMizedgains (met< 0.02xnn) of 
parcrrskite(?) are dieted thmuighout the grouMmss,andafawsnall 
crystal90fpyritewereobserved. 



C0lIClUsiOn 

'Ihis rock is a smmhat lmsandy" crystal-lithic lapilli-ash tuff (esh- 
lapilli tuff breccia in outcmp) of pmhble lanpmphyric (OliVh laqdte?) 
affinity. cpaqueoxidemineralgrains,-Mnidinecl~~,and~' 
orthoclase(?)shauldbeanalyzedtobetteravdluatethe~l.ogicaswcia~~ 
OfthisrodL 

~ra~nwesthering,darkgraysligMly"seMy" "tuffisiticbremia" (dbb) 
frunnearthe mrthernecIgeofthetatxlarKark5brecdamaes.lhisrccsCis 
v~similarinoutQoptothatintheMark4pipeat~lesite~6c. Itis 

coam3sedhMmyrockclastdaainatedbreccle withamll 
FLzzgz~&implanar fabricthat parallelsaxtalplene~eavageinthe 
hostsedtaantary. Foliationisimpartedbypmllelaligrplperctof 
elangatalitldoclasiS,endt.hepreselm 0fllarmv~plenes~varyfine 
~~~icaebris~w~BhreasofBericiteandchloritearr 

mis~leisafragmenta,laatrixsupportedrockthatisvarysimtlarto, 
sanpleMU6Cexceptthetitexhibits essentmly 110 foliath ena aahins 
fewerrwndedquartzcl~. 8edimen~rockedcsl5nat8thelithiaclast. 
populaticmwkichccaprisesebcut35%ofthesample. Clastsrangefranmguler 
tom~bmdedendmstarelessthen4m(leqeetis8nm1l0ng). Eolcmitic 
variet.ies(finelytocoarsalycrystallirke;sc4rF3 -, arsil- aKvor 
cherty) a=--, kut sericitic argillite, ala variably mtitized 
silMzone, madstcns andchartalsoarepre.sent. Afe'dcbrtyiragmantscontkin 
abundantlceroq(enparallalto~.Althaaghrars,af~~ofwell 
~micmporphyritcvi~yraardtuffautolithsare~t. 'Ihe 
B of both clast types are i.ntaaly doldtized zuY3 1-zed, 
thelatterpmpertymkingthesa fragu&23vezyrrxqnizable inreflected 
light. Alteredrld~ in the vitrqhyres imhie ol.Mne, pyIwea!, 
ardsarlidine,andthesarocksareprobablylamprophyric (lanlproitic?) in 
-. 

@wLrtzisthemostilupo~crystalclast-,andwellruundedt.o 
angulargdnsc0rStitutaebcnAt5%ofthercckvolunle. Mmtoftheqlertz 
clastsarelessthano.5~indiamater,tutangulargainstypicatlyarelass 
than 0.15 mu across. Tiny euhedal zircons (< 0.04 nun) m &served in 
seveLalofthelarger zxnmled~grains.mlc6nite~efter 
olivine(scpruar~bythinaggxgat3sofleucoxed zed anatase) are malerately 
cwmntia fewsericitizedsanidine(?) clestswereokeeme& Several 
laucoxenizedskaletal~~mFneralgrairs(toO.4mm)~noted,ard 
probeblyere ilmenite. 



Wst.ofthe grm&unssisanherlockirqaggregateoffinelygramlar, 
eLlcmedzed dolomite, with scattered, slightly laxyer (0.05 - O.OlnmI) 

dolcmiteczystall&lasts. Thedolcmliteislocallyinteqmmwith 
linequartz arxlminor Qndllcrystals ofsericiteard/orchlorite. 

conclu5ion 

Thi~rockisa~t~~sandy~~crystal-lithicl~~li-aahtuff (ash- 
lapilli tuff breccia in outcrop), and pm&ably has a lamprophyric (olivine 
lanproite?) affinity. sanidh(?)anlqxqueminemlcoddasshouldbe 
chemicallyanalyzeatoprovidepossibleev~ofpetrologic~~~~. 

SamleMAl5 

pfamic an3 MiQpscaaic wscriwtion 

Bmwnweathering,gray~~tuffisiticbreccia~~(dbb)fremnearthe~ 
edgeoftheMark5bmxiamass. moutcxcQ,thismckisverysimilartothat 
at san@e site M?U4. Althu.igha welldevelopedplanar fabric is evi&nt atthe 
outcmq scale, thetbinsection~~its m foliation. 

lhesan@eisamatrixsqportAfmgmntal mcktbatcculans abmt 35% 
lithiCclasts,~,OfwhicharelasstbanQ~,althcughcne~~~~ 
f?xqlnmt is 1.5 auacmss. SedLmentaryclastiaremost- 
of dolcnnite (finetouxrse grained, -8 arsill--, and/or cherty) 

. Hyp&ywlanrl/ca:volcanicrecke~iseabcut~of 
lithicclastpqulation,and~typ~lyarewellraLnded. 'Ihey 

include basalt/am.%3site, lzmprc@yric(?) vi.- ard tuff~autoliths, and 
allareextsnsivalyalteredasaresinrilarclasttypesin~e~4. czy&il 
clasts~~carlyafaw~of~mck~l~,andmunaedtoangular 
w=&oph.~t< 0.4 m aremcet - ( 2%). DolCanitepBudwqh 

pyroxemalthcwhre.lativelyWnmn,mnstitutelessthan1% 
ofthetotalro9co 

This rock is a lithic lapilli-ash tuff (ash-lapilli tuff bxccia in 
outcrop) andappearstohave alanrprophyric (olivimlanproite?) affinity. 
Them is little freshmaterial availablethataxldba analyzedtopmvidedata 
of significance to the petrolcgic association of this rock. 

.i’ 



STATEMENT OF EXPENDITURES 
I,, 30 - NOVEMBER - 90 

DIA MET MINERALS LTD. 
1675 POWICK ROAD 

~,KELOWNA, B. C. 
,JVlX, 4Ll 

INVOICE RE: SEM ANALYSIS 0~ MARK SAMPLES (MARK 7, NEW MARK & 
BIG MARK TALUS) 

Binocular microscope picking - (Big Mark Talus 2) 0 
2 hrs. @ $?O.OO/hr. 40.00 

Making 3 polish sections @ $75.00/each 225.00 

14 SEM scans - 7 hrs @ $120.00/hr. 840.00 

Completing SEM analysis on 281 grains - 

,Q 

@ $13.00/each 3,653;OO 

using - 20 mesh diamond concentrate fraction - 
60 ,hrs. @ $20.00/hr plus $44.00 chemicals & 
materials 1,332.OO 

Binocular microscope examining +20 mesh heavy 
diamond concentrate & -20 mesh (fused) diamond 
concentrate - 6 hrs. @ $28.60/hr. 171.60 

, "3 hrs, Sem @ $120.00/hr. 360.00 

3 Days thin section descri 
P 

tions 
McCallum at $400.00/day US) 

by Malcolm 
1,425.OO 

Report writin 
1 day @ $35 8 

by C. Fipke - 
.OO!day (US) 415.63 

Report typing, proof reading, copying of materials 300.00 
------- 

Sub Total 
Project mamagement of Norms Manufacturing - 10% 

$W;;-;; 
. 

-----m-- 
Total $9,638.45 

Remove from PAC Account of Dia Met $1,161.55 

0 
-w--s--- ', 

Total Costs $10,800.00 
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RESUME 01; CHARLES I:IPICR" 

1966 Graduated from Kelowna,Secondary Sohool. Was a Queens 
Scout with Uushmans Thong & Cold Chord. 

196G - 70 Completed undergraduate and graduate work at the 
University of Sritish Columbia which resulted in 
graduation with a USC. in Honors Geology. Worked 
summers on geochemistry and as a geologist's assistant 
for Amax Exploration (Smithers area, DC), Atlas 
Exploration 
(N.W.T.). 

(Yukon) and the Geological Survey of Canada 

1970 - 72.Worlced an a geo1~ogis.t in New Guinea and Irian Darat for 
Kenneoott Copper on porphyry oopper exploration using 
heavy mineral approaches. Mapped the geology of 
limonite leach capping and the alteration of the OK Tedi 
porphyry copper, Papua, New Guinea. 

1973 Worked as a mineral geologist for Samedan Oil in North 
C?ueenalnnd, Auatrulia oompletind regional mappinK and 
detailed geophysics - geochemistry and diamond drilling 
of a MO-W deposit area. Completed some heavy'mineral 
exploration work for scheelite. 

1914 Worhed as a geologist, in charge of the' Barberton 
Division (staff of 60), for Johannesburg 
Consolidated Investments, South Afrioa. Completed 
geoLogioa1 heavy mineral exploration and,geologiaal 

0, 

mapping and diamond drilling for Sb 6r massive Cu-Ni and. 
Cu-Zn sulfides in Darberton, South Afrioan Southwest 
Africa, Rhodesia and.Sotswana. Completed heavy mineral 
development and orientation researoh in all of the 
Poredoinu areas. Visited the underground and open pit 
operations oE DcBeers at the Finoh Diamond Mine and the 
Kimberley diamond mines. 

1976 Worked as a geologist for Cominco involving management 
and logging of diamond drilling of MO and Cu-Mo.deposits 
if British Columbia. Worked for Cominco Research as a 
research geologist on heavy mineral orientation and 
heavy mineral researoh and wag responsible for setting 
up Cominoo's's heavy lnboratory and proaedures. The 
rep0r.t based on Fiplce's heavy mineral,results was I 
distributed world wide. 

~From 1977 Worked as a geologist for Cominco in Brazil in oharge 
of exploration for Pb-Zn in oarbonate rooks. Used 
stratigraphic and heavy mineral exploration and 
Orientation teohniques to disuover Pb-Zn deposits in the 
Proterozoic Bambui of Minus Gerais. 

1977 - 66 Pounded C.F. Mineral Research Ltd. ..- Obtained patents for 
heavy mineral prooessing techniques in Canada, the 
United States, Australia, and South Africa, Completed 



0 

RESUMB OF CRARLES. PIPKR 
l?aue Two 

other research projects funded by the National Research 
Council..Step program which led to obtaining a patent in 
Canada for an acid leach process. Coordinated and 
assisted in the design of a heavy mineral and conodont 
laboratory unique to the Western world. Managed and I coordinated a 1.4 million dollar exploration program 

, for Superior Oil which led to the discovery of'34 
:.,,;. kimberlite and lamproite diatremes, 16 gold deposits, 

.two massive sulfide target areas and a new soheelite 
discovery in 'the Roolcy Mountains of British Columbia 
nncl the Maclrenzie Mountains, NW'P. Manar?ed many other 
diamond exploration field and laboratory'proerams in 
Arlraneas, .Colorado, Wyoming, Utah, Uansae, Idaho, 
Montana and Ca.l.ifornia with a staff of up to 36 
persons. The Piplce methods of heavy mineral 
geochemistry are taught in an advanced aeoahemistry 
course at U.R.C. Fiplce has given many heavy mineral 
tallcs to aeolopists of major corporations and 
universities. Fiplce and other CFM staff operate 

I Canada's first oommeroial (windowless) aoanning 
eleotron miorosoope that is set-up using South African 
standards to completed diamond indioator mineral 
chemistry; unique microdiamond soans and a traoe element 
enhanoement teohniques for gold exploration. 

1966 - R9 Completed gold, Platinum and diamond heavy mineral. 
consulting assiMnments for the United Na.tione in Peru, 

for Sigma Rcsouroes in New ZeaLand, the Geological 
Survey of Canada, in Sweden, in Pranoe, for Westmont 
Mines in Mexioo 'and Dir* Met Minerals Ltd. in Dritiah 
Columbia, and Northern Canada. Coordinated a reoently 
completed $300,000 diamond exploration technology 
program to enable exploraLion oompanies to utilize the 
ITlOSt advanoed teohnoloay avail.able to sucoeeslklly 
explore for diamondiferous kimberlites and lamproites., 
The later (+1,300 page) project funded by the 
G+eologioal Survey of Canada involved world leading 
diamond experts such as Dr. John Gurney, Dr. Rory 
Moore, Dr. Maloolm MaoCallum, Dr. Darbara Smith etc. 

a . . 



CERTIFICATE 

I, Malcolm E, McCallum of the bepartxwnt of Earth &SOUCC~Q, Colorado 
State University, Fort Collins, Colorado 60523, hereby certify that: 

1. X ‘am a Professor of Geology at Colorado State University where I have been 
employed in a teaching and research capacity’since 1962. 

2. I hold degrees in Geology fran Middlebury College (A.B., 1956) P the 
~h;cfJi.ty of TeMeasee (MS., 1959) and the University of Wyaning (Ph.D., 

. 

3. I have worked as a WAS research geologist (part time) for the U.S. 
Geological Survey on structural, p&rologic, geochemical, and minerals related 
k@hasis on precious metals) programs in the P.ocky Mountain region (New 
Mexico, Colorado, Wycming, and HDntpM~,i$rcmlBS6 - 1993. .,.I .I.., 
4. I have been involved in kinterlite-diamond related research since I%& 
said research having been funded b a variet of agencies including the 
National Science Foundation, the Wyaning Geo ogical SI Survey, the c%R Of sourh 
Africa, the Winston Foundation, and several cceqcnies. 

I 
5. I have been involved in reeewch and/or field trips rel’ated to kbberlite 
and/or lamproite occurrences in North Anrrioa (CoIorado, Wyanin 
Mmtana~ Kansae, Kentucky, %knnemee~ sritish Colunbia, Alberta ? 

, AriZoMl 
) Afr-ia, (S- 

Africa, Lesotho, Swasiland, Ectrnvana, and Namibia), Weetern Auetralia and 
Venezuela. I also have been, i,~V.olved in diamond placer evaluation in Venezuela 
and Guyam and have visitedplacer operations ti Africa. 

6. I recognized the presence of kirntxxllte in the Colorado-Wyoming Province 
in 1x4, was instrumental in the discovery of numaroua kimberlite aCCUTrenCeS 
therein, and with colleagues, in I975 anncunced the recovery of diamonds f!ran 
kimbeclite in the Colorado-Wyaning State Line District. 

I. I have conducted several short courses and seminars dealing with 
kimberl’ite-lamproite mineralogy, petrology, geochemistry and explorationc as 
well as other diamond related topics. 

8. I am a feel&r4 of the Geological Society of &me.rica and the Mineralogical 
Society of America, and a member of the Mineralogical Association of Canada, 
the American Assodation for the Advancement of Sciences, the Geochenical 
Society, the International AssociatiM of Geochemistry and CognocheJnietry~ the 
Society of Exploration Geochemiate, the Colorado Mining Association, the Rocky 
Mountain tisociation of Geologiata, the Colorado Scientific Society, the Denver 
Region Econanic Geology Society and sigma Xi. 

, sl&*. d-?mQ2+~*, 

Dated at Fort Colllnsr Colorado, November 13, 1989. 
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