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ABSTRACT

The linear Kuboos Bremen Igneous Province (KBIP) stretches 270km from the South
African Atlantic«coastknorth-east\azards into southern Namibia, and was emplaced at
approximately 500Ma. One central complex within the KBIP is the Kanabeam Igneous
Complex (KIC) where practically all the rock types found in the province are represented
and include nepheline syenites, quartz syenites as well as granites. In addition to these
plutonic phases a number of late stage, xenolith rich porphyry pipes were emplaced,
exploiting contact zones between earlier plutons. Xenolith types include gabbro possibly
derived from unexposed deeper paris of the KIC, syenites (more proximal components
of the KIC), trachytes from an inferred overlying volcanic edifice, basement granites,
gneisses and metasediments as well as Nama Group sediments.

Petrographic examination in the porphyries has revealed that there are numerous
minerals out of textural equilibrium, including olivine, pyroxene and plagioclase. Other
minerals such as biotite, amphibole and alkali feldspar appear more stable. Observed
textural and mineralogical heterogeneity of the porphyry groundmass is thought to resuit
from mingling and mixing of a number of observed distinct magmas to form hybrids, a
process consistent with the mineralogical disequilibria. Bulk geochemical patterns of the
hybrid porphyries are predictably variable but two compositional groups can be
recognised. A tephriphonolitic group appears to be the product of phonolite-tephrite
mingling and a trachyandesitic group formed by tephrite-trachyte interaction. Both hybrid
magmas appear to have mixed with a partially crystalline gabbro producing higher than
expected Fe,O;, MgO and ferro-magnesian trace elements. This gabbro is likely to be
the source of the olivine, pyroxene and plagioclase xenocrysts. Radiogenic isotope
patterns indicate that the tephriphonolite and trachyandesite magma end members were
crustally contaminated by AFC type processes.
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introduction

1 INTRODUCTION

The Kuboos-Bremen Igneous Province (KBIP), first described by Séhnge and De Villiers
(1948) consists of predominantly alkaline felsic rocks ranging from granite to nepheline
syenite and including carbonatite. Within the 10 discrete complexes identified by Kréner
and Blignault (1976) as making up the KBIP, practically all the rock types associated with
intra-continental alkaline magmatism are represented. Mafic rocks however, comprise
<5% of the KBIP and are confined to xenoliths of gabbroic composition within the felsic
units but this could be a factor of erosion. Kanabeam, a centrally located complex within
the KBIP (Figure 1.1) occurs in southern Namibia and plays host to a group of rocks
investigated in this thesis.

The main focus of the study is a suite of late stage intrusive pipes, dykes and plugs
within the nepheline syenites of the Kanabeam Igneous Complex (KIC). The late stage
porphyry pipes in the KIC are found in two clusters within the complex. Geochemical and
petrographic characterisation has been utilised in modelling their petrogenesis and mode
of emplacement.

Preliminary investigation as well as descriptions by Reid (1991) revealed that
assimilation and/or magma mixing possibly played a role in the formation of the pipes.
These processes are investigated in this thesis. The plutonic diversity of Kanabeam is
also explored as these units may provide a key to the parental magmas of the pipes. The
diversity of rock types encountered at Kanabeam also offers the opportunity to study a
wide range of closely related (in space and time) quartz and nepheline bearing rocks.
The possibility that these two lineages may be genetically related in the KIC is explored
as well as the possibility that either or both lineages may have contributed to the pipes.
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2 GEOLOGICAL SETTING

2.1 Introduction

The Kuboos-Bremen Igneous Province (KBIP) consists of 10 alkaline igneous centres
that straddle the border between north-western South Africa and southern Namibia. The
KBIP forms a remarkable 270km lineament that culs across three major teciono-
stratigraphic provinces (Figure 2.1) (Martin, 1965}, including

1) Namagua Province (Paleo- to Mesoproterozoic metamorphic complexes)

2) Gariep Province (Neoproterozoic orogenic belt)

3) Nama Group (Late Neoproterozoic to Early Cambrian foreland basin)

Previously published zircon ages for the KBIP range from 525+60Ma to 507+6Ma and
Rb-Sr errorchron ages range from 553+13Ma to 514+9Ma (Allsopp et al, 1979;
Frimmel, 2001) but new data reported in this thesis (Chapter 7) indicate that the province
was intruded between 488 and 512Ma (average Ar-Ar ages).The age relationship of the
KBIP to the other stratigraphic units is summarised in Table 2.1.

Table 2.1 A summary of the geoclogic history of the area containing the KBIP.

Deformation/
Age lgneous Event . Sedimentation
; Metamorphism
soMa Phonolites
a9Ma Carbonatites h
72Ma Kimberlites
130Ma Karoo/Etendeka Gondwana Breakup
oo Karoo Supergroup
sooome | KUDOOS-Bremen Igneous Province
§20Ma
Nama Group
Gariep Orogeny -
p Lrogeny Gariep Group -
600Ma Internal Zone
Mamora Terrane
Gariep Rift Phase~ Gariep Group -
700Ma N
Gannakouriep Mafic Dyke Swarm External Zone Port Nolloth Zone
800Ma —
Richtersveld lgneous Province
1000Ma
Namaqua Province
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2.2 Namagqua Province

The Namaqua Metamorphic Province forms the basement to the region and is
subdivided into 3 subprovinces

» The Richtersveld Subprovince ~2000-1700Ma with limited metamorphism

e The Gordonia Subprovince Protolith up to ~2000Ma with 1000Ma

» The Bushmanland Subprovince } metamorphism

The north-west trending Namaqua Belt is thought to represent part of the
Mesoproterozoic Kibaran belts that occur throughout Africa. The mobile belt is bound by
the Southern Cape Conductive Belt in the south and the Namaqua Front in the north,
while the Kheis and Kaapvaal Provinces are found in the east (Figure 2.1) (Blignault et
al., 1983; Kréner and Blignault, 1978). Deep seismic reflection profiles indicate that at 15
to 40km there is rock of dioritic or gabbroic composition underlying the province

(Hartnady ef al., 1985).

The mobile belt has undergone extensive structural and metamorphic tectonism at
around 1200-1000Ma, which has led to a penetrative gneissosity and foliation (Blignault
et al., 1983). The tectono-stratigraphic units are east-west trending while close to the
orogenic front of the Gariep Belt, north-south overprinting (eg shear zones) is well
developed (Frimmel and Frank, 1998).

Regional thrust faults that bound the ~2000Ma terranes of the Namaqua Mobile Belt
(Table 2.2) show approximately 100km of movement from the north-east due to
compression and accretion at about 1400Ma (Colliston et al., 1991; Van der Merwe and
Botha, 1989; Van Aswegen, 1983; Van der Merwe, 1986; Praekelt ef al, 1996). The
tectono-stratigraphic units are east-west trending (Figure 2.2). The KBIP intrudes the
Grunau and the Pofadder terranes and cross cuts the fabric defined by compression
(Figure 2.2 A and B)

Table 2.2 Published ages of some of the terranes found within the Namagua Mobile Belt.

Terrane Age Source

Grunau terrane 2000Ma Blignauit et al 1883
Colliston, 1880

Poffadder terrane 2000Ma Barton, 1983
Blignault etal 1983
Reid 1977

Steinkopf terrane 1800Ma ‘ Barton 1883

Van der Merwe, 1986
Van Aswegen, 1883

Aggeneys terrane 2000-1650 Ma Ammstrong et al., 1988
Reid et al., 1987




¥z

%@' ‘ Figure 2.2 (a) The teclono-stratigraphic subdivision of the
- ' western part of the Namagua-Natal mobile belt. Sources: Blig-
nault ef al. (1974, 1980); Botha (1586); Colliston ef al. (1986,
1689); Geological Map of South West Africa/Namibia (1980}
Geological Map of South Africa (1984); Praekelt ef al. (1984);
Strydom (1982); Strydom ef al. (1987) (After Blignault ef al.,
1983).

(bY A cross section along the line ABCD as seen in (3)
§ (adapted from Blignault et al., 1983).
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2.21 Richtersveld Subprovince

The Richtersveld Subprovince, an ancient Paleo-Mesoproterozoic arc complex formed at
approximately 2000Ma (Reid, 1997), occurs as a wedge shaped area along the Orange
River, east of the Gariep Province and west of the Gordonia Subprovince forming a
tectonic zone within the Namaqua Province (Bertrand, 1976; Jackson, 1976; Joubert,
1976; Toogood, 1976; Ritter, 1978). It comprises calc-alkaline igneous rocks of the
intrusive Vioolsdrift Suite and extrusive Orange River Group that are thought to originate
from a common basaltic parental magma (Reid, 1977).

2.2.2 Gordonia and Bushmanland Subprovinces

This region has been described by Hartnady ef al. (1985) as consisting of medium to
high grade gneisses in tectonic contact with the northern edge of the Richtersveld
Subprovince. The Gordonia and Bushmanland Subprovinces consist of 2000Ma rocks
which have been involved in a 1200 to 1000Ma tectono-thermal event. Although they
share similar geologic histories and lithologies only the former is cut by the KBIP.

The two tectonic events recognised from the Bushmanland and Gordonia Subprovinces
are
e jisoclinal folding and associated axial planar foliations contemporaneous with
granulite facies metamorphism (Joubert, 1971; Blignault ef a/., 1974)
¢ large-scale open folds and regional shear zones (Kréner and Blignauilt, 1976).

2.3 Gariep Province

The Kuboos and Swartbank piutons intrude the Gariep orogen the, youngest tectonic unit
cut by the KBIP. The Gariep Province forms a belt of metasedimentary and igneous rock
forming part of the late Pan African mobile belts in southern Africa. Rifting of the
Kalahari-Brazil craton at 750 to 720Ma led to a series of sedimentary basins that are now
preserved in the para-autochthonous Port Nolloth Zone. This zone was subsequently
tectonised during the collisional phase with thrusting and isoclinal folding to the east
being preserved (Frimmel and Frank, 1998). As the Kuboos-Bremen line is unaffected by
any of the tectonism and metamorphism associated with the Gariep Province, the

intrusions are clearly post orogenic.

2-5
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2.4 Gannakouriep Mafic Dyke Swarm

The Gannakouriep Mafic Dyke Swarm intruded during the Late Precambrian and was the
result of east-west crustal extension during the Gariepian Orogeny. The dykes have a
pervasive north-south trend that cross cuts rocks of both the Gariep and Namaqua
Provinces (Reid, 1979; Reid 1982). The mafic dyke swarm is intruded by the KBIP
{(Alisopp et al., 1979).

2.5 The Nama Group

The Nama Group, interpreted as a stable platform in a foreland basin formed during the
Pan African Orogeny, is the youngest stratigraphic unit cut by the complexes of the KBIP
(Germs, 1972; Smithies, 1992). The Nama Group rests unconformably on the Numees
Formation of the Gariep Group (Kréner and Germs, 1971) and rocks of the Namaqua
Metamorphic Province (Smithies, 1892). Horstmann (1987) postulated that the Nama
has a maximum age of 540Ma while a minimum age is given by intrusion of the Bremen
Complex at 530+10Ma (Rb-Sr) and 521x11Ma (U-Pb) (Allsopp et al, 1979).
Palaeontological and paleomagnetic data give ages of 550-650Ma (Tankard ef al., 1982).
The lower portion of the group consists of shallow marine and fluvial deltaic sediments
including organic rich carbonates fed westwards from the Kaapvaal Craton while the
upper sediments were derived from the Gariep Belt in the east. Age data show that
deposition of the 2500m thick pile of Nama sediments was rapid (Tankard et al., 1982).
Nama roof pendants found in a number of the KBIP complexes indicate that the Nama
predates the KBIP. Nama conglomerates have been observed within Grootpenseiland
North and South (Smithies, 1992). The Bremen Complex is observed to cut the Nama
Group (Middiemost, 1967).

2.6 Kuboos-Bremen Igneous Province

The KBIP complexes that lie to the south-west (Swartbank, Kuboos and Tatasberg) are
predominantly silica-oversaturated (granites) while in the north-east the silica-
undersaturated rock types (nepheline syenites) dominate while the Marinkas Quellen
Carbonatite lies centrally in the igneous province (Table 2.3; Figure 2.1B and C).

The Kuboos Pluton, 507+6Ma (Frimmel, 2000), intrudes the Gariep Province, as does
the Swartbank Pluton, while the Tatasberg Pluton intrudes the Richtersveld Subprovince.
Kanabeam intrudes the Gordonia Subprovince’s highly deformed granitoids and meta-
sediments while the other complexes found in Namibia intrude both the Namaqua Mobile

2-6
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Belt’s metasediments and the younger Nama Group (Reid, 1991; Reid 1998).

Table 2.3 Igneous Centres that make up the KBIP. Rock types found in each of these intrusions are also
listed (after Reid, 1991).

Centre Description
Swartbank ' Granite
Kuboos Granite, Syenite
Tatasberg Granite

Grootpenseifand

Granite, Nepheline Syenite, Syenite

Marinkas Quellen

Granite, Nepheline Syenite, Syenite

Marinka; Quelien North

Carbonatite, Fenite

Kanabeam Granite, Nepheline Syenite, Syenite,
CQuartz Syenite, Alkali Monzonite,
Alkali Gabbro

Mt Al Ais Alkaline Breccia Pipes

Bremen Granite, Nepheline Syenite

Haruchas Nepheline Syenite

Grunau Parakimberlite-Carbonatite-Melilite-

Lamprophyre Swarm

There is no regional basement trend parallel to the KBIP (Table 2.4) however, trends that
are similar to the KBIP include the Gannakouriep dykes and the Groot Karas horst
system. The horst system provides a basement window within the Karoo and Nama
sediments within which the KBIP has been exposed (Figure 2.2). The Gannakouriep
dyke swarm also becomes increasingly north-east to south-west trending in this
basement window.

Table 2.4 Summary of deformation of the tectonic provinces that the Kuboos Bremen Igneous Province in-
trudes (after Hartnady ef af., 1985)

Province Terrane Regional Trend Deformation Ages (Ma)}
(Subprovince)
Namaqua East-West 2000-1730
(Richtersveld)
Namaqua Kakamas MNorth West 1200-1000
(Gordonia) Upington MNorth West 1300-950
Gariep Belt Mamora North-South 700-530
Port Nolloth North North-west 686-525

2.7 Grootpenseiland and Marinkas Quelien Complexes

Smithies (1992) carried out a detailed study on the Grootpenseiland and the Marinkas
Quellen Complexes (GPC and MQC), two complexes that show, like the KIC, silicate
rocks that range from nepheline syenite to alkali-granite. These complexes were dated at
approximately 520Ma (Rb-Sr), an age consistent with the Pan-African ages of the
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Province (Smithies, 1992). Like the KIC these complexes show similar patterns of silica
saturation where, silica-undersaturated rocks occur in the south-west and silica-
oversaturated rocks in the north-east. As the rock types found in these complexes are
highly felsic they cannot represent primary magma compositions.

A magma that fractionated alkali-feldspar, clinopyroxene and amphibole is thought to
have given rise to the silica undersaturated side-wall cumulates of GPC and MQC, while
foyaite present in the MQC has a composition that reflects fractionation of alkali feldspar,
as well as interaction with the dolomite country rocks (Smithies, 1992). Major and trace
element data from Smithies (1992) revealed that the critically saturated alkali syenites
most likely evolved via protracted feldspar fractionation while the critically saturated
alkali-feldspar syenite found in the GPC is a cumulate and that these two rock types
cannot be genetically related. The silica-saturated rocks of GPC and MQC include a
compositional range from monzonite to granite reflecting fractionation of feldspar and
mafic phases while the alkali granite that intruded later could not be related to any of the
preceding rock types through fractionation processes (Smithies, 1992).

Smithies (1992) proposed an upper mantle source for the silicate magmas as they are
characterised by low time-integrated Rb-Sr and high time-integrated Sm-Nd ratios.
Smithies (1992) showed, using Pb, Sr and O isotope data, that the melts must have
interacted with a crustal component. The silica-oversaturated rocks have undergone a
greater degree of interaction than the silica-undersaturated rocks resulting in a rock”
series that has evolved on either side of the feldspar join in Petrogeny’s Residua System
(Smithies, 1992).
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Geology of the Kanabeam Complex

Table 3.2 Summary of the units that make up the NSS.

NAME LOCATION GRAIN SIZE | MINERALOGY COMMENTS
WITHIN NSS
Porphynitic me- Intrudes the granular syenite | Coarse Alkali feldspar (56%): large, up to 15mm iong. Well exposed near vertical
lasyenite in a narrow ring that can be Clinopyroxene (10%): fine grained, pale green contacts of this unit are ob-
NS6 traced around three quad- subhedra served against the older
rants of the sub-complex. Homblende (12%): green brown syenites.
Biotite (8%): inter-grown with and manties horn- The pronounced vertical
blende banding parallel to the con-
Nepheline (10%) {acts is defined by the pre-
Magnetite (2%) ferred onentation and vana-
Sodalite (2%) tion in mode of the feldspar
laths.
Foyaite Fine grained to Alkali feldspar (63%). prismatic Proportion of nepheline to
NS5 pegmatoidal (20cm | Nepheline {18%): found abundantly between coarse | alkali feldspar rarely exceeds

feldspar tablets)

alkali feldspar pnsms

Clinopyroxene {8%): dominant deep green, sodic
clinopyroxene

Sodalite (4%): present between coarse grained alkali
feldspar along with nepheline

Alkali Amphibole (3%): strongly pleochroic, bluish
green

Biotite (2%): confined to small mantles or inter-
growths

Magnetite (2%): granular

50% (except in pegmatoidal
patches)

Granular Syenite
NS4

Outer contact along eastern
side of the sub-complex.

Coarse (granular)
There is common
development of
very coarse to
pegmatoidal
patches of syenite.

Alkali Feldspar (79%)

Homblende (8%). dominant mafic mineral
Nepheline (6%): interstitial. Red brown colour ation
when found within pegmatoidal patches, possibly the
result of secondary alteration,

Biotite (6%)

Clinopyroxene (1%). pale green cores within horn-
blende

Magnetite: minor

On average there is less
feldspathoid in the granular
syenite than in the foyaite

Alkali monzonite
NS3

South central sector, within an
internal ndge, It is truncated
by foyaite. There is also a
possible extension of this ring
or remnants of another found
as small indistinct zones
within the younger syenites in
the north-west and north-east.

Coarse grained

Plagioclase {52%): large grey white laths
Homblende (15%): deep red brown

Alkali feldspar (15%): mantles plagioclase

Diopside (6%): relict cores within hornblende
Nepheline (6%): interstitial between large plagioclase
laths

Biotite (3%)

Magnetite (2%): secondary associated with relict
cores of diopside within homblende

Sodalite (1%)

In hand specimen it has a
mottied appearance.
Described as a nepheline
bearing hormblende monzo-
nite.

Grey Syenite
NS2

Cuts white syenite and forms
outermost intrusion on south-
eastern contact. It appears to
pinch out in south-western
area. Does not outcrop in the
northern or eastem areas

Variable: some-
times porphyritic

Alkali feldspar (60%}): large

Plagioclase (20%)

Homblende (12%): dominant

Blotite {6%): mantles magnetite and hornblende
Clinopyroxene (1%): relict cores, pale to colourless
Magnetite (1%)

Nepheline: minor interstitial, altered

Quartz: accassory were nepheline is absent

Dark grey homblende syenite
Texture and mineral variability
suggests contamination or
hybndization

White syenite
NS1

Southem outer contact of the
complex. Traceable around
the south-western side where
it is observed in narrow gullies
that have cut into the exten-
sive scree fans of the Gam-
kab escarpment. Along the
eastern margin of the NSS it
is truncated by granular
syenite (ns4) and foyaite (ns5)

Average 4-6mm

Alkali feldspar (81%): Granuiar rather than prismatic
habit. The feldspar appears to have undergone turbid
alteration and shows coarse vein and patch perthite
(or anti-perthite) texture.

Amphibole (8%). green brown, predominates and
rings clinopyroxene

Plagioclase (5%)

Biotite (5%)

Magnetite (1%)

Nepheline: minor

Quartz: minor where nepheline is absent

Net veined with quartz syenite
Feldspathised country rock
xenoliths are found throughout
the quartz syenite

3-6






















€€

Table 3.4 Compilation of field characteristics of the Kanabeam porphyry pipes (continues on following page).

GRAIN PHENOCRYSTS ALTERATION/ | DYKES/
PIPE LOCATION | SIZE (m) XENOLITHS
SIZE XENOCRYSTS WEATHERING | VEINS REMARKS
Large variety of small (<4cm in diameter) felsic sub- i
] X Abundant altered crystals Extensive coarse grained
: rounded xenoliths. Where these occur the pipe i : : ! Composite pipe that has zones of light grey
fine to ) that are most likely relict| Dark grey and red | nepheline syenite dykes espe- .
1 south 20m by 25m - appears to be xenolith choked. » ) ) _ ) material with no feldspar phenocrysts. Brecciated
aphanitic ) olivine. surface weathering. cially on the highest side of the
Some larger well rounded gabbro xenoliths that vary X the hil areas occur whare there is abundant feldspar.
ipe on the hill.
from Scm up to 15cm also occur. L
Less xenoliths than the other pipes (~2% rather than The £ , i -
i he fine-grained nature of tha rock has resulte
~5%). The gabbro xenoliths are well rounded and ) & . )
. . . in a smooth weathering surface. Some minor
fine to | show extreme weathering. They are up to 10cm in i . .
2 south 30x15m . . y 3 Abundant alkali feldspar laths | red brown Syenite veins noted. porphyritic zones occur where there are large
aphanitic diameter. Xenoliths that appear to be derved from )
o - \ O phenocrysts. Zonation in the form of grain size
other units in the KC also occur within this pipe.
X X was also noted.
Meta-sedimentary xenoliths also occur here.
. There is a diverse size distri- | Mostly dark  red
Pipe exposed X . i
i il sl bution with the larger |brown but white
in  hill slope, . ' ) _
‘p Bimodal distribution with the maximum being 5cm | phenocrysts found in the | surface  weathering .
25m  vertical . . ) Two sets of veining that cross cut
. (smaller than the other pipes). The small gabbro | central portion of the pipe. | occurs where the ) . The pipe has a much larger cross section at the
3 south extent, width | fine . o .. | each other 4cm wide vein cross
xenoliths are well rounded. Country rock (Namaqua | Some zones lack| matrix is aphanitic . top of the ridge than at the bottom of the slope.
25m at top . . X X _ | cuts 2mm vein.
X i gneiss) xenoliths make up the larger sized portion. phenocrysts. Alkali feldspar | and lacking in
narrowin )
g phenocrysts 1-2mm wide and | phenocrysts  and
15m at bottom. X )
<10mm in length. xenoliths
Large population of small sized xenoliths (2mm and ) .
) ) Forms a ridge within the syanites. This pipe is
7mm). They include both well-rounded gabbro and | Large alkali feldspar »
» X more porphyritic than the rest.
blocky (almost rectangular) syenitic xenoliths. In | phenocrysts up to 2cm long . e o .
4 south 15m by 20m fine . o i i Minimal veining. There are 2 zones within tha pipe that are sapa-
some cases there is no distinct boundary between | and 0.5cm wide. Amphibole N .
. . . . . rated by a transitional area that contains finer
the xenoliths and pipe matrix. Some xenoliths up to | is also observed. _ o .
o grained material with gabbro xenoliths.
20cm in size.
Xenolith population makas up about 20% of the | Alkali feldspar phenocrysts | . . . . " .
o . i iron rich brown stain- | Fine grained syenitic veins that
5 south 6m in diameter | fine rock. The well-rounded xenoliths range from 2mm to | constitute about 10% of the | X
X ing are about 10cm wide
between 10 and 15cm material.
Gabbro  xenoliths
. . . . show preferential
L ) There ara a number of syenitic and gabbroic xeno- | No preferred orientation of ) o
6 south 3m in diameter | fine weathering compared Smallast of tha pipes in the area.

liths present.

alkali feldspar laths

to the pipe matarial.
Dark brown
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Table 3.4 Compilation of field characteristics of the Kanabeam porphyry pipes (continued from previous page).

PIPE |LOCATION | S8IZE (m] | GRAIN | XENOLITHS PHENOCRYSTS/ ALTERATION/ | DYKES/VEINS REMARKS
Soma syenitic xencliths thal eppear to be parlly incoepo- | Large abundant alkali feldspar laths . Thers is no marked contact be-
7 east central 10m by 10m | coarse . . . N <2cm veins of syenitic compasition
rated into the matrix. Small <8om pale mete-sedimentary | end large altered crystals olivine. twaen the pipe and the host rock.
) ' X Small dyke-like features <1cm wide Fale grey In comparison to the
8 aast cantral 10mby 15m | fine abbro and syenite xenoliths. Alkeli feldspar phenocrysts .
protrde the pipe other pipes
9 aast contral fine Gabbre xenoliths Alkali feldspar phenocrysts Dark gray matrix.
106 oast cartral firnge Karwlith population graster than P7 and P8. Large sburdant alkali feldspar laths.
_— ) . . Graded cortact with napheline
Kanoliths include coarse-grainad gabbros and finar Alkali feldsper is a common featurs. )
. . . . . L syarite. In one area of the contact
" sast cantral fine grained hypabyssal or volcanic material. A quertz rich Other megacrysts (7) olivine show dark gray-black Large syenitic veins
. . i . a feldspar (1-20m crystals) pegma-
basament xanolith (gneiss) observad. axtensive reaction are up o 2om. .
tite ooours.
Extensive alkali feldspar phenocrysts X . Coarsening of crystals near the
) ) . dem wide felsic veins. Larger veins
12 east cantral fine Gabbro xanoliths a8 wall as a lerge diversity of mafics ) i . ) contact but no development of
. 4 i contsin xenoliths of pipe material. . .
inciuding amphibole and sltered pegmateidal material.
X Small pits on rock
Alkali feldspar phenocryst have pref-
i . . . surfacs where
Wall-rounded gabbroic and subrounded firg-grained arentially crystallised around the i
13 wast central 16m by 20m | fine § ) . X xenoliths have been
meta-sadimentary xenoliths wers notaed, margin of the pipe. It 8lso occurs as
. ) . removed though
phenocrysts within the pips matrix. )
waatharing.
o finer than | More fine grained xencliths than the other pipes. They are X .
16m in di- . . o Alkali feldspar and amphibole .
14 wast central the othar | sub-roundad to angular. A wide variaty of grain sizes and Fed brown, Pipe appears to be a breccia.
siratar X L ) ) phanocrysts
pipes taxtures within the xanolith population.
Lack of madium xenoliths howsver, some small xenoliths Exlensive veining between P14 and P15 .
18 west central fine Lacks phenocrysis . No brecciation observed.
«iocm wera noted, s the same appesarancs as the pipes
High grade metasedimantary xenoliths (not Nama Group). Btrongly vained with syenite. Veins blow i
. ) . . . In some zones the pips becomes
16 west central fing Mafic and fine-grained xencliths (metasedimenary? or Alkali feldspar phenocrysts aut from a few centimeters to 10s of brcciated
racciated,
voleanic?) ooour, centimetars. A pink sysritic dyke cross
Angular xenolith choked matrix of gabbro, felsic ignecus : Pipe is broken up into blocks of about
. i K . Long and narrow 2-3cm alkall feld- K
17 wost contral fing material as well as metasadimants. The igneous xencliths ats 2m surrounded on all sides by veins and
shiow more rounding than the metasediments. pae. dykas
Xanolith choked breccia with a wide variaty of grain and . i
18 west central fine Alkali feldspar phenocrysts. Appears {o be a voleanic brecuia

xenolith sizes. Gabbro and fing-grained metasediments.
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Radiogenic Isotopes

6.5.2 Basement Epsilon Sr-Nd Patterns

Epsilon Sr-Nd data for Namaqua age basement have been calculated at 489Ma from
published results (Reid ef af., 1997; Reid 1997). Inspection of Figure 6.3C reveals that
the Namaqua basement occupies a field that is predictably displaced to more negative
eNd when compared with the Kanabeam samples. The wide spread in £8r is due to the

greater range in the Rb/Sr ratios exhibited by the basement lithologies.
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APPENDICES






Kanabeam Samples

Sample number |Pipe number |Description

ND 001 P2 gabbroic xenolith

ND 002 P2 finer gabbroic xenolith
ND 003 P2 small xenoliths

ND 004 P2 Geochem sample

ND 005 P2 olivine nodules

ND 006 P2 gabbro nodule

ND 007 P3 Fine grained Xenolith

ND 008 P3 Matrix sample

ND 009 D1 Dyke - fine grained

ND 010 P3 Geochem sample

ND 011 P3 Pet sample - oddities

ND 012 P4 Geochem sample

ND 013 P4 coarse grained xenolith
ND 014 P4 Fine grained xenolith

ND 015 P4 Fine grained xenolith with large phenocrysts
ND 016A P4 Geochem sample

ND 016B P4 Pet sample

ND 017 P5 Geochem sample

ND 018 Pe Xenolith- pet sample

ND 019 P6 Geochem sample

ND 020 P& Geochem sample

ND 021 P7 Geochem sample

ND 022 P38 Geochem sample

ND 023 P9 Geochem sample

ND 024 P10 Hand specimen - large xenolith
ND 025 P10 Geochem sample

ND 026 P11 Geochem sample

ND 027 P11 pet sample

ND 028 P11 Geochem sample

ND 029 P11 metased sample

ND 030 P12 Geochem sample

ND 031 P13 Geochem sample

ND 032 P13 pet sample

ND 033 P14 pet sample

ND 034 P14 fragment from breccia
ND 035 P15 Geochem sample

ND 036 P16 metased sample

ND 037 D2 mafic dyke

ND 038 P17 Geochem sample

ND 039 P17 banded metased xenolith
ND 040 P17 Geochem sample

ND 041 P17 dark xenolith

ND 042 P18 dark metased xenolith
ND 043 P18 light coloured metased xenolith
ND 044 P1 Geochem sample

ND 045 P1 Hand specimen - fine grained material
ND 046 P1 Geochem sample

ND 047 P1 Geochem sample

ND 048 D3 Dyke




Kanabeam Samples

Sample |Abrev Name

GE-14 NS1 White Syenite

DRK-72 (Gabbro [xenin HP

GE-1 Qs Southern Quartz Syenite
GE-10 G Northern Granite

GE-11 G Northern Granite
GE-11B  |Xen inG

GE-12 GP Granite Porphyry

GE-13 NS3 Monzonite

GE-16 Qs Southern Quartz Syenite
GE-17 HP {light)

GE-2 Qs Southern Quartz Syenite
GE-3 Xen in QS

GE-4 NE3 Monzonite

GE-5 MSy dyke in NS3

GE-8 NS5 Foyaite

GE-7 NS6 Porphyritic Melasyenite
GE-8 NS6 Porphyritic Melasyenite
GE-9 Aplite inG

RS-1 Qs Southern Quartz Syenite
RS-10 G Northern Granite

RS-11 MS Microsyenite

RS-12 G Northern Granite

R5-13 MS Microsyenite

RS-14 NS2 Grey Syenite

R&-15 HP

RS-2 Qs Southern Quartz Syenite
RS-2A Xen in QS

RS-3 Dyke in QS

RS&-4 Qs Scuthern Quartz Syenite
RS-5 NS5 Foyaite

RS-6 NS5 Foyaite

RS-7 NS4 Granular Syenite

RS-8 NS6 Porphyritic Melasyenite
RS-8 NG&4 Granular Syenite

VH-1 N&s Fovaite

VH-10 NS4 Granular Syenite

VH-11 GP Granite Porphyry

VH-12 MG Northern Microgranite
VH-13 MG Northern Microgranite
VH-14 MG Northern Microgranite
VH-15 Dyke in MG

VH-16 MG Northern Microgranite
VH-17 MG Northern Microgranite
VH-2 NS6 Porphyritic Melasyenite
VH-3 NS4 Granular Syenite

VH-4 NS4 Granular Syenite

VH-5 MS Microsyenite

VH-6 NS4 Granular Syenite

VH-7 NS4 Granular Syenite

V-8 NS5 Foyaite

r\fH-Q NS5 Foyaite







ANALYTICAL TECHNIQUES



Electron Microprobe Analysis

Electron microprobe analysis was carried out on 30um thick, polished sections at the
University of Durban Westville on the Joel Electron Microprobe Microanalyser (JXA-
8800RL) and at the University of Cape Town on the Cameca Cambax 4-Channel
Microprobe. Both instruments were run with a narrow beam at an accelerating
voltage of 15kV and a beam current of 40nA. On-line data reduction was carried out.

X-Ray Fluorescence

Whole rock samples were analysed for major and 18 trace elements by X-ray
fluorescence spectrometry using the method of Norrish and Hutton (1969) for major
elements and pressed powder briquettes for trace elements, as routinely applied in
the Department of Geological Sciences at the University of Cape Town. Errors and
detection limits based on counting statistics are similar to those reported by le Roex,
Erlank and Needham (1891).

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Whole rock, rare earth element analysis by ICP-MS was carried out in the
Department of Geological Sciences, University of Cape Town after dissolution of the
samples in HF-HNQO;. Elements analysed include; La, Ce, Pr, Nd, Sm, Eu, Gd, Pb,
Tb, Dy, Ho, Er, Tm, Yb and Lu. Calibration for ICP-MS was carried out by external
standardisation. Standard and blank samples were also analysed. Internal
standardisation was carried out to ensure that there was no instrument drift or
change in signal intensity. Accuracy and precision was approximately 1-3%.

Radiogenic Isotope Analyses

isotope analyses were performed in the Radiogenic isotope Facility, Department of
Geological Sciences, University of Cape Town. Sr and Nd were separated using
conventional ion-exchange techniques and all radiogenic isotope analyses were
performed on a VG Sector 7-collector thermal ionisation mass spectrometer operated
in dynamic multi-collector mode. Whole rock concentrations of Rb and Sr were found
using XRF, while Sm and Nd concentrations were determined by ICP-MS. Beads
with two filaments, Ta and Rh were prepared for the Nd sample, using the technique
of Zindler et al. (1979), and single Ta filament beads, using a technique similar to
Zindler (1980) for the Sr sample.



Errors associated with Rb, Sr, Sm and Nd. Rb and Sr by XRF and Sm and Nd by ICP-MS

Rb error | Srerror | Sm error| Nd error

Sample | Lithology ppm ppm ppm ppm
GE14 NS1 1.02 0.45 0.72 0.98
RS14 NS2 0.24 0.84 0.40 0.45
GE4 NS3 0.47 1.29 200 0.98
RS9 NS4 1.88 1.67 0.74 0.78
VHS NS5 1.88 0.85 0.52 0.87
VH2 NS6 0.58 0.82 1.17 1.95
RS1 Qs 0.58 1.75 0.57 0.26
GE1 Qs 0.64 0.60 3.44 3.69
GE11 G 0.47 1.30 0.93 1.26
RS10 G 0.59 0.50 1.49 1.85
VH11 GP 0.30 0.44 0.82 2.02
GE12 GP 0.61 0.60 3.14 2.84
VH12 MG 0.63 1.37 0.89 0.95
VH13 MG 0.75 1.20 0.70 0.87
ND20 GABBRO 0.52 1.03 0.65 0.99
DRK72 | GABBRO 0.38 1.01 0.89 0.58
ND10 TP 0.50 0.83 1.26 1.10
ND12 ™ 0.48 0.87 0.60 0.96
RS15 TP 0.57 0.83 2.21 1.49
ND22 TA 0.48 1.08 0.74 1.30
ND23 TA 0.48 1.08 0.62 0.85
ND26 TA 0.55 0.82 0.84 0.93
ND3s TA 0.54 067 0.67 1.20
GE17 P 0.61 0.34 0.59 1.02
RS3 |MAFICDYKE| 1.23 0.41 0.66 1.18




ELECTRON MICROPROBE
ANALYSIS



KIC OLIVINE DATA - PIPE SAMPLE

Sample | ND8 ND8§ ND8 ND8 ND8 ND8 ND8 ND8 ND8 ND8 ND8§
Analysis 1 2 3 4 5 8 7 8 9 10 11
Si02 39.871 39.314| 39.805| 30.628] 40.012 38.602 38.169] 40.253 37.603 31.873 38.449
TiO2 0 0 0 0 0 0 0 C 0 0 0
Al203 0.047 0.022 0.001 0.038 0 0 0.021 0.007 0.033 0.007 0.025
FeO 14.791 14.898 14.373 16.072 14.629] 25.243] 28127 14.968| 27.837 55.665] 23.882
MnO 0.205 0.16 0.196 0.207 0.224 0.318 0.679 0.251 0.971 4.87 0.433
MgO 43.46] 43.744] 43.753] 42.781 44.377] 36.629 34.052 44.112 34.372 8.699 37.232
Ca0 0.196 0.315 0.147 0.371 0.315 0.263 0.193 0.273 0.09 0.232 0.138
Na20 0 0.01 0.016 0 0 0.021 0.02 0 0.004 0.122 0.137
K20 0 0 0 0 0 0 0 0 0 0 0
Cr203 0.001 0.003 0.03 0.001 0.011 0 0.014 0.019 0.01 0.025 0.008
NiO 0.141 0.105 0.064 0.078 0.097 0.051 0.075 0.152 0.064 0.03 0.065
Total 98.711 98.571 98.485] 99.174] 99.665] 101.125 101.34] 100.035] 100.984] 101.523]{ 100.3869
KIC OLIVINE DATA - GABBRO XENOLITH

Sample |[DRK72 |(DRK72 |DRK72 |[IDRK72 |DRK72 |DRK72 |DRK72 |DRK72
Analysis 12 13 14 15 16 17 18 19

Sio2 39.275, 39.244; 38.779] 39189 38.654 39.08 39.184 38.808
Ti02 0 0 0 0 0 0 0 0

Al203 0.03 0.012 0.039 0.025 0.131 0.01 0 0.022

FeO 20.358] 20.642] 20.722] 20.387] 20.304] 20.603] 20.514 20.563

MnO 0.378 0.382 0.408 0.303 0.375 0.341]  0.208 0.348

MgO 41.051 40.139] 40.541 40.504,  40.501 40.364 39.719 30.918

Ca0o 0.097 0.16 0.063 0.18 0.258 0.223 0.202 0.167

Na20 0.005 0.035 0.014 0.021 0.077 0 0.058 0.045

K20 0 0 0 0 0 0 0 G

Cr203 0.012 0.035 0.022 0.02 0.015 0 0.005 0.001

NiO 0.073 0.017 0.08 0.058 0.071 0.068 0 0.058

Total 101.279] 100.666] 100.648] 100.677F 100.386{ 100.689 99.981 99.93




KIC OLIVINE DATA - GABBRO XENOLITH

SAMPLE |DRK72 IDRK72 |IDRK72 |DRK72 |(DRK72 |DRK72 |DRK72 |DRK72 |DRK72 [DRK72 |DRK72 |DRK72 |DRK72 |DRK72

ANALYSIS 1 2 3 4 5 8 7 8 8 10 11 12 13 14

Si02 38.38 38.52 38.57 38.31 38.93 38.00 38.74 36.50 38.79 38.16 38.16 39.65 38.41 37.91

Ti02 0.03 0.03 0.08 0.04 0.05 0.03 0.03 0.04 0.08 0.02 0.04 0.03 0.03

Al203 0.04 0.03 0.08 0.03 0.02 1.07 0.02 0.04 0.08 0.02 0.07

Cr203

FeO 20.80 20.45 20.82 16.84 20.38 20.52 21.54 20.21 2217 20.34 20.46 20.18 20.36 20.80

MnO 0.32 0.34 0.36 0.29 0.36 0.32 C.33 0.28 0.43 0.38 0.38 0.31 0.33 0.40

MgO 40.59 40.80 40.89 40.24 40.93 40.71 40.14 36.19 40.00 41.24 41.04 40.90 40.94 40.61

Ca0 0.13 0.17 0.16 0.22 0.12 0.21 0.12 0.89 0.17 0.13 0.12 0.15 0.19 0.17

Na20 0.068 0.67 0.28 0.03 0.04 0.08 0.03

K20 0.24 0.02 0.02 0.02

NiO 0.07 0.03 0.08 0.04 0.05 0.05 0.02 0.08 0.04 0.11 0.03 0.06 0.04

TOTAL 100.47 100.37]  100.84 99.97] 100.86f 100.88 100.63 95.50 101.73 101.35 101.37 101.35 100.38 100.05
KIC OLIVINE DATA - GABBRO XENOLITH

SAMPLE |DRK72 |DRK72 |DRK72 |DRK72 |DRK72 IDRK72 IDRK72 (DRK72 IDRK72 [DRK72

ANALYSIS 15 18 17 18 19 20 21 22 23 24

Si02 38.07 30.07 38.18 38.80 39.54 39.37 39.57 39.35 39.10 38.88

Tio2 0.03 0.12 0.05 0.03 0.05 0.04 0.04 0.03 0.03

Ai203 3.13 0.03 0.44 0.04 0.05 0.02 0.07 0.02

Cr203 __0.02 0.02 0.02 0.03 0.03

FeO 21.27 18.05 20.89 21.76 20.70 20.53 20.50 20.06 22.00 20.92

MnO 0.48 0.32 0.46 0.46 0.40 0.38 0.32 0.33 0.45 0.33

MgO 39.98 35.60 30.80 39.26 40.73 40.61 40.44 40.37 39.87 40.62

Cal 0.17 2.87 0.41 0.76 0.16 0.13 0.09 0.20 0.12 0.18

Na20 0.88 0.03 0.10 0.04 0.04 0.03 0.03

K20 0.02

NiO 0.02 0.10 0.05 0.06 0.09 0.05 0.04

TOTAL 100.02] 10009 101.01 1018681 101.68 101.28;  101.00 100.59 101.63 101.08




KIC PYROXENE DATA - PIPE SAMPLES

Sample |DRK72 DRK72 DRK72 |DRK72 |DRK72 DRK72 DRK72 DRK72 |DRK72 DRK72
Analysis 1 2 3 4 5 6 7 8 9 10
Location {gripti gript2 aript3 gript4 gripis gr2pti gr2pt2 grept3 gr2ptd ar2pt5
Mineral |CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX
Si02 50.86 50.35 50.40 49.74} 50.97 51.03 50.45 51.18 52.05 52.21
TiO2 1.32 1.18 0.91 1.26 0.73 0.87 1.36 1.00 0.82 0.72
Al203 6.02 5.36 5.81 5.71 5.30 5.44 5.84 4,73 _4.30 4.59
FeO 562 5.49 5.61 5.85 5.45 5.38 8.13 5.60 6.00 5.66
MnO 0.12 0.04 0.14 0.09 0.14 0.11 0.15 0.09 0.07 0.08
Mg0 14.72|  15.47 15.27 14.81 1532  15.25 14.81] 1494 1583 16.21
CaO 21.80 21.49 21.41 21.83 21.73 21.71 21.33 21.680 21.68 21.58
Na20 0.48 0.48 0.53 0.44 0.59 0.50 0.46 0.63 0.34 0.30
Cr203 0.18 0.12 0.13 0.27 0.16 0.10 0.37 0.14 0.06 0.10
K20 0.01 0.01 0.01
Total 101.13 99.99|  100.23 99.98 100.38 100.38 100.91 99.91 101.15 101.43
KIC PYROXENE DATA - PIPE SAMPLES
Sample IND5 ND5 ND5  |IND8  IND8 ND8 ND8  IND8 ND8_
Analysis 11 14 15 18 17 18 19 20 21
Location Igript1 gr3pt2  |gr3pt3 griptt  lgript2 gript3 gript4 gr4pt1  |grépt1
Mineral |CPX CPX  ICPX CPX CPX CPX CPX CPX CPX
Si02 50.62 48.10 51.91 49.76 49.70 50.08 49.97 48.63 52.72
TiO2 1.19 1.73 0.89 1.31 1.68 1.09 1.40 1.57
Alz03 4,17 5.30 3.19 8.01 7.83 7.15 7.72 7.84 ~ 0.46
FeO 12.34 11.39 12.33 5.20 4.82 4.87 5.26 5.88 11.57
MnO 0.55 0.41 047 0.07 0.14 0.12 0.12 0.05 0.51
MgO 10.76 11.84 10.21 14.44 14.37 14.58 14.21 13.40 11.27
Ca0 18.31 17.64 19.41 21.79 21.60 21,89 21.78 22.25 22.72
Na20 1.26 0.95 1.49 0.33 0.51 0.36 0.3 0.35 0.81
Cr203 0.02 0.09 0.07 0.08 0.18 0.37 0.08 0.31
K20 1.79 2.28 1.00 0.02 0.01 0.01
Total 100.99f 100.73 100.97f 100.99 100.72 100.49 100.94] 100.29 100.06




KIC PYROXENE DATA - PIPE SAMPLES

Sample [ND12 ND12 ND12 ND12 ND12 ND12 ND17 ND17 ND19 ND19 ND25 ND25 ND28 ND28 ND28
Analysis 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Location gript1 gripiz  jgriptd griptd ar2pti grapt2 griptt griptt gripti gr5pt1 gripti gript2 gripti gript4 gr2pt2
Mineral |CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX CPX
Si02 50.31 50.80 50.10 51.02 47.66 47.87 48.86 48,26 48.24 49.17 52.5t 52.32 49.49 53.01 48.02
TiO2 0.77 0.60 0.68 0.62 2.29 2.37 2.19 2.28 1.87 2.72 0.07 0.00 0.93 0.13 2.13
Aj203 7.84 7.59 7.50 6.53 6.95 7.05 6.36 8.23] 6.90 6.69 0.55 0.56 4.19 1.22 8.97
FeQ 4,70 4.38 4.73 4.35 7.35 7.73 6.96 7.36 7.86 6.67 9.58 10.05 15.72 14.58 12.45
MnO 0.02 0.01 -0 b.d 0.19 0.17 0.27 0.16 0.07 0.18 0.97 0.86 0.63 0.79 0.40
MgO 156.31 15.12 14.95 15.52 12.83 12.47 13.23 12.41 12.58 12.72 13.56 13.49 9.84 9.40 10.49
Cal 20.48 20.61 20.46 20.71 20.80 20.89 21.11 21.83 21.47 21.55 21.08 20.82 19.29 21.93 19.03
Naz20 0.56 0.48 0.58 0.44 0.89 0.77 1.47 0.73 0.72 1.48 0.38 0.40 1.24 0.76 1.39
,Cr203 0.34 0.42 0.37 0.49 0.00 0.00 0.03 0.08 0.04 0.05 0.04 0.01 0.11 0.10 0.05
K20 0.05 0.04 0.04 0.03 0.01 0.02 0.08 0.01 0.01 , 0.43 0.07 0.09
Total 100.37 99.85 99.50 99.70 98.97 99.33] 100.55 101.32 99.74. 101.26 98.72 98.62] 101.87 101.97 101.02




KIC PYROXENE DATA - PIPE SAMPLE

SAMPLE [RS15 RS18 RS15 RS15 RS15 RS515 RS15 R&15 RS15 RS15 RE156 RS15 R815
ANALYSIS 1 2 3 4 5 8 7 8 9 10 11 12 13
Sio2 49.00 50.15 50.64 49.79 49.80 48.36 45.70 48.49 44.74 48.38 44.56 46.00 48.58
TiO2 0.52 0.57 0.37 0.62 0.15 0.30 2.18 0.88 1.38 0.21 0.92 0.78 0.22
Ai203 1.69 1.98 1.24 2.02 1.71 1.73 6.15 4.45 6.62 1.70 6.25 4.88 1.75
Cr203 0.03 0.16 0.18 0.74 0.78
FeO 12.77 12.24 13.03 12.85 14.85 13.55 14.78 6.44 15.08 14.77 16.81 15.18 15.54
MnO 0.58 0.83 0.68 0.52 1.11 1.12 0.5 0.29 0.86 1.36 0.76 0.79 1.0
MgO 11.39 11.35 11.18 11.14 8.86 8.84 9.44 13.18 9.60 9.43 8.09 8.69 9.48
Ca0O 21.78 21.92 22.18 21.95 21.73 21.08 18.07 24.45 17.58 2168 16.56 19.38 21.89
Na20 0.84 1.21 1.10 0.66 1.67 1.42 2.21 0.90 2.30 1.44 4.93 2.16 1.47
K20 0.02 0.02 049 0.48 0.03 0.53 0.30
NiO
TOTAL 098.48] 100.08] 10047 99.85{ 100.00 98.42 99.97 99.24 98.80 $9.00 100.15 98.91 100.09
KIC PYROXENE DATA - PIPE SAMPLE
SAMPLE R815 RS15 RS815 RS15 RS15 RS15 RS15 RS815 R815 RS815 RS15 R815 ~ IRS15
ANALYSIS 24 25 26 27 28 29 30 31 32 33 34 35 36
Si02 4553 52.13 48.74 46.94 49.40 49.44 48.73 47 .87 42.94 49.68 49.20 49.42 45.11
Tio2 1.64 0.1 0.10 0.83 0.14 0.18 0.81 0.94 1.58 0.30 0.31 0.27 2.38
Al203 5.61 0.78 1.60 1.73 1.73 2.08 5.25 4.81 8.00 1.69(1.78+ 1.67 7.25
Cr203 0.02 0.02 0.41 0.08 0.20 0.02
FeO 16.45 8.94 14.15 21.84 15.11 13.95 4.30 9.42 18,07 13.76 14.14 13.43 10.71
MnO 1.05 .40 1.42 1.18 1.36 1.23 0.1 0.48 0.71 0.95 0.97 0.99 0.45
MgO 9.21 14.83 9.45 7.38 8.81 948 15.44 11.37 8.74 8.70 9.51 9.58 11.25
Cal 18.00 24.84 21.87 18.45 21.23 21.29 23.81 22.98 15.34 22.16 22.17 22.14 20.48
Naz20 2.25 0.61 1.51 1.54 1.80 1.72 0.38 1.27 2.69 143 1.60 142 1.78
K20 0.58 0.02 0.04 0.03 0.82 0.02 0.04 0.02 0.27
NIiO
TOTAL 100.34]  100.65 99.84 99.71 98.42 99.40 99.22 99.64 99.07 98.69 99.82 98.94 99.70




KIC PYROXENE DATA - PIPE SAMPLE

SAMPLE |RS15 RS15 RS15 R815 RS815 R315 RS&15 RS15 RS15 RS15

ANALYSIS 14 15 16 17 18 19 20 21 22 23

Sio2 48.25 51.29 47.91 48.49 49.17 49.91 49.37 49.58 45.31 50.31

Tio2 0.20 0.08 0.156 0.33 0.37 0.50 0.46 0.31 1.60 0.17

AlZO3 1.73 3.41 7.33 1.79 1.45 1.60 1.66 1.92 5.85 1.75

Cr203 0.04 0.02 0.03

FeO 14.77 12.64 10.31 14.32 14.15 13.58 12.39 15.65 16.26 13.83

MnO 1.15 0.69 0.69 1.03 0.70 0.64 0.65 1.00 0.82 1.22

MgO 9.17 8.71 6.78 9.52 10.29 11.41 10.83 8.61 8.83 9.56

Ca0. 21.75 18.68 17.94 21.80 22.36 22.06 22.32 21.55 18.02 22.02

Naz20 1.52 4.51 6.93 1.45 0.94 0.76 1.35 1.74 2.27 1.43

K20 0.02 0.03 0.05 0.02 0.02 0.02 0.51 0.08

NiO

TOTAL 98.60 100.04 98.11 98.83 99.45 100.49 99.03 100.38 98.49 100.35
KIC PYROXENE DATA - PIPE SAMPLE

SAMPLE |RS15 RS15 RS15 RS15 RS15 RS15 RS15 RS815 RS15

ANALYSIS 37 38 39 40 41 42 43 44 45

Si02 46.13 43.84 49.38 45.36 46.32 498.35 45.94 47.27 45.53

Ti02 1.85 2.35 0.45 2.29 1.60 0.89 1.71 1.10 1.47

Al2C3 6.42 7.94 2.36 6.67 518 2.73 6.58 4.66 5.18

Cr203 0.08 0.14 0.18 0.19

FeO 9.64 15.05 15.56 10.80 11.96 11.09 12.90 14.28 14,92

MnO 0.47 0.70 0.94 0.60 0.65 0.89 0.77 0.89 0.0

|MgO 11.79 10.05 9.08 10.94 10.52 11.28 9.92 9.37 9.48

Ca0 20.30 16.46 20.81 20.66 20.30 22.80 16.19 18.79 18.80

Na20 1.71 2.38 1.64 1.81 1.86 1.17 2.01 1.68 2.00

K20 0.19 0.69 0.18 0.17 0.31 0.05 0.29 0.26 0.74

NiO

TOTAL 98.51 99.51 100.41 99.40 98.70 100.25 99.45 99.78 99.21




KIC PYROXENE DATA - GRANULAR SYENITE

SAMPLE VH10 VH10 VH10 VH10 VH10 VH10 VH10 VH10 RS9 R&9 RS9 R88 RS9
ANALYSIS 1 2 3 4 8 8 7 8 1 2 3 4 5
Sio2 50.51 48.68 50.05 49.80 49.41 49.72 50.12 48.51 50.64 48.17 48.27 48.91 50.80
TiO2 0.33 0.30 0.28 0.24 0.31 0.28 0.48 0.27 0.17 0.39 0.33 0.27 0.17
Al203 1.04 1.12 0.93 0.84 1.39 1.00 1.70 1.35 0.70 1.42 1.29 1.61 0.75
Cr203
FeO 20.24 20.48 19.73 20.08 19.87 18.45 16.16 19.60 17.54 22.78 21.20 17.80 17.96
MnO 1.44 1.38 143 1.45 1.28 1.40 0.85 117 1.08 1.28 1.06 0.96 1.28
MgO 533 4.76 5.24 5.19 5.48 5.37 8.14 5.41 7.45 3.56 4.74 7.08 7.28
Ca0 19.59 18.88 20.02 18.87 19.98 19.66 21,27 2012 21.64 20.42 20.44 21.34 21.22
Na20 2.23 2.58 1.97 2.51 1.89 2.13 1.08 1.98 1.24 1.69 1.66 1.19 1.356
K20
NiC
TOTAL 100.71 96.18 90.66 98.99 99.62 89.01 98.78 99.41 10047 100.71 98.891 100.27| 100.80

KIC PYROXENE DATA - GREY SYENITE AND GRANULAR SYENITE
SAMPLE IRS14 RS14 R814 RS14 RS14 RS14 RS14 R87 RS7 RS7 RS&7 RS7 RS7 RS7
ANALYSIS 1 2 3 4 5 g 7 1 2 3 4 & B 7
Si02 52.23 50.89 51.18 50.69 50.85 51.08 50.35 50.54 498.52 49.98 48.79 4960 48.50 49.32
Tioz2 0.11 0.38 0.18 0.37 0.15 017 0.15 0.08 047 0.16 0.13 0.24 0.24 0.28
Al203 0.38 1.54 0.72 1.38 0.81 0.93 097 1.35 1.46 1.52 1.04 062 1.11 1.03
Cr203
FeO 11.69 13.78 14.69 14.97 13.93 14.44 13.69 20.23 17.66 18.70 23.36 24.52 24 46 25.59
MnO 0.79 0.70 0.86 0.78 0.77 0.84 0.75 1.38 1.01 1.14 1.41 148 1.49 1.37
MgO 1.86 9.87 9.70 9.08 .85 9.20 9.98 5.13 7.41 6.42 3.26 2.06 2.12 1.78
Ca0 22.98 22.61 22.70 2245 22.49 22.84 22.88 19.28 21.20 21.00 17.24 18.20 16.23 15.31
Na20 0.63 0.84 0.73 0.91 0.81 0.84 0.80 2.61 0.86 1.28 3.70 4.18 4.28 4.78
K20
NiO
TOTAL 80.68; 100.61 100.76]  100.64 99.66, 100.35 96.58| 100.58 98.38; 100.20 99.93 89.19 99.43 99.46




KIC PYROXENE DATA - PORPHYRITIC MELASYENITE

SAMPLE |GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7 GE7

ANALYSIS 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Si02 49.26 49.27 49.79 4997 49,67 50.10 49.66 49.87 49.99 50.24 49.36 49.85 50.63 49.38

Ti02 0.21 0.22 0.37 0.21 0.29 0.21 0.27 0.31 0.17 0.17 0.45 0.23 0.19 0.18

Al203 1.13 1.42 0.97 1.04 1.04 1.19 1.11 1.03 0.93 1.06 3.13 1.06 0.97 1.03

Cr203

FeO 21.85 21.61 23.07 20.77 21.91 21.91 22.11 22.00 20.27 20.70 21.81 21.12 19.92 21.19

MnO 1.51 1.46 1.19 1.29 1.40 1.38 1.43 1.40 1.40 1.46 1.22 1.37 1.23 1.44

MgO 3.73 3.87 2.92 5.02 3.35 3.09 3.33 3.52 5.27 5.01 2.69 4.40 5.37 4.47

Ca0 18.09 17.62 13.65 19.94 17.00 17.16 16.59 16.68 20.10 20.01 14.37 18.19 20.37 19.54

Na20 3.17 3.37 5.60 1.85 3.54 3.66 3.59 3.75 1.72 1.80 5.49 2.29 1.71 2.00

K20 0.40 0.30

NiO

TOTAL 98.97 08.86 97.61 100.11 98.22 98.72 98.11 98.58 99.87 100.47 98.83 98.53 100.41 99.25
KIC PYROXENE DATA - FOYAITE

SAMPLE |VH1 VH1 VH1 VH1 VH1 VH1 VH1 VH1 VH1 VH1 VH1 VH1

ANALYSIS 1 2 3 4 5 6 7 8 9 10 11 12

Si02 50.44 49.51 50.22 49.38 49.88 49.70 50.15 49.42 49.96 49.25 49.75 49,96

TiO2 0.16 0.13 0.13 0.17 0.14 0.15 0.16 0.20 0.23 0.18 0.11 0.17

Al203 1.23 117 117 1.20 1.01 1.06 1.04 1.03 1.08 1.03 0.99 1.03

Cr203

FeOD 21.42 22.28 23.16 23.63 24.26 21.13 22.31 23.75 23.24 22.24 21.78 21.40

MnO 1.65 1.73 1.66 1.60 1.63 1.75 1.69 1.38 1.56 1.72 1.62 1.57

MgO 4.04 3.24 2.92 2.70 2.31 4.11 3.44 2.66 272 3.26 3.46 3.93

Ca0 15.36 15.43 14.21 13.84 14.56 16.25 14.74 13.42 14.69 16.17 15.14 15.06

Na20 4.70 447 5.32 5.27 5.03 413 5.15 5.88 5.00 412 4.72 4,83

K20

NiQ

TOTAL 99.00 97.96 98.79 97.79 98.82 98.28 98.68 97.74 98.48 97.97 97.58 97.95




KIC PYROXENE DATA - GABBRO XENOLITH

SAMPLE 1DRK72 DRK72 DRK72 [DRK72 IDRK7Z [DRK72 DRK72 DRK72 |DRK72 IDRK72 [DRK72 |DRK72 |DRK72 |DRK72
ANALYSIS 1 2 3 4 5 8 7 8 9 10 11 12 13 14
Si02 4522 46.80 46.90 47.44 47.03 47.41 47.47 47.85 49.88 49.74 47.61 47.20 46.48 44.34
Tio2 3.05 317 2.80 2.79 2.58 2.07 1.85 1.58 1.15 1.02 1.62 1.76 1.80 3.50
Al203 7.44 7.37 7.08 6.88 6.58 5.87 587 5.23 5.03 4.64 5.31 5.30 5.41 7.89
Cr203 0.02 0.03 0.03 0.03 0.08 0.09 0.03 0.03 0.04
FeO 8.02 6.77 6.28 6.79 6.51 6.32 5.69 578 552 5.48 593 6.18 6.24 8.32
MnO 0.12 0.10 0.10 0.15 0.14 0.14 0.14 0.12 0.10 0.13 0.10 0.19 0.15 0.14
MgO 12.93 12.78 13.16 13.34 13.54 14.11 14.20 14.60 15.11 15.24 14.60 14.52 14.16 12.60
Cal 20.02 21.87 21.98 21.91 22,07 21.91 21.76 21.80 22.20 22.08 21.86 21.89 21.96 22.27
Naz2Q 0.98 0.77 0.89 0.67 0.68 0.56 0.53 048 0.46 0.40 0.48 0.48 0.60 0.81
KzQ 0.02
NiQ 0.07 0.20 0.02 0.03 0.04 0.06
TOTAL 95.83 89.71 99.32] 100.00 99.19 98.43 97.83 97.42 99.58 98.81 87.45 87.56 96.95 97.92
KIC PYROXENE DATA - GABBRO XENOLITH
SAMPLE DRK72 DRK72 |DRK72 [DRK72 |DRK72 |DRK72 IDRK72 DRK72 (DRK72 IDRK72 DRK72 |DRK72 |IDRK72 (DRK72
ANALYSIS 15 16 17 18 20 21 22 23 24 25 26 27 28 29
802 43.58 43.51 4412 49.54 42.04 45.44 46.29 47.21 47.24 45.27 44.92 49.33 46.56 46.45
TiOG2 3.99 3.91 3.21 1,95 4.29 3.23 3.29 2,78 277 3.21 3.39 1.71 3.16 3.19
AIRO3 8.64 8.65 8.7 5.70 13.06 8.11 7.75 8.05 6.41 8.14 7.83 4.30 7.15 7.19
Cr203 0.03 0.08 0.02 0.04 0.04 0.02 0.03 0.05 0.03 0.03
FeQ 6.41 6.51 6.31 599 9.94 6.66 8.57 8.82 6.64 6.56 6.51 6.55 6.06 6.31
MnO 0.1 0.1 0.18 0.13 0.12 0.20 0.07 0.16 0.17 0.14 0.1 0.14 0.14 0.18
MgO 1215 11.79 12.96 12.77 12.17 12.71 12.43 13.58 13.51 13.30 12.40 12.86 12.68 12.79
Ca0 2213 22.27 21.28 22.64 13.76 21.28 22.01 21.87 21.86 21.08 22.30 23.77 22.27 21.94
Naz0 0.95 1.18 1.37 1.12 3.07 1.08 082 0.72 0.68 085 0.84 0.61 1.20 1.17
K20 0.04 0.03 040 0.08 0.04 6.03 0.02 0.03
NiQ 0.03 0.02 0.03 0.02
TOTAL 98.01 97.88 98.24 99.89 98.91 £8.82 99.40 89.20 99.29 08.64 98.39 99.31 99.25 99.23




KIC PYROXENE DATA - GABBRO XENOLITH

DRK72

SAMPLE [DRK72 DRK72 [IDRK72 DRK72 IDRK72 |DRK72 DRK72 |DRK72 |DRK72 |DRK72 DRK72 |DRK72 DRK72

ANALYSIS 30 31 32 33 34 35 36 37 38 39 40 41 42 43

Si02 47.37 47.43 48.18 49.81 49.95 49.93 48.59 47.08 45.55 48.37 50.44 49.78 50.79 48.92

TiO2 2.58 2.16 1.85 0.7 0.78 0.85 0.88 1.64 3.39 1.05 0.90 1.22 0.83 1.02

Al203 6.39 5.85 5.58 4.65 4.60 4.61 4.75 5.83 7.95 7.03 4.96 5.37 4.56 4.92

Cr203 0.02 0.02 0.04 0.17 0.12 0.03 0.14 0.08 0.02 0.12 0.15 0.08 0.11 0.12

FeO 6.25 6.13 6.04 5.68 5.67 6.07 5.74 5.57 6.33 5.62 5.34 572 5.34 5.65

MnO 0.13 0.15 0.12 0.15 0.08 0.17 0.17 0.11 0.15 0.14 0.15 0.18 0.11 0.18

|MgO 13.37 13.68 14.00 15.17 15.17 15.11 14.83 14.21 12.32 16.11 15.22 14.82 15.30 15.10

Cal 21.89 21.98 21.97 22.15 22.15 21.93 22.21 21.06 22.21 19.63 2216 22.11 22.12 21.90

Na20 1.03 0.82 0.81 0.40 040 0.43 0.56 0.86 1.13 1.77 0.39 0.44 043 0.43

K20 0.10 0.02

NiO 0.02 0.10 0.02 0.06 0.02 0.05

TOTAL 99.06 98.23 98.60 99.08 98.92 99.14 98.99 96.47 99.05 98.85 98.77 99.68 99.61 98.29
KIC PYROXENE DATA - GABBRO XENOLITH

SAMPLE IDRK72 |DRK72 (DRK72 |DRK72 |DRK72 [IDRK72 |DRK72 IDRK72 |DRK72 |DRK72 DRK72 |DRK72

ANALYSIS 44 45 46 47 48 49 50 51 52 53 54 55

Si02 44.91 45.65 47.29 46.76 47.75 48.10 48.43 49.08 49.39 48.94 49.43 49.70

Ti02 1.06 1.22 1.0 1.13 0.87 0.94 0.97 0.85 0.85 1.50 1.34 1.10

Al203 5.16 5.49 5.10 6.04 4.72 4.97 4.91 4.79 4.87 549 5.50 5.54

Cr203 0.21 0.21 0.18 0.11 .13 0.16 0.12 047 0.12 0.11 0.22 0.20

FeO 5.90 5.76 5.74 5.79 5.63 5.70 5.80 5.45 5.63 5.76 5.71 5.54

MnO 0.13 0.08 0.12 0.13 0.15 0.13 0.11 0.17 0.12 0.15 -0.14 0.08

MgO 14.54 14.43 14.83 14.10 15.20 14.86 14.86 15.04 15.05 14.34 14.54 14.57

CaO 21.70 21.99 22.17 21.70 22.06 22.27 21.92 22.14 22.28 22.44 22.25 22.28

Na20 0.46 0.46 0.42 0.59 0.37 0.40 0.43 0.43 0.36 0.78 0.44 0.36

K20 0.02

NiO 0.05 0.07 0.06 0.05 0.02 0.03 0.04 0.02

TOTAL 94.13 95.37 96.94 96.41 96.90 97.58 97.57 98.14 98.71 99.50 99.60 99.37




KIC AMPHIBOLE DATA - PIPE SAMPLES

ND17

Sample [NDS§ ND5 ND5 ND8 ND8 ND17 ND17 ND17 ND17 ND17

Analysis 1 2 3 4 ) 6 7 8 9 10 11
Si02 41.93 41.73 41.88 40.95 42.17 40.67 40.63 40.60 41.83 41.72 40.56
TiO2 4.54 3.99 3.77 3.88 4.07 3.47 3.42 3.18 3.87 2.50 3.19
Al203 11.22 11.18 11.45 10.71 11.36 11.19 11.10 11.17 11.11 11.33 10.62
Fed 18.72 19.34 19.24 22.61 17.98 21.71 20.77 21.79 20.38 18.32 23.19
MnO 0.54 0.58 0.85 0.68 0.56 0.75 0.67 0.71 0.71 0.55 0.90
MgO 8.39 822 7.71 7.65 8.39 8.70 7.12 6.74 7.43 9.14 8.20
Ca0 10.70 10.73 10.39 10.02 10.78 10.44 10.51 10.82 10.68 10.67 10.35
Naz20 3.21 3.43 3.48 3.12 3.21 3.19 3.35 3.18 3.14 327 3.15
Cr203 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01
K20 1.30 1.31 1.37 1.40 1.27 1.44 1.38 1.48 1.45 1.42 1.58
Total 100.55] 100.53 99.93] 101.01 89.77 99.57 98.98 99.36/ 100.41 98.91 99.74

KIC AMPHIBOLE DATA - PIPE SAMPLES

Sample [ND19 ND19 ND19 ND19 ND19 ND19 ND19 ND19 ND19 ND28

Analysis 12 13 14 15 18 17 18 19 20 21
Si02 41.67 41.27 41.28 41.34 40.88 41.54 41.70 41.18 41.32 40.58
TiO2 3.83 3.92 3.60 2.93 2.74 445 4.38 2.78 2.18 1.64
Al203 11.42 11.61 11.45 11.36 11.17 11.09 11.18 11.08 11.66 11.62
FeO 19.37 18.20 19.88 20.77 20.64 18.91 19.75 23.23 21.08 19.26
MnO 0.68 0.77 0.81 0.79 0.89 0.50 0.67 0.67 0.80 0.36
MgO 8.51 8.30 7.95 7.55 7.63 8.58 8.05 5.89 7.40 8.99
Cal 10.69 10.68 10.69 10.63 10.71 10.66 10.87 10.24 10.58 13.25
Na20 3.41 3.33 3.17 3.17 3.32 3.28 3.47 3.24 3.16 3.08
Cr203 0.05 0.00 0.02 0.01 0.02 0.20
K20 1.41 1.37 1.49 1.54 1.51 1.43 1.37 1.58 1.66 0.62
Total 101.03] 10047 100.31 100.08 99.48] 100.40 101.14 99.87 98.82 99.56




KIC AMPHIBOLE DATA - GRANULAR SYENITE AND PORPHYRITIC MELASYENITE

SAMPLE VH1O VHI0 VH10 VH10 VH10 VH10 GE7 GE7 GE7 GE7 GE7? GE7 GE7
ANALYSIS 17 i8 18 20 21 22 8 9 10 11 12 13 14
Sioz 38.57 38.90 38.26 38.31 38.10 39.07 39.79 39.79 38.80 38.86 39.48 38.97 38.03
TioZ 3.31 3.38 3.38 2.40 2.29 2.1 1.94 1.93 2.15 481 2.75 2.51 2.63
Al203 11.10 10.70 10.81 10.91 1046 9.98 10.04 9.78 9.81 11.02 1043 10.03 9.59
Cr203

Fel 24.72 23.88 25,66 26.65 26.52 26.68 26.07 26.44 27.83 19.36 23.52 26.15 27.11
Mno 1.00 0.80 1.08 1.13 1.10 1.12 114 1.08 1.31 0.97 1.10 1.18 1.21
MgO 5.08 5.50 4.43 4.02 4.51 4.51 478 4.67 3.97 8.26 6.39 441 4.08
Ca0 10.35 10.53 10.23 9.99 9.77 9.74 10.03 9.34 9.50 9.69 10.01 9.94 89.62
Na20 3.04 3.01 3.08 3.32 3.25 3.38 3.36 3.49 3.58 3.83 3.56 344 3.68
K20 1.45 1.40 1.54 1.63 1.56 1.60 1.28 1.52 1.37 1,18 1.26 1.28 1.32
TOTAL 98.59 98.10 98.46 98.36 98.56 98.18 98.44 98.03 98.13 97.80 98.51 97.92 §7.26

KIC AMPHIBOLE DATA - QUARTZ SYENITE AND GRANULAR SYERITE

SAMPLE IGE1 GE1 GE1 GE1 GE1 GE1 GE1 GE1 GE1 GE1 RS9 RS9 RE9
ANALYSIS 1 2 3 4 5 6 7 8 9 10 6 7 8
Sio2 42.57 42.48 42.51 4244 42.50 42.54 42.84 4342 43.31 43.07 38.68 40.18 38.59
Tio2 1.92 2.02 1.89 2.00 2.11 1.89 1.98 1.50 1.78 211 2.26 2.60 1.44
Al203 7.18 7.73 717 747 7.59 7.21 7.31 6.98 7.32 7.58 11.16 10.66 11.68
Cr203

FeQ 25.94 26.29 26.70 26.28 25.00 27 69 27.14 27.04 26.00 25.14 2645 22.51 26.51
MnO 0.75 0.72 0.87 0.76 0.82 0.82 0.78 0.94 0.87 0.73 0.85 0.88 0.80
MgO 6.32 8.80 5.89 6.20 6.03 5.30 5.65 5.88 8.51 519 4.08 6.93 4.39
Ca0 9.90 10.18 10.03 10.14 10.24 9.96 9.99 9.90 10.11 10.20 10.61 10.88 10.38
Na20 2.31 2.33 2.30 2.33 2.35 2.11 2.29 2.15 2.28 2.32 3.02 3.07 2.96
K20 0.98 0.95 0.89 0.96 1.02 0.95 0.09 0.88 0.93 1.02 1.52 143 1.70
TOTAL 97.88 88.21 98.26 98.59 97.67 98.48 98.10 98.68 99.10 98.37 98.70 9212 98.46




KiC AMPHIBOLE DATA - GRANULAR SYENITE, FOYAITE AND GREY SYENITE

SAMPLE IRS7 RS7 RS87 RS7 R&7 VH1 VH1 VH1 VH1 VH1 RS814 RS14 R314 RS14 RB14
ANALYSIS 8 9 10 11 12 18 20 21 22 23 8 9 10 11 12
Si02 39.26 3911 40.35 36.81 38.68 42,58 42.27 4207 42.20 41.78 40.01 38.16 30.18 38.53 38.89
Tio2 1.28 1.40 1.31 1.11 0.98 0.84 0.93 0.84 0.88 0.87 2.95 2.82 247 240 2.26
Al203 10.59 10.37 7.75 16.70 10.54 7.08 7.23 7.52 7.64 7.68 10.80 11.08 11.33 11.51 11.38
Cr2Q3
FeQ 27 49 26.95 30.99 2843 28.23 26.74 27.04 27.07 27.75 2701 22.45 23.03 23.10 2317 23.00
MnO 1.18 1.08 1.56 1.28 1.21 1.96 1.86 2.02 1.90 2.02 0.62 0.83 0.89 0.71 0.77
MgQO 4.08 4.31 2.50 3.54 3.86 4581 4.46 4.47 4.05 432 6.85 §.27 6.10 6.30 6.37
Cal 9.83 0.68 7.88 9.65 9.63 783 7.35 7.84 7.04 7.83 11.26 11.17 10.97 11.22
Na20Q 3.32 3.27 4.25 3.28 3.41 465 4.74 4.48 4.97 4.46 2.68 2.67 2.69 2.67 275
K20 1.64 1.58 1.687 1.48 1.61 1.568 1.59 1.54 1.59 1.80 1.33 1.53 1.54 1.57 1,58
TOTAL 98.45 97.98 98.27 98.29 88.15 97.63 97.47 97.86 98.02 97.22 98.95 98.54 87.30 98.85 98.22

KiC AMPHIBOLE DATA - MONZONITE AND MICROSYENITE
SAMPLE 1GE13 GE13 GE13 GE13 GE13 CGE13 GE13 GE13 VHE VHS VHE VHS VHS VHS VH5 VHS VHS VH5
ANALYSIS 10 11 12 13 14 15 16 17 8 9 10 11 12 13 14 15 18 17
Sio2 38.08 39.43 38.01 40.79 39.38 3848 38.73 39.66 38.14 39.54 39.05 38.47 39.61 38.27 3746 38.88 39.44 39.22
Tio2 3.54 3.87 3.79 4.00 3.79 3.41 4.01 4.08 8.10 3.65 3.26 2.23 3.93 2.88 4.92 1.88 3.53 3.52
Al203 12.256 11.62 12.57 11.085 11.37 11.88 12.00 11.43 11.26 10.34 10.10 9.07 10.48 $.80 10.80 9.72 10.12 10.15
Cr203 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
FeQ 24.78 21.01 22.73 16.93 22.44 2392 2277 20.08 16.73 25.78 2625 27,81 24.36 26.33 23.37 27.84 25.06 25.58
MnO 0.83 0.86 0.62 0.42 0.70 007 0.85 0.62 2.43 Q.79 0.88 0.86 0.82 0.88 0.77 0.95 0.80 0.81
MgO 4.31 6.82 5.63 9.78 6.04 4.99 5.80 7.53 10.27 4.48 4.00 3.88 5.00 3.85 5.51 3.59 4.54 417
Cal 10.86 11.10 10.82 11.16 11.04 10.86 11.41 11.47 10.98 10.79 10.81 10.15 10.80 10.49 10.50 10.74 10.72 10.55
Na20 2.51 2.77 2.52 3.08 2.78 2.57 2.66 2.83 3.08 2.86 2.67 248 2.92 2.74 2.78 2.36 2.68 2.76
K20 1.69 1.41 1.66 1.08 1.38 1.58 1.69 1.54 1.02 1.47 1.52 1,28 1.20 1.44 1.07 1.68 1.38 1.48
TOTAL 98.87 98.50 98.36 08.22 98.91 97.71 99.83 99.26 99.02 99.71 98.31 96.93 99.13 97.78 97.15 97.61 98.28 98.24




KIC FELDSPAR DATA - PIPE SAMPLES

Sample  IND8 ND8 ND8 ND8 ND8 ND8§ ND8 ND8 ND8 ND8 ND8

Analysis 1 2 3 4 5 6 7 8 9 10 11
Sio2 50.28 50.95 66.39 67.31 65.16 67.40 60.64 54.80 65.92 50.05 84.45
TiQ2 0.04 0.17 0.15 0.03 0.01 0.20
Al203 31.44 3144 20.90 21.40 20.20 21.11 24.87 28.58 21.68 3177 18.74
FeQ 0.06 0.14 0.11 0.06 0.00 0.09 0.08 0.10 0.14 0.11 0.06
Ca0 12.43 12.36 1.02 1.26 0.56 0.95 4.89 9.06 1.74 12.88 0.28
Na20 4.09 4.29 10.13 10.40 5.78 10.12 8.18 8.02 9.62 3.79 5.56
K20 0.09 0.10 1.563 0.55 8.09 1.38 0.32 0.11 0.74 0.05 8.61
Total 98.43 §9.45 100.24 100.89 99.78 101.05 99.01 98.79 96.84 98.84 98.689

KIC FELDSPAR DATA - PIPE SAMPLES

Sample  IND19 ND19 ND19 ND19 ND18 ND18 ND19 ND18 ND19 ND18 ND18

Analysis 12 13 14 15 16 17 18 19 20 21 22
Si02 66.41 66.09 65.89 64.71 66.83 65.45 60.11 £7.85 44.86 66.34 65.16
Tio2 0.03 0.01 0.01 0.14 0.08 0.01 0.02 0.04 0.06
Al203 21.84 22.71 22.68 19.52 21.80 2047 25.25 21.26 34.63 21.18 22.71
FeO 0.18 0.03 0.16 0.00 0.15 0.14 0.02 0.08 0.14 0.09 0.07
Cal 1.69 2.30 2.51 0.05 1.76 0.69 5.50 1.08 0.95 0.98 2.45
Na20 10.37 10.18 9.74 1.77 10.29 7.90 8.15 10.84 15.88 9.02 9.97
K20 0.31 0.31 0.40 14.42 0.57 5.50 0.16 0.35 5.28 3.12 0.24
Total 100.80 101.60 101.37 100.46 101.53 100.20 99.20 101.48 101.78 100.79 100.61




KIC FELDSPAR DATA - PIPE SAMPLES

Sample IND17 ND17 ND17 ND17 NDA7 ND17 ND17 ND17 ND17 ND17 ND17 ND17
Analysis 23 24 25 26 27 28 29 30 31 32 33 34
Si02 65.78 65.57 64.03 65.84 66.36 65.96 66.88 84.16 85.41 63.95 65.84 63.93
TiO2 __0.07 0.04 0.06 0.01 0.02 0.04
ARRO3 21.98 22.12 21.95 22.74 21.81 22.20 21.95 19.92 22.31 18.51 21.91 19.79
FeO 0.12 0.09 0.04 0.11 0.15 0.12 0.18 0.08 0.10 0.21 0.08 0.12
Ca0l 2.05 2.09 2.25 2.34 1.58 2.01 1.67 0.36 1.97 0.10 1.80 0.32
Na20 9.84 10.08 10.18 10.18 16.70 10.30 9.91 3.62 8.86 1.78 10.43 2.92
K20 0.31 0.19 0.13 0.14 0.15 0.20 0.51 11.48 0.26 14.28 0.17 12.58
Total 100.15 100.13 98.55 101.37 100.81 100.80 101.09 89.63 100.04 99.82 100.24 89.70
KIC FELDSPAR DATA - PIPE SAMPLES
Sample |ND12 ND12 ND12 ND12 ND12 ND12
Analysis 42 43 44 45 46 47
Si02 64.02 64.99 64.56 64.86 64.60 62.93
Tio2 0.01 0.01 0.04 0.02
Ai203 20.27 2273 22.85 22.75 22.67 22.83
FeQ 0.05 0.03 0.09 0.14 0.06 0.08
Ca0 0.35 1.84 2.24 2.20 2.12 2.29
Na20 4.03 10.58 10.37 10.44 10.05 10.37
K20 10.57 0.41 0.43 0.42 0.53 0.16
Total 99.29 100.69 100.63 100.83 100.08 98.66




KIC FELDSPAR DATA - PIPE SAMPLES

Sample |DRK72 |DRK72 IDRK72 [DRK72 iDRK72 |DRK72 [DRK72
Analysis 35 36 37 38 39 40 41
5i02 48.18 47.80 48.62 50.37 48,31 42.30 48.69
Tio2 0.07 0.07 0.06 0.01 0.08 0.01
A203 33.43 38.11 34.07 33.13 33.77 36.48 32.88
FeO 0.06 0.00 0.06 0.06 0.07 0.17 0.06
Ca0 14.74 156.79 14.60 13.50 14.44 3.63 14.71
Na20 2.94 2.31 2.84 382 3.07 14.54 2.91
K20 0.01 0.03 0.02 0.01 4.38 0.02
Total 99.43 101.19 100.27]  100.72] 100751 101.48 89.28
KIC FELDSPAR DATA - PIPE SAMPLES
Sample ND28 ND28 ND28 ND28  [IND28 ND28 ND28 ND25 ND25 ND25 ND285 ND2§
Analysis 58 59 80 61 62 63 84 65 66 87 68 89
Si02 59.82 84.14 85.72 63.52 £4.88 66.23 65.00 66.37 66.28 66.39 64.87 59.80
Ti02 0.01 0.00 0.00 0.08 0.04 0.01 0.00 0.00 0.04 0.06 0.04
AlRO3 26.18 23.80 2248 21.34 22.14 21.89 21.681 21.18 20.76 21.40 20.25 18.33
FeD 0.12 0.13 0.08 0.08 0.12 0.11 0.09 0.11 0.12 0.12 0.07 469
Ca0 4.91 3.08 2.26 1.59 1.86 1.43 1.83 0.89 0.78 0.93 0.30 0.38
Na20 9.85 9.84 10.37 7.88 8.87 9.17 8.23 8.21 6.39 9.10 2.18 2.48
K20 0.49 0.46 0.23 430 3.16 3.12 2.53 4.64 7.48 3.04 13.59 12.70
Total 101.35] 101441 101.15 98.771 101.08 101.86] 100.301 10140 100.78] 101.04 101.12 99.38




KIC FELDSPAR DATA - PIPE SAMPLES

Sample  |ND35 ND35 ND35 ND38& ND35 ND35 ND30 ND30 ND30 ND30 ND30
Analysis 70 71 72 73 74 75 78 77 78 79 80
5i02 61.81 65.09 64.27 84.22 64.30 83.77 64.04 83.98 §3.48 63.30 83.18
Tio2 0.04 0.08 0.08 0.08 0.02 0.12 0.08 0.01 0.10
Al203 23.93 22.45 22.44 23.10 22.94 22.84 22.43 22.73 22.64 22.09 22.11
FeO 0.04 0.23 0.05 0.15 0.16 0.10 0.04 0.24 0.09 0.15 0.07
Cal 3.78 2.31 2.18 3.07 2.79 3.07 2.48 2.41 2.52 2.16 1.97
Na20 8.02 9.80 9.94 9.89 9.94 9.67 9.40 9.03 9.78 7.67 7.87
K20 1.48 0.30 2.08 0.31 0.38 0.54 0.60 1.80 0.29 3.27 3.54
Total 98.91 100.34]  101.02] 100.53] 10059 100.02 89.08]  100.34 98.81 98.63 98.83
KIC FELDSPAR DATA - PIPE SAMPLES
Sample |ND5 ND5 NDS ND5 ND5S NDS5 ND5 NDS NDS ND&
Analysis 48 49 50 51 52 53 54 55 56 57
§i02 66.25 66.27 84.52 £4.89 85.30 66.29 85.48 67.58 67.43 £6.56
Ti02 0.02 0.10 0.04 0.08 0.08
Al203 21.80 21.88 20.30 21.71 21.75 22.13 2178 21.17 21.37 21.37
FeQ 0.07 0.10 0.08 0.05 0.06 0.07 0.12 0.08 0.09 0.07
Ca0l 1.25 1.28 0.54 1.38 1.44 1.83 1.34 0.59 0.75 0.88
Na20 10.54 10.74 508 10.34 10.20 10.36 10.40 11.28 11.26 10.94
K20 0.33 0.22 8.81 0.25 0.47 0.48 0.82 0.18 0.23 0.25
Total 100.34 100.51 $9.30 98.53 99.26 99.93 99.83]  100.84 101.17 100.05




WHOLE ROCK
GEOCHEMISTRY



Kanabeam Igneous Complex Whole Rock Analysis Data {(XRF and {CP-M8)

£ sample |DRK-72 |GE-1 GE-10 GE-11 GE-11B _|GE-12 GE-13 GE-14 GE-16 GE-17 _1GE-2 GE-3 GE-4 GE-§ GE-§ GE-T GE-8 GE-9
i02 65870] 69.776] 69.253] 49477] 68112 654702 61686 67.562 56.60] 66.445] 63.6661 54.714] 68.984| 68323] B61.907] 57.278] 77.028
102 0.821 0.392 0482 2.138 0.532 1.128 0.37 0.39 0.087 (.426 2,166 1.184 0.143 0.141 0.824 0.574 0.087
Al203 15.881 14,61 14737 16054 15031 20927 18.304]  15.841 204671  16.267] 166271 214791 20.348] 21.202] 18484] 18.853] 12478
Fe203 4 548 3.733 3.883] 13.168 4078 5.541 3.738 3.441 5.298 3.522 10.724 5.081 5.867 423 12.12 6.22 1.131
MnQ 0.118 0.068 0.073 0.259 0.058 0.148 0.108 0.068 0.228 0.084 0.22 0.116 0.14 0.18 0.514 0:19 0.001
MgO 0.778 0.45 0.587 5.415 0.679 1.608 0.44 0.387 0.131 0.432 3.328 1.487 0.167 0.393 1411 1.496 0.001
Ca0 1.852 1.373 1.468 6.378 1.691 5.503 1.768 1.28 0.508 1.411 5.035 6.677 1.992 1.162 4.449 3.14 0.268
Na20 5,225 4.441 4.475 3.158 4418 6.96 8.118 5327/ 10.728 5.477 4.848 7.008 68,416 8.178 7.63 7.183 4.123
K20 5,075 5.018 4.879 2.991 3.133 6.326 5.595 5.413 5,808 3.114 2.8 5.888 6.05 4.32 4.788 5003
208 0.227 0.14 0.183 0.965 0.204 0.451 0.112 0.109 0.039 0.133 1.277 0.454 0.085 0.073 0.562 0.282 0.018
Total 100.001] 100,001 100} 100.001 94.799] 99.999! 99999 100]  99.9991 100.002] ©9.989 100 100f  99.999) 100.001} 100.002] 100.136
8a 483 640 741 881 548 8652 1210 714 826 337 872 1078 1001 135 81.7 328 990 158
Rb 17.8 108 240 234 404 181 106 168 253 161 238 267 41.1 174 187 173 120 264
§r 693 163 188 237 524 181 1330 294 146 30.2 161 861 1031 385 66.4 201 444 30.8
Y 7.99 19.1 56.9 53.3 587 20 30.6 36 90.1 37.2 77.8 60.7 13.6 52.8 273 714 43.7 348
Zr 527 349 380 289 494 430 487 672 1400 601 460 363 895 819 1118 600 976
b 3.59 132 124 118 o 71.2 187 151 247 270 214 133 118 277 225 424 254 144
Th 0.3 18.7 704 61.9 16.9 204 18.5 277 68.6 62 56.4 28,3 114 615 33.3 45.6 2582 46
Pb 4.08 19.7 33.9 20.8 211 146 40.5 40.3 39 37.8 33.1 16.8 308 53.8 78.5 183 28.1 19.8
in 67.080) 64589 530622] 19244681 524731 90.711 65.976 50.27] 95872 554931 187.6841 71.712 93,3221 89262 1986.53] 108.286 8.707
Cu 8.23 572 1.647 1.718 3,375 574  11.738 2381 5824 3.687 2431 8601 14.4 79.726 7466 42,6331 10378 2436
Ni 124 14 208 2811 42,335 2,01 4.6685 0.001 1.686 088 0.001 3.371 7.32 0.001 0.001 8138 22888 1.888
v 58.3 18.27 17.85 18.91 5.12 1.47 43.35
Cr 101 1.28 345 207 1.56 0.78 8.68
Hf 0.83 9.36 892 8.98 0.54 12.32 8.18
Cs 0.9 117 1.33 1.24 1.78 278 248
Se 33.2 272 52 5.8 21.2 3.28 6.6 5.5 6.3 1.47 5.2 16.3 534 1.3 1 §.1 48 0.7
Ta 0.27 9.58 802 4.53 8.54 23.4 6.58
Co 49.2 3.98 3.83 3.83 2.33 1.18 7.23
Li
U 0.081 4.53 18 9.5 -11.8 298 -10 -8 20.1 25.4 ) -11.2 4.8 8.8 116 14.3 -9.8 288
KMo 5.1 47 3.8 10.2 7.4 83 6.9 83 154 78 8.7 10 168 83 10.3 8.7 -2.2
ia 4.44 78.42 50.88 50,45 82.34 170.38 73.56
Ce 10.4 162.81 12582 104.36 137.58 286,83 140,56
Pr 1.38 17.58 1088 1188 16.81 2847 15.54
Nd 6.23 §2.05 312 36.44 50.82 73.08 48,37
Sm 1.48 8.06 458 5.88 7.62 8.7¢ 7
Eu 0.68 1.4 0.71 1.04 2.22 0.6 243
Gd 1.62 6.97 3.48 4.38 8.71 7.2 5.18
ib 0.25 1.08 065 0.78 1.01 143 0.84
Dy 1.5 5.89 3.6 4 5.21 8.06 4.27
He 0.29 1.38 0.88 0.88 1.18 1.81 0.83
Er 0.79 3.74 2.52 243 3.1 556 245
im 0.11 0.65 0.48 0.41 0.52 0.99 0.39
b 0.66 4.08 305 2.58 3.18 8.44 2.38
Lu 0.1 Q0.7 055 045 0.54 1.16 0.4




Kanabeam Igneous Complex Whole Rock Analysis Data (XRF and ICP-MS)

Sample |RS-1 RS-10 RS-11 RS-12  1RS-13 RS-14 RS-18 RS-2 RS-28  1RS-3 RS-4 RS-5 RS-§ RS-7 RS-8 RS-§

SI0 669221 708511 609391 620421 58747 5680831 654478f 67.388] 58.078] 59979 86186 60.83] 60802 568.267] 57.250] 61.953
Ti0: 0.832 0.359 0782 0.468 0.866 0.8 0.747 0.408 1.283 0.697 0.493 0.331 0.154 0.188 0.813 0.334
Al203 16.0881 14138 180221 17908 18332 18522] 18.803 15.78] 15.261 19.028] 18.813 18.835] 20172] 214621 19.428] 19.083
Fe203 4319 3812 8.308 5378 8.958 7.037 §.727 3.59 7.786 7.101 4.448 3822 4.511 4.185 §.698 3.577
MnQ 0.1 0.056 0,164 0.135 0.162 0.177 0.193 0.075 0.173 0.103 0.081 0.107 0.129 0,181 0.182 0.108
MgO 0.789 0.447 0.769 0.156 0.899 2187 2328 0.426 1.848 0.908 0.503 0.392 0.127 0.298 1.3358 04
Ca0 1.885 1.236 2.252 C.7¢ 2.661 4.181 3.96 1.382 3.618 2.766 1.682 1.628 0.745 1.121 2993 1.847
Na20 §.218 4.28 6.234 6.324 6.312 5.274 8.079 5214 4.671 5.672 §.231 8.197 8.262 8.38 7.767 8.87
K20 4.788 4.964 4315 586 3.697 4.397 4312 5636 5,508 3.64 5537 5.854 6.054 §.937 4.582 5.917
P205 0.247 0.148 0217 0.042 0.286 0.422 0.374 0.119 0.863 0.207 0.154 0.102 0.045 0063 0.267 0.101
Total 1001 99999 80909 100.001 100 1001 100.001 99.998] 100.001] 100.001 99.998]  99.900] 100.001 1001 100.002 100
Ba 964 404 1878 708 1580 1030 849 845 817 1680 838 10.2 14.7 88.9 970 654
Rb 211 144 191 162 180 146 144 235 187 96.8 248 213 264 171 111 118
Sr 319 95.2 407 23.4 482 694 484 158 338 109 151 14.5 12.6 71.1 442 279
Y 48.2 271 58.5 423 80.3 50.7 355 81.3 66,4 47 97 16 10.8 23.4 41 252
Zr 463 348 803 580 679 581 871 642 528 724 702 204 370 583 562 474
Nb 134 100 203 188 193 185 185 221 127 193 273 179 206 222 228 122
Th 49.1 349 338 58.4 27.1 32.4 43.9 5738 30.3 25.5 81 38.2 35.1 31.7 27.7 9.8
Pb 21.3 14 233 28 21 38 32.5 28.1 80.2 41.1 36.1 36.7 92.3 24.8 23.6 30.5
Zn 675291 459331 1159751 82311 81,237 1224391 98.777| 55889| 176.187| 147.566f 81.443! 78.861 85.761 80.419] 90.492] 51146
Cu 2.184 4.14 1.928 4.074 0.001 6.739 18.1 2.607 5.581 3.457 2.827 1.759 6.827 0.001 10.31 0.001
Ni 0.001 1.83 0.001 0.001 0.001 9.901 23.6 0.001 1.907 0.001 0.001 0.001 0,001 0.001 19.417 0.001
v 19.16 12.79 53.93 50.47 142 444
Cr 2.09 28 18.68 38.83 0.83 1.13
Hf 8.04 7.18 5.95 108 9.06 6.54
Cs 1.2 1.07 4.79 2.92 0.37 1.1
Se 5 2.84 6.5 24 76 9.6 §.59 6.1 13.1 2.5 7.3 0.7 0.7 -0.8 4.8 3.5
Ta 8.15 8.49 9.73 124 9.32 7.28
Co 4.15 2.98 11.87 11.26 272 235
Li

Y 11.5 8.02 12.8 12.3 12 10.5 123 12 -10.2 -8.8 13.2 11.8 -8.9 13.8 10.4 -9
Mo 58 5.4 8.3 602 4.6 2.4 15.1 10.8 14.3 7.8 8.1 8.1 52 5.7 7 5.6
La 78.88 105.98 126.66 130.8 113.28 58.65
Ce 150.78] 174.69 208 226.74 176.88 10658
Pr 17.27 21.52 26.65 2572 22.78 11.3¢8
Nd 51.18 80.1 80.07 71.87 65.02 33.72
Sm 78 875 11.68 9.84 9.23 4.87
Ey 1.46 1.32 2.86 1.98 2.57 1.87
Gd 5.87 6.77 8.78 8.74 7.16 3.64
1] 1.05 1.27 81 1.18 1.28 0.64
Dy 5.67 6.97 7.51 6.28 8.7 324
Ho 1.3 1.67 1.7 142 1.54 0.74
Er 3.57 4.76 4.41 4 4.08 1.97
m .61 0.88 0.73 0.7 0.7 0.34
¥h 378 573 442 449 429 218
Lu 0.85 1 076 0.77 0.74 Q.38




Kanabeam lgneous Complex Whole Rock Analysis Data (XRF and ICP-MS)

Sample |VH-1 VH-10 VH-11 VH-12 VH-13 VH-14 VH-15 VH-16 VH-17 VH-2 VH-3 VH-4 VH-§ VH-6 VH-7 VH-8 VH-9
Sioz 57.782] 60.793] 68.026 77931 76083 762311 46736 76.063] 76,109| 64782] 58585 59.608 61281 80,9361 61016 573871 57423
Tio2 0138 0.523 0.519 0.074 0.088 0.088 2.049 0.082 0.083 0.8 0.713 Q.708 0.528 0.662 0.58 0.13 0.487
Ai203 21.618] 19,232 15.078) 12.073] 12.018] 119028 17.019 12188 12.087 17.28 19.063]  19.816)  19.277] 18.836 18,99 21.608] 19429
Fe203 4.267 4.184 3.917 0812 2,123 2177 13218 2.085 2.145 8.343 5297 4.788 4.184 4.576 4618 3.206 5.682
MnQ 0.124 0.117 0.014 0.001 0.001 0.003 0.22 0.001 0.041 0.255 0.16 0.136 0.118 0.12 0.123 0.077 0172
MgQ 0.327 0.583 0709 0.001 0.001 0.001 6.852 0.001 0.001 2.623 0.851 0.889 0.593 0723 0.589 0.186 0.444
Ca0 0.8408 .28 1.708 0.088 0.364 0.383]  10.247 0.31 0.262 4.431 2427 2138 1.281 1.538 1.276 0.868 1.546
Naz0 9.171 56841 4.443 4.957 4 874 4828 2.027 4.807 4.802 6.568 7.857 66818 6.014 6,186 8.11 10.634 8.983
K20 5.572 8.547 §.379 4.424 4 485 4472 1.108 4.531 4.531 4.474 4.944 5.38 6.569 643 6.54 5.88 5.708
P205 0.056 0.17 0.208 0.008 0.023 0016 0.527 0.018 0.082 0.444 0.303 0.219 0.176 0.192 0.187 0.048 0.149
Total 100.002 100] 99,9090 1001351 100.04! 100.084 1001 100.084] 100.093 100 100 1001 99999 90.898] 99.888 100.002 100
8a 102 3¢5 1020 42.8 48.9 101 347 823 56.7 965 3408 2370 1785 528 456 943 268
Rb 207 132 228 413 808 462 88.1 408 418 144 95.2 108 166 138 187 138 111
Sr 97.2 43.7 250 7.4 158 15.6 792 14 113 444 636 508 447 28.8 71 53.9 94
Y 13. 258 43 28, 74.5 58.7 40.3 31.2 50.8 43.8 354 26.7 834 21.4 188 7.3 26.9
2r 407 37z 450 198 835 317 214 240 318 586 467 351 800 348 268 73.7 283
Nb 85.7 180 93 78.2 223 138 487 118 138 218 208 188 207 146 140 3 198
Th 16 i8.8 457 82.2 200 8.3 -12.8 83.8 118 251 227 16.7 385 199 20.5 -9.8 211
Pb 18.8 344 305 9.54 §3.2 50 -14.2 49 453 228 28 283 252 324 17.8 -10.6 12
Zn §6.689 76.848 48,821 38083 109.421] 69617 95206 48921 65162] 134378 85047] 820604 968,821 78326 63243 17.807] 56198
Cu 0.001 3.30% 0.001 2.52 1.633 0.001]  23.953 0.001 0.001 184 5.493 4077 2.807 2.518 0.00 0.001 0.001
Ni 0.001 0.001 2.018 1.52 2.114 2289 48320 1.938 1.588 43.3 0.001 2054 0.001 0.001 0.001 0.001 0.001
v 2018 0.36 2.27 47.04 6.1 3.7
Cr 3.4 Q.97 2.4 81.1¢ 3.3¢ 217
Hf 8.04 5.48 15.34 9.08 7.33 5.51
Cs A7 1.08 3.55 3.22 213 Q.72
Sc 0.7 1.2 5.9 0.24 Y 0.7 28.1 0.7 -0.7 6.63 34 28 7.4 2 11 -0.8 1.8
Ta 544 8.78 17.81 11.03 9.41 7.09
Co 3.72 0.43 0.8 11.58 3.2 2.31
Li

u -8.9 -9.1 14.5 101 21.2 22.8 -12 14 15.3 5.84 -8.8 -9.6 11.8 8.3 83 88 -9.3
Mo 2.7 6.1 5 2.1 4.1 4 4.8 5.4 42 10.1 114 i0 8.3 5.8 76 48 7.3
La 78.14 23.7 50.83 186 114.96 124.88
Ce 136.6 422 101.2 260.01 177.3¢ 220.26
Pr 16.97 4.08 9.68 30.43 21,95 27.04
Nd 50.89 1.2 31.38 85.81 82,43 76,78
Sm 7.97 98 672 12.07 86 9.81
Eu 1.36 0.16 0.29 235 3.96 1.59
Gd 6.12 1.89 574 8.77 6.25 6.57
Th 1.08 0.45 1.08 15 1.07 1.07
Dy 5.64 3.3 7.91 7.83 547 5.05
Ho 1.3 0.7 1.82 173 1.24 1.08
Er 3.5 277 5.82 4.65 3.28 2.53
Tm 0.8 0.49 1.18 0.77 0.56 0.4
Yb 3.74 3.68 8.77 4.89 3.44 2.45
[X] 0.65 0.56 1.256 0.88 0.58 0.47




CIPW NORM CALCULATION

SAMPLE Quartz |Corundum |Orthociase |Albite |Anorthite |Leucite |Nephelite |Acmite |Sod Metas|Diopside |Hypersthene |Olivine |Cal Ortho{Magnetite llimenite |Apatite [mi#t

ND4 0 g 26.58 34.56 4.31 0 15.09 0 0 10.37 0 3.7 0 2.98 1.51 0.92 0.575
NDS 0 0 32.51 33.14 0 4] 23.12 3.75 0.01 3.08 0 4.24 0 0 0.11 0.05 0.028
ND10 0 0 24.98 31.9 3.44 0 17.89 0 0 12.42 0 3.69 0 3.08 1.63 0.98 0.61
ND12 0 0 23.18 31.61 5.59 o] 16.18 0 0 12.55 0 4.76 0 3.28 1.81 1.05 0.647
ND18a 0 0 0 0 19.46 7.34 19.42 0 0 37.21 0 9.23 1.21 3.28 2.09 0.77 0.871
ND17 0 0 24.55 33.28 6.38 Q 14.58 0 0 10.66 0 4.79 0 3.12 1.62 1.01 0.626
ND19 0 0 2573 35.42 5.1 0 13.899 0 0 10.07 0 4.15 0 3.03 1.54 0.98 0.588
ND20 0 0 4.44 10.37 28.85 0 10.26 0 0 26.92 o 11.68 0 4.03 2.81 0.84 0.833
ND21 0 0 28.8 45.25 7.19 4] 5.02 0 0 5.07 0 4.12 0 2.5 1.37 0.67 0.563
ND22 [ 0 25.13 43.34 12.23 Q0 5,22 a 0 2.51 O 5.03 0 3.08 2.21 1.25 0.513
ND23 0 0 24.69 43.39 15.23 0 3.35 0 0 1.08 O 5.88 0 3.01 2.17 1.2 0.544
ND25 0 0 24.86 42.22 8.29 0 3.11 0 0 9.04 0 5587 0 3.38 2.18 1.29 0.638
ND26 [¢] 0 23.82 46.58 813 3] 2.25 0 g 6.98 o] 57 0 3.27 2.05 1.24 0.615
ND28 [¢] o] 23.45 45.68 9.3 0 1.56 o] o] 7.34 8] 5.98 0 3.35 2.1 1.25 0.621
ND30 0 0 23.39 43.82 6.81 0 4.44 0 0 7.62 0 6.86 0 3.66 2.14 1.25 0.623
ND31 0 O 2575 45.88 7.94 0 8] 0 4] 7.72 4.02 2.4 0 3.21 1.95 1.13 0.614
ND35 0 0 37.99 47.65 3.52 0 0.86 0 0 4.62 0 1.81 0 2.08 1.02 0.38 0.349
ND38 [¢] 0 24 45 44.92 7.4 0 3.19 0 0 8.57 0 5.14 o] 3.28 2.08 1.28 0.614
ND40 0 0 28.77 45 3.83 0 4.88 o] 0 3.74 0 7.12 0 3.45 1.99 1.22 0.594
ND44 0 0 24.57 31.99 4.08 0 16.89 0 0 12.42 0 4.17 o 3.18 1.71 1.01 0.622
ND46 0 0 32.65 34.34 0 0 22.41 0.97 o] 4,44 0 3.01 o] 1.84 0.22 0.12 0.114
ND47 0 0 24.38 31.38 5.85 0 15.33 0 4 12.28 0 4.79 ] 3.17 1.74 1.1 0.652
ND48 0.5 0 35.97 48.92 0 0 o] 4 1.38 .75 5 ¢ o] 0 0.44 0.03 0.01
GE-1 10.86 0 30.09 44.35 4.36 0 0 0 0 2.84 3.76 o] ¢ 2.03 1.18 0.53 0.439
GE-2 8.67 0 34.39 46.46 2.66 0 0 0 0 2.97 2.16 0 ] 1.57 0.81 0.31 0.353
GE-3 [¢] 0 18.54 41.33 11.77 0 0 0 0 4.1 11.15 1.18 0 4.81 4.14 2.98 0.63
GE-4 0 O 16.61 40.44 18.85 0 10.33 0 o] 5.2 0 2.9 0 2.27 2.26 1.08 0.636
GE-5 0 0 34.94 40.75 9.37 0 7.46 8] 0 0.17 0 4.3 0 2.62 0.27 0.13 0.094
GE-§ 0 Q 35.88 3514 3.54 0 18.55 0 0 1.52 0 3.08 0 1.89 0.27 0.17 0.251
GE-7 0 0 25.98 22.2 0 0 21.4 2.61 0 16.1 0 5.46 0 3.73 1.21 1.33 0.283
GE-8 0 0 28.42 38.98 5.08 0 11.85 0 0 7.28 0 3.76 0 2.78 1.08 0.66 0.497
GE-9 33.08 0 29.55 34.87 0.76 0 0 0 0 0.4 0.68 0 0 0.5 0.17 0.04 0.004
GE-10 20.47 0 29.73 37.68 5.12 0 0 0 0 0.67 3.59 0 0 1.67 0.75 0.33 0.344
GE-11 19.89 0 28.91 37.97 5.73 0 0 0 0 0.32 4.15 0 0 1.73 0.88 0.43 0.404
GE-118 0 0 17.84 26.94 21 0 0 0 O 3.73 11.94 6.28 ] 5.92 4.1 2.26 0.671
GE-12 17.48 0 30.82 37.46 5.85 0 0 9] 0 1.03 4.05 0 4] 1.82 1.01 0.47 (.437
GE-13 0 0 18.59 38.66 16.67 0 11.08 0 0 6.41 0 2.91 ¢ 2.48 2.15 1.05 0.595
GE-14 4] 0 37.48 46.52 6.55 0 2.91 0 0 1.42 0 2.49 0 1.67 0.7 0.26 0.33
GE-16 11.83 0 33.14 4518 2.79 0 0 0 0 2.44 2.27 O 0 1.54 0.74 0.25 (.332
GE-17 0 0 32.51 27.08 o 0 26.69 3.54 2.44 3.82 0 3.85 0 0 0.19 0.09 0.063




CiPW NORM CALCULATION

SAMPLE Quarfz |Corundum |Orthoclase |Albite  |Anorthite |Leucite |Nephelite |Acmite |Sod Metas|Diopside |Hypersthene |Olivine [ Cal Ortho{Magnetite |limenite |Apatite |m#

R&-1 11.69 0 28.39 44.29 6.35 0 0 0 0 1.22 4.38 0 0 1.93 1.2 0.57 0.463
RS-2 11.68 0 33.39 44,23 3.01 0 0 0 0 2.63 2.4 0 0 1.6 0.78 0.28 0.345
RS-2A 2.25 0 32.73 30.74 4.43 0 0 0 0 6.19 8.71 0 0 3.49 2.47 2.01 0.542
RS-3 3.86 1.23 21.62 48.23 12.43 0 0 0 0 0 7.83 0 0 3.18 1.14 0.48 0.349
RS-4 10.12 0 32.82 44.4 3.32 0 0 0 0 3.02 3.02 0 0 1.99 0.94 0.38 0.333
RS-5 0 0 34.98 40.24 4] 0 13.69 2.41 0.21 6.47 0 1.13 0 0 0.64 0.24 0.253
RS-8 0 0 35.88 40.49 0.07 0 18.06 0 o] 2.94 9] 2.14 0 2.01 0.29 0.1 0.094
RS-7 0 0 35.19 3544 3.42 0 19.33 g 0 1.51 o] 2.8 0 1.86 0.32 0.15 0.208
RS-8 0 0 27.18 39.2 4.83 0 14.51 0 0 7.13 4] 3.2 0 2.55 0.98 0.62 0.491
RS-9 0 0 35.05 48,57 3.78 0 5.26 0 0 3.2 O 1.66 0 1.6 0.64 0.23 0.316
RS-10 22.96 0 29.41 36.38 4.67 0 0 0 0 0.45 3.54 0 0 1.57 0.68 0.34 0.357
RS-11 0.88 0 25.61 52.98 8.48 0 0 0 0 1.12 6.01 0 0 2.82 1.48 0.51 0.352
RS-12 0.08 0 34.76 53.71 3.18 0 0 0 0 0.42 4.45 0 0 2.4 0.89 0.1 0.107
RS-13 0.28 0 21.95 53.867 10.82 0 0 0 0 0.69 7.3 0 [¢] 3.11 1.65 0.62 0.392
RS-14 0 0 26,11 43.21 13.95 0 0.89 0 0 3.45 0 6.55 o] 3.15 1.72 0.98 0.583
RS-15 0 0 256 29.79 2.32 0 21.07 0 0 12.33 0 3.59 C 3.01 1.43 0.87 0.598
VH-1 0 0 33.03 35.04 1.37 0 23.18 0 0 2.59 0 2.5 o] 1.91 0.26 0.13 0.219
VH-2 0 0 26,59 32.5 4.48 0 12.68 0 0 12.18 0 §.28 0 3.74 1.563 1.03 0.566
VH-3 o 0 29.32 43.19 3.05 0 11.83 0 0 5,95 0 2.22 o] 2.37 1.36 0.7 0.42
VH-4 0 0 31.9 45.89 7.68 0 5.58 0 0 1.28 0 3.67 [¢] 2.14 1.35 0.51 0.485
VH-§ 0 0.4 38.83 46.24 512 0 28 0 0 0 0 3.42 0 1.87 1 0.41 0.387
VH-6 0 0 38.12 45 4.11 0 4.08 0 0 1.93 0 3.02 o] 2.04 1.268 0.45 0.425
VH-7 4] 0 38.77 45,23 5.09 0 3.59 0 0 0.2 0 3.58 0 2.08 1.11 0.36 0.363
VH-8 0 0 35.09 26,9 0 0 28.31 2.13 1.96 3.53 0 1.72 0 0 0.25 0.11 0.145
VH-9 0 0 34.3 29.41 0 0 21.84 3.8 0.46 5,92 0 3.17 0 0 0.94 0.35 0.194
VH-10 0 0 38.8 43.19 3.34 0 7.13 0 0 1.5 0 279 4 1.86 1 0.4 0.376
VH-11 16.69 0 31.87 37.7 5.33 0 0 0 0 1.53 3.67 0 [ 1.75 0.99 0.48 0.456
VH-12 34.21 0 26.16 37.49 o] 0 0 0.4 0.9 0.23 0.46 0 4] o] 0.14 0.01 0.008
VH-13 31.15 4] 26.55 37.18 0 0 0 1.4 0.5 1.48 1.51 ¢ 0 o] 0.17 0.05 0.001
VH-14 31.58 0 26.58 36.64 0 0 0 1.44 0.52 1.48 1.58 0 0 ¢ 0.17 0.04 0.001
VH-15 0 0 6.61 17.31 34.38 0 0 0 0 10.9 16.75 2.96 0 5.94 3.93 1.23 0.718
VH-16 30.68 o] 26.92 37.72 0 0 1] 1.38 0.25 1.28 1.59 0 0 0 0.16 0.04 0.002
VH-17 31.05 C 26.92 37.15 0 0 1] 1.42 0.36 0.98 1.89 0 0 [¢] 0.16 0.07 0.001






