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CHAPTER 10

SUMMARY AND CONCLUSIONS

1. Geological summary

This study is based on field work in part of the Chilas Complex exposed
in the east-central Kohistan. The westward extension of the Chilas Complex
was previously studied by Jan (1977), in the Swat district, and Choudhry et al.
(1974), in the Dir district. Detailed mineralogical work by Jan (1977) is par-
ticularly important in that it, together with this study, makes a useful basis for
studying the regional variations in the Chilas Complex.

The type rock of the Chilas Complex is gabbronorite. Mostly it is
medium- to coarse-grained and massive, but layered, laminated and foliated va-
rieties are also present. Plagioclase, orthopyroxene, and clinopyroxene are the
major constituents. Variations in the mutual ratios of pyroxenes and plagio-
clase, result in rocks such as pyroxene-anorthosites and plagioclase-websterites,
but compared with the gabbronorites, such rocks are subordinate. Locally, the
gabbronorites grade into leucocratic varieties, due to increased modal propor-
tions of quartz, resulting in rocks such as leuco-gabbronorites and pyroxene-
tonalites. Similar rocks may occur as intrusives into the gabbronorites. Alto-
gether, however, the gabbronorites make a coherent mass and considering the
immense volume of these rocks (covering an area of ~ 6800 square km, out of
a total ~ 8000 square km area occupied by the Chilas Complex), the composi-
tional variations are negligible. For the purpose of description, the gabbronorites
and related rocks are termed the Main Gabbronorite (MGN) Series.

The east-central part of the Chilas Complex, under consideration in this
thesis, differs from its counter parts in the Dir and Swat districts, in that, it
hosts several bodies of ultramafic rocks. These ultramafic rocks are dominated
by dunites and peridotites, but pyroxenites and chromitites are also present.
They are commonly associated with anorthosites and a set of mafic rocks con-
sisting of olivine-gabbros, troctolites, and gabbronorites, and, for convenience in
description, are described as ultramafic-mafic-anorthosite (UMA) series. There
are several differences between the UMA and MGN series, in petrography, field
features, mineralogy and geochemistry
Layering is one of these differences. Whereas, the MGN series is only sporad-
ically layered, parts of the UMA series are well layered, with some modally-
graded layers being as spectacular as those of any other layered complex. This
difference reflects the different amounts of cumulus minerals involved in the
two series. Near-cotectic modal proportions of the constituent major minerals,
and generally high incompatible trace-element concentrations in the whole-rock
compositions, indicate that the MGN series is dominated by rocks which have a
“near-liquid” composition, as opposed to the predominantly cumulate rocks of
the UMA series.
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The field relationships between the two series are complex. The main
UMA bodies are generally lensoid in form, and the attitude of layering is gen-
erally conformable with the attitude of layering/lamination in the surrounding
rocks of the MGN series. This resembles concordant mutual contact- relation-
ships between various rock-types, typical of layered complexes. Equally com-
monly, however, ultramafic rocks in the Chilas Complex cut across the rocks
of the MGN series and layered rocks of the UMA series. Generally, such ul-
tramafic bodies lack internal structures e.g., layering, but if they contain any,
it is generally very irregular. This suggests a solid-state remobilisation and re-
emplacement of some of the ultramafic rocks in the Chilas Complex.

Textural studies show that olivine, plagioclase, chrome-spinel, clinopyro-
xene, and orthopyroxene are the major cumulus minerals in the UMA series.
Iron-titanium oxides may be cumulus in some of the mafic rocks, whereas am-
phiboles are exclusively postcumulus. Clinopyroxenes, and orthopyroxenes also
crystallised as post-cumulus minerals in some olivine cumulates. Chrome-free
aluminian spinels, and a large part of the orthopyroxenes and amphiboles, re-
sulted from subsolidus reaction between the olivines and plagioclases. Despite
an absence of cumulus amphibole, water content of the crystallising magma
is considered to be high during the crystallisation of the UMA series. This is
indicated by the unusually high An- content of plagioclase, and abundance of
post-cumulus amphiboles. Amphibole- rich rocks (hornblendites) forming veins,
dykes, and intrusive bodies are commonly found associated with the UMA se-
ries, indicating that some of the water-laden intercumulus melt escaped from the
cumulates. In the MGN series, cumulate textures are restricted only to the rare
layered rocks.

Mineral chemistry is characterised by broad compositional variations,
which indicate the importance of fractional crystallisation. The olivine is re-
stricted only to the UMA series, with a compositional range of Fo mol% 94-

71. The clinopyroxenes, orthopyroxenes and amphiboles show continuous vari-
ations in Mg/Fe in the two series of rocks. With the exception of a few sam-
ples, these mafic minerals are characteristically more magnesian in the UMA
series, than those in the MGN series. Unlike the continuous compositional vari-
ations in the mafic minerals, the plagioclase from the two series shows a marked
compositional gap. The plagioclase in the UMA series is characteristically in
bytownite-anorthite range, whereas the maximum An mol% in the plagioclases
of the MGN series is only rarely higher than 60. The other important miner-
alogical difference between the two series is the occurrence of chrome-spinels
only in the UMA series, and that of quartz and biotite, only in the MGN series.
Iron-titanium oxides are ubiquitous in the MGN series, but in the UMA series,
they are restricted only to the olivine-free gabbronorites.

The mainly non-cumulate rocks of the MGN series yield regular and
coherent trends on conventional geochemical variation diagrams. Progressive
increase in total alkalies with a corresponding lack of iron-enrichment, sug-
gests a calc-alkaline nature of the fractionation. A calc-alkaline nature of the
Chilas Complex is also reflected in trace-element composition. Mantle- nor-
malised trace-element patterns show that the large-ion lithophile elements
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(LILE), such as K, Ba, and Sr are typically high relative to high field strength
elements (HFSE), such as Zr, P, Ti, and Nb, which is a characteristic of calc-
alkaline rocks rather than tholeiites. A similar conclusions may be obtained
from chondrite-normalised REE patterns, which are marked by enrichment in
light REEs relative to heavy REEs.

Major and trace-element variations are a useful indicator of fractiona-
tion assemblage, and the order in which various fractionating minerals appear
on the liquidus. SiOz, Naz0, K20, amongst the major elements, and Zr, P, Nb,
Rb, and Ba, amongst the trace-elements, show a progressive increase in concen-
trations with advancing fractionation. Major and trace elements such as MgO,
CaO, Al,Og, FeO, Ni, Cr, Ti, V, and Sc, on the other hand, show progressive
depletion with advancing fractionation, which suggests a role of fractionating
minerals like olivine, chrome spinel, plagioclase, clinopyroxene. orthopyroxene,
and iron-titanium oxides. Major and trace element variations in the MGN se-
ries are modelled by using petrological mixing calculations in the case of major
elements, and Rayleigh’s fractionation equation, in the case of trace elements,
which suggest that mineral assemblages similar to those occurring as cumulus
minerals in the UMA series may reproduce the geochemical variations. This in-
dicates a kind of interrelationship between the two series, in which the UMA
series represents cumulates complementary to mainly non-cumulate rocks of the
MGN series.

2. Petrogenesis and petrotectonic affinity of the Chilas Complex

Several lines of evidence are used to show that the Chilas Complex is a
product of subduction-related magmatism. Limited range of olivine composi-
tion (i.e. an absence of olivine with compositions lower than the Fo mol% 70),
the Al, Ti, and Ca contents of clinopyroxene, and, above all, the coexistence
of highly calcic plagioclase with olivine, are some of the main mineralogical
aspects, which suggest a subduction-related origin. Mantle- normalised trace-
element patterns, showing marked negative anomalies for Nb, and positive peaks
for Ba, Sr, and P, provide an unambiguous confirmation of this petro-tectonic
affinity. A characteristic feature of the Chilas Complex is the low Rb-content.
This results in exceptionally high K/Rb and Sr/Rb ratios, which are a typical
feature of plutonic rocks found in intra-oceanic island arcs. Whereas, the inter-
element ratios between LILE are a measure of subduction component, ratios be-
tween HFS elements provide informations with regards to nature of the source
mantle prior to subduction-related metasomatism. Inter-element ratios involving
several of the HFS elements show that the Chilas Complex is closer to a N-type
MORB rather than E-type MORB or oceanic island basalt. This suggests that
mantle slab in the subduction zone was similar to the mantle considered respon-
sible for the generation of N-type MORB rather than that parental to E-type
MORB, or oceanic-island basalt.

On the basis of trace-element characteristics, such as low concentra-
tions of HFS elements, enriched abundances of LIL elements and light REEs,
and in particular, low Rb-contents, a model is suggested for the generation of
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the parental magma to the Chilas Complex, which involves a multistage par-
tial melting of the source mantle. It is suggested that a metasomatised man-
tle source in a subduction zone, with amphibole as a stable mineral phase, par-
tially melted to give rise to the arc volcanics of the Kohistan arc. This melting
episode was characterised by a lower degree of partial melting, insufficient to
melt the amphibole which was retained in the residual mineral assemblage. This
gave rise to a decoupled behaviour of Rb (which, being incompatible to most
minerals including amphibole, concentrated preferentially in melt), relative to
most other LIL elements such as K, Ba, and Sr, which may have been held back
in the residual amphibole. A later episode of relatively higher degrees of partial
melting, involving decomposition of amphiboles, could give rise to trace element
characteristics similar to those of the Chilas Complex, in which, K, Ba, and Sr
are enriched, but Rb, because of previous extraction, remained depleted. It is
suggested that the Chilas Complex crystallised from this relatively later episode
of magma generation.

3. Position in the Kohistan arc sequence

The major and trace-element data gives unequivocal evidence of calc- al-
kaline nature of the Chilas Complex. In particular, the trace-element data show
a closer match with the later stages of evolution of intra-oceanic arcs than the
earlier (arc-tholeiite) stages. This has led to conclusion that the Chilas Complex
has more affinities with mature calc-alkaline arc than with a primitive tholei-
itic island arc. This result has important implications for the position of the
Chilas Complex in the Kohistan arc sequence-.n/:'possibility has been discussed
that, although the Chilas Complex was most probably emplaced into, or adja-
cent to, the base of the volcanic arc, it might not have been directly parental to
the arc volcanics in Kohistan. Most arc plutons, suggested to be complemen-
tary cumulates to the associated arc volcanics (e.g., the Border Range Complex,
Alaska; Burns, 1985), are predominantly cumulates. In comparison, the main
gabbronorite body of the Chilas Complex, which makes more than 85% of
the complex, is 1) mostly rather uniform, 2) only rarely contains megascopic
cumulate-type structures, and 3) has relatively high contents of incompatible
elements such as Zr, Y, and Ti which are quite normal for basalt liquids (but
would be low in cumulates). This suggests that the Chilas Complex itself is a
"frozen” liquid mass rather than being a complementary cumulate to arc vol-
canics. The field studies and predominantly non-cumulate nature of the Chilas
Complex, inferred from textural, mineralogical and geochemical studies, show
that the Chilas Complex represents a liquid mass of remarkable coherence and
immense volume. There is a major thermal problem in generating such a large
volume of mafic magma. It is suggested that this thermal problem is most eas-
ily satisfied by invoking mantle diapirism. This warrants for tectonic environ-
ments with some component of extension, similar to those related with intra-arc
or sub-arc spreading. It is mentioned above that the trace-element characteris-
tics of the Chilas Complex are close to those of calc-alkaline volcanics in mature
arcs. Similar calc-alkaline volcanics, with marked Nb anomalies (characteris-
tic of subduction-related magmas), are, however, reported from intra- or back-
arc basins (e.g.,Futuna, New Hebrides). This indicates the possibility that the
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generation of the magma responsible for the Chilas Complex, and its emplace-
ment, probably as a diapir, was related to initial stages of intra-arc rifting. The
relatively tholeiitic composition of the amphibolite dykes, which represent the
youngest magmatic activity in the Chilas Complex, represent advanced stages in
this switch over to extensional environments. A schematic representation of the
magmatic evolution of the Chilas Complex in the Kohistan arc is represented in
the Figure (10.1).

4. Summary on Structural history of the Chilas Complex

The Chilas Complex is characterised by a long history of shear zone
development, and one or more major phases of folding. Earliest deformation
episode in the Chilas Complex (D;-deformation phase)is recorded in xenoliths,
occurring in the undeformed gabbronorites. One such xenolith shows tight, up-
right folding of igneous layering, and, in places, axial planes to these folds are
refolded, suggesting a multiple deformation event. These xenoliths have modal
composition similar to the host gabbronorites, and trace- element chemistry sug-
gests a relatively primitive composition, but an island arc affinity, similar to the
Chilas Complex. This implies that these xenoliths are derived from the island
arc basement (and not from an oceanic basement), which had experienced a ma-
jor deformation event prior to the emplacement of the Chilas Complex. Origin
of this deformation event remains unclear; diapiric uprise of the magma respon-
sible for the Chilas Complex may be one of the several possible causes, in de-
forming the earlier basement of the arc.

Part of the Chilas Complex, around Chilas and in the Thak valley, con-
tains gabbronorites, which show a well developed tectonic foliation. Way-up
directions obtained from graded layers, and other sedimentary structures such
as scour structures, and slump folds, together with the attitude of igneous lay-
ering, show that this segment of the Chilas Complex is folded into a series of
asymmetrical antiformal folds, which are occupied by ultramafic and related
mafic/anorthositic rocks in their cores. These folds verge towards south and are
characteristically more strained in their steep overturned limbs, which are, some-
time, marked by amphibolite-facies shear zones. The southern contact of the
Chilas Complex is marked by a north-dipping ~ 50 m thick shear zone, which
has an E-W attitude and south-directed reverse sense of displacement, similar
to the shear zones intensifying the axial-plane foliation in the overturned limbs
of the asymmetrical folds. This deformation episode marked by large-scale folds
and shear zones is termed as D,- deformation phase.

Age of the Da-deformation phase can be constrained on the basis of am-
phibolite dykes. Ar%®/Ar%® dating of separated amphibole from the amphibolite
dykes yield an age of 78-93 Ma. These amphibolite dykes cross cut the axial-
plane foliation related with Ds-phase folds, and remain undeformed themselves,
suggesting a middle to lower Cretaceous age for the D, deformation event.

An important structural aspect of the Chilas Complex is the presence of
shear zones. They are divided into two groups on the basis of grade of meta-
morphism and age relative to the 78-93 Ma amphibolite dykes. The shear zones
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older than the amphibolite dykes are characteristically higher grade 1.e., gran-
ulite to upper-amphibolite facies. They are characterised by high-temperature
deformation microstructures, such as recrystallisation and plastic flow, and are
marked by mineral assemblages in which plagioclases retain their original com-
position, and pyroxenes (both orthopyroxene and clinopyroxene) remain sta-
ble. The shear zones younger than the amphibolite dykes are variable in grade
of metamorphism, ranging between epidote- amphibolite to greenschist facies.
They are characterised by a mineral assemblage which is typically more hydrous
than their parental mineralogy, and consists of minerals such as sodic plagio-
clase, actinolite-anthophyllite amphibole, chlorite, and epidote. Detailed micro-
scopic studies show that strain accommodation in these shear zones is achieved
principally by syntectonic alteration of ferromagnesian minerals (pyroxenes and
amphiboles) and plagioclase, and microstructural adjustments, such as those in
the high- grade shear zones, are relatively less important. The youngest tectonic
activity in the Chilas Complex is reflected in brittle fractures and faults, which
are either lined by pseudotachylites, or fault gouges, but brittle faults without
any associated fault-rock are also common. Unlike the pseudotachylite-lined
fractures reported in literature (e.g., Ikertoq shear belt, West Greenland: Gro-
cott, 1981; Outer Hebrides Thrust: Sibson, 1975), the brittle fractures in the
Chilas Complex, are apparently unrelated with any major fault or do not define
any lineament themselves.

5. Relationship of the Chilas structures with the regional tectonics

The Chilas Complex forms an important lithological unit of the Kohistan
arc. Recent structural studies and radiometric /palaeontological age determi-
nations (Coward et al., 1986; Petterson et al., 1985; Pudsey et al., 1985) sug-
gest that the major structures in the Kohistan arc, are more or less of a similar
age as the Dy-deformation event in the Chilas Complex. The Kamila amphi-
bolites, to the south of the Chilas Complex show an upright to north-dipping
fabric, similar to that of the Chilas Complex. They are characterised by tight
folding of bedding and igneous layering, and contain amphibolite to greenschist
facies ductile shear zones which intensify the fabric (Coward et al., 1986; Bard,
1983). North of the Chilas Complex, arc sediments (quartzo-feldspathic schists,
lime stones, and calc-silicates) , volcanics, and volcanoclastic sediments in the
central parts of the Kohistan are folded into tight, isoclinal folds, which, in
terms of scale, are similar to those of the Chilas Complex, but are more up-
right, These structures grade northwards into a series of N-verging folds and
thrusts in the vicinity of the northern suture (Coward et al., 1986). Thus the
the south-verging shear zones in the Kamila amphibolites and at the southern
contact of the Chilas Complex and D folds and axial-plane cleavage within the
Chilas Complex, form the southern half of a regional-scale crustal pop-up struc-
ture (Figure 10.2). Field observations in the vicinity of the Jaglot village, In-
dus valley, suggest that the major shear zones in the southern Kohistan (e.g.,
shear zones in the Kamila amphibolites, and at the southern margin of the Chi-
las Complex) are continuous with a decoupling zone, beneath the pop-up struc-
tures, which in turn links up the northern suture (Coward et al., 1986). This
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suggests the possibility that the most of the major structures in the Kohistan
arc are related with the northern suture.

There is evidence that the northern suture and the above mentioned
large- scale structures within the Kohistan arc are lower Cretaceous in age.

a) The melange zone associated with the northern suture contains abundant
blocks of undeformed limestone containing fossils of Lower Cretaceous age
(Pudsey et al., 1985).

b) The earliest phase tonalites (type locality Matum Das, Lower Hunza Val-
ley) dated as 102 Ma (Rb/Sr whole-rock isochron age) are deformed by
structures associated with the Northern Suture (Petterson, 1984; Pettter-
son and Windley, 1985).

c¢) A swarm of 75 Ma (Ar?/Ar® age: D. C. Rex in Coward et al., 1986)
old undeformed basic dykes cross-cuts the deformed earliest stage Matum
Das tonalites and structures associated with Jaglot syncline (Coward et
al., 1986; Petterson, 1984).

d) The S-verging large scale-folds and axial-plane cleavages in the Chilas
Complex are cut across by undeformed amphibolite dykes which yield
Ar%%/Ar®® amphibole ages between 78 and 93 Ma (this study).

The middle-lower Cretaceous age of the large-scale structures within the
Kohistan arc, and a closely matching age of the northern suture, suggest that
the two may be related to the collisional event between the Asian Plate and
the Kohistan arc. None of these structures can be related with the collision at
the southern margin of the Kohistan arc i.e., between the Kohistan arc and the
Indian Plate, which is considered to be a much younger event (see Coward et
al., 1986; Searle et al., 1987) relative to these structures. There are, however,
some problems with this model which assign all the lower Cretaceous structures
within the Kohistan arc to the northern collision. Numerous geological observa-
tions suggest that the northern suture represents closure of only a minor, prob-
ably a back-arc basin, and that the collision was simply a shunting of the two
plates together (Tahirkheli, 1983; Coward et al., 1986). It is difficult to conceive
that such a collision may give rise to deformation, as far south as Chilas, and
further south in the Kamila amphibolites and Jijal ultramafic-garnet granulite
complex. Possibility is that there may have been a collision in the south, more
or less synchronously with the northern collision, which involved two indepen-
dent arcs or two partially rifted parts of a single arc, which could have been re-
sponsible for some of the shear zones and south-verging fold structures in the
southern Kohistan. Firstly, the Jijal and Chilas complexes are different in terms
of rock-types involved (s.e., Chilas Complex is dominated by dunites and peri-
dotites, whereas the Jijal Complex, by pyroxenites), and geochemistry (M. Q.
Jan., pers. comm. 1987). Secondly, recent observations (M. A. Khan, unpub-
lished data) in the valleys south of Chilas, suggest that there is a thick pile of
volcanics with ocean-floor type geochemistry , which intervene between the Chi-
las Complex and Kamila amphibolites in the north, and Jijal- type ultramafics
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and associated amphibolites, in the south at Babusar Pass. Thus, there is lit-
tle evidence of the commonly assumed continuity in the southern Kohistan se-
quence, i.e., between the Chilas and the Jijal complexes. There is a possibility
that the Jijal Complex and some of the associated amphibolites may represent a
separate arc, and that the present Kohistan arc, in fact, is made up of an accre-
tion of two previously independent arcs. The tectonic event associated with this
accretion may be responsible for the shear zones and south-verging fold struc-
tures in the southern Kohistan. There is, however, no radiometric data available
to fully constraint this model.

Whereas the most of the major fold structures, in the Chilas Complex
and in the Kohistan arc, are of a late Cretaceous age, the tectonic activity did
not stop there. The Chilas Complex contains a large number of shear zones,
which postdate the 78-93 Ma amphibolite dykes. No age data is available, at
the moment, to assess the origin of these shear zones. Some of them may be re-
lated with the ~ 50 Ma collision between the Kohistan arc and the Indian plate.
Others may be even younger. The extremely variable attitudes and senses and
directions of displacement, suggest an origin related with gravitational readjust-
ments, following thickening of the crust and uplift. The fractures with associ-
ated pseudotachylites are probably representative of youngest tectonic activity
in the Chilas Complex. These may be related with the recent tectonic activity
associated with the differential uplift of the Nanga Parbat and the adjacent ter-
rains (Zietler, 1985). The sites of recent earth-quakes (e.g., Darel valley earth
quake-1982), and the currently active fault (Lawerence and Ghauri, 1984) at
the western margin of the Nanga Parbat syntaxes (represented by a continuous
line of hot-springs and overturning and upthrusting of the recent river sediments
over to the bedrocks), are not far from the zone of pseudotachylite-lined frac-
tures in the Chilas Complex.



Figure 10.1. A model for the tectonic evolution of the
Chilas Complex and the Kohistan island arc.
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APPENDIX 1

Mineral Analyses

Mineral analyses were performed at Imperial College, using a Cambridge
Instrument Microscan V, and a JEOL 733, fitted with Link systems energy dis-
persive detector. Accelerating conditions used were an accelerating voltage of
15 kv and a specimen current of 0.4 nA. Counting time of 100 seconds, with the
electron beam focused into a spot, were used. Metal oxides, pure metals and end
member minerals were used for calibration purposes.

Analyses for about 15 samples were obtained by using a Cambridge In-
strument Microscan V, microprobe, at the Leicester university. The analytical
conditions were same as used for the microprobes at the Imperial College.

The following data tables include selected spot microprobe analyses from
each sample. Since zoning is uncommon in the case of olivines, clinopyroxenes,
orthopyroxenes, amphiboles, one or two representative analyses for each min-
eral from the each of analysed specimen are included. In the case of plagioclase,
where the cores are found to be different from the margins, two analyses, one
with maximum molAn, and one with minimum molrecalculated Fe2 in all the
mineral analyses represent total iron, except for the spinels, where Fe2, Fe3 are
recalculated from the total FeO, using stoichiometeric considerations.
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Saaple CHE39  CH#d46  CH$43  CHES9  Chsst CHE32  CH$a3  CH$4S  CH3&7T  CH#49 CH78  CHe79
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5102 39.29  39.19  I8.79  38.51 39.02 40,02 39.39 39.86 38,58 3B.63  39.09 39.12
FED 18.16 14,99  15.45  18.3 18.03 18.71 15.72 13.89 19.14  19.48 18.48  17.82
HNO 0.39 0.31 0.25 0.23 0.21 0.27 0.1 0.24 0.51 0.39 0.29 0.23
HG0 32,37 45.99  44.79  40.43  41.81 42.68  44.08 45,77 41,24 4111 41.99  42.65
CAD 0.09 0.31 0.01 0,07 0.00 0.03 0.00 0.0C 0.00 0.00 0.00 0.0¢
NI1O 0.0% 0.20 0.14 0.28 0.19 0.18 0.00 0.27 0.17 0.13 6.08 0.09
TGTAL 100.3¢ 100,99  99.43  97.83 99.26 102.09  99.34 100.03  99.64  99.74 99.93  9%.91

Caticns on the basic of 4 oxygens
51 6,399 0.973  6.980 1.010 1.004 1,002 0,999 0,997 G.994  9.955  0.99%  0.9%7
“t? 0,600 031 0,327 0.402 0.386  0.392  0.000 0,060 0.060  0.000 0,660  0.%0C
HN G.008  0.007 0,005 0.00S 0,005 €.005 0,003 0.005 G011 0.009  0.006  0.00Z
16 .06 1.701 1.687 1.581 1.603 1,609 1.566 1.705 1,584 1.579 1.599 1,624
Ch 49,600 0.908 0.050 G.002 0,000 0.001 G.000 0,400 0.050 6.0060 0.000 0. 0uo

3 78.90  78.66 79,95  B0.6i

ra

£ 80.78  B4,Z4 BI.78  79.74 €0.5? 80,33 g3.19 83,
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CH31
MGH

37,26
26.43
0.13
10.03
3.68
0.19

99.74
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44.43
34,61
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19.26
0.69
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29.23
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0.008
0.961
0.062
0.001

93.80
6.08
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30.99
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aflaga

99.67

2.328
1.654
0.002
0.701
0.313
0.002

69.03
30.78
0.17

CH¢51
UiHA

44.01
34.98
0.09
19.82
0.67
0.00

99.57

2,040
1.911
0.003
0.983
0.060
0.000

94.24
3. 76
0.00

CH34
UHA

(2}
=R
. o
o
~a

-
N
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<

S
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[ wn

S hen S

100.32

Plagioclase
CH$39  CH$43
UMA HEN
.12 53,72
Ja.248 28,01
0.32 0.08
19.23 11,01
1.15 3.19
0.03 0.26
99.09  100.27
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CHA4A
uta

100.30

Ions on the basis of 8 oxygens

CH$52
KA

44,99
313.49
0.39
18.0¢
L4
0.05

98.34

2,030
1.873
0,012
0.957
0.104
0.002

20.08
2.75
0.17

CH$57
HEN

33.92
27.01
0.07
9.91
3.87
0.14

98.92

CHe358
HEH

34.98
27.84

0.22
10.97

cn
sJL

0.11

99.64

2,063
1.8%4
0.003
0.928
0.108
0,000

g89.54
10.464
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96.34

lons on the basis of B oxygens

2.101
1.844
0.023
0.901
0.128
0.003

87.34
12.37
0.29

2,342
1.447
0.003
0.483
0.517
0.008

0.81

2.486
1.484
0.008
0.33!
0.484
0.006

32.02
47.36
0,42

44.34
33.25

0.41

CH44A
UNA

4.4
35.03
0.10
18.99
1.02
0.00

99.55

2.054
1.910
0.004
0.941
4.091
0.000

91. 14
8.84
0.00

CH$63
UMA

$4.42
34,97
0.07
19.63
0.81
0.00

99.90

2.031
1.903
0.003
0.971
0.073
0.000
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0.17
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10.71
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2,118
1.843
0.021
0.839
0.129
0.000

87.33
12.67
¢.00
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99.56

45,21
34.10
0.09
17.82
1.56
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99.78
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0.879
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86.33
13.47
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0.28

CH7%
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2,163
1.807
0.008
0.B6é4
0.153

0.004

84. 66
14,99
0.33

CHé469
A

2.041
1.922
0.008
0.946
0.0641
0.001

93.97
3.97
0.06

CH$79
UnA

44.81
33.69
0.13
17.97
.32

0.02

97.94
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1.865
0.003
0.904
0.120
0.00!

B8.16
11.72
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99.48
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Flagioclase
CH$72 CH73
MEN HEN
33.63  56.89
28.03  26.06
0.07 0.17
10.92 8.92
3.9l 3.70
0.09 0.46
98.25  98.20

CH$75

MEN

Ions on the basis of 8 oxygens

2.038
1.699
0.009
0.963
0.071
0.001

93.0

(=T
—
— =~ D

CHBe
UNA

5.2
35.75
0.06
20.09
0.54
0.01

99.63

CHB2
UMA

43.79
34.84
0.16
19.24
117
0.03

99.25

2,611
1.410
0.007
0.439
0.507
0.027

43.09
32.14
2.7

CHe2
UMA

42.9%
35.69
0.29
20,12
0.48
0.04

99.461

2,543
1.437
0.006
0.497
0.480
0.018

50,01
46.23
1.76

CHsB2

HGN

J4.07
27.61
0.2¢
10.99
4.97
0.31

98.16

Ions on the basis of B oxygens

2.001
1.951
(.002
0.997
0.048
0.001

95.31
4,62
0.07

2.029
1.902
0.006
0.934
0.103
0.002

89.95
9.89
0.17

2.490
1.498
0.008
0.542
0.444
0.018

34.00
44.19
1.8¢

CH$76
MEN

34.19
21.39
0.34
10.61
9.21
0.28

78.02

2,493
1.486
0.013
0.323
0.463
0.018

32.08
46.28
1.64

CH¢B4
UMA

43.79
34,01
0.19
19.63
0.91
0.01

97.94

2.062
1.887
0.007
0.960
0.083
0.001

91.98
1.96
0.08
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98.62
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CHBS
UMA

43.08
33.96
0.00
18.10
1.60
0.90

98.74

2,093
1.860
0.000
0.901
0.144
0.000

86.21
13.79
0.00

CH78
UuMA

44.99
33.99
0.33
18.03
1.25
0.07

98.46

2.099
1.849
0.013
0.901
0113
0.004

88.49
{110
0.41

CH$84
UMA

44,33
34.97
0.13
19.71
0.71
0.02

100.11

2,033
1.901
0.006
0.974
0.083
0.001

93.77
6.11
0.11

CH78
UNA

3.3
34.85
0.00
19.38
0.83
0.02

98.62

CH$87b
UNA
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99.74

2,118
1.837
0.00%9
0.899
0.138
0.000

86.73
13.27
0.00
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Plagioclase

Sasple CH$B7c CH$87d CHEBB  CHEBY  CH$90  CH$91  CH$92  CH$92b CH145  CHI43  CH202
Code UMA UHA HEN MG NEN MEN UMA UNA NEN C.5 MEN

5102 43.92 45,49 53,09 52,98  52.8f  53.39  45.98  45.99  G§4.5% 2.84  35.86
AL203 33.62  33.99 28,03 27.88  28.3!  26.99  33.31  32.98 26,22 19.36  27.08
FEQ 0,20 0.1 0.18 0.22 0.27 0.21 0.21 0.21 0,27 0.1 0.13
cao 18.19 18,51  11.13  11.40 0.79 10.42 17.79  18.01 8.28 0.0 10.53
NAZ0 1.47 1.5 4.91 . 0.29 3.23 1.7 1.81 .50 113 3.34
K20 0.00 0.02 .31 0.37 0.0t 0.33 0.01 0.00 0.02  14.8 0.21
TaTAL 99,60  99.63  97.67  97.76  B2.48  94.57  99.01  99.00  97.83  9B.46  99.19

lIons on the basis of B oxygens

§1 17 2,098 2,435 2,448 3,007 2,493 2.13F 2132 2,891 2,928 2.383
AL 1,827 1.847 1,327 1.518  1.900  1.483  1.821  1.802 1.413  1.074  1.433
FE2 0.008  0.004  0.007  0.008  0.013  0.008  0.008  0.008 0.01¢  0.007  0.005
Ca 0.899 0,945 0,352  0.364  0.04B  0.321  0.BB4  0.895  0.406  0.005  0.514
NA 0.149 0,135 0.440  0.440  0.032 0,473 0.134  0.163  0.577  0.102  0.473
K 0.000  ¢.001 0,018  G.022  0.00f  0.020  0.00f 0,000 0.000  0.880  0.012
AN 83.75  87.04  54.45  §5.00  59.85  51.39 BR.IS BA.G6l 41.2b 0.35  51.45
#B 14.25  12.85  43.55  42.87  39.56 44,67  14.B1 15,39 GB.62  10.31  47.3
OR 0.00 0.11 1.81 213 0.90 1.94 0.06 0.00 0.12 89,34 1,24
Sample CH204  CH206  CH206  CH207  CH207  CH2t0  CH212  CH212  CH217  CH217  CH221

Code fn.D MGH HEN UMA UHA UtA BN MGN HEN HEN MEN

5102 47,91 51.72  53.28 43.30 15 44,55  53.77 52,31 G4.4B 52.64 52,50
AL203 35,73 30,73 29.85 35.41 30 36,08 29.44  29.27 2B.62  30.43  Z9.9%
FED 0.17 0,29 0.35 0 .18 0.00 0.11 0.82 0.89 0.21 0.29
CAD 16,12 12,61  11.40  19.8 19.13  19.38  l1.69  11.B1 10,28 12.29 12,24
NAZO 2.3 4.34 4.49 . 0.88 0.49 3,61 4.23 3.27 4,63 .54
K20 0.03 0.20 0.30 0.02 0.02 0.28 0.33 0.31 0.00 0.33
TOTAL 100,29  99.88  99.88  99.28 100.66 100.72 99,90  98.79  99.85 100.22  99.88

Ions on the basis of B oxygens

51 2,185 2,343 2,412 2,016 2.069 2,043 2.436 2,404  2.463 2,314 2,377
aL 1,813 l.641 1,593 1.934  L.906  1.930 1,572 1.3B3  1.825  L.817  1.599
FE2 0.006 0,011 0,013  0.006  0.007  0.000  0.004 0,032  0.034  0.008  0.01!
A 0.788  0.612  0.533  0.988  0.939  0.962  0.567  0.3B2  0.498 0,394  0.394
NA 0.204  0.381  0.412  0.037 0.078  0.044  0.403  0.377  0.462  0.407  0.400
K ¢,003 0.0t  0.018  0.000  0.001  0.001 0.016 0.021  0.0i8  0.000  0.019
AN 79.18  40.92  54.29 96,39  92.21 93,56 57.40  39.40 50,93  59.36  138.41
fil 20,53 37.95 41.92 3.61 7.68 4,33 40.96  38.5 47.24  40.64  39.31
OR 0 1.13 1.79 0.00 0.11 0.12 1.64 2.10 1.83 0.90 1.88
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CHz222
uMA

45.72
35,93
0.30
18.54
0.89
0.60

161,40

2.080
1.927
0.011
0.903
0.078
0.000

92.01
7.99

0.00

CH233
HEN

56.00
28.07
0.00
10,40
5.95

0.02

100.44

CH229

HMGN

33.80
28.44
0.08
10.72
J.28
0.09

98. 41

44.88
34.66
0.14
18.99
115
0.00

99.83

2.070
1.884
0.005
0.938
0.103
0.000

90.10
9.90
0.00

CH231

UMA

5.1
34,27
0.14
18.67
1.40
0.00

100.19

2.098
1.834
0.065
0.918
0.125
0.000

88.035
11.95
0.90

CH261
UHa

43.18
34.01
0.16
18.31
1.26
0.00

98.92

2.102
1,863
0.008
0.913
0.114
0.000

88.94
11.06
0.00
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Plagioclase
CH$237 CH238  CH238  CH$239
MGN UMA UNA MEN
33.49 M85 43,93 §5.35
25,71 35,03 34,73 21,75
0.12 0.25 0.37 0.0
8.92  1B.53  18.60  10.33
3.91 1.34 1.03 3.1
0.45 0.00 .00 0.29
96.60  99.82  9B.49  99.32
Tons con the basis of 8 oxygens
2,381 2,055 2.050  2.301
1.410 1,900  1.910  1.478
0.005 0,010  0.015  0.003
0.445  0.915  0.930  0.500
0,333 0.120 0,093  0.500
0,027  0.0600  0.000  0.017
44,27  88.41 90.70  49.17
3.07 11,59 9.30  49.19
2.66 0.00 0,90 1.64
CH281  CH281  CH284  CH284
Una UdA UHA UMA
43.44 43,28 43.28  43.44
35.83 36,03 36.21  39.47
0.01 0.09 0.12 0.29
20,23 20,64 20,35 19.90
0.19 0.00 0.09 0.49
0.05 0.08 0.00 0.00
99.78 100.14  100.05  99.99

Ions on the basis of B oxygens

2,014
1.959
0.000
1.003
0.017
0.004

97.94
1.69
0.37

2,003
1.964
0.003
1.023
0.000
0.004
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2,603
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0.000
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0.77
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0.985
0.044
0.000

CHe240
NGN

34.99
27.91
0.21
10.489
3.23
0.27

99.52

45.42
33.48
0.18
18.04
1.4
0.00

2.121
1.842
0.007
0.902
0.128
0.000

87.61
12.39
0.00

CH$244
NEN

33.32
27.13
0.30
16,31
.61
0.33

99.00

2,517
1,433
0.011
0.503
0.493
0.019

49.44
48.48
1.88

CH302
UMA

43.80
33.00
0.50
19.67
0.96
0.00

99.33

2,032
1.914
0.019
0.948
0.086
0.000

91.63
8.33
0.90
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0.17
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43.93
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100.17

2,34%
1.644
0.005
0. 661
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0.007

63.98
33.13
0.91

CH316
ENIS

47.1%
33.26
0.12
16.85
2,25
0.04

99.72

2.165
1.799
0.003
0.82%
0.200
0.002

80.35
19.43
0.22
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CH389

HGN

52.94
30.29
0.24
12.88
4,02
0.21

100.59

Plagioclase
CH312  CH312
6NIS GNIS
50.42 33,00
31,02 29.25
0.03 0.08
13.82  11.42
3.57 4.91
0.16 0.16
99.01  99.03

CH513

GNIS

34.48
27.91
0.13
11.42
3.07
0.10

99.10

Ions on the basis of 8 oxygens

2.392
1.612
0.009
0.623
0.352
0.012
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CH31b
6NIS

46,01
33.3t
0.90
16.93
1.84
0.03

98. 14

2.314
1.678
0.001
0. 680
0.317

CH334
UNA

46.21
33.53
0.10
18.39
1.28
0.01

99.54

2.415
1.371
0.003
0.567
0.434
0.009

J6. 11
42.97
0.92

CH354
UMA

45.58
33.51
0.07
18.06
160
0.04

98.86

2.484
1.560
0.003
0,558
0.448
0.006

55.12
4.31
0.57

CHBAS
HEH

33.78
29.03
0.40
11.75
4.97
0.00

99.93

Ions on the basis of 8 aoxygens

2.149
1.834
0.000
0.648
0.167
0.602

83.44
16.40
0.16

2,139
1.830
0.004
0.912
0.113
0.000

88.79
11,16
0.04

2117
1.833
0.003
0.899
0.144
0.002

853.97
13.80
0.23

2.432
1.547
0.013
0.570
0.436
0.000

J6.66
43.34
0.00

CH313

6NIS

34.30
27.95
0.18
11.23
3.01
0.13

98.82

CHBbG
HEN

Ln
-
~N o

[as)

...
D © o D
S P e
S e @

.
{2 ]
Saxygm

<

99.09

2.489
1.519
0.008
0.534
0.451
0.000

34.23
43.77
0.00

CH314

GNIS

63.34
18.54
0.18
0.01
1.03
14.51

97.43

2,99
1,032
0.007
0.001
0.0%4
0.874

0.08
9.87
90.04

CHBGA
HEN

35.86
26.92
0.38
10.09
.79
0.09

99.12

2,538
1.441
0.014
0.491
0.510
0.003

48.83
30.64
0.31

CH3t4

GNIS

33,43
28.96
0.39
11.09
3.18
0.98

101.135

2.477
1,525
0.013
0.531
0.448
0.004

33.99
45.57
0.43

CHebo
NEN

c
od

.1

N oon
@ n
[ )

>
~a

10.43
5,33
0.00

99.90

2,508
1.497
0.007
0.504
0.484
0.000

a1.04
48.94
0.01

CH314

GRIS

33. 64
29.33
0.00
11.57
4,64
0.18

99.38

2,443
1,575
0.000
0.564
0.409
0.009

.4
41.66
0.93

KN12
YEN

46.31
34.13
0.33
17.50
2.03
0.03

100.33

21413
1.834
0.013
0.834
0.180
0.003

82.38
17.32
0.30
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Plagioclase
Sanple KH12 KH13 KH13 KM13 KN20 KM20
Code LEN XEN XEN XEN UHA UMA
5102 46,38  53.46  54.64  34.18 45,90  44.03
AL203 34.19  28.81 29.31  28.90 34,27 34.37
FEQ 0.18 0.27 ¢.48 0.32 0.32 0.32
CAl 17.54 11,04 11.98  10.92  17.8%  1B.04
NA20 1.84 3.28 4.81 5.09 1.34 1.38
K20 0.10 0.14 0.70 0.24 0.00 0.00
TOTAL 100,23 99,00 10L.71  99.25  99.72 100.3%9
Ions on the basis of 8 oxygens

51 2,121 2.433 2,429 2,465 2.118  2.108
AL 1.843  1.548 1.53 1.928  1.B64  1.834
FE2 0.007  0.010 0,018  0.012  0.012 0,012
A 0.860  0.538  0.331  0.332  0.BBS  0.884
HA 0.163  0.456  0.414  0.449  0.120  0.140
£ 0.006  0.008  0.051  0.014  0.000  0.000
AN §3.57 53.18 54.22  53.46  88.03  Bh.34
AR 15,86 46.02 40,76 45,12 11.97 13,44

Ok 0.57 0.80 3.02 1.42 0.00 0.00



Saaple
Cede
Tex.

s102
1162
ALZOZ
CR203
FEC
HND
HGO
CAD
NAz0

TOTAL

Sl
Ti
AL
Ck
FE2

zz =
1»;3::‘;

32.07
0.29
2.04
.10
1. it
019
13.16
2,09
0.38

100,43

1.932
0.698
0.089
0,043
0.514
4,006
0.728
0.878
(. 08%

—
o
LR

-
- ;3

<
wn
~1
wn

69.89

CH34
UHA

i
v

0.23

1.950
G.G07
0,104
0. Ga0
0,257
0.005
0.844
0.788
0.043

44,69
13.60
4.7

76.47

CHEI9
UMA
0

4

~y

2.1

0.29

1.670
0.014
0.171
¢.00%
0,205
0,007
073
0.911
0.02t

41.47
10.76
47.76

79.41

CH#43
HEH
0

89.93

lons based on 6

L0

sssss

71.08
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N e

(o=}
»

wn
wn

99.16

1.862
0.009
0.178
0.015
0.204
0,004
0,767
0.903
0.03%

40.77
10.92

48.31

78.87

H$48  CH$4S
UM& URA
0 0
1.0t 30.98
0.2¢ 0.56
313 3.61
0.24 0.14
6.23 6.39
a.14 .2t
5.16 14.79
22,53 22.89

2.35 0.64

99.08 100.21
oxygens

1.892 1.849
0.008 0.015
0.137 0,156
0.007 0.004
0.193 6.196
(.004 0,007
0.838 0.808
0.695 0.899
0.023 0.0435
42.50 42.44

10.03 10.29
46,47  47.24

81.26  80.49

CH3S 1
KA
4

100.15

1.87¢
0,008
0,158
4,008
0.162
0,003
(.87
0.940
¢.029

42.58

48.98

63.46

CH$36
MGN

.
i

cl cc
Jiedu

0.27
1.89
0. 01
10.29
4.33
13.04
21.98
0.31

89.67

1.937
0.008
.084
0,000
0.323
0.011
9.730
0.8335
0.023

31.67
16.48

15,45

69.31

CH#SO CH$43
UM UMA
Q {0
51,63 a0.6%
0.22 (.38
1.31 3.3
02! 0.22
7.83 b.44
0,19 0. 1&
14.85 3.99
22,43 23.01
0.71 WO
99, 44 99,19
1.916 1.863
0.006 0,010
0.037 0. 167
(.60 0,004
0.237 0,200
0.006 0.004
0.82¢ 0,775
0,899 0.716
0.031 0,039
41.9¢ 10.97
12.059 10. 98
5.98 48. 44
77.62 79.47

0 = Discrete primary clinopyroxenes, occurring as prismatic grains. In the
case of the UMA series, these clinopyroxenes are generally cumulus.

1 = Large clinopyroxenes, set in a finer grained matrix of olivine, clinopyro-
xene, orthopyroxenes, and amphiboles.

2 = Clinopyroxenes occurring as interstitial, post-cumulus phase.

3 = Clinopyroxenes in the coronas between olivine and plagioclase.

4 = Clinopyroxenes occurring as exsolved granules in the orthopyroxenes.

0 = Discrete primary orthopyroxenes, occurring as prismatic grains. In the
case of the UMA series (mainly pyroxenites and mafic rocks), these or-

thopyroxenes are generally cumulus. o




330

Clinopyroxene
Sample CH$63  CH$47  CH$70  CH$71  CHs72 CH73  CH$73  CH$76 CH78  CH$78  CH&79
Cade UNA UHA UHA uHa MEN MEN MGN HEN KA HEN uma
Tex. ¢ ¢ 0 0 0 0 0 0 { 0 0
5102 50.98 51,25 5139 §0.99 91,03 5L.32 50.99  30.61 90.67  49.99  51.92
1102 0.25 0.41 0.10 0.3t 0.16 0.24 0.25 0.26 .53 0.36 0.11
AL203 3.64 3.18 2.99 2.91 1.688 1.94 1,99 .91 3.33 2.24 3.55
CR203 0.42 0.22 0.19 0.12 0.06 0.00 0.1t 0.03 0.22 0.07 0.07
FED 6.98 4,23 4,43 6.47 8.648  10.03 ‘9.14 9.81 3.89 .36 $.9¢9
HMND 0,22 0.17 0.09 0.11 0.39 0.3t 0,13 0.31 6.13 0.37 0.03
HG0 14.97  15.41 1553 1441 13.59 12,79 1349 13.3 14,43 13,71 14,43
CAD 21,39 23.99  23.66 23018 22,71 22,49 22,43 21,99 23,25 21,91 23.42
NA20 0,19 0.43 0.51 0.61 0.467 0.40 0.8 0.64 0.81 0.81 0.44
TGTAL 99.04  99.33  98.89  99.11  9%.17  99.96  99.41  9B.89 99.47  9B.B2 99.20
Ions based on 6 oxyjgens

51 1.898  1.886  1.B96  1.893 1,910  1.918  1.903  1.906  1.B86%  1.876  1.919
Tl 0.007 0,011  0.003  0.009 0,005  0.007  0.007  0.007  0.013  0.010  0.003
AL 0.160  0.138 0,130 0.127  (.083  0.0B6  0.088  0.0B5  0.154  0.099  0.135
LR 0.012  0.006  0.006  0.004  0.002  0.000  9.003  0.001  0.006 0,002 0,002
FEZ 0.217  0.131  0.137  0.261 0,272  0.314  0.286  0.309  0.182 0,294  0.154
| 0.007 0,005 0,003  0.003 0,012 0.0t0  0.004  0.010  Q.004  0.012  0.002
it 0.831 0.845  0.834  0.797  0.738  0.712  0.750  0.747  0.793  0.787  0.807
Ca 0.833  0.946  0.935  0.922  0.911  0.909  0.897  0.B87  0.919  0.881  0.927
KA 0.014  0.932  0.036  0.044  0.049  0.044  0.062  0.047  0.058  0.039  0.032
EM 43.69  43.98 4434 41.32 39.07  36.80  38.82  38.44 41,89  39.3¢ 42,73
F5 11,43 6.81 7.10  10.46 14,00 16,23 14,79  15.90 9.59 15,13 8.17
i) 44,88 49,22  4B.56  4B.00 46,93  4h.96  46.39  45.66  4B.37  45.37 49.10

M6E 79.26  Bb.G0 B6.20  79.B3  73.62 69,39 7241 70.74  BL.37  72.30 B39



Sanmple
Code
Tex.

5102
1102
AL203
CrR2Z03
FED
HNO
HGd
CAC
NAZ0

TOTAL

51
Tl
AL
CR
FE2
KN
HG
A
NA

EN
FS
o

H6E

CHTY
UHA
0

»
.58
.78
0.20
7.10
0.26
14.07
22.78
0.75

wn
wn

[
b
wn

100.07

1.863
0.016
0.144
0.006
0.219
9.008
0,772
0.899
0.033

30,86
11.57
47.57

77.94

CH$82
HEN
0

50.98
0.19
2.0
0.11
9.41
0.34

12.98

22,7

it

0.47

96.96

1.919
0.005
0.689
0.003
0.296
0.011
0.728
0.898
0.049

37.88
15. 4
46.71

71.09

CHaz2
Ura
¢

51.52
0.10
3.00
0.14
3.93
0.12

14,62

24,13
0.58

79.8¢

1.894
0.003
0.130
0.003
0.171
0.004
0.801
0.93!
0.042

41.66
8.87
49.46

82.44
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CH$83
UHa
¢

a1.18

98.83

1.880
0.0067
0.103
0.008
0.104
0.003
0.891
0,938
0.043

43.62
3.33
49,04

Clinopyrosene
CH$B4  CH$B3
uMa UHA
0 0
30.89  52.31
0.28 0.13
3.99 1.49
0.41 0.21
.2 3.31
0.80 0,12
14.49 16,37
.61 24,24
0.45 0.41
100.13  98.43
lons based on & oxygens
1.869  1.930
0.008  0.004
0,173 0.065
0.012  0.006
0.160  6.102
0.025  0.004
0.793  0.901
0.929  0.938
0.032  0.029
12.14  45.95
8.50 3.21
49.36  48.83
83.21  89.82

89.33

CH$86
UrA
0

32.46
0.00
3.79
0.05
3.95
0,14

16.22

23.81
0.41

100.83

1.893
0.G00
0,141
0.001
0.119
0.004
0.872
0.920
0.029

45.62
6.23

48.14

87.98

CH$86

IhE]
0

cn

B T~ TS e S O R e
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S e = L )

-
0 g~ ™ g M ey o

—

()
(=)
~0

(=]
.

d
~2

99.14

1.883
0.006
0.166
0.017
0.142
0.002
0.825
0.930
0.028

43.30
7.31
49.00

83.28

CH$87a

UM
0

31.352
0.38
3.29
0.24
6.63
0.09

14.29

23.54
0.80

160.80

1.881
0.010
0.142
0.007
0.203
0.003
0.777
0.921
0.037

40.90
10.48
48.43

79.30

CH¢B7a
UMa
¢

20.91
0.32
3.9
0.41
3.74
0.09

14,14

23.94
0.62

100.32

1.867
0.014
0.169
0.012
0.176
0.003
0.774
0.941
0.044

40.92
9.31
49.77

81.47

CH387b
Ura
0

50.9¢
0.42
3.69
0.34
6.71
0.02
13.82
23.41

0.81

100.33

1,870
0.012
0.140
0.016
0.206
0.001
0.757
0.92t
0.058

40.15
10.94
48.90

78.3%



Sample CH3B7c
Code UHA
Tex. 0
5102 30,32
1102 0.49
AL203 3.9
CR203 0.43
FEO 7.44
HND .21
H60 13.12
CAD 22,91
NAZ0 0.53
T0TAL 99.4¢0
51 1.878
Tl 0.014
AL 0.172
CR 0.013
FE2 0.233
HN 0.007
"G 0.730
CA 0.916
A 0.038
EN 38.83
FS 12.39
W0 48.76

H6E 73.81

CH$88
UhE]
0

9.1
0.41

-

0.06

cy
oJJ

0,22
15.17
21,79

0.81

98.03

1.884
0.012
0.104
0.002
0.302
0.007
0.744
0.883
0.0460

CH¢89
HEN
0

1.886
0.004
0.102
0.003
0.294
0.009
0.758
0.684
0.032

39.09
15.28
45.63

71.89

CH$90
HEN
0

50.67
§.29
2.3
9.11
9.81
0.33

13.15

21.99
0.64

72,50

332

Clinopyroxene
CH$91 CHE92
HEN UNA
0 0
49.71  48.99
0.19 0.49
2.21 4,75
0.06 0.05
11.24 7.91
0.33 0.16
12.31 12.99
21,39 22,41
0.49 0.79
78.10  98.94

Ions based on & oxygens

1.897
4.008
0.111
0.003
0.307
0.010
0.734
0.882
0.044

38.16
15.97
45.87

70.49

1.898
0.003
0.099
0.002
0.358
0.011
0.701
0.873
0.031

36.23
18.31
45.26

66.18

1,831
0.019
0.209
0.001
0.247
0.003
0.724
0.905
0.037

38.57
13.18

48.25

74.33

CHY2a
KA
0

1.842
0.018
0.209
0.001
0.230
0.004
0.732
0.913
0.051

39.04
12,27
48.69

78.09

CH204
HEN
0

©n
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[
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4
wn

79.44

1.936
0.006
0.090
0.003
0.247
0.008
0.779
0.883
0.025

40.79
12.94
46.27

75.92

CH207
UKA
0

31.36
0.29
2.79
0.39
4,40
0.23

15.47

23.9
0.41

79.43

1.897
0.008
0.121
0.011
0.133
0.007
0.848
0.943
0.029

o
> .
3 Do
[DYRE R

86.24

CH210
Uté
{

100.82

1,900
0.6G03
0.117
0.0603
0.138
0.007
0.842
0.941
0.047

13.86
7.10
49.04

86,47

CH211
U4
1

51.63
0.32
3.03
0.44
4.00
0.17

15.71

24,03
0.43

99.81

1.889
0,007
0.131
0.013
0.122
0,005
0.834
0.943
0.032

44,37
6.37
49.07

87.30



Sample
Code
Tex.

§102
1102
AL203
CR203
FEO
HMO
HE0
cad
NA20

TOTAL

Sl
T1
AL
CR
FEZ
HN
HE
Ca
NA

EN
FS
HO

NGE

CH212

MGN
0

—, - &
SRS

< 1A B
[e=] [ I poa I ey
RSO 2Ry

N3OS o

~a
<
-
S
+3

99.48

1.957
0,006
0.089
0.004
0.260
0.007
0.732
0.913
0.030

38.37
13.62

48.01

73.80

CH221

HEGH
0

31,31
0.50
2.33
0.04
B.44
0.33

13.04

22,64
0.37

99.19

1.926
0.014
0.103
0.001
0.263
0.011
0.728
0.919
0.042

38.24
13.92
47.84

CH221

HEN

it

1.912
0.011
0.094
0.005
0.249
0.004
0.760
0.909
0.036

39.41
12.98
47.40

333

Clinopyroxene
CH222  CH224  CH2Z4
tiMa UM4 UHA
3 1 2
32.39  3l.0t 32,49
0.07 0.43 0.23
3.02 3.2 2.08
0.11 0.33 0.14
4,67 4,67 1.08
0.09 0.13 0.16
13,31 16,1 15.90
24,00 23,09 24.23
0.22 0.09 0.06
99.87  99.34  99.40
Ions based on & o%ygens
1.922  1.880  1.934
0.002  0.012  0.007
0.130  0.142  0.090
0.003  0.015  0.004
0.143  0.144  0.124
0.003  0.004  0.003
0.837 0.883  0.873
0.943  0.911  0.937
0.016  0.007  0.004
43,32 43.60 44,46
7.44 7.41 6.43
49.04  46.99  48.91
B5. 40 86,02  87.4t

CH226

UHA

1.941
0.005
0.041
0.004
0.134
0.003
0.910
0.942
0.000

43.36
6.70
47.9%

87.13

CH227

UnA
{

21.36
0.39
3.03
0.49
4.92
0.11

153.78

23.92
0.00

100.20

1.889
0.011
0.131
0.014
0.151
0.003
0.862
4.939
0.000

44,16
1.72
48.12

83.12

CH233

UMA
0

at.97
0.40
2,41
0.03
3.36
0.04
14.38
23.50
0.50

99.01

1.929
0.011
0.114
0.002
0.164
0.001
0.804
0.934
0.034

42.28
B8.72
49.00

CH234

umMA
0

(S I
b
ra

99.39

1.680
0.009
0.163
0.003
0.165
0.001
0.799
0.948
0.030

41.74
8.64
49.460

CH23

UMA
0
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78.15

1,903
0.005
0.138
0.001
0.131
0.004
0.941
0.937
0.019

43.60
7.84
43.57

B4.76



Saaple

Code

Tey.

5102
T102
aL203
Cr203
FED
HNO
H&0
CAO
NA20

TOTAL

gl
Tl
aL
LR
FE2
HN
HE
ca
NA

EN
FS
L]

NGE

al.69
0.06
2.98
0.01
3.97
0,24
13.63
24,57
0.47

99.62

1.892
0.002
0,129
0.000
0.122
0.003
0.833
0,963
0.033
14.01

6.27

49.72

87.52

32.89
0.41
1.92
0.26
3.33
0.01

16.27

24.99
0.27

100.36

1.923
0.011
0.082
0.007
0.101
0.000
0.882
0.973
0.019

45.07
3.17
49.75

89.70

CH$237
HEN
0

49.97
0.23
1,63
0.03

11,02
0.23

12.67

21.49
0.41

97.90

1.911
0.007
0.074
0.001
0.3532
0.007
§.722
0.880
0.0435

36.94
18.03
45.04

67.20

334

£H238
UHA
0

31.54
0.23
2.96
0.20
3.14
0.12

15.86

23.08
0.73

99.86

1.882
0.006
0.127
0.006
0.157
0.004
0.863
0.903
0.032

44,89
8.17
46.94

Clinopyraxene
CH238  CH239
UMA MGH
0 0
.14 30.94
0.18 0.37
3.19 2.53
0.17 0.05
4,85  10.03
0.07 0.34
15,41 12,69
23.26  22.03
0.83 0.70
79.10  99.40
lons based on 6 oxygens
1.880  1.906
0.005  0.010
0.138  0.112
0.005  0.001
0.149  0.314
0.002  0.011
0.845  0.709
0.916  0.885
0.039  0.05t
44,22 37.16
7.80  1b.48
47.98  46.37
83.01  49.28

84.61

CH240
UumA
0

31.69
0.33
2,15
0.14
7.61
0.21

13.99

22,74
0.71

99.57

1.919
0.009
0.094
0.004
0.236
0.007
0.774
0.905
0.051

40.43
12.34
47.24

76.62

CH244
HEN
0

wn

= =
H -
- o

(%] ra L

9.01
0.34
13.51
22,04
0.83

160,06

1,904
0.008
0.105
0.009
0.280
0.011
0.747
0.876
0.081

39.26
14,69
44,04

72,71

CH247
UHA
0

1.878
0.010
0.133
0.013
0.116
0.004
0.845
0.934
0.044

44,5335
6.09
49.36

87.97

CHe247
UHA
0

31,79
0.21
3.2
0.16
3.89
0.17

153.61

23.97
0.48

99.49

CH$248
HEN
0

31.33
0.31
2.09
0.03
.61
0.4t

12.7%

21.97
0.73

1.929
0.009
0.093
0.001
0.302
0.013
0.714
0.864
0.053

37.63
15.87
46.48

70.34



335

Clinopyrosene

Sample CH230  CH261  CH281  CH362  CH332  CH344  CH389  CHBeh  CHBGS  CHBBY
Code HGN UHA uHa una HEN UHA HEH HEN HEN UMa

Tex. 0 0 ! 1 0 { 0 0 0 0

5102 51.47 51,45 52.64% 5073 52,00 49.77 5116 51,73 5146 50.04
T102 0.11 0.33 0.13 0.27 0.10 0.75 0.37 0.27 0.17 0.50
AL203 2,63 2.3 3.15 3.03 1.91 4.76 2.68 2,14 2,064 2.3
CR203 0.15 0.03 0.17 0.28 0.10 0.03 0.00 0.0 0.00 0.93
FEO 1. 7.12 4.36 6.01 9.85 8.44 9.3t 8.57 8.77 3.81
MNO 0.33 0.36 0.02 0.13 0.21 0.44 0.306 0.26 0.51 0.11
H50 12,19 13.87  15.5¢  14.83  13.22 12,66 12,85  13.39 13,30  14.02
CAO 21,98 22,83 24.26 23,14 22,22 22,17 22061 22,66 2215 2273
NAZ20 0,79 0.44 0.16 0.40 0.60 0.45 0.3t 0.57 0.78 0.41
TO0TAL 101.38  949.78 100.43  98.84 100.20  99.46  99.40  99.58  99.40  94.76

lons based on & oxygens

51 1.904 1,928  1.922  1.887 1.935  1.BA3  1.919  1.931 1.921 1,887
Tl 0.003 0,009  0.063  0.008  0.003  0.021  0.010  0.008  0.005  0.014
AL 0115 0.102  0.13%  0.133  0.084 0,210  0.118  0.094  0.091  0.099
CR 0.004  0.001  0.005  6.008  0.005  0.00f  0.000  0.0600  0.000  0.028
FE2 0.362 L2230 0,133 0.187  0.306  0.264  0.292  0.267 0.274  0.120
MN 0.01t 0.0t 0,000  0.003  0.007 0,014  0.010  0.008  0.016  0.005
HE 0.672  0.773  0.842  0.822 0.733  0.706  0.71%  0.7483  0.731  0.90C
cA 0.871  0.917  0.948  0.922 0.886  0.889  0.%09  0.906  0.BB6  0.91B
NA 0.057  0.033  0.011 0,029  0.044  0.032  0.023  0.041  0.036  0.030
EN 35.2 40.46  43.B0 42,57  38.08 37.98  37.44  38.84  39.31  4b6.44
FS 19.01 11,644 6.%1 .68  15.91 14.21 13.22  13.9%4 14.33 6.20
L] 45,72 47.88  49.28 47,75 46.01  47.B1  47.34  47.22 4637 41.37

M6L 64.98  77.63 86,37 B1.47 70,32 72,77 71,09  73.38 73.29  8B.22



Sample

Cede
Tex.

5102
1162
AL203
£r203
FED
HMHE
59
CRO
NA20

TGTAL

Si
Tl
aL
CR
FEZ
HN

(]

336

Orthopyroxane
CH3t CHE3G CH$43 CHi44 CHe46 CHed7 CHs48 CHs49 CHeSt
HGH UHA HEH UNA UNA HEN Uma Una UNA
¢ 3 0 2 3 ¢ 3 3 3
51.85 32,91 532,03 52,54 54.18 53.29 32.79 3.6l 33,591
0.67 0,07 4.07 0,04 9,03 0.07 0.02 0.03 0.01
1.40 3.1z 1.18 L 2.81 1.37 2.79 2.87 .53
0.G0 0,07 0.0 0.13 .13 0.01 e.11 0.01 0.04
24.21 14,71 24,481 201 12,17 21,59 15.30 431 13.6t
0,28 0,38 (.69 6,59 0,27 0.59 0.25 0,25 0.18
20,35 27.42 20,59 2325 29,61 an 27.92 27.61 28,04
0,65 0,49 0.87 0,52 0.1 0.33 0.79 0.72 0,61
§.00 0.3 6.59 g.co0 0,22 0.33 0.45 0.37 0.38
99.41 99.6%  100.6% 100,15 99.33 99.31  100.42 99.78 99.23
1.945 1.89§ 1.938 1.940 1.927 1.994 1.877 1.917 1.91¢
0.002 0.002 0.002  6.00! 0.001 0.002 0.001 0.001 0.000
0.062 0.132 0.032 0,083 0.109 0. 040 0.117 0.121 0.107
0,040 0,002 0,000 2,008 0,004 0.060 0.603 0.000 0.001
0.7¢7 0, 441 0.76b 0,852 0.362 0.676 0.453 0.42§ 0.417
0.628 0.011 0.022 0.619 0.G98 0.01% 0.008 (. 606 0,005
1.13% 1. 466 1. 143 1.27¢ 1.570 1.211 1.479 1.472 1.50¢
0.024 0.027 9,035 5,021 0.004 0.013 0.030 6.028 0.023
0.000 0,022 0,043 0,000 0.013 0.025 0.03 0.026 0.026
9. 10 75.81 58.79 65,55 g1.08 63.74 73.31 16,36 7.9
39.48 22.82 3%.43 33.3¢% 18.7¢ 35.56 23,16 22.21 21.50
.35 1.37 1.7¢9 1.05 9,22 0.70 1.33 1.43 1.2t
59.97 76.85 59.84 58,25 B1.26 64.19 76.48 77.47 78.724

1 = Post-cumulus orthopyroxenes, occurring either as interracial or
poikilitic minerals.

2 = Exsolved orthopyroxenes.

clases.

CH$S2
UM

3

32.48¢
.03

160,26

1.897
0.00!
0,142
6,001
0,328
(.11
1,392
0.913

0,020

72,09

27.24

0,66

3 = orthopyroxenes occurring in coronas, between the olivines and plagio-

.— X
S MO N T I O
e ST T T T .
e T O D D

AR S D RPN & 5 N ¢ ~ BEPYR R S F

~>
.
——

1.962
0,003
0,043
0,647
0,562
0.0z%
1,035
0.017

0.007

<= n
O
. .

.4 QN

.
o e -0



Saaple
Code
Tex.

5102
T102
AL203
CR203
341]
HND
HEO
CAQ
NA20

TOTAL

51
1
AL
CR
FE2
HN
NG
Ch
A
EN
FS
Wo

HGE

CHs358

HEN
0

al.39
0.03
0.99
0.00
24.98
0.79
20,35
0.33
0.11

99.17

1.953
0.001
0.044
0.000
0.794
0.0235
1.153
0.022
.008

CH¢38

una
0

32.33
0.23
0.41
0.09

20.98
0.46

23.93
0.63
0.32

99.40

1.934
0.004
0.027
0.003
0.648
0.014
1.319
0.023
0.023

46.21
32.54
1.25

47.03

CH$62

MEN
0

wn
(=]

]
-+

H h

i W ra B L 2 D~

=
e 9o ae d

N
[

o
-

99.09

1.917
0.002
0.038
0.001
G.769
0.031
1.197
0.023
0.023

60.19
38.47
1.14

60.89

337

Orthopyroxene
CH$63  CH$4S  CH$43

UNA UMA UnA

0 3 ¢
32.53 93,39 50.5t
0.03 0.07 ¢.09
3.39 2.98 3.51
0.08 0.00 0.03
16.45 15,23 21.71
0.31 0.39 0.33
5.8 27,07 20,47
0.41 4.53 0,79
.22 0.23 0.34
99.43  99.89  98.98
1.907  1.917  1.891
0.001  0.002  0.003
0.145  0.126  0.135
0.002  0.000  0.001
0.439  0.457  (.680
0.010  0.012  0.017
1,39 1,449 1.198
0.024  0.020  0.032
0.615  0.016  G.025
12,75 75.20 62.74
26,02 23.74  35.40
1.24 1.06 1.66
73.66 76,01 43.80

CH67

uA
!

wn

S e D o DS
a ® - e * . -

.
0 — g B o D ca
“HLUdpmaEnd

") e

=]

~Eu
wn

106.69

1.937
0.001
0.128
0.006
0.131
0.003
0.830
0.93¢
0.032

43.89
6.92
49.19

86.37

CH369

LKA
|

wn
wn

[ZY B = ]
. Ol

@ oy
™
=1

=]

10.10
0.23
30.91
0.43
0.21

99.64

1.944
0.00!
0.0%
4.003
0.297
0.007
1,620
0.016
0.014

83.890
15.36

0.84

84.31

CH$70

unKa
1

34.02
0.16
2.27
0.27

12,74
0.27

28.94
0.71
0.49

99.84

1.917
0.004
0,093
0.008
0.377
0.008
1.531
0.027
0.034

9.4
19.49
1.40

CH§TO

UHA
3

CHEN

]



Sample
Code
Tex.

5102
T102
AL203
CR203
FEQ
He0
NGO
CAd
NA20

TOTAL

51
Tl
AL
Ck
FEZ
N
HG
CA
N&

EN
FS
WO

HGBE

CH372

HEN
]

31.02
0.08
1.03
0.01
24,99
0.87
2.1
0.43
0.27

99.83

1.918
0.002
0.047
4.000
0.786
0,028
1.183
0.017
0.020

CHT3
HeN

o= o 2
loi.l
~O @ ™ ey

o~ ™ m

1
X
>

[6e]

(=)
[s=]
-+

19.89%
0.61
0.18

100.33

1.932
0.003
0.043
0,000
0.819
0.027
1. 118
0.023
0.013

36.98
11,76
1.26

1.7

CH73
NGN
0

il.16
0.04
1.02
0.00
25.46
0,93
20,24
0.64
0.34

99.83

1,93t
0.001
0.045
0.000
0.804
0.030
1,139
0.026
0.025

a= N
_= N
el oy o3
.

— & cn

38.62

CH$75
MGN
9

.73
0.06
1.24
0.07

24,463
0.35

20.5
0.45
0.05

99.24

1.962
0.002
0.054
0.002
0.781
0.018
1.139
0.018
0.004

e
>4 3
s
-~ p—
T B e

59.74

338

Orthopyrosene
CH$75  CH$74

MEN MGN

2 0
31.31  50.09
0.13 0.04
1.21 113
0.00 .00
24.77 2471
.51 ¢.91
19.91 21,29
0.31 0.46
0.37 6.21
98.74  99.08
1.956  1.894
0.004  0.0062
0.034  0.051
0.000  0.000
0.790  0.781
0.016  0.029
1.131 1.200
0.021  0.027
0.027  0.015
8.26 99.74
40.67  38.91
1.07 1.33
38.89  60.36

CHs7d
HEN
0

al.79
0.03
1.4
0.14
22,97
0.41
22,72
0.61
0.31

100.41

1.913
0.001
0.061
0.004
0.710
0.013
1,251
0.024
0.022

b
3

[52]
<
(2]

~
wn

— n
[o%)
N3

63.81

CH78
uMA

32,49
0.03
3.18
0.07

15.73
0.45

26.48
0.43
0.33

99.43

1.B96
0.001
0.136
0.002
0.475
0.014
1.434
0.017
0.023

74.50
24,64
0.87

CH78
UMA

wn
"~
.

—

[ - X

. P A
> oy L2 O~
S Ll O 0

[2%)
wn
.
e LN O Ld PO
- O ™ e

o O
.

99.67

1.910
0.023
0.117
0.000
0.492
0.010
1,398
0.020
0.029

16.39
0.33
25.92
.13
0.14

§9.32

1.907
0.003
0.114
0.003
0.499
0.011
1.404
0.044
0.910

72.14
25.60
2.24

73.81



Sanple

Code
Tex.

5102
Tig2
ALZ03
CR203
FEO
HNO
]
Cao
NAZ0

T07AL

S1
11
AL
CR
FEZ
HN
HG
Ca
HA

EN
FS
WO

CH$87c

UHA
0

wn
[

[X]

.
_O.c:;f'l?:— QPP{Q
ry 2

(=4

)
.

D pa M pe LN oy e

Hen o & on QN

99.00

1.931
0.001
0.094
0.001
0.632
0.013
1.286
0.018
0.003

66.41
32,66
0.93

67.03

CHs8d
UHA

33.51
.19
2.36
0.10

15.98
0.35

28.99
0.47
.26

102.21

1.871

0.005
0.097
0.003
0.467
0.010
1.511

0.018
0.018

73.70
5.4
0.88

76.38

CH$88
una

(1] wn
bon

(]
=Tl S i~ S
e Ty

..
Cltn N En Gl o R3 ew O~
SRS Rag ez

-~
-

99.02

1.91t
0.003
0.034
0.00!
¢.748
0.018
1.197
0.021
0.027

60.28
38.48
1.04

60.91

CH$90
HGN
0

339

(Orthopyrozene
CH$9!  CH#92
HEN UMA

0 9
49.49 39L.25
0.10 0.16
1.21 3.33
0.00 0.02
2.3 19.23
0.71 0.43
18.84 22,91
0.27 0.99
0.02 0.00
98.03  98.32
1.924 1.917
0.003  0.004
0.035  0.147
0.000  0.001
0.8%0  0.401
0.023 0,014
1.092 1,277
0.011  0.040
0.002  0.000
34.76  66.38
44,67  31.35
0.36 2,07
33.08  47.98

CH$92b
uma
0

wn
i

Be O3 o Cd pe O

O R e on ~ = e n D

~a
o

[y
Do e D B o D
o =T e .

N m

160.25

1.892
0.004
0.142
0.001
0.574
0.014
1.320
0.032
0.020

CH116
UHA
1

wn

oy

—
O O o Do N 4
P )

Cd O O~ BN O 4= n O

Ll Cd Ly OO e LA »e LN

=)
.

-}

0

CH116
uma
t

— wn
Lo T e T = B S O B S
- - . - - - -

03 sae LN~ €N

B o~ 4w o O

i
=
.
[ Y ]
o O o~

=
<>
B

99.30

1.932
0.004
0.106
0.004
0.321
g.011
1.604
6,013
0.008

82.80
16.35
0.65

CHI22
UMA
{

36.49
0.02
0.00
6.09

10,43
0.28

27.53
0.62
0.31

97.39

=N
-
P
=3
—

0.000
0.003
0.319
04,009
1.501
0.024
0.022

81.39
17.29
1.32

82.48

CH202
HEN
0

n

—_ e N D D
« s e g = = .
<>

Lo

*~d = LN
LA B e DD - O

(%)

[
==Y
L)
=
P=)

98.74

1.934
0.003
0.077
0.000
0.730
0.036
1.190
0.010
0.000

“ o~

D N .
- = a
wn M o~
[N A

61.98



Saaple
Code
Tex.

S102
1102
AL203
CR203
FEO
KND
GO
£AD
NAZ0

TOTAL

81
Tl
AL
R
FEZ
HN
H6
cA
NA

EN
FS
Wo

6L

CH206

MEN
0

32.44
0.08
1.29
0.09
21.23
0.30
3.7
0.43
0.00

99.23

1.953
0.002
0.054
0.003
0.462
0.014
1.287
0.018
0.000

63.43
33.63
0.92

66.04

CH207

UMA
3

34.34
0.01
2.40
0.02

12.38
0.38

29.64
0.29
0.46

29.94

1.919
0.009
0.100
0.001
0.364
0.011
1,361
0.011
0.031

80.57
18.87
0.57

B1.02

CH210

UNA
2

33.86
0.42
3.12
0.24

13.39
0.23

28.11
0.49
0.00

100.98

1.922
0.011
0.13!
0.007
0.400
0.008
1.495
0.026
0.000

77.83
20.80
1.37

78.91

340

Orthopyrovene
CH211  CH212  CH214
UHA MEN A
1 0 3
33.97 52,39 56,34
0.00 0.10 0.12
2.80 1.39 0.00
0.10 0.11 0.08
12,21 22,97  11.B2
0.29 0.55 0.33
29.92 21,60 30.80
0.36 0.37 0.07
--- 0.14 -
99.64  99.83  99.74
{914 1.939  2.004
0.000  0.003  0.003
0.117  0.061  0.000
0.003  0.003  0.002
0.362  0.71%  0.350
0.009 0,017  0.010
1.581 1,208 1.627
0.014  0.023  0.003
0.000  0.010  0.000
80.79  &1.90 82,17
18.50  36.93  17.49
0.71 1.17 0,14
81.37  62.63  82.29

CH214

A
1

= 5
:

~

o~ &

1.96
0.39
10.95
0.21
317
0.43

99.80

1.921
0.004
0.081
0.011
0.323
0.006
1,637
0.016
0.000

82.84
16.33
0.83

63.54

CH217

HGN
0

32.92
0.03
.51
0.01

22,42
0.82

22.02
0.28

100.04

1.972
0.001
0.064
0.000
0.699

0.026
1,223

W iLL

0.011
0.000

63.27
36,14
0.58

63.63

CH221

MEN
0

wn
3
-

€D pn

- e e
LN e nnf @ O OO
~N oo~ O A N D

~a
4

]
=

=
o -
wn

o~

100.33

1.926
0.002
0.043
4.001
0.727
0.013
{.22

0.023
0.040

61.96
36.90
113

42.48

CH221

MGN
0

cn
e o SR
s L
=y >

1
d
<
~0

s

(=]
.

wn
-~

21.40
1.24
0.13

99.69

1.960
0.001
0.043
0.000
0.724
0.018
1,194
0.049
0.009

60.75
36.78
2.47

62.29

CH222

UKA
3

94.68
0.00
LT3
0,03

13.10
0.28

29.21
0.31

99.55

1.960
0.000
0.073
0,001
.39
0.009
1,335
0.012
0.000

79.42
19.98
0.60

79.90



Saaple
Code
Tex.

5102
riaz
AL20T
CRZ03
FED
HND
160
CAD
HE20

TOTAL

51
T1
AL
CR
FE2
MH
HG
Ca
NA

EN
FS
L]

MGE

CH224

UMA
7

4

33.58
0.07
1.80
0.28
14.04
0.37
28.69
0.34
0.45

wn

o

99.63

1.912
0,002
4.076
0.008
0.420
0.011
1.327
0.014
0,031

77.89
21.41
0.70

78.44

CH224
una
1

34.36
6.10
2,00
0.23
12.50
0.41
29.67
0.37
0.37

160.01

1.923
0.003
0.083
0.006
0.370
0.012
1.364
0.014
0.025

80.31
18.98
0.71

80.89

CH226

UMA
1

34,62
.00
2,41
0.00

12,56
0.27

29.26
0.33

99.70

1.943
0.000
0.112
0.000
0.374
0.008
1.531
0.012
0.000

80.97
19.29
0.464

80.59

341

CH22

KA
1

34.87
0.03
2.07
0.00
12.12

Lald

r
4
~a

ool o
- e Y
£
—

<
<

99.66

1.948
0.001
0.087
0.000
0.380
0.010
1.579
0.015
0.000

80.80
18.42
0.78

81.44

Grthopyroxene
CH234  CH2I3
UMA KA
3 1
3419 547t
0.08 0.19
2,28 2,00
0.00 0.12
13.23 1.2
0.46 0.30
28.81  30.03
0.83 0.38
0.26 0.32
100.13  99.25
1.923  1.942
0.002  0.003
0.093  0.083
0.000  0.003
0.393  0.333
0.014  0.009
1.524  1.389
0.032  0.014
0.018  0.022
78.22  82.07
20,16  17.19
1.6 0.74
79.51  B2.48

CH235

UMA
3

33.33
0.03
3.1
0.00

11.26
0.38

29.44
0.41
0.356

98.75

1.905
0.001
0.131
0.000
0.335
0.012
1.562
6.013
0.039

81.47
17.33
0.81

82.33

CH3237

MGN
0

49.85
0.09
0.85
0.01

28.73
0.72

18.79
0.95
0.22

100.21

1.899
0.003
0.038
0.000
0.913
0.023
1.067
0.039
0.016

cn
- h R
Toent
o <
~3E83

33.82

CH238
UHA
0

33.40
0.07
2.24

—
(=}
B -
C <
b b3 L D

[ o)
S O m
- & g -
[ A el I =

99.02

1.921
0.002
0.095
0.000
0.423
0.010
1.513
0.014
0.021

77.53
21,66
0.81

78.17

CH$Z39
HEN
0

n
<

L= S o}
* . e

<
- .

(%] "~

> (&)

- .
4m O~ g LN g S Ln & o

— e PN g O

o D
.
—

98.84

1.930
0.000
0.048
0.4001
0.739
0.017
1.170
0.023
0.030

59.88
38.84
1.27

60.64

CH$240
UKA
0

33.21
0.69
1.41

(o
<>
Pl
~
—

=
S P i
.y LN o~ LN
— L] =

100.43

1.931
0.002
0.061
0.001
0,635
0.016
1.290
0.021
0.022

66.30
32,63
1.07

67.02



Sanple
Code
Tex.

5102
T102
AL203
CR203
FEO
HNO
G0
CAD
NA20

T07AL

51
11
aL
Ck
FE2
HH
MG
CA
NA

EN
F§
Ho

MGE

CH$244
HEN
0

wn

—

-
Q

LN s -

~a
e

o N
- " . -
L)

=
.
""Fsur_n"“-’mf"-’:_n’“

(O]

[

[
-
e

100.19

1.935
0.004
0.0867
0.00z
0.743
0.014
{.180
0.025
9.030

60,39
38.14
1.27

61.37

CH$247
ua

98.43

1.931
0.002
0.119
¢.001
0.342
0.008
1.568
0.012
0.016

81.60
17.79
0.62

B2.10

CH3248
HEN
g

en
i S g
B o

<
-

=3
=}

24,79
.67
20.39
0.34
0.28

100.23

1.948
0.002
0.068
0.009
0.778
0.021
1.140
0.023
0.020

58.76
40.08
.14

342

CH$250
MEN
0

(] «n
oo NS o -
e s .

o~ d o N B el G

(=

...
Ll g g g ~ g B3

100.43

1.933
0.004
0.064
0.001
0.882
0.022
1.042
0.028
0.002

33.39
43.17
1.44

34,17

Orthopyrosene
LH253  CH261
HEN UHA

0 3
g1.52 5z2.11
0.11 0.07
0.63 1.63
0.00 .00
28.60 21,01
0.64 0.64
18.31  23.10
0.34 ¢.39
0.00 0.31
100.34  99.4b
1.969  1.933
0.003  0.002
0.028  0.071
0.000  0.000
0.914  0.432
0.021  0.020
1.043  1.277
0.022  0.023
0.000  0.022
52.69  45.42
46,19  33.38
1.1 1.20
33.29  hb6.21

CH281
UMA
3

4.1
0.06
2.87
0.15

12,22

29.25
0.27
0.20

99.47

1.925
0.002
0.120
0.004
0.364
0.010
1.551
0.010
0.014

80.58
18.89
0.33

81.01

CH281
UA
0

33.30
0.06
3.64

CH284
UHA
3

34.83
0.03
1.80
0.06

12.09
0.23

29.73
0.40
0.16

99.32

1,932
0.001
0.075
0.002
0.360
0.007
1.577
0.015
0.011

80.79
18.44
0.78

81.42

CH302
UMA

Y
2

33.40
0.18
2.28
0.00

13.76
0.40

27.88
0.92
0.38

99.20

1.918
0.003
0.097
0.000
0.413
0.012
1.493
0.033
0.024

76.89
21.29
1.82

78.31

CH302
uMa
0

33.40
0.18
2.28
0.00

13.74
0.40

27.68
0.92
0.38

99.19

1.918
0.005
0.0%
0.000
0.413
0.012
1.493
0.035
0.026

76.89
21.29
1.81

78.31



Sample
Code
Tex.

5182
T162
ALZ03
CR203
FED
HKC
H&D
CAO
NAZ0

TOTAL

51
11
aL
CR
FE2
HH
HE
A
NA

EN
F§
L]

HGE

CHe79

UHA
|

32,39
0.0
4,15
0.14

11.78
0.33

28.97
0.71
0.42

99.10

CH$77

UHA
3

M.
0.00
.19

—
[
b

o~ by

RC= ]

—

ra
o N o
* - " .
o
-a

~Na
—

90.37

1.070
0.000
0.170
0.003
0.260
0,005
0.968
0.003
0.040

78.80
20.77
0.43

79.14

343

CHBO
UHA

-

3

32.98
0.16
3.75
0.14

11.91
0.17

29.32
0.49
0.14

99.08

1.888
0.004
0.157
0.003
0.335
0.003
1.357
0.019
0.010

80.43
18.37
0.97

81.44

Orthopyroxene
CH¢B2  CH$83

HGN UMA

0 3
51.45  53.38
0.07 0.03
1.4 2.31
0.07 0.14
23.41 10,74
1.01 0.21
20,61 30.79
0.57 0.41
0.14 0.29
98.74  98.27
1.933 1.902
0.002  0.001
0.063  0.097
0.002  0.004
0.744  0.319
0.033  0.006
1.167 1,635
0.023  0.014
0.010  0.020
60.34  83.01
3B.46 16,20
1.20 0.79
61.08  B3.47

CH¢B4
UMA
3

33.29
0.09
2,49
0.03

12.77
0.29

28.51

CH$B6
UMA

-

95

wn

—
L = R e B i — L0 B
Pl .2l

—_—.n gy DS

N g 0 > Ll o b

r~
=}

~ o~
Lol 2% |

100.47

1.912
0.000
0.137
0.001
0.352
0.009
1,350

0,023

0.014
80.49
18.30

.21

81.48

CH$B7a
UMA
0

9
.0
2.33
0.21
17.99
0.31
5.5
0.33

(=]

[~
J

=]
~4

0.28

100.23

1.922
0.002
0.100
0.006
0.54¢
0.016
1.369
0.021
0.020

70.74
28.19
1.06

71.31

CH$87a
UHA
0

32.99
0.05
1.99
0.21

16.27
0.33

26.35
0.43
0.13

98.97

1,932
0.001
0.083
0.006
0,496
0.011
1. 443
0.017
0.007

[ M|
n A
o .

-~
d

<>
.

oo
o~

74.41

CH487h
UMA
0

wn
-

(0%
wn

1o

p—
> > LN S N D N O G
» - . . -
e O Ll 2D B e
W o O~ i O

=
B

N
[N

109.31

1.929
0.002
0.092
0.007
0.343
0.011
1.382
0.017
0.016

71.14
21,96
0.90

71.79



Saeple
Code
Tex.

102
1102
AL203
CR203
FED
HND
HG0
CAO
NAZ0

TOTAL

51
Tl

A
H

CR
FE2
HN
MG
CA
NA

EN
FS
O

HGE

CH332
NEN
0

31.20
0.07
1.13
0.00

25.10
0.70

20.84
0.33
0.76

100.38

1.908
0.002
0.031
0.000
0.782

o D -
. " . e
S
N en R
[N X

<>
wn
wn

39.00
39.87
113

39.68

CH344

UHA
0

31,31
0.13
3.09
0.00

20.36
0.62

2.97

0.44

0.17

2

99.29

p—

D e D e D on

— L= o
-+

o4 Cd —

3 < on

e — S — TP — R
Pt g .

= ]

_—r—

N ~N o O

66.18
32.91
0.91

66.79

CH389

HEN
0

1.945
0.003
0.199
0.005
0.479
0.019
1.044
0.074
0.033

38.09
37.81
41

60.57

344

Orthopyroxene

CH312  CH313  CH514  CH3t4  CH3lé

GHIS GNIS GN1S BNIS GNIS

0 0 g 0 0
30.23 45,93 5L.29  50.89  50.86
0.05 0.22 0.14 0,01 0.17
1.2t 0.83 2.30 2,38 1.93
0.17 0.00 0.4G0 0.11 0.07
27.64  3l.18 23,75 26,98 26.30
.42 0.57 0.22 0.34 0.22
18.80 15,39 2136  19.24  19.83
0.29 0.66 0.18 0.35 0.15
0.02 0.51 0.23 0.21 0.52

98.81  99.54  99.70 100.33 100.25
Tons on the basis of & oxygens

1,938 1.946  1.918  1.918  1.912
0.001  0.007  0.004  0.000  0.005
0,035 0.040  0.102  0.106  0.086
0.005  0.000 0,000  €.003  0.002
9.892 1.0ls  0.743  0.830  0.833
0.014  0.01% 0,007 0.0t 0.007
1.081  0.906  1.202  1.08! 1.1
0.012  0.027  0.007  0.014  0.004
0.002  0.03%  0.016  0.016  0.038

J4.46  46.46 61,37 55.8%  5b.98
44.94 5213 3B.06 4371 472
0.40 1.41 0.37 0.73 0.30

.79 47.13  61.80  35.97 5713

CH354
UHA

-

3

al.64
0.00
3.23
0.00
13.70
0.20
26,22

¢.10
0.34

99.46

1.861
0.000
0.273
0.000
0.473
0.004
1,409
0.004
0.024

~
< o=~
P
N ~
233

74.835

CHBSS
HEN
0

32.01
0.14
1.41
0.00

23.2
0.97

n c
22.25

0.48
0.19

100.86

1.921
0.004
0.070
0.000
0.717
0.030
1.225

0.019
0.014

62.47
36,54
0.97

63.08

CHBGG
HEN
0

32.33
0.00
1.30
0.00

22.84
0.78

22,15
0.84
0.58

100.635

1.927
0.000
(.036
0.000
0.704
0.024
1.215
0.033
0.04t

O~
'-o’im
. e »
~N o N
<>

wh @

63.33

CHaas
U
0

ot wn

OO SN S D
. PR . . - .

€ad e RY el S s Y e

0]

(2]

99.1

1.8¢
0.0(
0.0
0.0(
0.3
0.0
1.4(
0.01
0.90:

- o
S o —
PRS-

-1

B1..



Sasnle
Code
Tex.

5102
1102
ALZ03
CR203
FEQ
KENO
MGD
ChO
NAZO
K20

T0TAL

s
1
AL
FE2
N

CH31
NGN
0

44,04
1.22
10,12
0.19
14,32
0.16
11.43
11.62
0.78
0.93

74.94

SPmNE - b
en © oo O3 — 4
—

N @
<l

56.38

CH34
UMA
0

43.

o~ O~

2]
€A n L3 Cn Cn

—

o = o O — N

e ®° & * .
©D

-0

..
(2]
:
-0 .
=R

12,05
116
0.64

96,34

6.754
0,183
1.610
1.478
0.033
3.066
1.90¢
0.332
0.120

1.47

CH34
uMA

o]
I

.22
0.08
13.91
0.00
17.59
0.25
8.48
11.28
1.7
0.31

94.83

345

CH$39 CH$43
UNA HEN
1 0
43.0t  45.01
0.39 1.53
14,07 10.52
0.13 0.07
8.99 14.77
0.12 0.18
14.89  12.35
12,23 11.89
2.49 1.41
0.17 0.79
96.49  98.52
lons an the
6.298  b4.614
0.043  0.149
2.426  1.822
1.101 1.815
0.0t5  0.022
3.250  2.705
1.919  1.872
0.707  0.402
0.032  0.143
7470 59.84

CHe44
AN.D
¢

44.81
1.33
10.69
0.6%
13.69
0.2¢9
12.39
11.19
1.591
0.49

96.98

bacis of 2

5.644
0.137
1.848
.68
0.036
2,738
1.778
0.434
0.093

61.73

L9

CH34
MA

13.72

l’."?

12,08
9.09
12.0!

17
25

.63

—
ol

(=Tl £F )
. .

9s.

o
=

<

oxygens

6.474
0.136
2.108
1.487
0.025
2,997
1.943
0.474
0.038

85.13

CH$4b
UNA
0

43.66
9.85
13.31
0.27
7.61
0.14
16.51
11.79
2.51

0.23

94.88

6.325
0,093
2.213
0.922
0.017
3.563
1.830
0.703
0.043

Aanhibole

CH¢47
NGN
¢

45.97
0.99
e.95
(.04

6.767
0.116
1.728
1.772
0.039
2.890
1.721
0.394
0.066

61.99

0 = Prismatic grains, mainly primary magmatic amphibole.

1 = Amphibole in coronas.

0 = Secondary amphibole.

CH$47
fn.2
0

43.02

ko]
LRV 24

12.31
0.99
14.02
0.17
2.33
11.21
1.88
1.9t

99.24

6.047
0.137
1.999
1.616
0.920
2,533
1,453
0.500
0.336

61.03

CH$43
UNA
1

2.1
0.47
13.9¢
0.0
B.83
0.13
14.91
12.61
2,61
¢.10

%o.64

6.254
0.074
Al
087
L0148
254
1.976
0.741
0.019

d D e D

74.93

CH349

UNa
1

12,43

6.177
0.061
2,540
1.16G8
0.028

3.192 -

1.933
0.793
0.0352

74.23



Sample
Code
Tex.

5102
1102
AL203
CR203
FEQ
HND
HED
CAO
NAz20
K20

T0TAL

51
11
AL
FE2
HH
5
ca
KA

HGL

Kit
HGN
2

£

41.13
0.23
13.94
0.00
16.74
6.10
9.77
3.9
1.12
0.33

CHeSt
UA
1

2.1
0.27
14.31
0.10
7.69
0.13
:'17
13.93
0.38
0.00

94.59

3.886
0.028
2,337
0.886
0.013
3,136
1.900
0.102
0.009

71.97

CH$32
UHA
1

41.83
0.34
15.11
0.05
10.33
0.12
14.33
11,41
2.31
0.31

96.34

346

Amphibole

CH$57  CHeS8
KGN MGN
0 0
43.29  45.01
1.75 1.61
10.39 9.42
0.14 0.04
16.71 14,42
0.253 0.25
11.52 12.21
11,44 11.49
1.72 1.51
0.99 0.41
96.42  94.77
Ions on the
6.470 6.72
0.197  0.181
1.830 1.638
2,089 1.826
0.032  0.032
2.566 2,718
1.867 1.870
0.498  0.437
0.189  0.078
33.13  39.82

CHé38
HeN

n
£

o"‘o-’*
oS e L
PO R Y I O]

22, 3”
0.99
18.36
0.81
0.31
0.03

98.50

basis of

7.884
0.603
0.172
2.708
0.121
3.962
0.123
0.087
0.004

39.40

CH$58
HEN
0

48.97
0.19
7.65
0.02

17.61
0.46

14.39
1.69
1.00
0.15

78.13
23 orygens

7.143
0.021
1.313
2.149
0.057
12
.20
.28
.02

Oo::""w
roFJ.-.
RV A o

<
[==)

CH$60
UHA
0

44.61
1,56
7.31
0.62

f1.21
0.16

15.61

11.72
1.21
0.51

CHea2
NGN
0

42.07
1.62
9.8¢
0.01

14.463
0.34

12.38

11.14
1.70
0.87

74.38

6.492
0.188
1.782
1.8838
0.044
2.848
1.843
0.509
0.171

60.13

CH$42
HEN
0

42.99
1.62
9.73
0.01

15.61
0,33

12.41

11,16
1.70
0.79

6.322
0.185
1.743
1,981
0.042
2.804
1.814
0.300
0.133

CH$63
litA
!

42,71
0.37
13.02
0.09
9.63
0.25
14.41
12.31
2.71
0.10

97.40

6.207
0.040
2.973
1.176
0.031
3121
1.917
0.764
0.019

12.73

CH$63
uma

7.324
0.005
0.807
{.943
0.038
§.109
0.50¢

0.020



347

Aaphibole

Sample K3t CH$S5!  CHeS2  CH$37  CH$3B  CHES8  CHeSB  CH$60  CH$62  CH$A2Z  CH$AS  CH$43
Code NEN UKA UM HGN HGN HEN MGN UMA HEN HEN UNA KA
Tex. 2 1 { 0 0 2 0 0 0 0 1 2
5102 41,13 42,71 41,83 43.29 43,01 54.52  48.97  4b.61 42,07 42,99 4271 9179
1102 0.23 0.27 0.34 1.73 1.61 0.03 0.19 1.56 1.82 1.42 0.37 0.05
AL203 13.94 14.31 1511 10.39 9.42 1.0t 7.63 7.51 9.80 9.7 15.02 4.71
CR203 0.00 0.10 0.03 0.14 0.04 0.03 0.02 0.62 0.01 0.01 0.09 0.06
FEQ 16.74 7.69  10.53 1671 14,62 22,39 17.41 11,21 14,63 15.41 9.63  15.99
HHO 0.10 0.13 0.12 0.25 0.23 0.99 0.44 0.16 0.34 0.33 0.23 0.31
KGO 9.77 1527 14,33 11.32 12,21 18.38 1439 15,61 12,38 12,41 1441 18.97
CAD 9.96 13.93 1161 1l.e6 11,49 0.81 7.69 1.7z 1116 1116 12,31 3.22
NAZ0 1.12 0.38 2.3 1.72 .51 0.31 1.00 1.2 1.70 1.70 2.71 0.82
K20 0.3 0.00 0.31 0.99 0.4 0.03 0.13 0.51 0.87 0.79 0.10 0.11
TOTAL 93.52  94.99 94,36  98.42 96,77  9B.50  98.13  96.72 94,58  96.37  97.60  94.03

Ions on the basis of 23 oxygens
81 6,392 5.886  6.163  A.470 4.721  7.BB4 7,145 6.854  6.492 6,322 6.207  7.526
Tl 0.027  0.028  0.040  0.197  0.18f  0.003  0.021  0.173  0.188  0.185  0.040  0.00%
AL 2,553 2.357  2.624  1.B30  1.658  0.172 L3135 1,302 1.782 L.743  2.373  0.807
FE2 2176 0.886  1.297 2,089  1.B26 2,708 2,149 1,379 1.888  1.981 1.170  1.943
N 0.013  0.015 0,015 0.032 0.032 0.121  0.037  0.020 0.044 0.042 0.031  0.038
B 2,265 3.136 3.147 0 2,566 2,718 3.962  3.129  3.421 2.B48 2,806 3121 40109
Ca f.638 1,900  1.833  1.847  1.870  0.125  1.202  1.B4¢  1.B45  1.814  L.917  0.501
HA 0.337  0.102  0.460  0.498  0.437  0.087  0.283  0.343  0.309 0.l -
K 0.103  0.000  0.038  0.189  0.078  0.006  0.028  0.09  0.17:

HBE 50.99  77.%7  70.81 5513 §9.82 39.40 39..: B T LLTT aiLER

1.



348

fmehibole

Saaple CH$A4  CHE%44  CH$AS  CH$AS  CH$67  CHs4H CH$69  CH$71 CH$71 CH§72  CHYT72 CH$72
Cade &H.D Aa.D UHA &0 UMa UHa Una Uia UNA Utk UMA Ut
Tex. G 2 1 0 1 0 0 1 2 Z 2 2
3102 41.97  31.B9 42,97  41.85  43.92 44,52 44,43 43,53 3L.39 32.94 43.03 43,463
T102 1.16 0.03 0,29 1.99 0.66 0,22 0.45 0.98 0.45 0.13 1.59 1.09
AL203 13.27 3.41 14.92 13.47 14.08 14.47 12.73 12,13 121 1.47 10,33 13,02
CR203 0.09 0.03 0.13 0.04 0.20 0.02 0.71 0.09 0.00 0.00 5,06 0.02
FED 12,07 13,69 8.97 12.98 7.23 9.47 3,83 12,24 8,67 17.81 13.31 13.71
MNO 0.11 0.37 0.1l 0.13 0.13 0.14 0.09 0.08 0.21 ¢.89 6,24 4.18
HG0 12,467 19.97 15.17 11.99 15.73 14,33 16.59 12.99 17.53 19.71 12.04 12.85
CAD 11.25 2.69 12.45 11.97 13.01 11,45 12,469 12.49 12,44 2.73 11,63 11.37
A2 2.6% 0.62 2.97 2.70 2.01 2.15 1.81 1.43 0.61 0.31 1.B4 1.53
K20 0,29 0.40 0.05 0,88 0.07 ¢.18 0.25 0.35 0.94 0,05 .66 0.54
TOTAL 37.50 74,30 98.43 98.00 97.04 97.53 95.78  94.33 24.61 95,26 95.93 96,94

Tons on the basis of 23 ouygens

St 6,163 7.634 6,202 6194 6,332 AA19 6477 b.469 T.38T  T.741 b.47B 0 4.733
il 0.128 .00 0.031  0.221  0.072  0.024  0.049  0.110  0.049  0.014  0.180 0,121
AL 2,643 0.626 2.538  2.350 2,393 2,439 2,177 7,128 0.BB0O  0.288  1.B&B  1.74B
FEZ2 1,482 1.807  1.083  L.a067  0.872 1,166 0,708  1.521 L0399  Z2.177  1.928  1.4%7
i 0.014  0.046 0,013 0.016  0.016 0,017 0.011 0,010 0.025  Q.110 G031 0.023
Sl 2773 4379 3.263 0 2,645 3385 30123 3.589 2,877 G730 4.7294 702 2,834
C4 1770 0,424 1,925 1.898  2.010  1.BOO  1.973 1,989  1.944  0.428 .87  1.B(3

0,746 0.177 0,831 0.775  0.362  0.601  0.309  0.412  0.170 0,088  0.343  0.439

v
Fach- 4
o>

0.034  0.075  0.009  ¢.166 0,013 0,033 0.046 0,046 0.011 0,009 0,127 0.102

HGE 63.17 70,78 75,09 2,21 79,52 72,81  B3.53  45.42 7B.30  66.36  3R.3A 62.55



Saaple
Code
Tex.

5102
1102
AL203
CR203
FED
MNO
Hed
CAd
NAZO
K21

TOTAL

1
i

T1
AL
FE2
HR
G
CA
&

HGE

CH$735

HEN

CHeT6

HoH
0

0,385
0.193

38.77

CH#78

HEN
0

44,39
131
10.21
9.05

14.33

0.17
13,34

11,27

0,03

6.4622
0.147
1.7935
1.788
0.021
2,968
1,801
0.342
0.004

62.39

CH78
UHA
0

.
wn cn
2IHFRI

1
S 4 :

e B3y O3 4 LA
T milg o gm o

96,17

6.128
0.084
2.703
1.179
4,022
3.043
1.941
0.634
(.032

349

Amphibale
CH$79 CHT9
UMA KA

2 0
41.37 419
0.42 2.48
13.79  13.18
0.09 0.09
6.33 2.89
0.12 0.09
15.89  13.48
12.32 12,727
.77 2.49
0.43 0.51
93.93  93.87
ions on the basis of
6.081  4.130
0.046  0.278
2,722 2.319
6.799  1.235
0.013 0,011
3465 3.045
1.931 1.9463
0.791  0.72
(.080 0,097
81.26 71.14

72.08

23

CHao
Una
1

44,10
0.06
14.49
0.00
6.27
0.19
16,33
12,31
2.4
0.04

94,563

oxygens

6.35

0.006
2.439
0.753
0.023
3.547
1.930
0. 681
0.007

82.43

CHeB1
UHa
0

44.97
0,534
.89
0.89
3.39
0.08

18.67

12.51
1.89
0.05

93.08

6.583
0.039
1.706
0.684
0.010
4.073
1.262
0.336

0.009

CHA2
A

CH$82
HaN
0

— i
S o
0 D

g oy
[ G I ]

pomguye —
O el e S ) L P O |
« e = T e . e

o~ 4= co
-0 = Ln

4
4

0

-4
P
.

6.391
0.226
1.974
1.934
0.041
Z2.483
1.918
0.413
0.324

CH3g2
HEN

n
s

L

12.73
0.34
13.31
0.06
16.47
0.27
871
12,02
1.33
4.37

86.81

4

0,038
397
073
L34
.178
1.938
0.388
0.07¢

[0 R N T O |
.

CHeA3
uHa
0

o

b b —
Eo T O T G T & L B T © o A S O B~ (S |
- e e s 4 e 4 e

o O~ e O~ e £ OO h QN
= e ) Cd e~ e G O~ -

72.33

6 nYn

v EQL
0.062
2,39
0.793
0.014
3.634
1.962
0.742
0.002



Sanple
Code
Tex.

5102
T102
AL203
CR203
FEO
HKO
]
Can
NAZD
KZ0

TATAL

51
1l
AL
FE2
N
H6
ca
NA
K

H6E

CH$84

UNA
{

6.387
0.025
2,432
1,030
0.011
3.263
1.899
0.556
0.006

73.66

CHsB4

UHA
0

6.441
0.066
2.498
1413
0.014
2,399
1.986
0.402
0.029

64.78

CHES
UHA
0

— £
[
[

w N s () e D
O o O oen

— -
— el s D G e R
s e mET

o
o

6.270
0.186
2.432
1.344
0.013
2,728
1,831
0.572
0.038

£8.34

3590

Aaphibole
CH$B6  CH$B7a  CH$B7b
UHA UHA UMA
0 0 0
£3.39 45,33 4177
6.17 1.31 0.83
15.91 10.97 9.21
0.08 0.48 0.31
4.01 10.91 8.49
0.13 0.12 0.07
16,33 14,25 16.15
12.71 12.31 12,27
3.02 1.49 .1
0.03 0.23 0.22
98.00 97.60  96.93
lons on the basis of
6.200 6.597  4.837
0.018 0,143 0.090
2,647 1.882 1.570
0.718 1.328 1.051
018 0.015  0.009
3.462 3.091 3.482
1.937 1.920 1.901
0.833 0.477  0.480
0.005  0.043  0.041
§2.88 59,93 746.81

CH$87c
UHA
0

43.29
1.27
10.91
0.39
15.49
0.09
14.47
12,13
1.84
0.34

102,22
23 oxygens

6.437
0.136
1.827
1.841
0.011
3.063
1.847
0.507
0.062

62.48

CH$87d
UnA
0

44.71
1.56
11.41
0.41
11.87
0.00
13. 61
11.97
£.70
0.26

§7.50

CHég8
HEH
0

43.58
0.91
15.79
0.01
11.21
0.14
9.53
1.7
1.61
0.73

CH$89
HEN
0

43.135
1.81
10.97
0.03
14.43
0.2
12,36
11.99
0.99
1.61

97.35

4.448
0.203
. 932
153
027
.920
.287
(.307

6t.47

CH$90
BN
¢

43.78
1.49
10.39
0.14
14.39
0.13
12,47
11,87
1.09
.99

86.74

6,340
0.168
1,835
1,803
0,019
2.785
1,904
0.317
6.189

60,70

CH$91
HoN
0

40.69
1.99
11.77
0.06
16.99
0.12
10.19
11,64
1.37
1.76

96,40

— 3 D P R D> O~
FOR AP AP A



351

fzphibole
Saaple CH$92  CH$92a CHIt4  CH122  CH202  CH204  CH207  CH210  CH211  CH211  CHZIL  CH212
Cade UNA UHA UMA UMA BN AH.D LKA UNA UMA UKA UMA HGN
Tex. { 0 0 2 ] 0 ¢ 0 2 ¢ 1 9

5102 43.33  43.57 43.38 51.82  44.24 44,26 41.67 42,76 52.63 4479 45.86 44,43
1102 1.0t 1.49 0.21 0.26 1.2 1.73 1.33 0.73 0.49 0.49 0.3¢ 1.01
AL203 12.29 12.33 14.04 0.89  10.49 12,48 13.89 16.02 3.07 11.74 12,48 10.74
CR203 0,08 0.09 0.29 0.23 0.00 0.00 0.13 0.29 0.42 0.31 0.03 0.15
FED 11.99 10.97 6.81 325 13.44 13,40 7.62 7.20 5.02 7.03 6.73 14,26
HHD 4.17 0.2t 0.09 0.31 0.34 0.28 0.14 0,04 0.1 0.03 0.10 .13
H6a 13.41 13.76 13.81 25,05 12,75 12,32 15.14 15.31 19.61 18,060  14.93 12,40
CAD 12,83 12.33 12,43 13.42 10.93 11.14 11.80 12.61 12.92 11.88 12.93 11.88
NAZ0 1.86 2.17 1.79 0.10 1.15 1.77 2.63 2.77 0.79 2,035 2.29 1.14
k20 0.13 0.907 0.19 0.00 0.33 0.28 0.19 0.06 0.00 0.04 0.04 1.06
TOTAL 97.12  97.19 95,03 97,33  93.08  97.87  94.36  97.7%  97.06  9b6.4G  97.4% 97.37
Tons on the basis of 23 ovygens
51 6,393 6,39 6,380  7.33 6.071 6,479 6.211 6,145 7,422 6496 6.540 £.634
Tl 0.112  0.186  0.023  0.028  0.137  0.190  0.151 0.079  0.032 0,033  0.033 0113
AL 2,137 2131 2.429  0.149 {.864  2.154 2.440 2,713 0.B43 2,007 2,097 1.875
FEZ 1,479 1.346  0.838  0.623 1.693 1.640  0.95¢  0.845  0¢.592  0.833  0.B02 {773
il 0.021 0.026 0.011 0,037  0.043  0.035  0.018  0.005 013 0,006  0.012 0.016
HE 2,993 3.008  3.446  9.299 2,865 2,735 3.344  3.279 122 3.891 3.598  2.747
Ca 99 1.938 1.962  2.040 1.766 147 1.885 1.942 2 1.846 1,975 1.692

r
’—
o~
wn
~d
o~

0634 0.329
0.007 0,201

O . B D
P S
~0
wn

U
! !

MR 0.538  0.617  0.510  0.028  0.336  0.302  0.760  0.772
0.024 0,013 0.036  0.000  0.102 0,052 0,036  0.011

<
=3
[=~3
<

==
—
—

H6E 66.92 69,09 80.34  B9.46  52.B4 62,49  77.968  79.12  87.44 82,03  BL.77  40.78



Sample
Code
Tex.

5102
T10z
AL203
CR203
FED
HMND
HGO
Cad
NA20
KZ0

TOTAL

51
11
aL

Fez

352

Amphibele

CH217  C[H22z  CHZ224 CH224  CH226  CH2Z7

HGN UNA UNA UKA UNA UrA

0 { i 1 0 0

44,82  43.95 56,23 43.85 46,02 44.87
0.38 0.00 0.00 1.09 0.78 0.72
10,28 15.4 0.30 12.95 11.17 11.24
0.06 0.00 0.2 .63 0.24 0.41
12,16 5.61 3.09 7.01 7.34 6.62
0.40 0.00 0.11 0.05 0.00 0.00
13,16 15.72 22.1% 15.79  16.84 16.81
14.82 12.73 12.38 12,31 12,80 12,532
0.77 2.41 0.25 2.19 1.81 1.92
0.16 0.00 0.00 0.909 0.12 0.08
36,22 97.09  93.01 95.96  97.32  97.1%9
Ions on the basis of
6,870 6,303 7.954  4.422 6,619 4,712
0.064 0,000  0.000 0,120  0.0B4  0.078
1.778  2.615  0.083  2.235  L.B9F  1.897
1,453 0,793 0.346  0.859  0.907  0.793
0,030 0,000 0,013 0,006 0,000  0.000
3.098 1.360 4,678 3,447 3.610  3.588
1.701 1.936 1.876 1.932 1.973 1.921
0.3 0,726 6.069  0.622  0.505  0.333
0.031 0,000 0.000 0,017 0,022 0.015
47.48  80.91 92,75 80,06  79.92  BL.90

CH229
HGN

44,27
1.27
12.21
0.00
12.69
0.28
12,13
11.29
1.30
0.46

95.92

oxXygens

6.584
0.142
2,140
1.578
0.035
2,693
1.799
0.375
0.087

63.05

L

=x
[2%]
[*8)
(3]

o S
oY

omvowo-qowoﬁ
. . P
Il e & O
r_r‘Ln.omr_nO_*l«J

— e
-
o~

o - G
Ly el

94.436

7.134
0.G0b
1.342
0.861
0.030
3.767
1.892
0.314
0.000

a1.40

CH233
kA
]

o

r—
oo - n
P

< om
"
i el RN
g 4 @ O oen

._,.

— A en

- o4 -
~J
35

<
4
()

b.686
0.163
1.794
1,007
¢.018
3.441
1.939
0.345

0.062

77.36

CH234
Una
0

42,50
0.43
14.82
0.48
8.34
0.10
14.80
12.4
2.33
0.04

95.84

=0
e

O~ =
g~ en

o= < wLn
[o%)

(%]
N g -

O :—- [T S = =
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~ g A4 b a3 QN

< o~ 0O
= o~
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N
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CH234
umA
!

41.79
0.29
14,83
0.11
2.0
0.11
14.92
12.60
2.64
0.01

=
“wn

(=] :“ (2] :: Lammiil % | .C‘ o~
- - - - -

D sl 0 g S — n

O oen OO g e ey

R Cd ~1 o b LA o= BRI B

-~
B
"
wn
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CH23
Uita
0

6,459
0. 106
083
.B4b
.G02
.63d
1,977
0.364
0.002

Ll D ra

81.13



Sample
Code

Tex.

5102
1102
aL203
CR203
FED
HNG
Ha
£a0
kA20
K20

ToTAL

5l
71
al
FE2
fil
HE

R

NA

oL

CH233
UHA
1

43,468
0.07
12,17
0.02
4.28
0.2t
16.59
12,70
.92
0.03

6,09

6.598
0.008
2,072
0.75%
0.026
3.6358
1,965

cy
O.JJ

0. 009

82.82

CH239
HEN
2

41.98
0.12
13.13
.04
15.87

r— s
< — O
M o

LI ra
LN = . 0O cn

,_.
h .
ed &Noen

2
n
-

(=]
—

6.379
0.014
2.35

2.047
0.032
2.487
1.879
0.445

0.068

cc n
Jd-ig

CHz40
HEN
]

353

Amphibole

CH240  CH244
HEH Uka
2 ]
7.73 42,81
0.14 2.77
7.95 11,23
0.71 0.57
17.15 13.81
0.0 0,15
12,2 11,43
16.91 11.87
1.21 1.49
0.13 1.40
98.30  97.23
Ians on the

7,026 b.416
0,018  0.23
1,379 1.984
2,111 1.751
0.007  0.019

7,692 2,533
1.721 1.904
0,345 0.433

0.028  0.304

36.05 59,40

CH246
UHA
]

45.7¢9
0.96
i1.41
1.20
3.8l
0.20
17.31
14.99
2.97

0.17
100.25
basis of

&, 4y
0,095
1.883
0,646
0,024
3,659

2.232

0.699
0.030

84.99

CH244
UHA

n
s

4

37.66
0.02
0.14
0.04

16,81
0.40

21.41
0.71
0.27
0.01

97.47

gxygens

7.946
0.002
0.023
1.246
0.047
3.430
0.105
6.072
0.002

81.88

CH247
UKA
1

3.49
0.59
14.33

6.272
0.064
2,436
0,833
0.003
3.478
1.949
0,563
0.009

80. 67

CH248
HEN
0

42.33

10,09
0.62
15,54
0,23

11.19
1.7
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e
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93.49
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CHZ30
UHA
1]

43.03
.48

12,47

a.47
0,36
10,78
1113

0,26

4,326
¢.078
2197
1.9462
0.03%9
2,437
1.809
0,370
0,030

33.40

CH261
Uta
1

35,63
t.88
.02
0.00
13.42
0,23
12,50
11.66

2,00

0.18

96.92
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354

Azphibole
Sample CH281  CH284  CH384  CH302Z  CH302  CH332  CH344  CH3BY?  CH3S4  CHSS CHBLS  CHB4S
Code EH.D UMa UMA Ut UMA HEN UM UMA U uMa HaN HEN
Tex. 9 { 0 0 ! ¢ 0 0 t 0 g 2

5102 .87 4476 46,25 41,00 41023 46,36 4174 43,04 42,89 42,89 44,93 39,14
7102 1.34 0.28 0.00 0.97 0.56 0.80 2.41 2.10 1.05 1.03 0.9 06,22
ALZ03 14.81 14,13 14,16 14,17 14,62 8.61 12,02 1161 14,48 14.48 10.76 1474
CR203 0.03 0.00 0.00 0.07 0.00 0.02 0,00 0.00 0.00 0.00 0.15 0,02
FED 9.93 6.91 b.6b 8.47 8.89 14,15 12,45 14,44 1164 1164 12,99 2L.B0
HND 0.07 0.03 0.00 0.11 0,22 0.18 0.00 0.32 0.17 0.17 0.29 4,38
HED 13.46  15.83 16,12 13,05 1479 13,20 11,99 1118 13.36 13.36  13.32 J.67
CAD 12,18 12,35 12.B9 12,46  12.47 11,94 11,94  1L.75  10.81  10.B1  11.68  10.53
NAZD vl 2,02 1.49 2,35 2,63 1.26 2.04 t.07 2.13 2.13 1.87 .29
K20 0.15 0.07 0,00 0.47 0.38 0.36 0.00 1.12 0.29 0.28 0.16 0,45
TOTAL 96,13 96,56  97.57  95.14  95.82 97,08 94,59  94.65  94.B1  96.8! 9741 95,21
lIons on the basis of 23 cuygens
SI 6.181  4.443  6.351  6.129 46,120 6.BBY  6.341 b.4h6 A300 6,300 4836 6191
Tl 0.151 0,028 0.000  0.064  0.062 0,089  0.275  0.237  0.116  0.116  0.107  0.02%
AL 2,078 2,398 2,364 2,496 2,386 1,302 Z.152 2,085 2,307 2,507  1.873 2,742
FE2 1,229 0.832 0,789  1.0§9  1.162  1.731  1.582  L.814  1.430 1.430  1.405 2,984
il 0.009  0.004  0.000  0.014  0.028 0,023 0.000  0.081  0.021  0.02f  0.036  0.051
H6 2,963 3.397  3.403 0 335 .27t e 2Ms 2,502 2,923 2,923 2,932 1.3¥7
A 1,928 1936  1.936  2.028  1.982  1.B93  1.943  1.B9! L7001 1,708  1.84B  1.785
NA 0.630  0.364  0.409  0.740  0.762 0,381  0.&01 0313 0.607  0.607 (.53 0.702
K 0.02 0,013 0.000 0,090  0.072  0.067 0,000  0.215  0.052  0.052  6.030  0.09!
HBE 70,68 B0.33 BLLIB 76,00 TA7Y 62.4% 6319 57.93 4717 4717 bAL63 3L.47



Sanple
Lode
Tex.

5102
1102
AL203
CR203
FEO
HNO
HGQ
Ca0
NAZG
K20

TOTAL

51
TI
AL
FE2
HH
HG
L4
HA

6L

CHBb4

HEN
0

44.42
1.98
10.62
0.04
13.63
0.28
12.86
.27
1.82
0.19

97.09
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=IO N [P = S

L A )
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D el oy oo ra 5
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wn
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~d

0.034

CHBo

HGH

6.634
9.138
1.876
1.4638
0,049
2.305
1,803
0.448
0.043

63.93

Kni2

c
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.
s LA
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._.
P e

-.2'_
Cd e

[ ey

13.:
0.39
12.77
11.74
1,46
1.09

96.90

6.509
0.181
937
664
030
844
.882
424
.208

R R R

3.09

355

fmphibole

K20
UM

43.70
1.47

fons en the basis of 23 oxygens

6.442
0.163
2.085
1.303
0.026
2.921
1,364
0.679
0.019

66.02



1 = Accessory spinels (generally contain Cr203).

2 = Spinels in chromitites (except for the sample CHS88, all the analyses are
from M. Q. Jan, unpublished work).

3 = Discrete magnetite.
4 = Titanium bearing magnetite.
5 = Cr-Al-Mg spinels (no chromium) in the corona.

6 = Titanomagnetites in the coronas.



Saaple
Code
Var.

s102
T102
AL203
CR203
FED
HND
60
CAD

TOTAL

&1
Tl
AL
CR
FE3
FE2
N

s

Sample
Code
Var.

5102
1102
AL203
CR203
FEQ
fHO
HED
CAO

TOTAL

51
11
AL
LR
FEJ
FE2
i
46

CH33?
UA
b

G.061
0.037
3,09
0.038
1.671
1.027
0,003
0,064

0.43
0.24
0,53
0.33
§90.97
0.02
0,07

0.04

0.01¢%
0.007
0.02

0.011
1.914
1.0
0.001
0.004

CH#43

MBN

-

3

0.5t
0.29
0.41
0.19
89.90
0.12
0.13
0.04

0.020
0,009
0.01%
0.008
1.918
1.017
0.004
0.008

0.3%
39.16

cn

e O e 2
s

w [=1

G s

<

h :

o B ¢
"

99.4%

0.014
1.093
0.004
0,044
0. 000
1.754
0.012
0.079

CH$44

Aa. D

-
N

0,59
0.14
0.14
.14
91.17
0.04
0.05
0,06

0.023
.004
. 004
1.934
1.023
0,001
0,003

CH362
HEN

0.41
0.13
0.40
0.11
§2.44
0.05
0.17
0,03

93.73

0.016
0.004
0.018
0.003
1.940
1.008
0,002
G.0149

356

CH346

UMA
6

92.31

Ions on the bas

6.013
0.073
(. 062
0,132
1.615
1.024
0.006
0.034

CH$63
Und

o

1.6l
0.0¢
60.63
0.12
24.31
0.1¢
13,51
0.39

100,67

Spinel

CH$46
UA
3

0.07

[X]
o~
.

R
= R

< cCn LA

— A
PR
.

-
=4
3

3 g

97.98

0.009
0,001
1,807
0.051
0.081
0,404
0,002
0,403

CH3a4
Uia

J

117
0.06
Je. 9t
0,41
R.07
0.17
8,03
0.31

768. 13

CHs47
NEN
3

0.51
0.25
0.34
0.31
20.98
0.07
0.07
0.04

92.57

0.020
0.007
0.015
0.00%
1.924
1,021
0,002
0.004

CH$64
fiz. D

T

pl

0.43
0.50
0.74
(.45
70.01
0.08
0.13
0.17

92.33

CH$47h
Am.D

is of 4 oxvgens

6,020
0,002
4,018
0,027
1.911
1.01¢
0,002
0.009

CHse3
uMa

J

0.13
0.0
61.29

lIons on the basis of 4 oxygens

0.042
0,000
1.885
0.003
0.027
0,309
0.902
0.531

0.033
0.001
1.909
0.009
0.013
6,775
0.004

L1 -4
0,25

0.017
0.015
0,034
0.014
1.689
1.022
0.003
4.007

0.004
0.000
1.925
6,004
0.064
0.470
0.004
0,230

CHs48
UMA
]

0.073
0.001
1.893
G.00!
0. 640
0.420
0.0604
0. 404

3.02
3.00

13.33

71.03
0.17
2.07
0.18

74,73

0.034
0.109
0.213
0.381
1119
1,027
0.005

0,111

CH$51
UMA
3

1.6%
0.
39.94
.12
21,83
0.13
13.07
0.40

99.24

0,043
0,00
1.870
9,003
0.036
0,447
0.003
0.593

CHEb7
UKa

0.9
0.02
62.10
18.29
0.06
16.54
0.23

98.37

0.024
0.000
1.92%
0,005
0,024
0.376
3.G601
0.647

CH$S2
UnA
3

3. 14
.93
49.37
0.09
26.04
0.1
13.84
0.62

0.091
0,001
1.480
0.002
0.134
0.493
0.003
0.396

CHe67
UHA

0.22
0.04
49.23
2.74
26.18
0.25
12,41
0.04

98.31

0.006
0.901
1,629
0.214
g.141
4,473
G.004
0.328

CH$57
HEN

-

23

0.017
0.012
0.016
3,014
1.912
1.0Z4
0.004
0.00t



Sasple
Code
Yar.

142
1102
aL203
CR203
FED
Hid
HGO
CRD

TOTAL

= wl
— e

)
-

.“
ERURAEE
[N ]

o
P

o
[*r]

51
11
AL
CR
FE3
FE2
N
MG

CH$69
UHA

0.043
0,001
1.914

0,005

.....

CHE79
UHA

1.33
0.09
62.2¢%
0.18
17.27
0,03
17,51
0.39

09, 27
17.L2

0,035
4,000
1.907
0.004
0.020
0.335
0,001

0.678

CH$70
UHA

0.038
0,001
1,211
0.003
0.908
0.424
0.002
0.613

CHEn
UKA

0.2a
0.04
41.01
3.42
18.86
0.45
16,64
0,00

100,76

0.007
0.001
1.842
0.070
0,033
0.336
0,010
0,642

CH$71

LiMA

J

2,31
0.00
39.98
0.10
21,63
0.2
14.81
0.35

79.3%

0.061
. 000
0.002
0.006
0.473
0.005
0.584

0.011
0.000
1.773
0.178
0.227
0.416
0.008

0.587

357

:::::

Spinel

CH73
MEN

-

3

0.97
0.22
3.5t
0.48
89.63
0.15
0.15
.18

92.31

CH¢7S
HEH
3

0.31
0.4t
0.54
0.43
88.31
0.04
0.03
0.09

20,56

CH$76
HEN

-

3

0,41
0.2%
0.34
0.21
92,51
0.01
0.10
0.93

23.85

Ions on the basis of 4 oxygens

0,048
0,613
0,242
0.017
8,419
1,554
0.015
0.092

CHBY
KA

J

0.19
0.09
64,50
0.23
18.70
0.17
16.59
0.00

100.38

0.038
0,006
0.023
0.015
1.874
1.031
0.005
0.008

CH#B!Y
UHA

0.1
0.62
23.18
26,49
12,41
0.29
3.98
6,04

99.32

0,012
0.012
0,025
4.020
1.906
1.021
0.001
0.002

CHs83
N

0.462
0.17
0.32
1.69
g8.99
0.00
0.03
0.19

92,01

0.014
0.007
0.015
0.004
1.933
1.017
0.000
0,006

CHsd3
A

0.19
0.39
31.89
21,61
36.33
0.37
7.82
0.03

98.65

Ions on the basis of 4 oxygens

0.005
6.000
1.95!
0,005
0,035
0.3467
0,004
0.635

0.016
0.015
0.873
0.6b9%
0.395
0.738
0.008
0.285

0.024
0,005
0.013
0.052
1.875
1.027
0. 000
0,002

0,006
0.009
1.156
0.32

0.288
0.647
0.010
6,339

CH¢78
HGN

3

3.27
0.29
0.49
.61
59.31
0.00
0.10
§.00

93.07

0,010
0.008
4,022
0.049
1.891
1.013
0.000
0.G06

CHeBS
uma

4.09
0.408
48.79
11.22
24.41
0.31
13,63
0.07

98. 64

0.003
0.002
1.604
0.247
0,140
0.429
0.007
0.568

CH$78
HGN
4

0.70
16.81
4.31
0.69
73.53
0.23
0.52
0.92

93.73

0.027
0.494
0.014
a.021
0.921
1.483
0.008
0.030

CHe83
UHA

1.29
0.05
60,97
0.42
16.39
011
17.462
.29

97. 14

0.034
0.001
1.898
0,009
0,043
0.339
9.002
0.6%4

4,23

/
el

0,03

0.6%¢
0,061
1.921
0,092
0.063
0.389
0.005
0,412

0,003
0,000
1.938
0.0602
9,030
0.318
0.003
0,682

CH79
UMa

0,38
8.31
0.65
0.80
96.532
0.31
9.10
0.00

0.015
0.013
0.029
0.024
1.888
1.013
0.010
0.004

CH$eR
HoN

o+

0.43
9.31
0.32
.84
72.04
0.0
0,03
0.10

94.41

0.017
0.00%
0.023
0.025
1,900
1,02t
0.003
.00z



Sapple
Code
Var.

5102
T102
AL203
CR203
FED
HND
H&0
CAD

TOTAL

51
TI

A
AL

R
FE3
FEZ
HH
H6

Sample
Lode
Var,

5102
T102
AL203
CRZ03
FED
HHD
HGD
CAD

TOTAL

51
T1
AL
Cr
FE3
FE2
HH
MG

CH$BY9
HGN
4

0.37
16.01
0.26
0.51
77.03
0.06
0.21
0.07

94.52

0.014
0,454
0.012
0.016
1.017
1.464
0.602
0.012

CRz07
UHA

4.30
7.72
1.99
0.08
9.72
0.63
1.43
0.07

91.94

0.012
0,224
0.090
0.002
1,437
1.133
0.021
0.082

CH$94
HEN
4

0.36
8.57
0.44
0.47
84.88
0.07
0.23
0.03

73.29

0,021
0.244
0.020
0.014
1.436
1.249
0.002
0.014

CH207
UKA
b

0.40
0.49
0.17
0.11
89.71
0.00
0.22

0.07

90,76

0.014
0.003
0.008
0.003
1.932
1,006
0.000
0.013

CH$91
HBN
3

¢.49
0.2%
0,59
.43
91.20
0.04
0.08
0.18

-~
furd
-

ed
(%)

0.019
0.008
0.027
0.014
1.905
1,021
0.001
0.003

0.010
0.012
0.011
0.010
1.936
1.018
0.000
0.004

358

CH$92
UHA

4
J

0.74
0.33
0.92
0.33
90.32
0.04
0.23
0.31

73.66

Spinel

CH$92b
Ua
3

0.4
0.24
0.71
0.4b
92,97
0.05
0.19
0.01

93.09

CH$92b
UHA

c
J

o Ly
c -k

wn

3

@ Lo o
- * e * .
o~ 2 o .

—
o g U3 e OO o~
&

98.27

CHI1A
UHA
1

0.06
0.00
60.20
3.28
17.98
0.00
16.04
0.67

97.43

Ions on the basis of 4 oxygens

¢.028
0.015
0.041
0.011
1.861
1,028
0.002
0.013

CH207
unA

J

—

J o O
(=3

A3
01
62.25
0.0G0
21.81
0.13
15.17
0.13

(%]

2

99. 44

0,017
0.007
0.031
9,014
1,907
1.012
0.002
0.011

CH210
UMA

.51
0.00
38.75
3.23
21,62
0.24
13.99
0.12

100.49

0,011
0.074
1.880
0.004
¢.000
0.493
0.004
0,330

0.50
2,39
0.532
1.72
88.76
0.00
0.00
0.00

93.89

0,002
0.000
1.3%1
0.44%
0.036
0.364
0.000
0.637

CH211
Ua

.58
0.06
43.70
14.73
28.84
0.26
9.36
0.00

99.74

[ons an the basis of 4 oxygens

0.003
0. 000
1.923
0.009
0.079
0.408
0.003
0.393

0.014

0.019
0.069
0.024
0.052
1.74%
1.088
0.600
5.000

0.017
.00l
1,343
0.33

0.088
0,603
0.004
0.408

CH116
UMA
1

4.43
1.33
32.87
13.31
446.78
0.63
4.22
0.10

99.71

0.013
0.031
1,202
0.326
0.382
0.832
0.017
0.195

CH211
URA

{41
0.02
62.52
0.29
18.38
0.20
16.29
0.09

99.30

¢.037
0.000
1.917
0.004
0,003
0.401
0.004
0.4632

CH122
bl
1

p— D
Py
on
L

-
wn
[

13.19
33.28
47.23
0.43
3.99
0.00

100.19

-
(=)

@ 3 pg Ll e

[=3
S pa LA oa €A p3 QO

b 0D

[ e P e TG Y e T R e =
R )
(o=
= o

na
<

CH214
Una

Cd o d
o e g O O
P X R o B G B e o B
RS f O3 o= = ~g R

E=Ta
- L4 -
-+

~0
[+=]
~
3

'y
¥

0.013
0.006
1.294
0,463
0.203
0,647
0.011
0.341

CH202
HGN
1

22.51

0,20

74.30
0.14
0.32
0.03

98.23

0.012
0.629
0.0069
0.008
G.762
1,608
0.004
0.029

0.013
0.444
0.008
0.022
1,033
1.433
0,004
0.014

CH206
HaN
4

cn
0.52

c
od

.28
0.66
68.23
0.24
0.460
.36

(%)

o

74.40

0,020
0,887
0.013
0,020

fi BT

Ve dudu

1,564
0.008
0.035

0.3

0.10

94,20

0.021
0.020
0.026
0,115
1.777
1.011
0.010
0.020



Sazple
Code
Var.

5102
7142
aL203
CRZ83
FED
HNG
HED
CA

TOTAL

Sl
Ti
AL
Ckr
FEZ
FEZ
Y
i

Bample
Code
Var,

5102
1102
AL203
CR203
FED
HHO
HEd
CAD

TOTAL

51
11
AL
CR
FE3

o

FE2

-4

MEB

e

CHZ04
fa.D

3

0.47
0.17
0.30
0,23
§1.39
0.06
0.01
0.04

§3.09

0.018
4.005
0.023
0,407
1,924
1.024
6.002
0.001

CH#247
e

o

0.21
0.09
61.83
0.27
18.01
0.15
17.23

0,08

97.87

0.006
0,602
1,914
6.008
0,068
0.330
0,003
0.674

CH222
UMA
1

0.47
0.1
4. 62
6,47
26,35
0.44
12.28
0.00

101,14

0,013
0,002
1.73¢
0.142
0,089

0,511
0.0611

0.494

CH$248
itRH

T

2

0.34
0.12
8.31
0.23
30.91
0.03
0.03
0.03

0.014
0.003
0.023
0.007
1.933
1.015
0.002
0.003

CH224
UM
1

.33
0.28
38.52
18.07
36.60
26
.36

a7

L

o BN

§9.88

0,011
0,404
1.371
0.432
0. 164
4.760
0,007
0,230

CR#z30
HER

5
3

0,31
0,27
0.33
0.51
20.531
0.60
G.02

0,02

82.17

0.020
0.008
6.015
0.016
1.914
1.027
0,000
0. 001

359

CH224
uMa
t

L=

.21
.28
33
.99
.09
37
1.43
0.00

e

S O g 1 ora

96.92

lons on the

0.008
0.063
0.109
0.404
1.345
0.980
0.011

0.079

CHz281
Una

.28
.04
A7
0.5
88.91
0.00
0.09
0.00

D pa

91.33

Spinel

CH226
Una

k4

.2
2.1
o
3.08
B4.47
0.33
1.12
0.00

~ e

§3.34

0.009
(. 060
0.078
0.149
1,636
0.990
0.017
0.062

CHZ4!
Ut

CH229
HEN
3

.54
0.97
0.38
0.035
91.44
0.17
0.19
0.18

93.94

0.020
0.028
0.017
0.001
1.883
1.032
0.005
0.011

CH281
HEN

(=7 [o=] d
NEREHS

<>
-
[s=]
— (8%

CH235
UMA

-4
J

0.6
.00
50.07
0.21
14.25
0.17
14,84
0.08

20.30

basis of 4 oxygens

0,019
0,000
2.007
0,003
6.000
0.338
0.004
0.628

CH281
HGH

B

=
4

1,
{
|

oy
rd r}:

3
~3

0.22
83.80
0.00
0.27
0.06

88.55

Ions on the basic of 4 oxygens

0.010
0,031
0.022
0,017
1.879
1.036
0.000
0.005

0,011
0.641
0.023
0.017
0.654
1,595
0.032
0.025

0.014
0.264
0.170
0.008
1.266
1.222
0.007
0.049

0.057
0.038
0.072
0.007
1,731
1,079
0,000
0.014

CH235
Una
1

0.08
.01

52,52

wiadl

7.81
253.87
0.03
13.43
0.04

99.78

0.002
0.000
1,491
0.169
0,137
0.434
0.001

17
0.547

Ch284
UHA

c
o

0.68
0.00
63.84
0.00
2. 14
0,13
14,33
0.00

100.16

0.018
0.000
1.961
0.000
0.004
0.457
0.003

0.55

CH$237
HGH

0.44
t. 7
0.44
0.63
71.94
0.00
0.04
0.08

93.28

0.017
0.048
0.020
0.019
1.832
1. 063
2,000
0.002

0.17
0.42
0.45
0.00
2.23
0.00
0.28
0.08

0.007
0.012
0.020
0.000
1.942
1.003
0.000
0.016

CH$239
HEN
i

0.39
13.37
0.48
0.335
79.77
0.19
0.03
0.060

94,40

0,013
0.387
0.004
0,017
1,173
1.393
0. 006
0.003

()
<

ZI> e
5=

d

0.39
0.43
0.34
0.43
91.49
0.09
0.14
0.06

93.97

0.015
0.012
0.024
0.013
1.908
1.016
0.003
0.008

CH$244
UMA
1

0.24
0.87
23.04
26,13
42.33
0.31

0.02

0.008
0.016
G.873
0.664
0.415
0.723
0.014
0.287

CH33Z

HGH

.3
0.33
0.71
0.56
92.81
0.00
0.1t
0.08

94.9¢9

0.014
0.009
0.032
0.017
1.904
1.018
0.000
0.906



Saaple
Code
Var.

5102
T10z2
ALZ03
CR203
FEQ
]
H&d
£AD

TOTAL

SI
11

%
FE3
FE2
KN
6

Sasple
Code
Var.

SIoz
7102
AL203
CR203
FED
HHO
He0
CAD

TOTAL

51
11
aL
Ck
FE3
FE2
N
it

CH389
UNA

A

.38
0.46
0.44
0.09
91,35
0.06
0.23
.02

§3.25

0,022
0,013
0.02¢
3.003
1.507
1,019
0.002
0.014

0.90
1.G3
0.83
0.3Z
50.31
017
0,38
0.00

73.04

0.000
0.030
0.038
0.010
1.893
1,002
0.006
4.022

CH354
UHA
3

1,53
0.04
38.36
0.00
24,16
0.43
12,24
0.00

96.78

3.042
0,004
1,671
0.600
0.024
0.332
0.010
0,501

K977
UttA

0.33
0.23
34,93
20,47
32.17
0.14
10,34
0.00

28.83

0,019
0.003
1.227
0.482
0,260
0,342
0.004
0.469

KH12
XEN

0.39
0.27
0.24
1.91
88.39
0.30
0.22
0.18

92,10

0.013
6,008
0.011
0.0539
1.884
1,001
6.010
4,013

0.00

23.08

0.000
0.099
0.132
0.443
1.204
4.970
¢.010
0.120

360

KH12
xen
3

0.27
13.72
0.18
¢.70
78.66
0.12
0.12
.23

()

94.00

Spinel

CHB&b
NGH
3

0.32
0.32
.36
0.21
92.32
0.09
0.22
0.13

§3.90

394
Una

0.04
0.00
3,74
24,46
28.50
0.41
10.09
0.60

95.24

uma

=

0.00
0.49
32.88
27.08
26.39
0.38
10.24
0.00

97.43

Ions on the basis of 4 ciygens

0.011
0.4400
0.008
0.021
1.149
1,400
0.004
0.007

K679
UdA

2

0.38
4.04
3.40
15.24
67.581
0.31
.49
0.00

93.63

0.012
0.009
0.016
0.004
1,935
1,609
0.000
0.013

979
U4

0.31

37.2
20,71
27.34
0,20
12.08
0.00

28.19

0.001
0,000
1,169
0.604
0.224
0,320
0.011
0.470

1K981

Unia
2

r

0.35
0.94
8.19

0.000
0.011
1,183
0.633
0.138
0,536
0.010
0.463

IK981

Utth

b
/
L

0.31
.00
17.49
33.88
35.93
0.36
6.%0
0.00

98.12

lIons on the basis of 4 oxygens

0.013
0.114
0.130
0.451
1144
0.978
0.010
0,139

0.009
0.007
1.292
0.462
0.193
0.481
0.003
0,330

9.011
0,023
(.484
0.945
0.304
0,635
0,009
0.389

0.010
0.025
0.468
0.936
307
0.486
0.010
0.33

0,19
2.18
24.21
26.89
36.52
0.2t
8.08
0.00

P e S e
- . -
- "
RIS
o on O~

(=1
cr- &4 e
n
281

o«
.
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0. 008
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0.403
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31.09
8.72
0.17
3.18
0.00

96.08

0.008
0.042
0.446
0.841
0.612
0.732
0.003
0.263



APPENDIX-II

WHOLE ROCK CHEMICAL ANALYSIS.

The whole-rock chemical analyses were carried out on the X-ray fluo-
rescence (XRF) and inductively coupled plasma emission (ICP) spectrometers.
Most of the chemical analyses listed in the subsequent data tables were obtained
by using a Philips PW1400 XRF spectrometer at Royal Holloway and Bedford
New College, University of London. The sample preparation involved forma-
tion of fusion beads for the major elements, and pressed pellets, for the trace
elements. The formation of fusion beads involved ignition of 0.7g of rock pow-
der (grain size < 200 mesh, obtained by grinding in a tungston carbide mill)
with Johonson Matthey Specrtoflux 105 (6 times of the rock powder weight),
in a platinum crucible, for more than 20 minutes in a furnace set at 1100”0~
C. The melt, thus produced, was poured into an aluminium die, and pressed to
form disks. In the case of pressed powder pellet, 7g of rock powder were mixed
thoroughly with 6 drops of Mowiol (2% polyviny! alcohol prepared by dissolv-
ing solid in cold distilled water and bringing to boil). Purpose built aluminium
mould was used to cast the powder into pellet. Boric acid was used to form the
supporting wall and backing of a briquette around the rock powder, which was
then pressed under a hydraulic pressure of 10 square inch for 1 minute.

The analyses were carried out by using two X-ray tubes i.e., rhodium and
tungston anodes. All the major elements were analysed by using the tungston
tube. Amongst the trace elements, Pb, Th, Rb, Sr, Y, Zr, Nb, Cl, Ga, TiO2
were analysed by using W-tube. The XRF data was processed using a computer
package written by M. Thirwall (RHBNC) for a VAX-VMS computer system.
The analytical and processing procedure consisted of following main steps.

1) analyses of four samples (loaded automatically) at a time, which in-
cluded a monitor sample (a synthetic glass disk containing high concen-
trations of the element to be analysed)

2) reduction of raw XRF data to obtain average peak-background count
rates for each sample ratioed to the monitor peak-back ground count rate
(count ratios).

3) Correction of count ratios for interferences and matrix absorption.

4) Determination of concentrations from the corrected count ratios, us-
ing proportionality factors determined periodically by calibration against
internal standards.

Further details of the XRF analytical techniques are given in Thirlwall
and Mariner (1986).

The analyses on the inductively coupled plasma emission spectrometer
(ICP) were carried out using the the method described by Kille (1987).
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REE analyses

Rare earth elements (REE) have been analysed on a Philips PV 8210
spectrometer at RHBNC, University of London. The elements were first sepa-
rated by using standard techniques of dissolution and cation exchange, modified
from those described by Walsh et al. (1981). All the sample preparation work
was carried out in the geochemistry laboratories of the Imperial college, which
involved fusion of rock powder (mixed with 1.500g of lithium metaborate) in
a platinum dish at 1000 ¢ C for 30 minutes, followed by dissolution in an ion-
exchange column containing Bio-RAd resin. Unwanted elements were eluted
from the resin with 500ml of 1.75N HCL. The REEs were then eluted from the
resin with 600ml of 4.0 NHCL. The details of the analytical conditions are des-
cribed by Walsh et al. (1981).

Whole-rock Data Tables

* = Major Oxides determined using Inductively Coupled Plasma (ICP)
Spectrometry, Imperial College, London, and trace-elements analysed by
using XRF at RHBN College, Egham.

** = Major and Trace-elements both analysed by ICP, Imperial College,
London.

All the remaining analyses are obtained by using the XRF, RHBN Col-
lege, London.

CIPW Norms are computed by using a BBC Basic Computer program
Written by M. J. LeBas, and incorporated in the HIBASIC program of J. Tar-
ney, Leicester University. The Fe2O3/FeO ratio used in the calaculation of
CIPW Norms is arbitrarily set at 0.15.

1. UMA Series.

2 . MGN Series.

*2. MGN Series (Phase-1 xenoliths)

**2. MGN Series (Hosts to phase-1 xenoliths)

3 . UMA Series (Pyroxenites)

4 . Minor Felsic (tonalitic/granitic) intrusions.
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122* 149 242 118 303 310 74 67*

1 1 1 1 1 1 1 1
SiO2 38.29 38.44 38.51 38.59 38.59 38.77 39.19 39.46
'I'iO2 0.05 0.04 0.04 0.03 0.07 0.07 0.03 0.03
AlZO3 0.61 0.41 0.47 Q.22 1.20 1.58 0.41 4.12
Fe,04 15.71 14.42 14.88 16.28 18.50 17.61 16.81 16.38
MnO 0.21 0.23 0.23 0.22 0.25 0.24 0.22 0.21
MgO 42.49 43.41 43.36 42.65 39.98 38.26 44.81 38.84
Cao 0.62 0.31 0.29 0.47 0.90 2.02 0.26 1.99
Na,0 0.10 0.22 0.32 0.12 0.25 0.18 0.10 0.47
K20 0.01 0.01 0.01 0.00 0.02 0.01 0.10 0.03
9205 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.03
Total 98.00 99.4 100.0 99.2 99.6 98.9 101.75 101.56
LOI 0.26 1.97 1.84 0.61 0.00 0.18 0.00 0.83

Trace Elements (ppm.)

Cl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 110.0
Sc 4.7 0.0 0.0 0.0 0.0 0.0 0.0 6.0
v 54.0 20.8 25.5 13.9 0.0 57.7 0.0 14.2
Cr 6365.0 51.5 2878.5 897.7 3450.0 2521.5 3090.0 64.3
Ni 1768.0 166.8 1752.0 1726.5 1265.0 1211.2 1362.0 1009.0
Cu 7.1 6.3 23.17 686.3 19.0 0.0 0.0 6.1
Zn 106.4 23.0 76.4 89.3 102.0 107.9 88.0 92.14
Ga 0.2 13.3 4.5 6.5 0.0 5.1 0.0 2.4
Rb 0.4 2.2 1.2 0.0 0.0 0.0 1.5 0.6
Sr 4.7 514.2 2.8 3.0 8.0 18.1 0.4 52.9
Y 0.3 1.2 1.3 0.7 1.0 2.5 1.0 0.8
Zr 5.6 0.0 0.0 0.0 0.0 0.0 0.0 6.9
Nb 0.5 7.4 0.0 0.0 0.0 0.5 0.6 0.7
Ba 1.3 8.8 0.0 0.3 1.0 2.3 0.0 8.3
La 0.0 3.9 1.8 2.4 0.0 1.6 0.0 0.0
Ce 1.5 0.0 0.0 5.6 0.0 0.0 0.0 0.8
Nd 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pb 0.0 3.8 2.4 2.9 1.0 5.2 0.0 1.1
Th 0.1 1.2 1.5 0.2 0.0 25.4 0.0 0.2

CIPW Norms

qz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
or 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0
ab 0.6 1.0 0.9 1.0 1.5 1.5 0.0 0.5
an 1.1 0.0 0.0 0.0 2.2 3.3 1.1 8.9
ne 0.2 0.6 0.9 0.0 0.3 0.0 0.0 2.0
di 1.5 1.3 1.1 1.8 1.8 5.3 0.2 0.7
hy 0.0 0.0 0.0 0.4 0.0 0.0 2.5 0.0
ol 90.6 91.0 91.4 91.3 89.3 83.9 91.3 85.4
mt. 3.9 3.5 3.1 3.9 4.6 1.4 4.9 3.9
il 0.2 0.2 0.2 0.0 0.2 0.2 0.0 0.0
ap 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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116 546 704 224 285 328 950 256
1 1 1 1 1 1 1 1

5102 39.65 40.01 40.41 40.60 41.17 41.72 42.27 42.56
'I‘iO2 0.0S 0.17 1.42 0.10 0.09 0.17 1.70 0.13
A1203 1.39 1.79 20.37 4.69 2.21 1.63 15.93 5.37
Fe203 16.33 17.41 17.21 15.59 16.49 15.59 13.03 13.20
MnO 0.21 0.23 0.18 0.22 0.23 0.21 0.13 0.20
MgO 41.75 38.02 6.09 32.711 35.36 33.31 12.39 31.34
cao 0.76 1.87 11.49 5.45 4.51 6.00 11.73 7.35
Na20 0.10 0.24 2.12 0.25 0.32 0.25 2.04 0.47
KZO 0.01 0.03 0.10 0.01 0.01 0.01 0.21 0.03
PZOS 0.01 0.01 0.09 0.01 0.01 0.10 0.01 0.01
Total 100.3 99.79 99.48 99.67 100.47 99.40 99.43 100.68
LOI 0.37 0.0 0.77 0.0 0.06 0.49 1.04 0.0
Trace Elements (ppm.)
Ccl ——— 24.3 87.3 0.0 0.0 0.0 35.4 0.0
Sc ——— 17.3 42.0 0.0 0.0 0.0 102.3 0.0
v 0.0 68.2 342.7 113.7 64.3 81.9 849.0 74.7
Cr 1000.7 719.2 6.8 178.0 557.0 634.4 376.0 823.0
Ni 1520.1 1277.0 12.3 72.3 682.0 109%94.0 161.0 866.2
Cu 0.0 12.7 266.8 20.4 0.0 0.0 414.0 10.3
Zn 84.9 115.5 132.5 53.9 89.0 87.17 56.0 69.9
Ga -——- 1.9 22.1 22.0 5.5 6.2 15.4 1.3
Rb 0.0 0.8 0.5 2.2 1.4 0.0 2.0 1.9
Sr 29.6 25.6 440.6 367.8 19.4 20.0 229.0 74.4
Y ——— 2.1 23.7 8.6 4.4 2.8 16.5 3.1
2r —-——— 8.4 20.4 2.5 0.0 0.0 16.6 0.0
Nb 1.9 0.5 1.3 0.7 0.1 1.0 1.3 0.2
Ba 53.2 6.7 21.0 63.4 11.4 12.6 49.4 8.1
La 0.0 0.0 2.4 4.7 3.1 2.6 1.5 2.4
Ce -—— 0.4 6.7 0.0 0.0 0.0 2.6 0.0
Nd -—— 0.0 5.9 2.3 0.0 0.0 2.0 0.0
Pb —_——— 4.1 0.9 4.7 2.0 5.9 0.8 4.8
Th ———— 0.5 0.0 0.1 3.3 2.3 0.0 2.3
CIPW Norms
qz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
or -— 0.0 0.6 0.0 0.0 0.0 1.1 0.0
ab 1.1 2.1 7.1 1.6 2.6 2.1 5.0 2.0
an 3.3 3.9 45.9 11.7 4.7 3.3 33.7 12.5
ne -—= 0.0 5.8 0.2 0.0 0.0 6.6 1.2
di 0.4 4.2 8.5 12.2 14.0 20.3 19.8 19.0
hy 6.7 1.7 0.0 0.0 0.2 2.9 0.0 0.0
ol 83.6 80.2 24.4 69.9 74.5 65.9 26.71 62.4
mt 4.9 4.4 1.2 3.9 4.2 3.9 3.2 3.2
il 0.2 0.3 2.1 0.2 0.2 0.3 3.2 0.3
ap - 0.0 0.3 0.0 0.0 0.3 0.0 0.0
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211 3217 325 255 843 44a 44b 944
1 1 1 1 1 1 1 1

5102 42.78 44.26 44.41 44.61 45.15 45.68 45.25 46.07
'I'iO2 0.13 0.06 1.04 0.06 0.75 0.06 0.07 0.09
A1203 3.22 26.28 21.17 28.90 22.92 30.04 25.32 23.79
FeZO3 14.44 4.40 11.10 2.49 8.98 1.47 3.63 5.20
MnO 0.22 0.07 0.14 0.06 0.13 0.02 0.06 0.08
MgO 32.38 8.71 6.58 1.89 6.51 2.22 5.717 8.71
CaO 7.14 14.65 12.84 16.75 13.82 18.61 15.73 15.49
Na20 0.32 1.04 1.99 0.99 1.70 1.32 1.37 0.97
KZO 0.01 0.03 0.11 0.03 0.17 0.03 0.04 0.04
9205 0.00 0.02 0.10 0.00 0.02 0.02 0.03 0.01
Total 100.63 99.54 99.487 98.79 100.13 99.47 97.2 100.45
LOI 0.00 1.20 0.54 0.66 0.98 0.54 1.85 5.54
Trace Elements (ppm.)
Ccl 0.0 0.0 89.9 0.0 64.4 ——— -—— 0.0
Sc 0.0 0.0 41.5 0.0 31.6 ——— —-— 25.0
v 88.1 26.7 350.4 30.8 309.0 51.18 56.65 66.0
Cr 1794.0 3160.0 55.7 884.3 57.0 387.2 245.3 484.0
Ni 806.4 1882.0 39.7 101.1 39.0 24.6 56.5 159.0
Cu 0.0 0.0 76.8 25.3 6.4 9.7 19.6 3.8
Zn 78.8 77.4 82.8 15.9 70.0 0.0 5.7 30.0
Ga 5.2 3.0 18.7 13.5 18.8  —-=-= —===- 12.6
Rb 1.3 14.4 1.2 2.5 1.2 0.0 0.0 1.2
Sr 39.4 0.0 448.3 483.0 474 .4 522.6 381.8 437.0
Y 3.6 0.0 15.0 1.4 10.0 0.0 0.0 2.9
Zr 0.0 0.0 15.1 0.0 16.0 13.1 24.2 6.0
Nb 0.0 1.4 1.1 0.4 0.9 0.0 0.0 0.4
Ba 1.4 0.9 29.0 5.8 32.4 1.7 25.7 13.5
La 0.0 2.3 2.1 2.3 1.4 10.3 10.8 3.7
Ce 0.0 0.0 4.8 10.2 6.1  ---—- -——- 3.2
Nd 0.0 0.0 5.3 1.3 4.9  -—--- ——— 2.1
Pb 3.1 4.1 0.9 3.4 1.1 ——— —— 0.0
Th 0.6 24.3 0.3 0.1 0.3 -—— ——— 0.0
CIPW Norms
qz 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
or 0.0 0.0 0.6 0.0 1.1 — -—— 0.0
ab 2.6 7.9 14.3 7.1 12.3 12.1 6.5 8.4
an 7.5 67.1 48 .7 74.3 54.5 64.8 76.2 60.4
ne 0.0 0.6 1.3 0.7 1.0 0.2 2.5 0.0
di 22.2 4.4 11.6 7.1 11.4 12.5 12.9 13.2
hy 0.0 0.0 0.0 0.0 0.0 -—— ———- 2.9
ol 64.6 18.4 18.0 8.7 16.1 9.5 0.7 14.1
mt 3.5 1.2 2.8 0.7 2.3 1.2 0.5 1.4
il 0.3 0.2 2.0 0.2 1.4 0.2 0.2 0.2
ap 0.0 0.0 0.3 0.0 0.0 ——— -———= 0.0
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1347 ss1 391 109" 772 79 330" 842
1 1 1 2 1 1 1 1

SiO2 46.11 46.16 46.41 46.49 46.50 47.42 47.48 47.60
Ti.O2 0.12 1.13 0.34 0.97 0.38 0.44 0.29 0.01
A1203 20.15 15.93 6.17 17.33 18.96 17.57 22.68 34.22
E‘eZO3 5.27 11.11 11.26 11.52 8.93 7.59 6.29 0.41
MnO 0.11 0.16 0.20 0.17 0.14 0.15 0.1 0.01
MgO 11.51 11.87 23.21 8.03 10.74 9.67 6.9 0.04
CaO 15.79 11.20 11.97 11.08 12.48 15.64 12.4 16.53
Nazo 0.79 2.02 0.61 2.46 1.74 1.26 1.59 1.78
KZO 0.03 0.19 0.09 0.78 0.09 0.03 0.07 0.08
P205 0.01 0.03 0.02 0.12 0.01 0.01 0.01 0.02
Total 99.89 99.80 100.28 98.95 99.98 99.78 97.81 100.7
LOI 1.20 1.09 0.09 0.91 1.23 0.79 0.35 0.57
Trace Elements (ppm.)
Cl 0.0 103.3 0.0 - 1.3 0.0 ———= 0.0
Sc 0.0 55.7 0.0 —_—— 48.6 0.0 —— 5.6
\Y 82.3 308.3 145.3 302.0 217.9 223.0 133.8 3.7
Cr 531.2 683.1 1029.0 209.0 329.5 194.9 130.3 5.9
Ni 284.3 221.6 514.5 53.8 113.0 85.4 66.4 4.4
Cu 197.2 268.7 126.7 473.0 28.5 91.6 35.1 5.2
Zn 24.6 86.4 64.5 83.2 63.6 40.7 31.4 4.7
Ga 12.8 16.6 6.7 -——— 14.1 15.0 ———— 21.5
Rb 1.7 0.8 4.0 0.0 0.6 0.3 0.0 1.3
Sr 293.2 251.3 79.1 293.0 316.3 303.9 464 .14 864.7
Y 4.4 22.9 13.1 0.0 6.9 8.7 0.0 0.6
Zr 0.0 28.1 34.2 27.5 7.8 3.3 0.0 4.8
Nb 0.0 2.3 3.2 -——— 0.3 0.3 0.0 0.3
Ba 11.7 30.9 34.4 92.6 35.7 17.9 34.17 46.0
La 2.1 0.1 3.4 ———— 0.0 3.3 ———— 0.0
Ce 2.6 8.3 13.9 ———— 2.5 12.1 ——— 0.7
Nd 0.0 7.9 6.6 ——— 1.6 4.9 ——— 1.5
Pb 2.4 1.5 7.2 ——— 0.6 3.7 ——— 1.9
Th 1.0 0.0 1.2 -——— 0.0 0.0  -——--- 0.0
CIPW Norms
qz 0.9 0.0 0.0 -—— 0.0 0.0 —-—— 1.0
or 0.0 1.1 0.6 4.5 0.6 0.0 0.6 0.6
ab 0.0 17.1 5.2 17.3 14.7 10.5 13.6 15.2
an 0.0 33.7 13.9 37.0 43.7 142.3 56.2 82.1
ne 0.3 0.1 0.0 -——— 0.0 0.0 -—— 0.0
di 50.8 17.8 36.2 14.9 14.8 28.5 5.6 0.0
hy 0.0 0.0 3.2 7.5 2.0 3.6 20.2 0.8
ol 10.7 25.1 37.8 13.1 21.3 12.2 1.4 0.0
mt 0.0 2.8 2.8 3.5 2.3 1.9 1.9 0.0
il 0.0 2.1 0.6 1.8 0.8 0.9 0.6 0.0
ap 0.0 0.0 0.0 0.3 0.0 0.0 0.0
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*
61

760 526 308" 839 973 34 1
1 2 3 1 1 2 2 2

5102 47.75 48.97 49.01 49.21 49.29 49.46 50.28 50.38
’1"102 0.16 1.01 0.24 0.10 1.00 0.95 0.20 0.77
A1203 2.86 19.11 6.37 22.42 19.25 18.22 20.83 18.13
Fe203 15.58 11.48 13.99 4.69 11.52 10.41 6.11 9.91
MnO 0.23 0.20 0.21 0.10 0.20 0.15 0.11 0.18
MgO 31.59 5.51 25.00 10.46 5.54 6.06 6.74 6.88
Ccao 1.98 10.62 5.03 12.59 10.58 9.43 12.04 10.84
Na20 0.03 2.76 0.71 0.89 2.73 3.10 2.48 2.57
KZO 0.00 0.15 0.02 9.02 0.15 0.20 0.10 0.44
P205 0.01 0.18 0.03 0.01 0.17 0.16 0.05 0.11
Total 100.20 99.99 100.61 100.4 100.44 98.15 98.94 100.21
LOI 0.01 0.20 0.00 0.43 0.35 0.83 1.73 1.32
Trace Elements (ppm.)

Ccl 0.0 23.9 0.0 21.8 1122.6 120.9 10.6 588.0
Sc 32.1 34.4 36.0 23.3 29.9 34.0 29.1 36.0
v 149.1 311.6 160.3 75.8 373.3 267.9 89.8 305.0
Cr 3995.0 18.5 1430.0 459.0 45.3 231.4 120.4 139.5
Ni 792.0 14.4 622.0 112.0 47.2 63.6 46.3 67.4
Cu 29.8 93.1 22.8 8.3 72.5 127.8 5.1 43.2
Zn 109.6 96.1 96.9 30.5 126.0 80.0 52.8 103.0
Ga 4.7 17.5 5.9 13.4 20.9 17.9 17.5 18.3
Rb 0.0 2.1 0.6 0.9 0.7 1.1 1.8 7.4
Sr 5.9 556.0 103.7 458.2 515.2 409.0 407.1 416.0
Y 2.1 13.4 5.6 2.3 16.3 15.4 8.1 15.0
Zr 7.1 14.4 8.2 6.3 25.3 37.2 7.8 29.6
Nb 0.0 1.1 0.8 0.4 1.4 1.6 0.1 1.2
Ba 2.6 88.4 9.1 18.4 26.3 57.0 48.3 93.7
La 0.0 2.9 0.0 0.0 0.8 3.9 1.5 2.4
Ce 3.0 8.7 2.4 1.6 7.1 13.5 5.2 9.6
Nd 0.9 6.0 1.0 1.5 1.5 7.9 2.5 7.3
Pb 0.8 5.4 1.9 1.6 2.0 2.1 2.9 2.8
Th 0.4 0.6 0.2 0.5 0.2 0.5 0.3 0.1
CIPW Norms

qz -—— 0.0 0.0 0.0 0.0 0.0 0.0 0.0
or -———- 1.1 0.0 0.0 1.1 1.1 0.6 2.8
ab 0.5 23.6 5.8 7.3 23.1 26.2 21.0 21.5
an 7.5 3%.0 14.2 57.3 39.8 35.3 45.3 36.7
ne -—— 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 1.9 10.5 8.7 4.2 9.8 8.6 11.7 13.1
hy 55.5 13.9 43.9 29.6 16.0 17.2 15.7 17.4
ol 29.6 6.9 24.1 0.6 5.5 1.9 2.1 1.4
mt 4.6 2.8 3.5 1.2 2.8 2.5 1.6 2.5
il 0.3 2.0 0.5 0.2 2.0 1.8 0.5 1.5
ap ——-- 0.3 0.0 0.0 0.3 0.3 0.0 0.3




368

ag 120" 397 895 54 KM4 2 KM1

3 1 2 2 2 2 2 2
SiO2 50.41 50.54 50.80 50.94 51.04 51.4 51.50 51.75
TiO2 0.46 0.23 0.49 0.23 0.43 0.5 0.58 0.60
A1203 4.99 11.33 18.94 19.97 17.80 17.0 18.18 18.07
FeZO3 7.98 8.04 7.99 5.87 9.36 8.3 10.02 10.16
MnO 0.18 0.16 0.16 0.12 0.15 0.1 0.19 0.19
MgO 16.14 16.15 6.23 9.49 7.79 8.2 6.01 6.06
cao 18.29 12.87 10.13 11.71 9.70 11.1 10.18 10.41
Na20 0.68 0.85 2.84 1.75 2.63 2.4 2.71 2.38
K20 0.02 0.02 0.14 0.26 0.13 0.7 0.44 0.34
P205 0.01 0.03 0.06 0.02 0.01 0.0 0.12 0.06
Total 99.16 100.22 97.78 100.36 99.06 100.03 99.81 99.92
LOI 0.92 0.37 2.65 0.54 0.14 2.2 0.68 0.06
Trace Elements (ppm.)
Cl 0.0 ——— 0.0 0.0 0.0 54.8 331.0 48.5
Sc 0.0 —_—— 0.0 28.3 31.1 43.1 34.5 34.6
v 283.0 161.0 163.0 113.0 218.0 238.8 272.4 241.7
Cr 2481.0 939.1 110.4 312.2 259.0 233.7 90.2 63.8
Ni 208.4 302.2 46.8 145.0 88.0 87.7 42.8 25.1
Cu 0.0 134.9 0.0 108.0 31.4 14.0 68.3 56.1
Zn 39.8 45.3 69.9 43.7 74.5 79.9 92.6 72.7
Ga 9.4 —e--- 17.5 14.3 16.0 15.7 18.0 16.9
Rb 1.3 0.0 0.0 2.8 1.1 14.2 6.0 2.1
Sr 54.8 175.7 413.1 411.3 338.3 316.7 399.0 263.2
Y 19.6 0.0 12.8 7.4 6.9 13.2 16.6 18.1
2r 30.1 13.2 17.9 12.4 7.5 33.9 29.5 27.5
Nb 0.5 ———— 0.9 0.3 0.6 1.0 1.4 1.0
Ba 16.8 52.9 67.7 65.0 52.3 161.1 137.9 133.7
La 2.4 8.2 4.2 0.9 0.7 3.9 4.4 3.7
Ce 0.0 ———— 0.0 4.0 4.0 12.2 12.6 9.9
Nd 0.0 -—— 2.1 3.3 1.4 7.2 7.8 5.7
Pb 4.0 —-——— 11.0 2.1 1.5 3.6 4.4 2.3
Th 0.7 ———— 0.0 0.0 0.8 0.0 0.2 0.0
CIPW Norms
qz 0.0 —— 0.5 0.0 0.0 0.0 0.3 2.2
or 0.0 —_—— 0.6 1.7 0.6 4.5 2.8 2.2
ab 5.8 7.3 24.1 14.7 22.0 20.5 23.1 19.9
an 10.6 27.3 38.7 45.9 36.7 33.1 35.9 37.6
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 63.9 29.2 9.5 9.8 9.3 17.6 11.4 11.7
hy 5.2 217.5 21.3 25.2 26.9 16.4 22.1 22.6
ol 10.9 5.9 0.0 1.2 0.3 1.6 0.0 0.0
me 1.9 2.3 2.1 1.4 2.3 2.1 2.5 2.5
il 0.9 0.5 0.9 0.5 0.8 1.1 1.1 1.2

0.0 ——— 0.0 0.0 0.0 0.0 0.3 0.0
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81 139 350 221 835 4 508 9363

Sio 52.31 52.38 52.50 52.53 52.66 52.71 52.80 52.84

Tioj 0.53 1.01 0.83 0.45 0.37 0.82 0.26 0.21
A1203 19.63 18.01 18.74 19.62 3.65 18.15 1.96 20.79
Fezo3 9.09 9.99 9.82 7.24 14.82 9.56 12.24 6.48
MnO 0.14 0.15 0.18 0.14 0.23 0.16 0.32 0.14
MgO 6.63 6.20 5.31 6.47 23.07 5.65 17.26 6.38
Ca0 10.03 9.96 9.68 9.86 5.34 9.69 15.08 10.00
Na,0 3.13 3.13 3.68 3.06 0.35 3.13 0.25 3.04
KZO 0.16 0.41 0.16 0.29 0.03 0.52 0.03 0.29
P,0g 0.07 0.20 0.15 0.07 0.02 0.17 0.01 0.02

Total 101.72 101.44 101.05 99.73 100.54 100.21 100.1% 100.18

LOI 0.00 0.00 0.37 0.25 0.00 0.38 0.49 0.21
Cl 0.0 0.0 0.0 0.0 0.0 139.0 44.7 0.0
Sc 0.0 0.0 0.0 0.0 44.5 19.0 77.7 21.7
v 198.0 228.0 250.0 129.2 212.1 240.0 291.8 85.5
Cr 113.0 101.0 26.9 102.1 824.0 83.4 696.2 114.3
Ni 57.0 50.0 16.0 55.6 582.0 42.7 256.0 77.0
Cu 0.0 0.0 136.9 18.2 118.0 39.6 49.2 4.1
Zn 70.0 83.0 82.8 58.9 128.0 83.3 112.6 54.3
Ga 0.0 0.0 20.6 21.3 7.5 11.1 5.0 17.5
Rb 1.7 4.7 13.9 1.7 0.2 6.2 0.2 1.5
Sr 419.0 472.0 441.4 401.2 33.7 416.5 16.7 414.7
Y 6.4 18.4 18.1 8.4 9.2 19.1 18.4 5.1
2r 4.6 52.3 69.2 7.8 15.8 46.2 23.4 9.2
Nb 1.0 2.3 3.0 0.8 0.3 2.1 0.8 0.5
Ba 62.0 117.0 291.0 83.5 25.0 154.0 11.4 72.2
La 1.8 9.6 12.6 6.5 0.7 7.9 1.1 2.7
Ce 5.0 14.8 25.3 17.8 2.2 16.6 7.1 1.8
Nd 3.4 8.8 12.5 6.6 2.0 10.0 6.0 1.4
Pb 0.0 0.0 12.2 4.1 0.6 3.0 1.2 2.1
Th 0.0 0.0 1.1 0.7 0.2 0.3 0.0 0.1
CIPW Norms

qz 0.0 0.0 0.0 0.8 0.0 0.7 0.8 0.7
or 1.1 2.2 1.1 1.7 0.0 3.3 0.0 1.7
ab 26.17 26.7 30.9 25.7 3.1 26.7 2.1 25.7
an 39.0 33.9 34.2 39.0 8.3 33.17 4.2 42.3
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 8.9 12.0 10.7 8.1 14.5 11.1 56.9 5.9
hy 19.5 21.4 17.7 21.6 68.5 20.17 32.6 21.8
ol 3.3 0.3 2.1 0.0 1.5 0.0 0.0 0.0
mt 2.3 2.5 2.3 1.9 3.7 2.3 3.0 1.6
il 1.1 2.0 1.5 0.9 0.8 1.5 0.5 0.5
ap 0.0 0.3 0.3 0.0 0.0 0.3 0.0 0.0
hm 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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S 943 332 3 31la 229 6 153

2 2 2 2 2 2 2 2
SiO2 52.91 52.92 51.84 52.06 52.26 53.04 53.31 53.40
TiO2 0.83 0.64 0.82 0.80 0.84 0.35 1.00 1.08
A1203 17.71 19.16 19.88 18.04 17.33 18.69 18.21 18.01
Fe,0, 8.65 8.38 8.80 10.07 8.84 7.86 8.82 10.25
MnO 0.15 0.15 0.18 0.17 0.15 0.16 0.15 0.16
MgO 5.76 6.35 5.31 6.13 5.77 7.64 5.01 5.45
Ca0 9.32 9.39 9.68 10.18 9.45 9.59 9.40 9.48
Na,0 3.62 3.09 3.68 2.75 3.70 3.19 3.57 2.97
K,0 0.58 0.21 0.16 0.38 0.59 0.24 0.69 0.67
P,0, 0.21 0.11 0.15 0.13 0.21 0.04 0.22 0.15
Total 99.93 100.38 100.5 100.36 99.14 100.80 100.71 101.62
LOI 0.55 0.04 1.22 0.03 0.55 0.25 0.28 0.00
Trace Elements (ppm.)
cl 33.1 0.0 0.0 24.2 28.1 0.0 14.1 0.0
Sc 26.0 27.0 0.0 17.3 26.8 0.0 13.4 0.0
v 215.0 194.0 209.0 234.8 217.0 82.1 208.0 252.0
Cr 100.0 129.0 45.2 82.4 101.0 2748.8 75.5 57.0
Ni 54.0 60.0 28.8 37.9 55.0 999.7 45.0 29.0
Cu 62.0 9.2 16.6 28.0 82.0 0.0 41.0 0.0
Zn 79.4 74.0 77.2 77.8 80.0 88.7 74.9 75.6
Ga 19.6 19.3 22.9 8.4 20.3 9.1 10.1 0.0
Rb 6.9 2.2 2.0 3.7 7.3 0.0 8.2 8.3
Sr 470.6 426.0 449.0 367.6 464.0 60.9 423.5 371.5
Y 20.9 9.2 10.3 18.2 21.3 4.0 22.17 21.9
Zr 63.2 16.0 6.0 40.0 68.7 0.0 66.8 44.0
Nb 2.8 1.6 0.8 1.6 2.8 0.0 3.2 1.7
Ba 158.0 74.0 67.7 125.3 158.0 3.6 194.5 153.0
La 9.9 2.3 4.6 6.7 9.0 0.0 10.4 9.4
Ce 22.2 6.5 8.9 12.3 21.2 0.0 21.6 14.4
Nd 12.8 4.8 3.3 7.2 13.0 0.0 12.8 8.9
Pb 6.0 2.2 3.8 1.1 7.0 1.9 3.5 0.0
Th 0.9 0.0 0.8 0.0 1.0 1.3 0.5 0.0
CIPW Norms
qz 0.0 1.8 0.0 1.3 0.0 0.0 0.9 2.5
or 3.3 1.1 1.1 2.2 3.3 1.7 3.9 3.9
ab 30.4 26.2 30.9 23.1 31.5 26.7 30.4 25.2
an 30.6 37.8 37.3 35.9 28.9 35.9 31.7 33.9
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 12.0 6.3 8.2 11.4 14.1 9.5 10.8 10.0
hy 19.0 23.5 15.0 22.5 13.4 22.6 17.9 21.1
ol 0.3 0.0 4.1 0.0 3.7 1.8 0.0 0.0
mL 2.1 2.1 2.1 2.5 2.1 1.9 2.1 2.5
il 1.5 1.2 1.5 1.5 1.7 0.6 2.0 2.1
ap 0.3 0.3 0.3 0.3 0.3 0.0 0.6 0.3
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388 840 524 7 KM6a 8 9 371

2 2 2 2 2 2 2 2
5102 53.45 53.46 53.47 53.48 53.55 53.71 54.78 53.89
TiO2 0.20 0.34 0.19 0.97 0.85 0.93 1.04 0.81
A1203 20.53 18.81 18.37 18.05 18.10 18.12 18.67 17.95
Fe,04 6.26 8.02 10.10 9.36 8.47 9.21 8.98 8.79
MnO 0.13 0.14 0.19 0.15 0.14 0.15 0.15 0.16
MgO 6.01 7.38 4.20 5.60 5.75 5.67 4.65 5.51
CaO 9.88 9.43 8.64 9.33 9.18 9.31 9.07 8.97
Na,0 3.43 2.73 3.33 3.26 3.55 3.45 3.56 3.32
K,0 0.23 0.21 0.52 0.62 0.56 0.47 0.61 0.68
P205 0.01 0.03 0.21 0.18 0.20 0.20 0.21 0.08
Total 100.8 100.55 100.00 100.56 100.36 99.74 101.72 100.2
LOI 0.67 0.29 0.03 0.28 0.56 0.19 0.00 0.07
Trace Elements (ppm.)
cl 0.0 0.0 98.2 19.0 38.1 12.7 0.0 0.0
Sc 0.0 33.0 30.3 12.6 25.2 8.4 0.0 0.0
\Y 88.6 153.0 235.9 232.7 213.3 213.4 199.5 188.0
Cr 119.6 181.0 18.2 78.5 100.1 88.4 57.0 73.4
Ni 67.5 83.2 10.7 41.1 53.3 45.6 34.2 56.4
Cu 3.9 11.4 130.6 20.5 41.1 13.7 0.0 57.1
Zn 48.5 70.0 91.6 77.2 78.8 79.3 72.9 73.3
Ga 16.1 17.0 18.5 9.5 19.0 6.3 0.0 19.8
Rb 2.4 1.0 6.2 7.4 6.5 4.6 5.8 6.6
Sr 413.4 369.5 502.6 427.3 477.1 447.6 388.3 374.8
Y 5.0 8.1 18.7 21.2 20.6 19.0 21.2 20.1
Zr 0.0 13.5 31.2 50.9 57.8 55.5 60.7 43.9
Nb 0.1 0.8 2.1 2.2 2.8 2.6 3.1 3.6
Ba 73.9 67.9 230.5 155.2 157.4 148.5 201.0 160.4
La 4.1 2.3 9.1 10.1 10.9 10.3 11.2 6.8
Ce 9.0 3.8 21.3 18.8 23.2 19.3 21.1 17.3
Nd 0.0 3.0 11.0 10.8 12.7 11.4 12.7 5.7
Pb 4.1 3.4 9.9 2.5 5.1 1.7 0.0 9.1
Th 2.5 0.0 0.6 0.4 0.9 0.3 0.0 0.7
CIPW Norms
qz 0.8 2.6 3.2 1.4 0.9 1.3 3.4 2.2
or 1.1 1.1 2.8 3.9 3.3 2.8 3.3 3.9
ab 28.8 23.1 28.3 27.8 29.9 29.4 29.9 28.3
an 40.1 38.4 33.7 32.6 32.0 32.6 33.4 32.0
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 7.2 6.8 6.9 10.4 10.4 10.4 8.9 9.5
hy 19.9 25.9 21.1 20.4 19.8 20.4 18.1 20.3
ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mt 1.6 2.1 2.5 2.3 2.1 2.3 2.3 2.1
il 0.5 0.6 0.3 1.8 1.7 1.8 2.0 1.5
ap 0.0 0.0 0.3 0.3 0.3 0.3 0.3 0.3
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250 150 1S 31 401 141 392" 356

2 2 2 2 2 2 2 2
si0, 54.08 54.36 54.57 54.71 55.16 55.20 55.67  55.68
Ti0, 0.74 1.16 0.61  0.75 0.98  0.92  0.80  0.95
AL,0, 17.70  19.09 16.12 18.30 17.11 18.25 17.36 16.41
Fe,0, 3.56 8.81  0.23  8.58  8.43  9.16  8.04  8.59
MnO 0.17 0.14  0.20 0.16 0.15  0.15  0.14  0.15
MgO 4.28  4.25  6.93  4.58  4.74  5.05  4.38  5.51
cao0 7.81  9.35 11.68  8.60  8.23  8.78  7.93  8.28
Na,0 3.42  3.44  2.55  3.90  3.43  3.67  3.86  3.31
K,0 0.66 0.78  0.73  0.22  1.20  0.44  0.93  0.96
P,0g 0.10 0.22 0.04  0.13  0.23  0.19  0.20  0.17

Total 100.6 101.6 101.66 99.9 99.8 101.84 99.31 100.4

LOI 2.04 0.0 0.0 0.00 0.11 0.00 0.00 0.36

Trace Elements (ppm.)

Cl 0.0 0.0 0.0 0.0 0.0 0.0 20.3 0.0
Sc 0.0 0.0 0.0 0.0 0.0 0.0 21.6 0.0
\ 327.1 199.0 176.0 206.7 208.2 200.0 171.4 0.0
Cr 11.1 50.0 222.0 31.3 78.1 64.0 47.0 143.0
Ni 8.6 35.0 16.9 19.1 49.2 33.4 44.0 67.0
Cu 64.1 0.0 0.0 83.1 71.4 0.0 78.3 45.0
Zn 63.8 69.8 77.17 77.8 70.8 76.0 75.1 80.0
Ga 15.7 0.0 0.0 19.6 19.8 0.0 19.0 0.0
Rb 14.5 9.0 32.17 2.0 27.3 2.1 14.4 23.0
Sr 174.2 383.0 326.0 365.6 340.4 393.8 352.6 326.0
Y 22.9 24.1 21.5 11.9 32.3 18.3 24.4 25.0
Zr 35.4 65.0 51.5 57.3 167.6 56.14 99.8 87.0
Nb 1.2 3.6 0.8 1.7 5.6 2.1 3.7 2.0
Ba 117.4 231.0 118.0 91.9 209.5 171.0 229.7 215.0
La 4.3 11.9 5.5 4.7 21.5 10.5 11.5 0.0
Ce 0.0 22.1 11.8 14.1 36.6 20.0 24.1 0.0
Nd 1.4 12.7 8.5 9.6 24.3 12.8 12.8 0.0
Pb 2.0 0.0 0.0 5.0 9.1 0.0 6.4 5.0
Th 0.0 0.0 0.0 0.1 6.9 0.0 0.4 0.0

CIPW Norms

qz 4.9 3.2 7.5 3.6 4.4 3.3 4.4 5.4
. or 3.9 4.5 4.5 1.1 7.2 2.8 5.6 5.6
ab 28.8 29.4 21.5 33.0 28.8 30.9 32.5 27.8
an 31.2 34.2 30.3 31.7 27.8 32.0 27.3 27.3
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 5.5 8.6 21.4 8.2 9.2 8.9 9.1 10.7
hy 20.2 16.8 7.3 18.3 17.6 19.5 16.5 19.1
ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
me 2.3 2.1 0.0 2.1 2.1 2.3 2.1 2.1
il 1.4 2.3 0.9 1.4 1.8 1.8 1.5 1.8
ap 0.3 0.6 0.0 0.3 0.6 0.3 0.3 0.3
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10 534 247 11 502 12 137 12

2 2 2 2 2 2 2 2
SiO2 55.74 55.82 56.04 56.33 56.58 56.63 56.68 56.89
'I‘iO2 0.81 0.83 1.08 0.95 1.19 1.01 1.01 0.90
A1203 17.41 17.45 17.15 17.31 16.97 16.82 16.67 18.09
Fe203 7.91 7.79 8.55 8.49 8.70 8.45 8.20 9.73
MnO 0.14 0.14 0.16 0.14 0.14 0.14 0.13 0.17
MgO 4.86 5.34 4.17117 4.39 4.12 4.17 4.22 3.91
Cao 8.06 8.19 7.91 7.87 7.60 7.56 7.52 8.09
Na20 3.68 3.51 3.79 3.58 3.57 3.51 3.45 3.52
2O 0.95 0.98 1.14 1.09 1.15 1.22 1.29 1.11
9205 0.19 0.17 0.25 0.22 0.31 0.27 0.22 0.19
Total 99.75 100.2 100.8 100.37 100.34 99.78 99.39 102.59
LOI 0.92 1.83 0.00 9.55 0.90 0.45 0.00 0.00
Trace Elements (ppm.)
cl 64.5 108.7 0.0 90.0 321.0 160.0 0.0 0.0
Sc 23.7 25.8 0.0 15.3 29.2 14.6 0.0 0.0
\Y 173.4 175.5 194.8 195.0 210.2 204.1 198.0 220.0
Cr 103.3 159.7 72.4 68.5 59.9 61.0 62.0 14.0
Ni 51.4 58.8 40.1 35.2 33.5 31.0 28.5 11.0
Cu 74.3 70.3 38.7 44.2 72.3 36.2 0.0 0.0
Zn 81.7 88.4 75.0 64.2 89.4 78.7 68.0 0.0
Ga 18.5 18.0 21.1 27.4 18.2 9.1 0.0 82.0
Rb 23.9 33.5 24.1 27.0 35.7 30.6 25.4 25.9
Sr 386.9 421.1 329.3 378.0 311.6 335.4 359.3 447.0
Y 22.2 20.0 25.9 24.5 34.4 29.0 23.6 20.0
2r 129.9 159.8 97.6 126.0 164.3 147.0 129.7 76.6
Nb 3.3 3.3 6.8 4.0 7.1 5.4 3.8 2.3
Ba 197.0 165.0 213.8 269.5 229.8 243.9 258.0 465.0
La 9.9 8.4 12.9 12.4 16.3 14.7 13.1 12.6
Ce 22.6 21.1 31.3 27.9 39.8 34.2 28.6 25.1
Nd 12.5 12.2 14.1 15.0 22.1 18.7 15.3 12.7
Pb 6.0 5.5 8.9 3.9 7.8 3.9 0.0 0.0
Th 1.7 3.1 0.1 1.0 1.5 0.8 0.0 0.0
CIPW Norms
qz 4.5 4.5 4.2 5.7 7.0 7.1 7.4 5.7
or 5.6 5.6 6.7 6.7 6.7 7.2 7.8 6.7
ab 30.9 29.9 32.0 30.4 30.4 29.9 29.4 29.9
an 28.4 28.9 26.4 27.8 26.17 26.4 25.9 30.0
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 8.8 8.8 9.0 7.7 7.7 7.7 7.9 7.6
hy 17.7 18.7 17.7 17.6 16.9 16.8 16.5 18.2
ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mt 1.9 1.9 2.1 2.1 2.1 2.1 2.1 2.3
il 1.5 1.5 2.1 1.8 2.3 2.0 2.0 1.7
ap 0.3 0.3 0.6 0.6 0.6 0.6 0.6 0.3




31b°  956a  KM12  Kméa 541 13 14 62

2 *2 *2 2 2 2 2 4
SiO2 57.26 57.75 57.96 58.07 58.81 59.95 63.31 63.72
TiO2 0.76 1.09 0.59 0.81 0.99 0.81 0.67 0.45
A1203 16.43 17.83 15.89 16.81 16.68 16.87 16.66 18.86
Fezo3 7.86 8.59 8.16 7.51 7.50 7.17 5.77 4.61
MnO 0.12 0.19 0.20 0.13 0.12 0.17 0.11 0.09
MgO 4.56 2.78 6.71 4.51 3.83 3.54 2.60 1.76
cao 7.35 6.80 9.54 7.26 6.32 6.80 5.61 5.92
Na20 3.23 4.53 0.99 2.82 3.61 3.79 4.07 4.82
K,0 1.34 0.42 0.26 1.26 2.00 1.06 1.18 0.40
P,0q 0.17 0.29 0.10 0.19 0.24 0.19 0.18 0.18
Total 99.08 100.27 100.41 100.36 100.11 100.35 100.16 100.81
LOI 0.85 0.36 0.81 0.58 1.43 1.03 0.93 0.38
Trace Elements (ppm.)
cl 102.0 39.1 0.0 103.0 121.2 71.4 60.6 0.0
Sc 25.0 27.1 42.8 24.5 23.4 14.9 18.9 0.0
v 193.0 156.7 152.6 199.0 193.3 160.8 128.6 85.4
Cr 84.0 7.4 493.9 95.0 60.2 53.8 35.6 15.6
Ni 53.0 5.8 77.4 49.0 35.9 27.5 20.0 7.3
Cu 81.0 166.9 4.5 88.0 68.4 41.6 54.7 20.6
Zn 78.0 91.5 61.9 77.0 79.5 61.0 63.5 44.7
Ga 18.0 20.0 16.3 17.0 16.9 22.7 15.9 0.0
Rb 17.0 3.3 1.9 16.0 65.9 26.4 34.5 2.6
Sr 375.0 323.5 212.6 374.0 302.9 353.1 319.1 488.0
Y 19.0 33.9 14.9 0.8 25.6 20.1 17.4 6.8
Zr 100.0 178.9 55.0 244.0 188.8 144.0 183.2 716.5
Nb 4.5 5.5 1.9 4.3 6.1 3.6 3.6 2.1
Ba 247.0 165.7 100.0 244.0 300.5 270.0 242 .3 176.0
La 13.3 13.7 5.4 13.0 12.7 10.7 9.1 9.7
Ce 27.0 33.6 12.4 28.0 29.0 23.7 20.2 14.8
Nd 14.0 20.4 8.3 14.0 15.5 12.9 11.4 6.7
Pb 7.2 2.8 4.8 7.0 9.3 4.4 6.0 5.5
Th 0.5 0.4 3.1 0.8 3.7 1.1 1.9 0.1
CIPW Norms
qz 8.8 8.3 18.0 12.2 9.0 12.0 16.8 16.6
or 7.8 2.2 1.7 7.2 11.7 6.1 7.2 2.2
ab 27.3 38.3 8.4 23.6 30.4 32.0 34.6 40.9
an 26.4 27.3 38.1 29.8 23.6 25.9 23.4 28.6
ne 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
di 7.5 3.8 6.7 4.3 4.9 5.7 2.9 0.0
hy 17.6 15.4 24.1 18.5 16.2 14.9 12.2 10.1
ol 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
mt 1.9 2.1 2.1 1.9 1.9 1.9 1.4 1.2
il 1.5 2.1 1.1 1.5 1.8 1.5 1.2 0.9
ap 0.3 0.6 0.3 0.3 0.6 0.3 0.3 0.3




375

671 956b KM16 673 958A

4 2% 2% 4 4
sio, 66.40  67.81 71.36 73.89  77.19
Ti0, 0.28 0.35 0.43 0.07 0.42
Al,0, 18.04 16.63 15.10 15.46 8.67
Fe,04 3.09 4.04 3.37 0.72 3.27
MnO 0.14 0.09 0.41 0.02 0.11
MgO 0.67 1.38 1.12 0.22 1.39
ca0 5.10 4.89 3.88 2.95 7.72
Na,0 4.64 4.54 4.23 4.15 0.48
K,0 0.87 0.36 0.63 1.64 0.07
P,0¢ 0.15 0.12 0.08 0.03 0.11
Total 99.42 100.2 100.24  99.75  99.43
LOI 0.00 0.43 3.67 0.51 0.53

Trace Elements (ppm.)

cl 6.7 0.0 0.0 0.0 0.0
Sc 3.3 14.4 5.0 3.2 9.0
v 11.5 63.8 54.2 10.0 55.0
Cr 6.0 11.0 16.5 7.1 80.4
Ni 3.5 4.1 4.5 2.3 27.7
Cu 17.6 41.0 2.8 1.7 19.9
Zn 85.8 417.5 40.5 13.6 47.0
Ga 18.0 15.0 12.8 14.3 8.7
Rb 30.4 3.0 7.4 13.2 0.5
Sr 723.0  335.2 295.5 443.01 66.0
Y 11.0 9.2 3.9 2.4 21.1
2r 96.0 177.5 155.8 44.01 90.0
Nb 3.8 1.2 1.5 1.0 7.5
Ba 568.0 184.2 326.1  514.0 58.0
La 16.8 5.4 5.9 5.4 20.2
Ce 36.8 11.5 9.9 9.6 39.3
Nd 18.3 7.4 5.4 4.8 18.6
Pb 13.9 2.6 3.5 13.0 3.4
Th 5.5 0.0 0.1 0.0 9.4
CIPW Norms

qz 22.6 25.5 32.6 33.0 57.3
or 5.0 2.2 3.9 9.5 0.6
ab 39.3 38.3 35.7 40.4 4.2
an 24.4 23.3 18.3 14.7 21.1
ne 0.0 0.0 0.0 0.0 0.0
di 0.0 0.0 0.0 0.0 13.6
hy 5.9 8.7 1.6 1.3 0.8
ol 0.0 0.0 0.0 0.0 0.0
mt 0.7 0.9 0.9 0.2 0.7
il 0.5 0.6 0.8 0.2 0.8
ap 0.3 0.3 0.3 0.0 0.3
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REE DATA (MGN Series) .

541 H31 840 502 392 534
La 13.75 9.53 1.91 16.22 11.30 9.46
Ce 30.14 20.69 3.72 36.20 23.63 20.63
Pr 4.08 3.07 0.54 5.28 3.35 2.90
Nd 16.71 1;.89 2.73 21.54 13.83 12.40
Sm 3.64 3.03 0.72 4.99 3.32 2.90
Eu 1.01 1.02 0.52 1.39 1.13 1.09
Gd 3.82 3.15 0.83 5.59 3.79 3.27
Dy 3.73 3.42 1.10 5.49 3.88 3.24
Ho 0.78 0.71 0.23 1.18 0.83 0.68
Er 1.94 1.86 0.71 2.88 2.12 1.68
Yb 2.17 2.06 0.83 3.21 2.34 1.92
Lu 0.30 0.30 0.10 0.40 0;30 0.30

54 401 31 221 KM12 292
La 0.95 14.38 5.80 4.50 4.93 6.60
Ce 1.79 30.93 11.90 7.30 11.26 13.60
Pr 0.31 4.36 1.70 1.10 1.75 2.10
Nd 1.88 17.47 7.20 4.60 8.16 9.10
Sm 0.57 3.85 1.79 1.17 1.93 2.38
Eu 0.43 1.30 0.85 0.57 0.69 0.66
Gd 0.71 4.21 2.16 1.46 2.05 2.65
Dy 0.96 4.11 2.29 1.56 2.26 2.81
Ho 0.19 0.88 0.54 0.33 0.48 0.62
Er 0.60 2.20 1.33 0.94 1.20 1.67
Yb 0.71 2.44 1.33 0.92 1.49 1.61
Lu 0.10 0.30 0.20 0.20 0.20 0.30

KM12 , 292 are Phase-1 gabbronorites, occurring as zenoliths in the
gabbronorites of the MGN series.
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REE DATA (UMA Series).

839 328 224 944 843
La 0.51 1.50 2.30 0.51 1.88
Ce 0.82 0.90 0.80 0.87 5.01
Pr 0.08 0.30 0.10 0.09 0.81
Nd 0.76 1.14 0.60 1.00 4.63
Sm 0.18 0.39 0.18 0.24 1.25
Eu 0.18 0.12 0.06 0.19 0.75
Gd 0.11 0.49 0.25 0.23 1.40
Tb 0.00 0.00 0.00 0.00 0.00
Dy 0.28 0.53 0.30 0.37 1.62
Ho 0.05 0.11 0.06 0.07 0.32
Er 0.22 0.31 0.18 0.21 0.80
Yb 0.24 0.24 0.16 0.21 0.97
Lu 0.00 0.00 0.00 0.00 0.10
34 44a 44b 255
La 2.10 1.40 4.70 0.40
Ce 4.03 1.30 2.90 1.10
Pr 0.49 0.10 0.40 0.80
Nd 2.98 0.80 1.90 0.60
Sm 0.79 0.19 0.49 0.16
Eu 0.46 0.19 0.23 0.14
Gd : 0.88 0.25 0.52 0.19
Tb 0.00 0.00 0.00 0.00
Dy 1.17 0.29 0.58 0.19
Ho 0.25 0.05 0.12 0.04
Er 0.62 0.17 0.41 0.18
Yb 0.87 0.13 0.35 0.11

Lu 0.10 0.00 0.10 0.10
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REE DATA (Amphibolite dykes)

chg802 CH970 806 ch30 154 114
La 1.08 2.82 0.97 5.04 7.50 3.10
Ce 3.47 7.45 3.42 7.24 13.20 4.30
Pr 0.95 1.37 1.05 1.33 1.80 0.90
Nd 4.68 7.53 5.60 6.86 8.30 4.10
Sm 1.63 2.47 2.10 2.15 2.13 1.40
Eu 0.69 1.03 0.90 0.07 0.81 0.55
Gd 2.17 3.08 2.85 2.81 2.39 2.06
Dy 2.48 3.07 3.26 3.43 2.38 2.37
Ho 0.54 0.62 0.67 0.74 0.55 0.49
Ex 1.33 1.51 1.70 2.10 1.53 1.36
Yb 1.35 1.41 1.67 2.29 1.54 1.24
Lu 0.2 0.2 0.2 0.3 0.2 0.2




AMPHIBOLITE DYKES

115 806 805 114 970 802

Sio2 41.81 42.75 43.43 44 .31 44.52 44.75
TiO2 1.52 1.37 1.08 0.71 1.28 0.99
Al203 18.48 20.19 17.62 11.73 22.18 19.72
Fe203 11.57 11.61 13.02 11.45 12.05 11.36
MnO 0.12 0.14 0.16 0.16 0.13 0.15
MgO 9.10 8.91 10.81 18.40 5.56 8.34
Ca0O 12.12 12.59 11.61 10.98 11.75 12.62
Naz20 2.10 2.08 1.86 1.79 2.05 1.98
K20 0.18 0.13 0.14 0.20 0.25 0.09
P205 0.02 0.03 0.02 0.04 0.11 0.04
Total 97.03 99.80 99.75 0.78 ~ 99.87 100.04
LOI 1.00 1.21 1.16 99.77 0.78 1.4:
Trace elements (pp)

Cl 44.8 120.0 398.7 114.8 172.3 58.5
Sc 55.3 57.8 48.4 52.6 29.4 54.0
\Y% 494.0 437.3 370.4 280.4 287.8 381.8
Cr 35.3 69.3 82.2 877.9 27.4 112.5
Ni 115.0 60.3 104.1 417.2 39.3 48.3
Cu 164.3 160.0 126.8 67.2 198.2 134.6
Zn 54.8 66.4 80.1 75.7 103.3 67.1
Ga 16.2 17.3 16.3 10.5 21.9 15.2
Rb 1.4 1.0 1.1 1.4 1.5 0.6
Sr 305.3 368.4 317.7 150.3 575.6 330.7
Y 20.8 19.2 19.2 13.9 17.8 15.4
Zr 23.3 21.8 25.6 18.1 28.2 22.1
Nb 1.5 1.4 1.5 0.7 2.0 0.8
Ba 42.1 43.1 34.0 41.9 81.1 42 .8
La 2.4 1.6 1.1 1.1 2.6 1.2
Ce 3.8 3.7 7.6 5.7 8.1 4.2
Nd 4.3 4.2 6.9 4.0 8.0 4.8
Pb 0.8 1.5 3.0 1.8 2.0 0.0
Th 0.0 0.1 0.0 0.7 0.1 0.0
CIPW Norms

qz 0.0 0.0 0.0 0.0 0.0 0.0
or 1.1 0.6 1.1 1.1 1.7 0.6
ab 7.1 7.1 9.7 6.1 17.2 13.0
an 40.3 45.3 39.2 23.4 50.6 44.5
ne 5.8 5.8 3.3 4.9 0.1 2.0
di 16.1 14.1 15.0 25.0 5.7 14.8
hy 0.0 0.0 0.0 0.0 0.0 0.0
ol 20.9 21.5 26.2 35.0 19.0 20.4
mt 2.8 2.8 3.2 2.8 3.0 2.8
il 2.9 2.6 2.1 1.4 2.4 1.8
ap 0.0 0.0 0.0 0.0 0.3 0.0
hm 0.0 0.0 0.0 0.0 0.0 0.0
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30. GOAD 969 143 154 663
Si02 46.08 46.47 46.89 47.81 54.65 59.51
TiO2 0.98 0.94 1.57 1.07 0.59 1.18
Al1203 17.34 16.57 20.86 21.27 10.06 18.71
Fe203 12.11 10.03 11.98 10.29 9.01 6.07
MnO 0.23 0.14 0.18 0.12 0.19 0.0¢
MgO 8.75 12.78 4.90 5.58 2.98 2.44
cao 11.39 11.20 9.36 10.91 8.21 4.14
Na20 2.32 1.54 3.82 3.29 3.62 5.11
K20 0.16 0.12 0.27 0.33 0.52 1.9¢
P205 0.08 0.02 0.25 0.15 0.14 0.54
Total 100.03 99.81 100.09 100.82 99.28 99.77
LOI 0.93 1.24 2.87 0.00 0.7 0.43
Trace elements (ppm.)
Cl 0.0 61.6 76.4 0.0 0.0 134.0
Sc 0.0 50.0 23.5 0.0 0.0 10.0
v 312.9 326.0 278.0 0.0 82.4 149.0
Cr 315.9 681.0 11.0 26.0 0.0 17.4
Ni 82.0 215.0 14.2 30.6 3.5 13.3
Cu 95.7 149.0 171.0 0.0 1.6 38.6
Zn 88.9 77.0 122.0 91.0 100.6 56.3
Ga 20.4 14.2 19.5 0.0 22.7 29.1
Rb 1.3 1.1 3.5 2.0 11.7 52.8
Sr 280.6 288.5 450.0 05.0 409.4 1303.2
Y 21.0 12.7 32.1 12.4 16.2 20.1
Zxr 27.6 14.5 125.0 22.7 43.2 376.1
Nb 1.4 0.9 6.3 1.1 2.0 37.6
Ba 24.5 24.2 121.5 52.0 159.3 508.0
La 3.9 0.5 6.0 5.0 7.9 51.3
Ce 0.0 2.8 21.7 12.0 18.5 105.4
Nd 2.4 3.2 14.9 11.0 7.7 45.0
Pb 0.0 1.8 4.6 0.0 5.9 20.4
Th 2.7 0.5 0.0 0.0 0.4 27.0
CIPW Norms
qz 0.0 0.0 0.0 0.0 11.0 8.3
co 0.0 0.0 0.0 0.0 0.0 2.1
or 1.1 0.6 1.7 2.2 3.3 11.7
ab 19.4 13.1 27.9 24.3 30.4 43.0
an 36.4 38.1 39.0 42.3 9.7 16.9
ne 0.0 0.0 2.5 1.9 0.0 0.0
di 15.6 14.1 4.7 9.1 25.2 0.0
hy 0.1 9.2 0.0 0.0 6.6 12.9
ol 21.6 20.5 17.9 16.3 0.0 0.0
mt 3.0 2.5 3.0 2.5 2.3 1.4
il 1.8 1.8 3.0 2.0 1.1 2.1
ap 0.3 0.0 0.6 0.3 0.3 1.2
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