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ABSTRACT

The volcanic and sedimentary Nsuze Group constitutes the lower part of the
3.0 Ga Pongola Supergroup which is exposed sporadically in southeastern Transvaal,
Swaziland and northern Natal.

The pre-Nsuze basement in the area studied consists of the Nondweni Group,
a typical Archaean volcanic and sedimentary sequence, and gneissic tonalite.
This basement was deformed and denuded prior to deposition of the Nsuze Group
which rests upon greenstones to the north and south of the study area and on
tonalite in the east.

The 4 000 m thick Nsuze Group consists of five formational units. The
lowest unit in the north of the study area, the Ndikwe Formation is a 1 200 m
thick assemblage of sediments, pyroclastics and lavas. Turbidites, B8IF and
shallow marine siliciclastic sediments interdigitate with ash-flow and ash-fall
tuffs. Rare, thin lava flows of basaltic andesite are also present. This
sequence reflects a complex history of synchronous sedimentation and volcanism
which is interpreted as precursory to the main development of the Nsuze
depository.

This unit interdigitates with, or is overlain unconformably southwards by the
Mdlelanga Formation, a thick (~1200m) sequence of arenaceous and argillaceous
rock-types. Biogenic carbonates occur sporadically at the base of the unit.
Debris flow deposits high up in the formation contain large blocks of locally
derived quartz-arenite and smaller fragments of tuff and banded iron formation.

The Qudeni Formation, a 40 - 600 m thick sequence of andesites and basaltic
andesites, overlies the lower two stratigraphic units, apparently conformably.
This formation becomes significantly thinner north of its type area‘in the
Nsuze River Valley. Lava flows are rarely recognizable and extensive

silicification, chloritization and epidotization is present. Plagioclase
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phenocrysts are commonly present in these lavas which are predominantly composed
of tremolite, chlorite, untwinned albite and quartz.

Overlying this is the Vutshini Formation, a 600 - 1 000 m sequence of
arenaceous and argillaceous sediments. These sediments are heterogeneous with
alternations of argillites, ferruginous argillites and mature arenites on a
variety of scales. Immature arenites occur in the basal and upper parts of the
formation.

The overlying Ekombe Formation has a limited outcrop area with a residual
thickness of only 60 m. It consists of andesitic lavas.

Preliminary sedimentological analysis of the Nsuze Group suggests that
shallow marine sediments are dominant. Facies associations similar to those of
intertidal prograding, trapgsgregsive tidal and proximal to distal shelf models
are recognized. More rarg are gjequences ascribed to braided stream depositional
environments. Palaeocurre t‘q§%a indicate that flow towards the south and
southeast was most common. A more distal setting than that observed elsewhere
in the Nsuze Group is inferred.

The geochemistry of the Nsuze volcanics is as yet poorly understood because
many of the samples analysed display aberrant chemistry as a result of pervasive
alteration. In some cases this alteration is attributed to interaction with sea
water soon after extrusion. Tholeiitic and calc-alkalic affinities are present,
but the available data do not allow a more definite classification of the magma
type. Major and trace element abundances differ slightly for the two volcanic
units analysed. The data are inadequate for petrogenetic modelling of the
volcanics.

Deformation of the Archaean sequences is dominated by tight to isoclinal
folding possibly related to the 1 000 m Natal Thrust Front. An earlier folding

event is recognized and a younger weak deformation is locally distinguishable.
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Faulting associated with the dominant folding event produced crestal and wrench
displacements. Younger block faulting of two generations is also present.

Metabasites are characterized by the presence of tremolite-chlorite-albite-
clinozoisite/epidote. Biotite and muscovite co-exist in metapelites, an
assemblage which is taken to indicate upper greenschist facies metamorphic
conditions. More than one metamorphism cannot be discounted as early
“ phylionitic cleavages are present, and post-folding, unfoliated dykes also
haQe greenschist facies mineral assemblages.

Numerous intrusions of mafic and ultramafic rock-types are present in the
study area and include the pre-metamorphic sills of the Hlagothi Complex, and
metapyroxenite and metagabbro dykes. The Hlagothi sills are conformable with
the Nsuze Group which they intrude close to its stratigraphic base. The age of
the complex is equivocal, but it does predate the main penetrative deformation.
The form of the sills suggests intrusion at depths shallower than the inferred
maximum thickness of the Nsuze Group. The sills consist of peridotites,
pyroxenites, olivine gabbronorites and gabbros which define a threefold macro-
layering of each body. Smaller-scale layering of olivine-rich and -poor lithologies
occurs locally. The upper marginal rocks of the sills have a skeletal texture
identical to the spinifex textures of extrusive komatiites. Geochemistry of the
complex indicates that fractionation of olivine, orthopyroxene and clinopyroxene
has occurred. Estimated bulk compositions derived from quench-textured marginal
rocks are consistent with the inferred crystallization history of the body and,
significantly, conform to criteria for the recognition of basaltic komatiites
of the Barberton type. The composition is similar tc spinifex-textured rock-
types from the Nondweni Group in its type area.

Ultramafic units within the Nsuze Group appear to be locally transgressive
and represent either intrusions or intersliced sheets of the pre-Nsuze basement.

These bodies have chemical similarities to komatiites. If they represent
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intrusions, they provide further evidence of a post-Pongola resurgence of
komatiitic magmatism. Other pre -tectonic intrusions show petrographic
similarities to the complex, but there is little geochemical evidence for this.
Most of the area studied consists of Phanerozoic cover sequences., The
Natal Group comprises conglomerates, immature arenites and argillites which
locally attain thicknesses of 60 - 100 m. These are interpreted as alluvial fan
deposits. Karoo Sequence sediments of the Dwyka and Ecca Groups are present.
These are glaciogenic diamictites and sandstones, and pelagic argillites
respectively. High ground in much of the area consists of post-Karoo dolerite

in the form of 10 - 150 m thick sills of wide lateral extent.
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CHAPTER 1

INTRODUCTION

1.  General

The Archaean Pongola Supergroup occurs in isolated, but locally extensive
exposures in northern Natal, southeastern Transvaal and southern Swaziland
(Fig. 1.1).  The Supergroup overlies granitoid basement and greenstones
unconformably. It is commonly obscured by younger cover of the Natal Group
and Karoco Sequence.

The Pongola sequence is subdivided into a lower, predominantly volcanic
Nsuze Group and an upper, mostly sedimentary Mozaan Group. The type areas for
these groups are in the extensive outcrops in the Vryheid - Piet Retief area.
The Nsuze Group in this northern area consists of a lower volcanic-sedimentary
unit 800 m thick, overlain by 7 500 m of volcanics which, in turn, are overlain
by a volcaniclastic-sedimentary unit locally attaining a thickness of 500 m
(Armstrong et al., 1982). There is an upward transition from this unit into the
Mozaan Group which comprises 3 000 m of alternating argillites and arenites with
a subordinate, upper volcanic zone (Watchorh, 1978).

In the southern inliers of the Mhlatuze, Nsuze, Buffalo and White Mfolozi
Rivers, the stratigraphy is somewhat different (Fig. 1.2). The Nsuze Group has
a residual thickness of, at most, 4 500 m. It consists of alternating
sedimentary and volcanic units with considerable lateral variations in
thickness and lithology. The Mozaan Group is present only in the White
Mfolozi inlier (Matthews, 1967), where it is lithostratiaraphically similar
to the type area described by Watchorn (1978). It is separated from the Nsuze
Group by an angular unconformity inclined to the southeast. The Mozaan Group

is not present in the inliers around Nkandla.
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Figure 1.1 Locality map showing distribution of Ponrgola Supergroup inliers.
Study area is indicated by the arrow in lower centre of map.



The present study is concerned with several inliers northwest of Nkandla
(Fig. 1.2). The Nsuze Group in this area is exposed in two major synclines.
These trend east-west with opposed plunges. The Central Nguze Syncline plunges
west, whereas the more northerly Gem Syncline plunges east. The intervening
anticline has been disrupted by diabase intrusion and faulting. Discontinuous
outcrop from the highest exposed stratigraphic level in the Vutshini Syncline
t0 the inliers in the upper Mhlatuze Valley in the northeast of the study area
provides a section through most of the stratigraphic thickness of the Nsuze
Group. North of the Gem Syncline is an area of tight, small-scale folding.
This peters out northwestwards in the headwaters of the Nsuze Valley. Here
dips are consistently southwards, except where local deformation related to

the intrusion of major gabbro sills has occurred.

2. Location and Extent of the Study Area

AThe study area is situated northwest of Nkandla and covers some 280
square kilometres (Map 1): Rocks of the Nsuze Group occur in several isolated
windows in the Phanerozoic cover sequences which in total cover just over 30%
of the area.

Access is by way of gravel roads between Nkandla, Qudeni, Fort Louis and
Babanango. Minor tracks traverse the areas between the roads and may be
negotiated to within easy walking distance of remoter parts of the area.. The
topography is generally rugged, with most of the outcrops.in deeply-incised
valieys. This is especially true in the southern part of the area where
valleys 300 m deep have been incised. Fresh outcrop is most common in these
actively eroding river valleys which provide good vertical and lateral sections

through the rock sequences.
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3. Objectives and Methods

This study is intended to establish the lithostratigraphy, depositional
palaeoenvironment and petrogenesis of Nsuze Group sediments and volcanics in
the southern part of the Pongola basin. The area is of particular interest in
that no detailed work has been done since the pioneering mapping carried out by
A.L. du Toit (1931).* Recognition of the antiquity of the sequence dates back
to Hatch (1911) who used the name "Insuzi** Series", a term subsequently applied
to the lower division of the Pongola Supergroup in other areas.

Mapping of the area was done directly onto 1 : 10 000 aerial photographs.
Various marker horizons were identified and used to provide lateral correlation
in areas of discontinuous outcrop. A formal stratigraphic subdivision was
defined in an attempt to conform with the stratigraphy given by Matthews (1979,
cited by SACS, 1980). Subdivision presented serious problems in that the area
is complexly deformed and rapid lateral changes in thickness and lithology are
characteristic of the Nsuze Group in this area.

Sedimentological analysis of measured sections was undertaken and this
enabled identification of the dominant environments of deposition. Diagenetic
and metamorphic effects have obscured primary sedimentary textures and
structures in parts of the area. This has rendered very detailed
sedimentological work impracticable.

The petrography of the volcanic rocks and various diabasic and layered
gabbroic intrusions was studied. Fifty samples were analysed by X-ray
fluorescence spectroscopy for eleven major and minor elements and thirteen
trace elements. The trace elements are: Sc, V, Cr, Ni, Cu, ZIn, Ba, Rb, Sr,

'Y, Nb, Zr and La. These data provide the basis for discussion of magma type,
tectonic setting and petrogenesis. The analytical methodology is described
in Appendix 4.

*  This mapping was completed in 1918 but not published until 1931.

** The spelling of "Insuzi" has been changed to "Nsuze", SACS (1980) in order
to conform with accepted usage in the vernacular language.



The effects of metamorphism on the rocks were investigated using
petrographic sections. Although the age of the metamorphism is not precisely
known, the pre- or post-metamorphic age of various intrusions was established
petrographically. The deformational history of the area has been partly
elucidated using numerous measurements-of S surfaces. At least two folding
events are discernible locally, but appear to be coaxial and indistinguishable
on a regional scale. The age relationships of block faulting and thrusting

were investigated where the exposures permitted this.

4, Previous Work

Previous work on the Nsuze Group inliers around Nkandla is limited to a
few publications and the unpublished mapping of Matthews (1979). The emphasis
thus far has been on elucidating the regional stratigraphy and structural
geology; hence little is known about the detailed lithostratigraphy,
sedimentology and deformational history of the area.

Du Toit (1931) proposed a six-fold subdivision of the Nsuze Group into
alternating quartzite and volcanic units (Table 1.1). He proposed a correlation
of these units with the lower Pongola series recognized by Humphreys {1812,

p. 99) in the Vryheid - Utrecht area.

Matthews (1979, unpublished work cited in SACS, 1980) proposed a formal
nine-fold subdivision of the group. The lower five formations (Table 1.1)
correspond to the units of Du Toit (1931), whereas the upper four define a
stratigraphy which is apparently unique to the Central Nsuze Syncline.
Matthews (1979) could not correlate these units beyond the limits of this
syncline due to shearing in the anticlines separating it from the adjacent

structures.
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The relationship of the granitoids east of Nkandla to the Nsuze Group has
been the subject of some dispute. Du Toit (1931, p. 53) considered two phases
of intrusion to be present, one predating and the other postdating the Nsuze.
Matthews (1959) found that all the granitoids postdated the Nsuze Group because
they intrude what he considered to be the lowest sediTsntary unit of the Nsuze
Group. Subsequently (Matthews, 1979, cited SACS, 1980) correlated the sediments
intruded by the granites with the Nondweni Group, and acknowledged a normal
sedimentary contact between strétigraphically higher sediments and the
granitoids, thus demonstrating that intrusion occurred prior to accumulation
of the Nsuze sequence.

A series of mafic-ultramafic sills intrusive into the lower Nsuze
sediments in the north of the area was recognized by Du Toit (1931). He named
these intrusions the Hlagothi Complex in view of their lithological variability
and substantial extent from the upper Mhlatuze Valley in the east to west of
the Nsuze River, and possibly as far as the Buffalo River. No work has been

done on the Hlagothi Complex since Du Toit's (1931) study.

5. Age and Chronostratigraphic Relationship of the
Nsuze Group to the Archaean of southern Africa

Direct radiometric age determinations have not yet given a precise age
for the Nsuze Group. An age of 3.090 + 0.090 Ga (U-Pb) for lavas from the
Nsuze River inlier was obtained by Burger and Coertze (1973), who considered
the age reliable. Nsuze Group lavas from southwegfern Swaziland give a
Rb-Sr whole rock age of 2.900 + 0.060 Ga (Allsopp, unpublished data, cited
by Barton, 1983, p. 76). (All Rb-Sr ages have been recalculated using a
decay constant of 1.42 x 10~ "yr™ ).

Near Amsterdam in the southeastern Transvaal the Pongola Supergroup rests

unconformably on the Lochiel Granite which is dated at 3.028 + 0.014 Ga

(Rb-Sr whole rock) (Barton et ai., 1983). Pre-Nsuze Group granitoids in the



Vryheid - Piet Reitef area have yielded two ages, 3.160 £ 0.080 Ga (Allsopp,
unpublished data, quoted in Burger and Coertze, 1973, p. 18; Rb-Sr whole
rock) and 2.980 £ 0.070 Ga (Burger and Coertze, 1973; U-Pb). The maximum
age of the Pongola Supergroup is thus close to ~ 3.0 Ga.

A minimum age is provided by the Usushwana Complex which intrudes Pongola
rocks in the northern outcrop areas. The complex has been dated at 2.813
0.059 Ga (Rb-Sr whole rock, Davies et al., 1970).

The Pongola Supergroup has considerable chronostratigraphic significance
for the evolution of the Kaapvaal craton because it is different in every
respect from typical Archaean sedimentary-volcanic assemblages emplaced
synchronously, notably those of Zimbabwe (Hawkesworth et ql., 1979), North
America (Peterman, 1979) and Australia (reviewed by Windley, 1977, p. 29).
Most important is the evidence for accumulation of the Pongola sediments and

volcanics in a stable, epicratonic environment at about 3.0 Ga.
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CHAPTER 2

TECTONIC AND STRATIGRAPHIC FRAMEWORK

1.  General

Diverse lithologies of various ages occur in and around the study area.
Although this study is mainly concerned with the Nsuze Group, the regional
tectonic and chronostratigraphic setting is considered an essential part of
the study. The description which follows extends beyond the limits of the
actual study area; where data sources have not been indicated the information
is based on unpublished data accumulated by the writer in 1980-1981 during a
mineral exploration project in the region. A simplified stratigraphic column
is shown in fFigure 2.1.

The regional geology is dominated by two tectonic features: (i) the
thrust belt which defines the southern limit of the Kaapvaal craton and
(ii) the basement high extending from east of Nkandla to Nondweni (Fig. 1.2).

Volcanics with intercalated sediments of the Nondweni Group occur as a
discontinuous belt within the basement high. They have been intensely
deformed, and were intruded by tonalitic granitoids prior to initiation of
the Pongola depository. The Nsuze Group rests unconformably on the granite-
greensione terrane, The residual thickness of the group increases
prograssively southwerds from the basement high. Individual units also
increase in thickness in the same direction. The Nsuze sequence is terminated
abruptly by the Natal Thrust Front, which marks the northern limit of the Natal
high-grade metamorphic province. The north-verging imbricate thrusts of the Thru:
Front reflect the orientation of the compressive forces responsible for
deformation of the Nsuze Group. This major tectono-thermal event (~ 1 000 Ma)
obliterated most of the evidence of an early deformational history and
resulted in tight to isoclinal folding of the Nsuze Group about east-west

trending axes.



11

SUPERGROUP/ GROUP FORMATION INTRUSIONS
SEQUENCE
Dolerite sills and
dykes
Ecca
Karoo
Dwyka
Cape (?) Natal
Monzogabbros/Gabbros/
Syenites/Pyroxenites/
Diorite/Porphyry
Hlagothi Complex
Ekombe
Vutshini
Pongola Nsuze Qudeni
Mdlelanga
Ndikwe
Gneissic Tonalite
Nondweni

Figure 2.1

Simplified stratigraphic sequence for the area northwest of Nkandla.
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Much of the area is now overlain by the undeformed Phanerozoic Natal Group
and Karoo Sequence. These sedimentary successions occupy a rugged palaeo-
topography which reflects pre-Natal downwarping to the southeast of the present
Natal coastline (Hobday and von Brunn, 1979). Numerous post-Karoo dolerite
sills are present in the area.

A prominent lineament strikes east-southeast across the northern part of the
study area. This feature has been the locus of several episodes of intrusion,
notably pre-metamorphic gabbros of the Hlagothi Complex, syn- or late-tectonic
syenites and monzogabbros and post-Karoo dolerites. As is demonstrated in
Chapter 7, the Hlagothi Complex is of basaltic komatiite composition possibly
reflecting tapping of upper mantle sources by deep fracturing. Alkaline rocks
are also characteristic of rift settings. Thus, a long-lived, deep-seated
fracture or rift feature is probably present. However, the significance and
implications of the lineament are not yet understood fully and considerable

further work is required.

2. The Nondweni Group

The most extensive outcrops of this volcanic and sedimentary sequence lie
in an arcuate belt of inliers north of the study area (Fig. 1.2). Another
- linear belt southeast of Nkandla has also been correlated with the Nondweni
Group (Du Toit, 1931, p. 29). The name of the group is derived from the area
surrounding Nondweni where the similarity of the succession to the Barberton
Sequence was first recognized by Du Toit (1931).

The age of the group is not known with any degree of precision as direct
radiometric age determinations have yet to be reported. It predates tonalftic
basement which yields ages of 3.138 * 0.038 Ga (U-Pb on zircons, A. Burger,
pers. comm.) to 3.160 £ 0.080 Ga (Rb-Sr, Allsopp, unpublished data quoted by
Burger and Coertze, 1973, p. 18).
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A formal stratigraphic subdivision of the Nondweni Group has not yet been
published. Work still in progress in the Nondweni area suggests that a
substaﬁtial thickness of komatiites, basalts, rhyolites, cherts and clastic
sediments is present (J.A. Versfeld, pers. comm., 1983).

Metamorphosed ultramafic rocks ascribed to the Nondweni Group are present
at one locality in the study area. Field relations are equivocal, but there
is other evidence to substantiate the correlation. The occurrence is situated
in a structurally low, fault-controlled site close to the stratigraphic base
of the Nsuze Group. In addition, the rocks may be defined as ultramafic
komatiites (on chemical criterié), rock types which have not yet been reported
from the Nsuze Group. Metamorphic textures and structural features-of the
rocks do not clarify the age relationships.

. The exposure of the Nondweni Group rocks at the confluence of thé
Mdlelanga and Welendhlovu Rivers lies within the core of the anticline

separating the Gem and Central Nsuze Synclines (Map 2). The dark greenish-grey,
tremolite-talc-chlorite schists are highly sheared and their exact relationship to
overlying Nsuze sediments cannot be established. This is due to the presence of a
cross-cutting diabase dyke and to shearing at the interface between the schists and
the quartzites (Fig. 2.2). Grain size within the schists is highly variable with
tremolite laths ranging from barely discernible to several millimetres in length.
The rock has a well-=developed tectonic fabric. Planar zones of interlayered
schists and secondary quartz demarcate faint changes in lithology and are thought
10 represent sheared primary'bedding features, possibly flow top breccias. An
irregular 1 m long amygdaloidal zone is present below one of these zones.

In thin section, the rock is seen to have variable composition and grain
size (BG112, 122, 123, 124, Appendix 1). The minerals present are:
tremolite (45 - 90%); chlorite (5 - 50%); and talc (~ 5%).
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Figure 2.2 Schematic section through the area between the Gem and Central

Nsuze Synclines at the
Mdlelanga Rivers.

confluence of the Welendhlovu and
: Sample localities (cf. Chapter 6).
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The tremolite laths, which occur as well-defined aggregates, have acicular,
branching terminations (Fig. 2.3). These needles are commonly bent, rotated or
kinked. Ragged flakes of chlorite are either evenly dispersed or concentrated
in cleavage planes. This cleavage is crenulated, indicating more than one
deformational event. Microfracturing of some tremolite laths also indicates
that deformation has occurred after the main metamorphic event. Euhedral
chrome-spinel is present locally, as are ragged patches of an opaque mineral,
possible magnetite.

Another occurrence of ultramafic rocks is situated west of Ndikwe (Map 2).
Here ultramafic schists have been caught up in the sole of a thrust fault and
lie within the Nsuze sequence. The mineral assemblages in these schists range
from talc-chlorite to talc-tremolite and talc-magnesite-tremolite.

Several analyses of the two ultramafic units were undertaken in order to
assess the possibility that they are related to the Nsuze volcanics. This
geochemistry is discussed in a later chapter, but it is worth'noting that
trace element data indicate similarities to the Nondweni rather than to the

Nsuze volcanics.

3. Gneissic Tonalite

A small outcrop of gneissic tonalite is present in the upper reaches of
the Mhlatuze River on the farm Oriefontein 336 (Maps 1 and 4). Tonalitic
gneisses are also present east of Nkandla(Matthews and Charlesworth, 1981).

In outcrop the tonalite is a pinkish-grey, medium-grained, foliated,
leucocratic rock. In thin section the rock is seen to consist of 60%
plagioclase, 26% quartz, 10% microcline, 3% chloritized biotite and 1%
white mica (point count analysis). Trace amounts of chlorite, epidote,
sphene and aspatite are also present. The seriate, granular rock has very

large, elongated guartz grains (4 - 8 mm long) which display minor strain-
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Figure 2.3 Photomicrograph of tremolite-chlorite schist from the
Welendhlovu-Mdlelanga confluence (60x magnification).

Figure 2.4 Photomicrograph of tonalite form the Nkungumathe inlier. Note
deformed quartz and large plagioclase primocrysts with smaller
late plagioclase crystals along margins (centre right).
Saussuritization of plagioclase is also visible (25x magnification).
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induced wavy extinction. Large (3 - 4 mm) equant grains of'oligoclase-andesine
have abundant small grains of albite along their boundaries. This texture is
reminiscent of a mortar texture that has been partly obscured by
recrystallization (Fig. 2.4). It appears that the feldspar in the rock has
undergone brittle deformation, whereas the quartz deformed ductilely. Small
microcline grains are present interstitially. Myrmekitic texture is sparsely
present in the plagioclase grains where they abut against microcline.
Alteration is indicated by the chloritization of ragged patches of biotite and
the extensive saussuritization of the larger plagioclase grains.

The tonalites are intrusive into the Nondweni Group east of Nkandla
(Du Toit, 1931, p. 55) and contain large xenoliths of amphibolite southeast
of the study area. They are overlain unconformably by the Nsuze Group, and
in the exposure mentioned above, conglomerates of this group may be observed
to occupy palaeochannels scoured in the underlying tonalite. Direct radio-
metric age determinations of the tonalitic gneisses have not yet been reported.
However, Charlesworth and Matthews (1981, p. 34) cite a personal communication
(T. Elworthy, E. Barton and R. Harmer) of preliminary Rb-Sr isochron data |
which indicate ages of 3.177 to 3.199 Ga for granitoids along the southern

limit of the Kaapvaal craton.

4. The Nsuze Group

The Nsuze Group has been mapped in greater detail than the other units
and its stratigraphy is the subject of a later chapter. The erection of a
formal lithostratigraphy for the group poses problems in that it is
structurally complex, has considerable lateral variability in thickness and
lithology, and occurs in several discrete inliers. The stratigraphic
subdivision proposed by Matthews (1979, cited SACS, 1980, p. 73) has been
used, with the addition of one new formational name. The Nsuze Group is

subdivided as follows:
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(i) Ndikwe Formation: a sequence of intercalated volcaniclastic and
epiclastic sediments up to 1 000 m thick, but wedging out southwards,
at the base of the group. This formational unit has not previocusly been
recognized.

(ii) Mdlelanga Formation: a 1 200 m thick unit of quartz wackes and quartz
arenites at the base of the Nsuze Group. It attains maximum thickness
in the south of the study area and wedges out or interfingers with the
Ndikwe Formation to the north. '

(iii) Qudeni Formation: a basaltic andesite, andesite and dacite unit over-
lying the lower two formations. It increases in thickness from 50 m in
the north to 750 m in the south of the area.

(iv) Vutshini Formation: an argillaceous and arenaceous sedimentary unit
1 000 m thick.

(v) Ekombe Formation: this is stratigraphically the highest unit of the Nsuze

Group in the study area and comprises at least 60 m of andesitic volcanics.
It is present only in the core of the Vutshini Syncline. This unit was

_previously termed the Mankane Formation (Matthews, 1979, cited SACS, 1980).

5. The Natal Group

Sediments of the Natal group are exposed in the Mdlelanga, Nsuze and
Mhlatuze River valleys. They overlie the Nsuze Group on a rugged palaeo-
topography which represents a major erosional episode. The Natal Group
comprises, in order of abundance, conglomerates, arkosic arenites and
argillites. Clasts in the conglomerates are predominantly boulder-size, but
decrease in size upwards. The clasts are well-rounded to subrounded and
reflect the lithology of the basement with Nsuze quartzite and vein quartz
being the dominant clast types. Rare gneiss and jaspilite clasts are also
present. The conglomerates display moderate to good sorting and are clast-

supported. Clast imbrication indicates a southeastward palaeocurrent direction.
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Arkosic sandstones overlie boulder conglomerates either gradationally
in upward-fining sequences, or abruptly. These typically medium- or coarse-
grained immature sediments contain rare mudstone intercalations. The mudstone
units may occur as drapes over primary structures, as discrete layers or as a
more regular interlayering with the arkose. Sedimentary structures are commonly
obscured by weathering. Where present, the sedimentary structures observed
are planar, angular based cross-stratification or trough cross-stratification.

Maroon, micaceous silty mudstones occur in the Mhlatuze and Mdlelanga River
exposures (Map 1). At the former locality they overlie arkoses within palaeo-
valleys and contain minor intercalations of arkosic sandstone. The mudstones
extend beyond the limits of these valleys and rest directly on basement rocks
to the north.

At the Mdlelanga locality mudstones appear to have accumulated prior to
the deposition of boulder conglomerates which occupy an incised palaeovalley
cut into the mudstones. '

A synthesis of Natal Group sedimentology (Hobday and von Brunn, 1979)
has demonstrated that the association of boulder conglomerates and arkosic
sands most probably resulted from aggradation of a humid alluvial fan. These
authors considered the high flow competence, evidenced by thg clast size of
the conglomerates, to have resulted from the confinement of flow in steep
intermontane valleys. As aggradation occurred a more distal, braided stream
environment became dominant. The maroon silts represent abandoned channel
deposits, or perhaps suspension deposits resulting from waning high water
episodes in areas removed from the aggrading fans.

The Natal Group sediments were correlated with the Table Mountain Group
of the Cape Supergroup for many years (e.g. Du Toit, 1931). This correlation
is no longer considered tenable, instead an approximate lateral time
equivalence with either the Table Mountain or Witteberg groups is accepted

(SACS, 1980).
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6. The Karoo Sequence

Much of the higher ground in the study area is underlain by sediments of
the Karoo Sequence. These are predominantly glaciogenic sediments of the Dwyka

Group, with shales of the Ecca Group preserved in topographically higher areas.

(a) The Dwyka Formation

Glaciogenic sediments of the Dwyka Formation overlie all the older sequences

unconformably. The presence of these sediments in areas up to 100 m below
the general topographic level of the Nsuze Group rocks indicates that
considerable pre-Dwyka incision occurred. The best exposures of these rocks
occur in the upper reaches of the Mankane River and in a belt north of Itala
Mountain in the valleys of the Gozkeni and Nsuze Rivers (Map 1). At the first-
mentioned locality, the lower part of the sequence consists of 20 m of blue
tillite. The tillite has a clay-dominated matrix which supports scattered
angular clasts up to 2 m in diameter. The clasts are mainly gneisses or
granite with quarizite, chert, pyroxenite and jaspilite as less frequently
observed compositions. Overlying the tillite is a thick unit (> 40 m) of
diamictite. This is distinquished from the tillite by its darker colour and
sandier nature. Clasts are generally smaller than those in the tillite. The
diamictite is overlain by a fine-grained massive sandstone unit about 19 m thick,
Sedimentary structures are not recognizable because this unit has ubiquitous leisegang
banding. The sandstone is overlain by an unknown thickness of diamictite.

In the valley of the Nsuze River, immediately north of Hlagothi (Map 1)
diamictgtes, identical to those described above, crop out in a palaeovalley
more théﬁ 100 m deep. These deposits have a crude stratification indicating
a pulsatory depositional mechanism (Fig. 2.5). Farther to the north, these
diamictites are overlain by a massive sandstone unit. This is similar to

that in the Mankane Valley described above. When traced eastwards along the
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Figure 2.5 Crudely stratified diamictites in the Dwyka Group north of
Hlagothi Mountain. These deposits are interpreted as debris
flows.
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flanks of Itala Mountain, the sandstone unit bifurcates. The lower sandstone
is inclined southwards at 5° and may be traced for two kilometres south along
the Mhlatuze River valley on the farm Riversmeet. The upper sandstone is
horizontal. The two units are separated by a great wedge of diamictite.

The deposition of the Dwyka tillites and diamictites occurred in a
glacially-dominated environment. After a period of erosion by southward-
moving glaciers, the ice sheets receded, leaving behind basal tills in the
deeper valleys. Debris deposited on the higher ground slumped down into the
valleys as gravity flows. Periods of submergence also occurred as indicated
by the presence of sandstone deposits. These processes may have been repeated,
although the later ice sheets were probably not grounded. The diamictites filled
the topographic depressions to form a virtually horizontal surface, on which
sediments of the Ecca Group were deposited. |

Nsuze Group outcrops at the base of the Dwyké Group reveal several glacial
pavements. Roche moutonees are also recognizable at some localities. The
direction of ice movement may be inferred from the striations which result
from clasts embedded in the sole of the ice sheet scréping across the under-
lying rock; Several of these striated surfaces were measured and indicate a
dominant movement towards N130°, with variations of up to 90° noted locally
where the direption of movement has been influenced by elevated parts of the

palaeotopography.

(b) The Eeca Group

. Outliers-of the lowest shales of the Ecca Group, the Pietermaritzburg
Formation, 6ccur only in the topographically highest areas. Outcrop of the

" shales is rare and consequently little can be said about them. They are dark
bluish-grey where fresh and weather to pale yellow, beige or grey. They are
locally micaceous or ferruginous. An origin as pelagic suspension deposits

is considered likely.
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7. Intrusions

Post-Nsuze intrusions of several types and ages are'present within the
area. Lithological differences between the intrusions are generally sufficiently
marked to enable recognition of the various dykes and sills as belonging to
different episodes. The episodes of intrusion may be subdivided into post- or
pre-deformational on petnographic grounds. Where intrusions belonging to
different episodes are juxtaposed the field relations allow recognition of’
relative ages within the pre- or post-tectonic groups. ‘

The petrography, geochemistry and petrogenetic aspects of the pre-tectonic
" intrusions are the subject of Chapter 7. For this reason the description below
is restricted to a brief introduction to the relative ages and distribution of

the intrusions.

(a) The Hlagothi Complex

This group of differentiated Sheet-like bodies intrudes the lower part
of the Nsuze Group in the northern part of the study area. Peridotitic,
pyroxenitic and gabbroic cumulates make up the major part of each sheet. The
uppermost unit of each sheet is a non-cumulate gabbro or granophyric quartz
gabbro. Estimated bulk compositions for the complex fall in the basaltic
komatiite-high magnesium tholeiite range as defined by Jensen (1976).
Individual sheets are 50 - 300 m in thickness, with substantial lateral
variation in some areas. The peridotitic cumulates have been totally
serpentinitized. The primary mineralogy is largely preserved in the
pyroxenites and gabbros, but the uppermost gabbros have undergone deuteric
and metamorphic alteration.

The complex predates the main metamorphic and deformational event as
evidenced by the tectanic fabric of the serpentinites. Greenschist facies

mineral parageneses have been recognized in the gabbros.
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(b) Other Pre-Tectonic Mafic Intrusions

Sills and dykes of metagabbro and metapyroxenite 10 - 100 m thick are common
in the area between the Gem and Central Nsuze Synclines and in the area north
of the Mhlazi River (Map 2). The metagabbros are typically albite-tremolite/
actinolite-epidote rocks. The meta-pyroxenites are now composed mainly of
tremolite. Du Toit (1931) considered these rocks to be coeval with the
Hlagothi Complex. This hypothesis is considered in Chapter 7. Dykes of
plagioclase porphyry 10 - 40 m wide occur as remarkably linear and persistent
intrusions in the area south and east of Hlagothi. They are intrusive into
the Hlagothi Complex, but predate a greenschist facies metamorphic event.
These dykes were intruded along pre-existing fault planes which form part of

a north-south trending block faulting episode.

(¢) Syenite, Monzogabbro and Albitite Intrusions

Syenite and monzogabbro oceur in the northeastern part of the study area
in the valleys of the Mbizwe, Gozweni and Mhlatuze Rivers (Map 1). These
occurrences are the westward extension of a larger syenite body in the
Mhlatuze Valley which extends as far east as the farm Naauwkloof. Fresh outcrops
of the syenite are not present in the study area due to the proximity of the pre-
Dwyka erosion surface at the present level of exposure. For this reason it is
difficult to assess the relationship between the syenites and monzogabbros. The
monzogabbros are exposed in the Igozwe River valley where reasonaBly fresh outcrop
extends for nearly a kilometre along the river bed. These rocks are separated from
pyroxenites of the Hlagothi Complex by a thin remnant of Nsuze Group sediments. At
the northern limit of this exposure a gabbro, which has many characteristics in
common with the gabbros of the Hlagothi Complex,is in contact with the monzo-
gabbros. The field relations are equivocal and it is not possible to establish

the relative ages of the two intrusions.
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A narrow (10 m wide) dyke in the lower Mankane River valley (Map 2) consisting

of albite (70%) and secondary carbonate (30%) is thought to be an albitite.
The dyke is conformable with the general strike of the Nsuze Group volcanics
which it intrudes. Its relative age, chemistry and origins are obscure. |

A dark, fine-grained dyke (< 1 m wide) of syenitic composition is
intrusive into Nsuze Group lavas in the Welendhlovu Valley (Map 2). The dyke
is highly irregular in thickness and orientation. For this reason it was
initially thought to be contemporaneous with the Nsuze magmatism, but its

geochemistry is not consistent with this interpretation (Chapter 6).

(d) Post-Tectonic Dolerite Intrusions

Dolerite of post-Karoo age occurs as narrow dykes (10 - 50 m wfde) and
sills which are generally more substantial (10 - 100 m thick). Dykes are
rarely observed in the area, except just south of Ndikwe Store where several
have ‘been recognized (Map 2). The Dwyka Formation is virtually devoid of dolerite
intrusions. The most common loci of sill intrusion are at the Ecca-Dwyka
- contact and within the overlying Ecca shales. Most of the higher ground in
the area is underlain by about equal proportions of the Ecca Group and
dolerite.

Dolerite dykes are typically fine-grained, dark, grey-black rocks. The
sills are medium-grained and are variable in composition. They range from
dark, feldspar-poor rocks to light grey, quartz dolerites with a high
plagioclase content. The dark mineral in all the‘dolerites is augite, with

minor amounts of olivine present in the more mafic rock types.
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CHAPTER 3

NSUZE GROUP - LITHOSTRATIGRAPHY

1. The Ndikwe Formation

General

The type area for this formation is the Nsuze River valley north of its
confluence with the Ndikwe River. Continuous'outcrops extend for several
kilometres upstream from this area, but they are génerally weathered. Other
outcrops of the formation are situated between the Gem and Central Nsuze Synclines
and in the valleys of Nsongeni, Gozweni, Mbizwe and Mhlatuze Rivers (Map 1).

The thickness of the formation is difficult to estimate accurately owing
to deformation, lack of continuous vertical exposure, disruption of the sequence
by gabbroic intrusions of the Hlagothi Complex, and lateral variation in
thickness and lithology of individual units. A further complexity is introduced
by the possibility that sediments of the Mdlelanga Formation, which occurs
farther south, interfinger northwards with the Ndikwe Formation. A maximum
thickness of 1 000 - 1 500 m is probably present in the type area. The
thickness diminishes considerably farther south in the Welendhlovu-Mdlelanga
inlier where the upper and lower contacts of the formation can be located.
Here the sequence is disturbed by gabbro intrusions, but an estimate of 500 m
is reasonable (Map 1). This southwards-thinniné is ascribed to either the
initial morphology of the basin or pre-Mdlelanga northwards tilting and
consequent erosion to form a low-angle, angular unconformify which truncates
the sequence southwards.

The dominant lithologiesare pyroclastics, volcanogenic sediments, arenites
and argillites. Subordinate intercalkations of lava and banded iron formation

are also present (Fig. 3.1). This diversity within a formational unit results
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from the complexity of internal lithological relationships which makes sub-

division into smaller, more homogeneous formational units impracticable.

Lithology
(a) Voleantelastites

Although volcaniclastites dominate the lithostratigraphy of the Ndikwe
Formation, the paucity of fresh outcrops and the sheared nature of the rocks
- prevent detailed subdivision and description such as that presented by Armstrong
(1980) for the Vryheid - Piet retief area. Several varieties of volcaniclastite
~ can be distinguished locally, but cannot be correlated laterally for any distance.

Pyroclastic rock types make up about 65% of the formation in the type area.
Bomb, lapilli and ash tuffs are most cbmmon. Crystal tuffs are present as minor
constituents of the sequence, but most of the pyroclastics contain some crystals
or crystal fragments.

In outcrop, the pyroclastics are greenish-grey chloritic rocks composed of
very fine -grained angular or flattened voicanic fragments set in a fine,
heterogeneous groundmass. Most of-the volcanic fragments are of identical
composition; grey or light grey dacite. Accidental fragments of amygdaloidal
basalt, quartzite, chert and banded iron formation have also been recognized.
These probably originated by explosive fragmentation from the sequencé through
which the conduits passed. |

tapilli tuffs are the most common pyroclastics. The lapilli are usually
5 - 10 mm in diameter, bui range from 2 - 32 mm. Bombs up to 30 cm in diameter
are relatively common in the lapilli tuffs (Fig. 3.2). The lava fragments are
flattened parallel to the stratification, a feature which is conspicuous only
where the angle between the primary and tectonic fabric is high (Fig. 3.3). In
rocks where the angle between S, and S, is small, it is difficult to detect
whether the lapilli are flattened parallel to the tectonic cleavage or the

primary layering.
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Figure 3.3
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Lapilli tuff in the Ndikwe Formation, Nsuze Valley southwest of
Ndikwe Store. Note compositional similarity of lapilli, bombs
and groundmass. Accidental quartzite fragment indicated by
arrow. Pen is 15 cm long.

Lapilli tuff, Ndikwe Formation, showing flattening of fragments
in bedding plane. Tectonic fabric, S,, is oblique to §,.

Note amygdales in bomb-sized fragment. Nsuze Valley, scuth of
Ndikwe Store. Pen is 15 cm long.
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The primary mineralogy of the lithic fragments is not preserved. Two
varieties may be distinguished in thin section. The first is a microcrystalline
mica, untwinned albite and quartz assemblage which probably represents
recrystallized volcanic glass (Fig. 3.4). The second is a coarser-grained,
chlorite - albite - quartz - mica volcanic rock which was probably very fine-
grained dacite or andesite (Fig. 3.4). Larger fragments of this type may be
amygdaloidal, but are considered to be juvenile ejecta because of their rounded
shape (Fig. 3.3). |

Crystal tuffs and crystal-bearing lapilli tuffs are common, particularly
in the lowest pyroclastics on the southern flanks of Hlagothi Mountain (Map 1).
Rounded to extremely angular broken crystal fragments are the dominant form.
Euhedral crystals are rare. Resorption features are commonly present (Fig. 3.5).
About 95% of the crystals are of quartz, the remainder being plagioclase. The
quartz crystals are typically strained, 1 - 2 mm in diameter and locally contain
fluid inclusions. Plagioclase crystals are generally untwinned and virtually-
indistinguishable from the quartz grains except for a biaxial positive optic
figure and slightly higher birefringence. Glide twinning is present in some
grains. The untwinned and glide twinned grains have been strained; in the case
of the former, the wavy extinction pattern is identical to that of adjacent quartz
grains. Apparently undeformed albite-twinned grains are rare. These
plagiéclase crystals have the composition of andesine using the Michel-Levy
method for extinction on albite twins.

Volcanogenic sediments are rarely present at the basal and upper contacts
of the pyroclastic units. An agglomerate which may have been reworked is
present at the base of the third pyroclastic unit. This rock is composed of a
wide variety of juvenile and accidental clast types and is sporadically deveioped
along the contact with the underlying quartz arenite (Fig. 3.6). The

agglomerate probably represents airborne ejecta which landed in water as
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Figure 3.4 Photomicrograph of lapilli tuff shown in Figure 3.3. Coarser-
grained fragment (centre right) is thought to be altered lava
whereas very fine-grained fragment (below left centre) was
probably volcanic glass. Groundmass is predominantly chlorite.
Lapilli composed of mica, talc, chlorite and albite. Quartz
crystals show reaction boundaries in unrecrystallized examples.
(10x magnification, crossed nicols).
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Figure 3.5 Crystal tuff from the Ndikwe Formation, south slope of Hlagothi
Mountain. Note partial resorption of quartz and plagioclase
crystals. (63x magnification, crossed nicols).
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suggested by the preservation of bedforms on the upper contact of the quartz
arenite. The agglomerate apparently grades upwards into lapilli tuff.

A 20-m thick unit of tuffaceous greywacke is present near the top of the
highest pyroclastic unit (Fig. 3.1). It is composed of rounded volcanic clasts,
5 - 20 mm in diameter, in a sandy immature matrix. This rock type is thought to
represent partially reworked debris flows or laharic breccias. This ﬁnit is
overlain, with a gradational contact, by typical Ndikwe Formation lapilli tuffs.
These become finer grained upwards and grade into ash tuffs. A gradual upward
change in these ash tuffs to tuffaceous siltstones is observable in the area
around the confluence of the Nsuze and Ndikwe Rivers. An X-ray diffraction
analysis of the tuffaceous siltstones reveals that they are composed predominantly
of chlorite with subordinate geothite and quartz.

The upper epiclastites contain rare dacitic lava bombs up to 25 ¢m in
diameter. These are rounded and tapered clasts with some fractures or
scalloped boundaries resembling conchoidal fractures. One bomb, weighing about
4 kg, was extracted and analysed (Chapter 6).

(b) Lavas

Although lava flows constitute a small percentage of the Ndikwe Formation,
dark greenish-gray basalt and lighter grey andesite and dacite have been
recognized. These fine-grained rocks have weakly to well-developed tectonic
foliation. Amygdales and vesicles are frequently present, but primary textural
features such as Tlow top breccias, pillows or pahoehoe surfaces have not been
positively identified.

The lavas cropping out along the Malunga, Ndikwe, Mankane and Mamba Rivers
are dark grey to greenish-grey chloritic, vesicular basaltic andesites (Maps 2
and 3). They consist of chlorite, limpid albite and tremolite in variable

proportions. Minor amounts of epidote, biotite and quartz are present.
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Basal contact of third pyroclastic unit of the Ndikwe
Formation north of Ndikwe Store. Note agglomerate includes
wide variety of clast lithologies and that underlying bedform
has been preserved. There is no evidence for basal scour.
Agglomerate overlain by lapilli tuff. Pen is 15 cm long.
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White mica, sphene, leucoxene, opaques and carbonate occur tn trace amounts.
The carbonate, most probably calcite, and quartz become major constituents in
carbonated and silicified zones respectively. Phenocrysts, or pseudomorphs
after phenocrysts, are 1 - 3 mm long plagioclase crystals.

The amygdaloidal lavas in outcrops along the Welendhlovu and Mdlelanga Rivers
are fresher and less sheared than those described above. Compoéitionally, the rocks
- range from basaltic andesite to dacite. The basaltic andesites are green, medium-
grained rocks made up of saussuritized andesine (40%), tremolite (30%), epidote
(20%) and quartz (5%). Chlorite, sphene and opaques are present in accessory
or trace amounts.

The andesites are dark green-grey, very fine-grained, vesicular,
porphyritic rocks composed of tremolite an& plagioclase laths, anhedral epidote
and flakes of chlorite. The andesine phenocrysts show albite twinning and are
surrounded by a thin rim of biotite-enriched groundmass (Fig. 3.7). The
amygdales consist of recrystallized quartz with subordinate chlorite, biotite
and epidote.

Some of the dacites have features resembling those found in welded tuffs.
These include the presence of flattened, barely distinguishable lapilli,
and a very fine lamination. The very fine-grained groundmass consists of
actinolite, albite, quartz and epidote. Phenocrysts of quartz and oligoclase
up, to 3 mm in length display resorption textures. The boundaries of the
‘ flattened and welded fragments are narrow, irregular zones defined by higher
concentrations of chlorite and opaques than in the rest of the groundmass
(Fig. 3.8).

A basaltic andesite flow is present in the upper pyroclastic unit west of
Ndikwe Store. The flow is less than a metre thick and has an irregular base
thought to have resulted from disruption and compaction of the underlying,

unconsolidated pyroclastic debris (Fig. 3.9).



Figure 3.7

Figure 3.8
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Photomicrograph of andesite from Welendhlovu River outcrop

of Ndikwe Formation. Plagioclase phenocrysts, locally glomero-
porphyritic, show twinning according to albite and Carlsbad

laws. Groundmass is chlorite and albite with local concentrations
of biogite. Epidote at top left. (10x magnification, crossed
nicols).

Photomicrograph of welded tuff from Welendhlovu River outcrop
of Ndikwe Formation. Boundary of devitrified glassy fragment
aligned vertically in centre of field. Note the abundant
crystals. (10x magnification, crossed nicols).
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(c) Sediments

Arenites and argillites make up over 90% of the sedimentary sequences of the
Ndikwe Formation. Arenite is used as a broad term here since the quartzose rocks
include quartz arenites, quartz wackes and lithic wackes. The quartz arenites
are coarse- to fine-grained rocks composed of rounded to subangular quartz
grains set in a seficitic or chloritic matrix which constitutes 5 - 20% of the
rock. The quartz wackes are medium- to very fine-grained rocks consisting of
subangular to angular quartz grains in a clayey matrix (up to 30% of the rock).
The quartz arenites are generally lighter coloured than the quartz wackes.
Colours range from off-white to tan and apple green for the arenites, whereas
the wackes are a duller green or grey colour, The quartz grains are commonly
recrystallized and have metamorphic overgrowths, although the original grain
shapes have been well-preserved locally.

The argillites are quite variable mineralogically. Light brown pelites
composed of white mica, quartz and plagioclase represent one end member of a
coﬁtinuum. At the other extreme is a dark grey phyllitic rock with a mineralogy
dominated by chlorite. Other argillaceous sediments contain a high proportion
of iron and may have centimetre-scale layering similar to that in the banded
iron formation. Another variety of argillite is a massive black mudstone
containing blocks of carbonate or siltstone. The carbonate has fine laminations
reminiscent of algal mat deposits.

In the lower part of the Ndikwe Formation (Fig. 3.1) in the outcrops along
the Nsuze, Gozweni, Mbizwe and Mhlatuze Rivers the arenites have been
recrystallized more intensely than elsewhere due to the proximity to the
intrusions of the Hlagothi Complex. In these outcrops, the arenites fine

upwards into a heterolithic unit, which, in turn, is overlain by argillite.
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In the outcrop on the Mhlatuze River close to Nkungumathe (Map 4), the basal
arenite rests with a sedimentary contact on gneissic tonalite. Conglomerate
lenses are present in channels scoured into the underlying tonalite. The
medium pebble, polymictic, clast-supported conglomerate consists of subrounded
quartzite and quartz clasts. The matrix has an apple green colouration due to
the presence of Cr or Ni illites (recognized by XRD). These are thought to
reflect high proportions of ultramafic rock types in the provenance. A 50 m-
thick banded iron formation occurs in association with tuffaceous wackes about
300 m above the base in the Mbizwe River valley. The banded iron formation
(BIF) comprises alternating micro- or mesobands of magnetite-rich, haematite-
rich and iron-poor chert (Fig. 3.10). The BIf is laterally extensive and is
recognized in the headwaters of the Gozweni and Ngwekwene Rivers (Map 4). At
the former locality chert-rich bands are less abundant than elsewhere and silt
is a significant component (Fig. 3.11). In the Ngwekwene inlier it is virtually
devoid of light-coloured chert bands.

An arenite unit is present about 50 m above the BIF in the Mbizwe River
outcrops. This unit is significant because it contains a unique internal
conglomerate horizon. This is a matrix-supported, oligomictic, medium pebble
conglomerate with disc-shaped clasts of haematitic cherty iron formation.
Further comment on this unit is deferred to the section on debris flows
(Chapter 5).

A debris flow, situated at the base of an arenite unit 1 200 m from the
base of the sequence (Fig. 3.1), consists of scattered clasts up to 30 cm in
diameter in a quartz wacke matrix. The clasts consist of rhyolite, black chert
and fine-grained quartzite. The arenite unit overlying this debris flow is
30 m thick and is, in turn, overlain by a pyroclastic sequence in excess of
300 m thick. The volcaniclastites are overlain by a 60 m-thick unit of
dark grey, glossy phyllitic argillite composed of chlorite (70%), quartz (20%)

and white mica (10%). This unit probably represents a reworked ash tuff.



Figure 3.9
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Thin basaltic andesite flows in pyroclastics of the Ndikwe
Formation west of Ndikwe Store. The irregular basal contact
is interpreted as a product of loading of the underlying
lapilli tuff. Scale is 15 ¢m long.

Figure 3.10 Cherty banded
iron formation,
Ndikwe Formation,
Ngwekweni VYalley.
Scale in
centimetres.
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Figure 3.11

Cherty banded iron formation showing quartzose lenses and
argillaceous horizons. Ndikwe Formation, Upper Gozweni

Valley. Scale is 15 cm long.
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The uppermost sediments of thg formation are found in the Nsuze and
Mhlazi River valleys (Map 2) north of the Gem Syncline. These comprise
alternating arenites and ferruginous argillites in which sedimentary structures
and textures are well-preserved (Chapter 5). The sequence consists of several
thin (29 - 40 m) alternating layers in the lower part, with two much thicker
(199 m) arenaceous units in the upper part. The sequence is overlain, apparently

with a slight angular unconformity, by a thick sequence of pyroclastics.

2. The Mdlelanga Formation

General

The type section for the Mdlelanga Formation is situated in the valley of
the Mdlelanga River in the southern part of the map area (Map 1). The name was
first applied by Du Toit (1931) who referred to the formation as the Mdlelanga
Quartzite. Matthews (1979, cited SACS, 1980) changed the term “quartzite” to
Formation in order to conform with accepted lithostratigraphic nomenclature.

Rocks of this formation are present in the Central Nsuze Syncline and on
the south limb of the Gem Syncline. They are not recognized north of the latter
fold because of northward interdigitation of the Mdlelanga and Ndikwe Formations.
| Alternatively, the Mdlelanga Formation may have been deposited as a southward-
thickening wedge as a result of differential subsidence of the depository.

The formation comprises 1 200 m of dominantly arenaceous sediments in its
type area. Farther north, in the area around Vuleka, the sediments are more
heterogeneous and have a total thickness of 800 m. In the Mankane River the

sequence has been partly eliminated by faulting, but is at least 500 m thick.

Lithology
In the type area the Mdlelanga Formation consists almost exclusively of

recrystallized quartzose rocks. These are very pure quartz arenites with
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intercalations of quartz wackes. Minor intercalations of argillite and
volcanogenic sediments have been recognized. The domination of the sequence by
arenites may be an illusion resulting from the extensive recrystallization of
the rocks in the type area, which to some extent discourages detailed study

of the sequence.

Good outcrops of the sediments are present upstream of the type area on the
south limb of the Gem Syncline. The sequence in this area consists of
alternating quartz arenites, siltstones and mudstones. The quartz arenite
units, which are up to 30 m thick, show both upward-fining and coarsening cycles.
The coarser-grained parts are mature, matrix-poor sandstones consisting
of well-rounded quartz grains. These grade into finer-grained, mature quartz
arenites which, in turn, grade into siltstones or mudstones. Not all the graded
sequences include all of the lithologies and some abrupt changes from arenite to
mudstoné, for example, occur over a distance of a few centimetres. Whereas
complete graded sequences range in thickness from 10 - 30 m, some incomplete
sequences are thinner than 10 m and some homolithic units exceed 30 m. The
various configurations and associated sedimentary structures are the result
of a dynamic depositional environment as discussed in Chapter 5.

A diamictite layer cuts across a part of the sequence described above.

The layer is ~ 40 m thick at its eastern extremity, but becomes considerably
thinner westwards. It is composed of large blocks of quartz arenite chaotically
distributed in a lithic greywacke matrix. This lithology is considered to be
the product of large-scale sediment gravity flow (Chapter 5).

The basal unit of the Mdlelanga Formation is a 40 m zone of calc-arenite in
which carbonate lenses are present The carbonates commonly exhibit crinkle
lamination of inferred biogénic origin. Stromatolites have been recognized in

this unit to the south of the study area (cf. Chapter 5).
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3. The Qudeni Formation

General

The Qudeni Formation overlies the Mdlelanga Formation conformably in the Gem
and Central Nsuze Synclines. The formation was called the “second volcanic group" by
Du Toit (1931) and named the Qudeni Formation by Matthews (1979 cited SACS 1980)
The type area according to SACS (1980) is situated south of the study area on the
farm Qudeni

The formation is 580 m thick in the type area (Matthews. 1979, cited SACS.
1980) but becomes much thinner northwards. In the Gem Syncline it is 40 - 60 m
thick. The correlation between the thick lava sequence of the Central Nsuze
Syncline and the thinner sequence in the Gem Syncline has not previously been
recognized. However, overlying sediments and the lavas themselves are
lithologically similar enough to substantiate the correlation. In addition the
chemistries of the correlated lavas are reasonably similar (Chapter €). The
problems of correlation stem from the structural relationship of the two
synclines which brings laterally distant parts of the sequence into closer

proximity with one another.

Lithology

The Qudeni Formation comprises volcanics which range in composition from
basaltic andesite to dacite. The lavas commonly contain quartz-, calcite-,
chlorite- or epidote-bearing amygdales. The amygdales range from minute spherical
or elongate bodies to large (20 cm) irregular bodies (Fig. 3.12). Very large
tunnel-like cavities (up to 1 m in diameter) also occur. No pillow structures

have been observed.

Flow top textures are rare, and, even where two flows of markedly different
lithology are seen in juxtaposition, the contact is not usually characterized

by any textural change. Exceptions do occur, as can be seen in the Nsuze River
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outcrops close to the upper contact of the Qudeni Formation. At this locality a
light-coloured andesite overlies a darker basaltic andesite, in which small,
spherical amygdales become more concentrated towards its highly irregular upper
contact (Fig. 3.13). In the Nsuze River valley on the north limb of the Gem
Syncline, flow tops are typified by networks of siliceous, light-coloured
material separating angular fragments of darker-coloured rock. This texture
probably represents a flow top breccia cemented by secondary quartz.

Silicification of the volcanics has occurred in some areas. This results
in patchy and lenticular leucocratic zones in the lava flows. On the north limb
. of the Gem Syncline these silicified zones are spatially associated with the
amygdales (Fig. 3.12). The introduction of silica was apparently controlled by the
location of microfractures, which were probably more dilated close to voids left
by gas bubbles. Alternatively, the silica-filled amygdales may have had different
thermal expansion-contraction behaviour from the enclosing lava, resulting in a
higher density of microfractures in their immediate area.

Another form of silicification is present on the north limb of the Vutshini
Syncline. Here, angular, curved, elongate patches of silicified lava are present
within unsilicified volcanics (Fig. 3.14). These leucocratic patches possibly
represent autoclastic breccia ripped from the top of the flow underlying the one in
which they occur. Subaerial leaching or weathering may have produced the change
in composition in this detritus prior to its inclusion in the later flow.

The quality and lateral continuity of outcrop are seldom sufficient to
enable the measurement of flow dimensions. Where observed, flow thickness
ranges from 1t - 16 m, with an average of 2 - 4 m. The lateral extent of flows
is unknown, although one flow containing large amygdales and phenocrysts is
tentatively correlated across the Gem Syncline, a distance of about 3 km.

The mineralogy of the lavas is not always easy to ascertain accurately due
to the fine grain size of the rocks. 1In addition, very little of the original

mineralogy has survived the greenschist-facies regional metamorphism.
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Figure 3.12 Amygdaloidal basaltic andesite, Qudeni Formation, north limb
of Gem Syncline, Nsuze River valley. Silicification in zones
surrounding quartz - calcite - chlorite-filled amygdales.
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Figure 3.13 Contact between basaltic andesite and andesite_(upFer) flows,
Qudeni Formation, north limb of Central Nsuze Sync

ine.

Figure 3.14 Irreqular patches of silicification on upper contact of basaltic
andesite flow. Locality as for Figure 3.13. See text for
further discussion.
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The basaltic andesites are texturally and mineralogically diverse. One
example, (BG22, Appendix 1), is a very fine-grained, phenocryst-free amygdaloidal
rock composed of xenocrystic biotite (20%), epidote (20%), saussuritized plagioclase
(55%), leucoxene/sphene (5%), and traces of tremolite, chlorite and calcite. There
is no recognizable twinned plagioclase, possibly as a result of metamorphic
transformation to untwinned albite. Quartz and epidote occupy a cross-cutting
microfracture. More typical basaltic andesites have an intergranular to
hyaloophitic texture with small, partially saussuritized laths of plagioclase
(well-orientated in some specimens) surrounded by wisps of xenocrystic chlorite
or biotite {Fig. 3.15). Plagioclase phenocrysts (1 - 5 mm in length) occur
singly or as glomeroporphyritic clusters. Typical mineral abundances are

presented in Table 3.1.

The andesites are also variable in mineralogy and show the same tendency to
either biotite- or chlorite-rich parageneses. The rocks lack primary igneous
textures, although some ghost phenocryst outlines may be reéognized. Sparse
2 - 20 mm amygdales are zoned. The core is filled with light green, isotropic
chlorite. Surrounding this is a ring of granular biotite with a few euhedral
zoned epidote crystals. The biotite is surrounded by a ring of calcite, which
is surrounded by a thin rim of epidote (Fig. 3.16). The mineralogy of the
andesites is summarized in Table 3.1.

In the basaltic andesites and andesites there is some remnant andesine
although most of the plagioclase has undergone metamorphic transformation to -
albite. Epidote is present either as 0,5 mm equant, zoned grains or as fine-
grained aggregates (Fig. 3.16). The biotite is a light brown to dark brown
pleochroic variety and occurs in ragged to euhedral flakes. Chlorite is
present as minute to large (5 mm) irregular flakes. It is a dark green,

pleochroic variety, most probably prochlorite.



TABLE 3.1:  MINERALOGY OF THE QUDENI FORMATION VOLCANICS

Basaltic

Andesites Andesites Dacites
Plagioclase 30 - 60 30 - 50 50 - 60
Chlorite 0 - 40 0 - 20t 5-15
Biotite 0-25 0 - 30 Trace
Tremolite/Actinolite 0 - 30 0 - 15 Trace
Epidote 5-25 8 - 30 5-10
Muscovite 0- 5 0- 5 Trace
Calcite 0-10 0- 8 0 - 20
Quartz 1 - 10 2 - 20¢ 2 - 30
Sphene/Leucoxene 1- 3 1- 5 Trace
Opaques 1 - 3 1 Trace
Kaolinite - - Trace
' - Biotite seldom co-exists with chlorite

?# - Higher quartz contents in silicified rocks.
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Figure 3.15 Photomicrograph of basaltic andesite, Qudeni Formation,
locality as for Figure 3.12. Plagioclase phenocrysts are
surrounded by very fine-grained xenocrystic chlorite
groundmass possibly representing original hyalo-ophitic
téxture. Epidote and sphene present as accessory minerals.
(63x magnification, crossed nicols).



Figure 3.16
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Photomicrograph of amydaloidal andesite from the Qudeni
Formation, north limb, central syncline in the Nsuze

River valley. Fine-grained biotite, albite and saussurite
(epidote - zoisite - clinozoisite - white mica) make up the
host rock. The amygdale has a central core of chlorite (at
extinction). This is surrounded by an irregular layer of
granular biotite with some epidote crystals. A thin calcite
layer overlies the biotite and this, in turn, is rimmed by
epidote. (25x magnification, crossed nicols).
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The dacites are similar in appearance to the andesites except for a lower
content of the mafic minerals. They are generally partly carbonated or
silicified. The range in mineralogy for rocks considered to be dacites is
given in Table 3.1.

The relative proportions of plagioclase and quartz are not always easy to
ascertain because the former is invariably untwinned albite. The fine grain
size compounds this problem and discrimination is possible only where traces
of alteration products are present within the plagioclase.

The proportions of the various lithologies in the formation are difficult
to estimate. Available outcrops indicate a greater content of andesitic lavas

than basaltic andesites and dacites.

4. The Vutshini Formation

General

The type area of the Vutshini Formation is situated in the valley of the
river of that name in the southern limb of the Central Nsuze Syncline
(Matthews, 1979, cited SACS, 1980, p. 73). The formation is restricted to the
cores of the two major synclines and the.best outcrops are to be found where
the Nsuze River cuts through these structures (Maps 1 and 2).

A total thickness of 1 000 m is present in the south, whereas a residual

thickness of 350 m is preserved in the Gem Syncline.

Lithology
The Yutshini Formation <omprises arenaceous and argillaceous sediments in
three slightly different sequences. The lower 350 m of the formation in the

vutshini Syncline consists of a sequence of alternating argillite and quartz
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arenite units 2 - 25 m thick. This is overlain by a substantial thickness of
immature arenites with rare argillite intercalations. The lower segquence
comprises at least twenty alternations of the two main lithologies on the
north limb of the syncline, whereas on the south limb only three cycles are
present. This reflects a southward-thinning of the lower sequence and a
concomitant increase in the thickness of the upper arenaceous sequence.

The sediments of the Vutshini Formation in the Gem Syncline are the
equivalent of the lower sequence in the Central Nsuze Syncline. They comprise
a similar alternation of arenites and argillites, but differ in that the arenites
are the dominant lithology, whereas the southern occurrence has about equal
amounts of each lithology.

Limited recrystallization and the excellent preservation of primary

sedimentary structures are features of the Vutshini Formation sediments.

5. The Ekombe Formation

General

The Ekombe Formation is restricted to the core of the Vutshini Syncline.
The exposed area is very small (8 000 mz) owing to overlap of the Phanerozoic
cover sequence. Matthews (1979, cited SACS, 1980) termed this formation the
"Mankane Formation", a name which is not retained in this study because no rocks
which may be correlated with this formation occur in the Mankane River valley.
Similar lithologies do occur in the Mankane Valley, but their stratigraphic
position precludes correlation with the outcrops ascribed to the Ekombe
Formation. It is hoped that the change will prevent confusion between the
two stratigraphic levels at which the volcanics occur.

A residual thickness of 60 m is present in the exposed area.
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Lithology

The Ekombe Formation consists of fine-grained, amygdaloidal andesites.
These lavas are always highly weathered and have a weakly developed tectonic
fabric. Pipe amygdales-are recognizable, as are very small, zoned spherical
amygdales. The filling of the larger amygdales is quartz, whereas the small ones
have a chlorite core surrounded by quartz. The quartz is not the microcrystalline
variety typical of amygdales, but consists of coarse grains with well-defined
triple junctions.

In the only thin section available (NZ-1, Appendix 1), the groundmass consists
of white mica (40%), quartz or albite (not distinguishable, 55%), and sphene (5%).

Du Toit (1931, p. 51) reports a groundmass of quartz, pale chlorite and some feldspar.

6. Discussion

Correlation

The critical aspect of the lithostratigraphy presented above is the
correlation between areas separated by either younger cover sequences or
structural breaks. The former situation may even include major structural
features which are obscured by the Phanerozoic cover. Adequate marker horizons
are usually present to enable correlation between the inliers, but there are
two important exceptions.

The first is the correlation between various inliers of rocks attributed
to the Ndikwe Formation. In this case, correlation between the various outcrops
in the valleys of the Mhlatuze, Gozweni and Mbizwe Rivers can be achieved
using the presence of the banded iron formation horizon and associated
sediments (Fig. 3.1 and Map 1). The relationship between these inliers and
the major outcrop area in the Nsuze River valley is not so easily resolved
and remains uncertain. Likewise, precise correlation between the outcrops of

Ndikwe Formation sediments in the Welendhlovu and Mdlelanga River valleys and
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those north of the Gem Syncliné is not possible. The grounds for the correlation
are a general similarity in lithologic sequence which in each case consists of
altérnating arenites and banded, ferruginous argillites. One of the upper units
in the Welendhlovu Valley has been traced laterally under the Karoo cover, to the
Ngwekweni River inlier using geophysical methqu (Esterhuizen and Grdenewald,
1980). This banded iron formation is correlated with one near the base of the
Ndikwe Formation in the Gozweni River valley on lithological grounds. This
apparent lateral continuity of sedimentary units in the lower part of the _
formation is not displayed by the upper volcaniclastic units as these are absent
in the southern part of the map area as noted earlier.

The second correlation,which is fundamental to the lithostratigraphic _
subdivision, is the one between the sequences in the two major synclines.
Matthews (1979, unpublished mapping) recognized the Mdlelanga, Qudéni and
Vutshini Formations in the Central Nsuze Syncline but ascribed the sequence in
the Gem Syncline to the Dlabe, Mome and Mankane Formations (Table 1.1). The
present study has revealed that the basal part of the Mdlelanga Formation is
lithologically unique within the Nsuze Group, and that correlation between the
two synclines is possible. The lithology in question is the calcareous arenite
containing biogenic carbonates mentioned earlier. Since biogenic carbonates are
rare in the Nsuze Group, it seems reasonable to correlate the three occurrences
of the calc-arenite unit in the field area. Two of the outcrops are situated
at the base of the Mdlelanga Formation on the north limb of the Vutshini
Syncline in the Mdlelanga'and Nsuze River valleys. The third occurrence is
only a few hundred metres north of the Mdlelanga River outcrop, but is

northward facing, that is, on the south limb of the Gem Syncline (Map 2).
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Lithostratigraphic Relationship to the Pongola Supergroup

In the foregoing presentation of the local lithostratigraphy there has been
no mention of the regional correlation of the sequence in the study area with
the Nsuze Group elsewhere in the Pongola depository. The situation is not as
simple as that implied by Du Toit (1931, p. 38): " ... the Insuzi Series can
without any doubt be correlated with Humphrey's (1912, 1913) 'Lower Pongola Beds',
a great succession of quartzites, amygdaloids and slates, that crop out in the
Vryheid and Utrecht districts ...". Armstrong (1980, p. 65) reports that the
Nsuze Group in the Vryheid - Piet Retief area comprises three subunits: a lower
sedimentary-volcanic unit (~ 800 m), a middle, predominantly volcanic unit
(7 500 m), and an upper volcaniclastic sedimentary unit (500 m).

In the White Mfolozi inlier (Fig. 1.1), the stratigraphy of the Nsuze
Group as described by Matthews (1967; 1979, cited SACS, 1980) comprises Six
formational units. The formations and their lithologies (SACS, 1980, p.76)

are given in Table 3.2.

TABLE 3.2:  LITHOSTRATIGRAPHY OF THE NSUZE GROUP, WHITE MFOLOZI INLIER
(SACS, 1980, p. 76).

Formation Lithology Thickness
Taka quartzites and shales >530m
Bivane lavas >2050m
Chobeni sandstones, mudstones, breccias and

dolomites with stromatolites 760 m
Thembeni banded shales with sandy and pebbly

intercalations 60 - 240 m
Nhlebela lavas 0-120m
Bomvu quartzitic sandstone with arkosic

layer near base 0-60m




55

From the above, it is apparent that the sequences in the various outcrop
areas of the Nsuze Group differ substantially. The proportion of volcanics in
the sequence is a good indicator of the variation. In the northern areas 90%
of the group is of volcanic origin (Armstrong, 1980, p. 65; SACS, 1980, p. 75),
but in the White Mfolozi and Nkandla areas the proportions are 57% and 38%
respectively. The proportion of fragmental volcanics in the same areas is 5%;
0% and 22% in the order given above. Although there is a systematic increase in
the volume of sediment in the group southwards, there is apparently no consistant
variation in the volcaniclastic content.

On the basis of chronostratigraphic position and general lithology, it is
reasonable to correlate the Nsuze Group in the study area with the outcrop areas
mentioned above. It is also clear that correlation of individual units or
erosion surfaces between the various areas is not possible. This is not
unexpected, given the necessarily complex tectonic, magmatic and sedimentological
evolution of an Archaean depository. In fact, it is more surprising that the
Pongola Supergroup is as undeformed and lithologically uniform as it appears

to be.
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CHAPTER 4

STRUCTURE AND METAMORPHISM

1. Introduction

The study area is situated close to the southern margin of the Kaapvaal
province and consequently its structure is influenced by the high-grade tectonic
front marking this boundary. Intense deformation in the basement sequence
adjacent to the Natal Thrust Front has been described by Clark (1983), Browﬁ
(1982) and Matthews (1959). The deformation and metamorphic grade diminishes
northwards and most outcrops of the Nsuze Group north of Nkandla have undergone
tight to isoclinal folding and greenschist facies metamorphism. Several
deformational episodes have affected the Nsuze group in the Vryheid -~ Piet
Retief area (Armstrong, 1980), but these are relatively less intense than the
dominant folding evént recognized in the study area. The geometry of these folds
suggests that they resulted from northwards compression along the Natal Thrust
Front and are thus synchronous with the ~ 1 000 Ma Namaqua-Natal orogenic

province., Later deformation is restricted to two episodes of block faulting.

2. Structure

The earliest structural element recognized in the study area is a faint
cleavage which is virtually obliterated by later refoliation. The cleavage,
which is crenulated by the younger foliation (Fig. 4.1), is defined by
orientated phyllosilicates and occurs rarely in tuffaceous and argillaceous rock
types.. This §, fabric is observed only in thin section, consequently no field
data are available for its orientation. Only microscopic folding has been

recognized in association with S, (Fig. 4.2).
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Figure 4.1 S, cleavage in Vutshini Formation argillite, from northern limb
of Central Nsuze Syncline. Note crenulation by S, cleavage.
63x magnification - crossed nicols.

Figure 4.2 Micro folding in argillite shown in Figure 4.1.
10x magnification - crossed nicols.
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The dominant deformation, D,, is tight to isoclinal folding related to
the 1 000 Ma Natal belt episode. This event resulted in the three large
synclinal structures in the Nsuze River Valley, of which only the northern two
fall within the study area. These folds have wavelengths of 3 - 5 km with
numerous associated smaller parasitic folds. A pervasive axial planar foliation
is developed in all the fine-grained rocks and is faintly visible in arenaceous
rock types. A grain shape lineation is developed on S, surfaces in the arenites.
Several measurements of S, surfaces were taken on many of the smaller folds.

S: surfaces were also measured where visible, as were |, lineations. A typical
Schmidt net plot of these data for a single fold is shown in Figure 4.3, the
remainder of the data being presented in Appendix 2, also as Schmidt net plots.
In general; the poles to S, define a girdle indicative of cylindrical folding.
All fold axes are inclined at less than 40° and are in a broadly east-west
orientation. L, linéations commonly lie close to the fold axes, although in
some plots there is considerable dispersion. S, surfaces are steep, although
south and north dipping fabrics are common within a single fold. This is a
result of cleavage refraction and obscures the axial planar nature of the S,
cleavage. Most of the axial surfaces dip southwards at 70 - 85°.

Dislocations recognized as being related to D, are equivocal, but at least
three examples are thought to exist. A large part of the stratigraphy is
absent from the north limb of the anticline separating the Central Nsuze and
Gem Synclines. The Mdlelanga Formation is obliquely truncated by a linear
feature along this limb which marks the contact with the underlying volcanics
of the Ndikwe Formation. As this fault is orientated parallel to the fold axis
and occurs at the contact between rock types of very different rheology, it is
thought to represent a large lag structure within the limb of the fold
(Fig. 4.4). North of the Gem Syncline steep overthrusts occur within the

northern limb of the main syncline itself and adjacent isoclinal anticlines
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(Map 2, Mhlazi River area and west of Ndikwe Store). These thrusts result in
local duplication of incompetent arenite units along curved fault planes.
Although the actual fault planes are not exposed, the sense of movement is
inferred from displaced markers. The throw on these faults is of the order of
20 - 80 m (Fig. 4.5).

Faults orientated normal to the axial surface of the Gem Syncline are
recognized in the area between the Mankane énd Nsuze Rivers and farther west
close to the limit of the inlier. These have almost vertical fault planes and
downthrow to the west. They resemble the cross and wrench faults described by
De Sitter (1964), who considers them a consequence of longitudinal stretching in
cylindrical folds.

Boudinaging has occurred locally where thin quartz arenite beds are present
within a thick sequence of phyllitic pyroclastics. The boudins are 5 - 10 m
thick and 10 - 50 m long and are spaced at intervals of several hundred metres.
Internal sedimentary stiructures are weil preserved within the boudins, but
extension and brecciation is marked towards their extremities.

There is little evidence for post-D, folding although local crenulation
and kink folding of the S, fabric has been observed (Fig. 4.7). The Kink
folding is limited to ash tuffs in the area north of Ndikwe Store and comprises
1 ¢m wide kink bands spaced at 10 - 30 cm intervals. The banding is sub-parallel
and forms an anastomosing network on some exposed S; surfaces. Ramsay (1967,

p. 440) considers this type of folding to be a product of flexural siip as a
result of compressive stress acting along the layering.

Plots of S, and L, measurements have been prepared in an attempt to
identify post-D, folding. These diagrams (Fig. 4.8) show some dispersion of
L. lineations, but do not define clearly any arc or cone segmenis which may

be ascribed to D, folding.
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Post-D, faulting is common within the study area and consists essentially
of east-west and north-south trending generations of normal dip-slip faults.

The north-south faults are commonly displaced by the east-west generation.
Several of the north-south faults in the upper Nsuze Valley have been the locus
of plagioclase porphyry dyke intrusion, after the main displacement occurred but
prior to the later east-west faulting event. The throw on these faults is seldom
greater than 10 m, with the exception of the fault along the Nsuze River east of
Hlagothi Mountain, which has a downthrow of at least 150 m to the west.

The east-west trending faults are of post-Karoo age in at least two
examples although there are other cases where the displacement cannot be traced
into Karoo strata. The two definitely post-Karoo examples are situated north
of the Ndikwe Store and north of Hlagothi Mountain. The downthrow on these
faults is to the south and north respectively, resulting in a horst-type
structure now represented by Itala Mountain. There is some evidence that these
faults were active prior to Karoo times in that they are the locus of intrusion

of diabase and syenite in the upper Mhlatuze and Igozweni Valleys.

3. Metamorphism

The Nsuze Group, Nondweni ultramafics, Hlagothi Complex and the pre-Natal
Group dykes have all been subjected to regional greenschist facies metamorphism.

Minerals recognized in the various rock types are detailed in Table 4.1,
The major parageneses are all unequivocally of low grade of greenschist facies
origin., According to Winkler (1974, p. 73), the beginning of low grade is
defined by the paragenesis:

Chlorite + zoisite/clinozoisite & actinolite + quartz

This paragenesis is common in the Nsuze Group sediments and volcanics, as well
as in the metagabbros of the Hlagothi Complex and post-Nsuze dykes. Meta-

ultramafic rocks of the Hlagothi Complex and Nondweni Group have the paragenesis:

Chlorite + tremolite + talc * magnesite x serpentine
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Figure 4.6 Photomicrograph of post-D, cleavage (horizontal) cutting across
S, fabric. Metapelite of the Ndikwe Formation south of Ndikwe
River. 63x magnification

Figure 4.7 Photomicrograph of kinking of S, foliation in tuff from the
Ndikwe Formation north of Ndikwe Store. 10x magnification.
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The upper limit of low grade, greenschist facies metamorphism may be defined on
the basis of appearance of hornblende, oligoclase, almandine and cordierite.
None of these minerals is present in the study area, although garnet is present
in a sample of metapelite from Vuleka. The small, colourless, subhedral
crystals are probably manganiferous pyralspitic garnet. Garnet of this
composition may form at relatively low temperatures and pressures within
low grade metamorphic terranes (Winkler, 1974, p. 209). Miyashiro (1973)
considers the lower limit of spessartine stability to be about 400°C.
Stilpnomelane has not been recognized within the study area. Several likely
samples were examined by X-ray diffraction methods, but in all cases the mineral
thought to be stilpnomelane was identified as biotite. Tainton (1977) and
Bihmann (1983, pers. comm.) have found stilpnomelane in Nsuze Group metapelites
east of the study area. The metamorphic grade of the study area is, therefore,
considered to exceed the isograd:

(Stilpnomelane + muscovite). out/(biotite + muscovite). in

The timing of the metamorphism is not readily determined although there is
evidence for several episodes. Muscovite is present in the earliest recognized
cleavage in pelitic rock types. There is, however, no other evidence for pre-
D, metamorphism. The main development of greenschist facies mineralogy probably
accompanied D, folding in which a strong penetrative foliation developed.

-This fabric is defined by orientated phyllosilicates and tremolite.

That this metamorphism has also affected the Hlagothi Complex is
demonstrated by the local development of an S, fabric in serpentinitized and
talcified parts of the complex. In the unfoliated gabbros the tremolite -
saussurite - chlorite mineral assemblage (Chapter 7) predates the growth of
very fine tremolite crystals which display a preferred orientation. The
earlier mineral assemblage may reflect a metamorphic event prior to D,
deformation. Another possibility is that deuteric alteration and metamorphism

have combined to produce the observed mineralogy (Chapter 7).
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A relatively young-metamorphic event may also have occurred. Plagioclase
porphyry dykes which intrude along post-D, fault planes (thus post-dating the
main greenschist facies metamorphism) have the mineral assemblage:

Albite + zoisite + epidote + actinolite + chlorite

This paragenesis is typical for greenschist facies metabasites. However,
this metamorphism was not accompanied by penetrative deformation, for there is
a total lack of foliation in these dykes. Thus, the possibility of a third

greenschist facies metamorphism cannot be discounted.
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CHAPTER 5

SEDIMENTOLOGY OF THE NSUZE GROUP

1.  General

Sedimentary rocks account for over 60% of the stratigraphic thickness of the
Nsuze Group in the study area. An attempt has been made to identify the dominant
sedimentary facies and facies asse@blages in order to provide an insight into the
geological evolution of this southern part of the Pongola depository.

Several measured sections were described in detail for areas whére the
preservation of sedimentary structures and textures has been adequate. The
sections are limited to areas of continuous outcrop where tectonic deformation
has not been excessive. Their localities are shown on maps 2, 3 and 4. In the
Ndikwe Formation, the considerable disruption of the sequence by intrusions of
the Hlagothi Complex prevents the investigation of continuous sequences. This
necessitated the use of numerous short sections for which the relative
stratigraphic position in the formation is not well established. Few data were
collected for the Mdlelanga Formation in the Central Nsuze Syncline as diagenetic
and metamorphic effects have obliterated most of the primary textural

characteristics of the sequence,

Detailed facies definitions are avoided below, partl} because the facies
vary slightly in different facies associations, but also because of poor
lateral control of facies interrelationships which precludes detailed

sedimentological amalysis in the presentlstudy.
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2. Dominant Sedimentary Facies

(a) Medium-scale Cross-stratified Sandstone (SA)

Sandstone units thicker than 1 m with planar and trough cross-stratification
are ascribed to facies SA. The sandstones range from extremely pure quartz
arenites to quartz wackes and quartz arkoses. Grain sizes vary from very fine to
very coarée, but are most commonly fine to medium. Facies SA ranges in thickness
frdm 1 to 50 m, and cross-strata set heights range from 5 cm to 1.20 m. Upper
and lower boundaries of the facies are of several types including planar or
irregular scour surfaces, gradational or abrupt non-erosive transitions.

The planar cross-stratification is either angular or tangentially based.
Angular based cross-stratification (Fig. 5.1) occurs in individual, compound or
multiple sets. Individual sets are of tabular form and diminish in thickness
laterally over several metres at low angles. The foresets are rarely graded and
more typically consist of alternations of slightly different grain sizes.
Regressive ripples are uncommon. Tangentially based cross-strata are generally
ungraded. They display characteristic changes in foreset slope angle within
single sets (Fig. 5.2). Reactivation surfaces may be present in either type of
planar cross-stratification (Figs 5.1 and 5.2).

Trough cross-stratification is present in many facies SA units. There is
a continuum of widths and depths, ranging from very broad, shallow troughs to
narrower features of much smaller radius of curvature. The depth of individual
troughs is generally between 2 and 30 cm. Evidence for both lateral and
vertical accretion is present, and adjacent troughs may show accretion in
opposing directions. Small current or oscillation ripples are commoniy observed
in the troughs where bedding surfaces are exposed (Fig. 5.3).

All three of the above cross-stratification types are found commonly in a
single sandstone body. The planar cross-strata in many outcrops show opposed
directions of transport, both in immediately adjacent sets (as herringbone
cross-stratification) and in sets separated by trough or horizontal stratification

(Fig. 5.4).
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Figure 5.1 Angular based planar cross-stratification (centre) of facies
S,. Note reactivation surface below centre, recumbent foresets
iﬁ upper half. Ndikwe Formation east of Hlagothi Mountain.

Pen is 15 cm long.



72

Recumbent foresets and water escape structures are common in these sandstones.
The former are either smooth overturns of the upper parts of the foresets in a
downcurrent direction (Fig. 5.1), or a more irregular but generally ccentinuous
folding of the foresets (Fig. 5.5). Water escape structures are present as
vertically orientated disruptions of the stratification by small pipe-like
channelways or more diffuse disturbances (Fig. 5.6). Some of these structures

may be traced upwards for several metres in the sandstone.

Interpretation

Medium-scale cross-stratification results from the migration of bedforms
of appropriate size in response to hydraulic conditions encountered in several
environments. On its own cross-stratification is not diagnostic of specific
depositional settings, but associations of different types of cross-strata
are of greater significance.

Planar cross-stratification forms as a result of dune, megaripple or sand
bar migration in fluvial, marine or aeolian environments. The accretionary
foresets result from flow separation in the lee of the bedform, with flow
reversal moving sediment up the lee face. Higher current velocities lead
to deposition farther from the lee fall and favours tangentially-based cross-
stratification. Graded, avalanche foresets result from migration of smaller
superimposed bedforms across the upper surface of the large body. As the small
bedforms migrate over the brink point of the sandwave; the coarser detritus
from interripple troughs cascades down the lee face first, followed by the
finer sand making up the body of the ripples. This process occurs in both
fluvial and marine environments.

Reactivation surfaces imply interruption of the migration of a bedform
owing to changes in hydraulic regime. In fluvial settings this results from
a change in flow direction or depth for a period, during which the shape of

the bedform is modified, followed by a resumption of normal conditions
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Figure 5.2 Tangentially-based cross-stratification in facies §,,
Mdlelanga Formation, due west of Vuleka. Note currént
reversals in centre and reactivation surface, arrowed.

Box is 35 mm long.

Figure 5.3 Bedding surface exposure of shallow trough in facies S,,
Ndikwe Formation south of Hlagothi Mountain. Note ripéles
superimposed on trough surface. Pen is 15 cm long.



Figure 5.4

Herringbone cross-stratification showing sharp set
boundaries and reversed palaeocurrent directions.
Mdlelanga Formation, west of Vuleka.

Pen is 15 ¢m long.

74
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(Collinson, 1970). In a marine environment, tidal flow reversals can produce
reactivation surfaces ﬁKlein, 1977a, b). Similarly, herringbone cross-
stratification reflects switches in flow direction which are most common in
tidal settings (Klein, 1977a, b).

Recumbent foresets are the result of either liquefaction of the sand
(Allen, 1970) or an increase in drag at the interface of the water and bedform
(Reineck and Singh, 1980). In this facies, the former case is supported by the
presence of water escape structures, whereas the alternative process finds
support in the presence of sedimentary structures indicative of high sediment
load. These are horizontal, and climbing-ripple laminations which commonly
overlie recumbent foresets in the study area (Fig. 5.1). The crenulated

foresets are probably a result of compaction.

{b) Sandstones with Low-angle Cross-stratification and Horizontal tamination (SB)

This facies consists of fine- to medium-grained mature sandstones, 0.5
to 20 m thick, in which low-angle, planar cross-stratification and horizontal
laminatipn are the dominant structures. Thin clay drapes are commonly present
as are rip-up clasts and thin coarse-grained sandstone lenses.

The horizontal laminae are 1 mm to 1 cm thick, laterally continuous units
which are parallel in planar or slightly sinuous configurations (Fig. 5.7).
Grading from medium to very fine grain sizes characterizes some units of this
facies. Horizontal lamination has been observed to change laterally to inclined
or planar cross-stratification.

The low-angle planar cross-stratification occurs in sets up to 2 m thick.
Foreset-bedding angles are typically 5 to 10° but may be variable within a
single set. Very small-scale planar or trough cross-stratification is common
within the foresets. The small planar foresets are overturned in many places.
Set boundaries are defined typically by very low-angle truncations by the
overlying set, reflecting slight changes in three-dimensional orientation of

the foresets.
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Figure 6.5 Overturned foresets in facies S,, Vutshini Formation,
Mhlazi Valley south of Ndikwe. "Hammer is 40 cm long

Figure 5.6 Water-escape structure, facies S, arenites, Vutshini
Formation, Mankane Valley. Pen is 15 c¢m long.
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Facies SB commonly has gradational upward transitions into facies SC
(Fig. 5.8). The basal contacts are generally sharp or erosive with development

of thin pebble lags (Fig. 5.7).

Interpretation

Horizontal lamination and low-angle planar cross-stratification are generally
considered the products of different processes. Reineck and Singh (1980)
recommended that the structures be distinguished wherever possible. However,
in the study area, they are commonly in close association which suggests a
related origin. Furthermore, the two structures are not readily distinguished
from each other in small or poor outcrops.

Horizontal lamination is formed under both upper and lower flow regime
conditions. Lower flow regime plane bedding or lamination is not favoured
because it is rest%icted to sediments coarser than 0.6 mm mean grain size and
results in very low rates of accumulation of sediments of low survival potential
(Harmes et al., 1975). However, Klein (1977a) included lower flow regime plane
bedding in his tidal bedload process-response model. Horizontal lamination
occurs in ephemeral stream deposits (Pickard and High, 1973; Tunbridge, 1981).
Middleton and Hampton (1973) suggested an association of this structure with
turbidites, and more specifically, with migration of long wavelength antidunes.
Smith (1971) observed horizontal lamination developing from low-angle sand
waves in very shallow water under lower or transitional flow regime conditions.
A generally accepted, single mode of origin for these structures does not exist,
although the most commonly cited mechanism is deposition from sediment-laden
water at high flow velocities on plane beds in water depths deep enough to
prevent the formation of in-phase waves (Harms et al., 1975).

Large, low-angle planar cross-stratification has been ascribed to various
sedimentary processes. Beach and longshore bar cross-bedding are probably the

most commonly recognized low~angle planar cross-strata. Beach surfaces
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Figure 5.7A Planar bedding in arenites of the Vutshini Formation, central
Nsuze Syncline. Note local low-angle attenuation.

B Plane bedding in Mdlelanga Formation, Nsuze River valley.
Note structureless basal part with numerous intraformational
mud clasts. Lamination becomes progressively clearer upwards.

Pen is 15 cm long in both figures.
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characteristically dip seawards at 2 to 10° and are laterally continuous, planar
surfaces. The internal structure of beach deposits consists of evenly laminated
sand, analogous in most respects to horizontal lamination. Seawards-dipping
faces of longshore bars are similar and consist of low-angle (4 - 5°) cross-
strata in tabular, wedge-shaped units (Reineck and Singh, 1980).

Ancient low-angle cross-stratification of the Beaufort Group has been related
to a high sinuosity fluvial environment by Turner (1981). He postulated high
velocity, sediment-laden currents in which the settling rates of saltating
grains- are considerably reduced. This results in suppression of sand wave
relief, which produced long wavelength, low-angle bedforms. Parallel-laminated
sand-dominated deposits have been interpreted as products of ephemeral stream
flooding (Tunbridge, 1981).

Hummocky cross-stratification, according to Harms (1975), is characterized
by low-angle, erosional lower bounding surfaces overlain by nearly parallel
laminae. Scattered dip directions and low-angle truncation are noteworthy
features of this type of bedding. Harms (1975) recognized a shoreline
origin for these structures where deposition on low swales and hummocks 1is

related to fluctuations in tidal energy.

(¢) Cross-laminated Sandstone Facies (SC)

Very fine-grained and fine-grained sandstones characterized by ubiquitous
micro-cross-stratification are ascribed to facies SC‘ These sandstones, which
are probably quartz arenites, are typically 20 - 100 ¢m thick and less commonly
several metres thick. Recrystallization has obscured most of the original
textures. Thin drapes of green clay are commonly present on the ripples.

Sedimentary structures present include climbing-ripples, wave-ripples and

current ripple cross-laminations. 1In and out of phase climbing-ripple
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Figure 5.8 Ripple cross-lamination in facies S., Ndikwe Formation east
slope of Hlagothi Mountain. Note c?imbing ripples (in phase)
in upper part of photograph. Plane lamination is also present.
Pen is 15 cm long. :

Figure 5.9 ~ Wave ripple cross-lamination in facies S
Nsuze Valley west of Ndikwe Store. Coin

Ndikwe Formation,
is 20 mm in diameter.

C)
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lamination is present, commonly in association with horizontal lamination.
Intricately interwoven trough lamination is common (Fig. 5.9) and closely
resembles the wave-ripple lamination described by Boersma (1970, cited in dJohnson,
1978). Planar cross-lamination is also present in many units of this facies.
Interference ripples are common on bedding surfaces and display a variety of

forms. These are described in more detail below.

Interpretation

Ripple cross-lamination is the product of deposition in small bedforms
typically generated by currents of low Froud number in the lower flow regime.
Oscillatory currents produce symmetrical ripples which result in wave-ripple
cross-lamination. However, wave-ripples or symmetrical ripples can also
develop from unidirectional current action.

Climbing-ripples result from simultaneous vertical accretion and lateral
migration of current ripples. In-phase climbing-ripples may represent high
rates of sediment fall-out in either flowing or oscillating water. The change
from in-phase to out-of-phase climbing-ripples results from increased current
velocities and rates of deposition (Harms et al., 1975). These structures
have been recognized in several sedimentary environments, especially overbank
and flood plain deposits (McKee, 1966), deltaic settings (Coleman and Gagliano,
1965) and in turbidite sequences (Walker, 1969)., They may be locally important
in tidal settings (Wunderlich, 1970) but are not always present. ‘

The interference ripples are worthy of further comment. Most examples in
the study area display two prominent directions of ripples which intersect at
70 - 90°, The small size of many of the interference ripples on horizontal
planar surfaces probably implies an origin in very shallow water. The change
in direction of oscillation responsible for interference wave ripples could be

a result of either changes in direction of winds blowing over shallow ponds or

of different ebb and flow tidal paths. Within a tidal setting, small waves
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may be propagated in different directions by the breaking of large waves at
different points along a curved foreshore. Where small ripples are superimposed
on linear mega-wave-ripples with orientations at close to 90° "ladderback"
ripples are produced (Fig. 5.10). These reflect wave generation of the larger
ripples, whereas the smaller, superimposed ones result from drainage currents

moving nearly parallel to the shoreline (Davis, 1978).

(d) Large-scale Cross-stratified Sandstones (Sp)

Sandstones characterized by large-scale planar or sigmoidal cross-
stratification belong to facies SD. Although rare, this facies is recognized
in all three of the formations comprising sedimentary rock types.

The sigmoidal cross-strata are up to 3 m in height (Fig. 5.11) in their
only occurrence which is in the lower part of the Ndikwe Formation. The sand-
stones in which they occur are extensively recrystallized which prevents
recognition of grain size and grain shape parameters. Internal structures are
poorly defined, but small-scale planar and trough cross-stratification and
ripple lamination are recognized.

Large-scale, angular-based planar cross-stratification is present at several
localities. These sandstones are mature medium-grained quartz arenites and have
frequent pebbly and very coarse-grained horizons close to the base. Normal
grading is apparent in the lower parts of the foresets. Small-scale internal

structures are generally avalanche planar cross-beds and small scour troughs.

Interpretation _
Large-scale composite bedforms occur in several environments of which
fluvial ‘and shallow marine settings are the most important. Sigmoidal cross-
strata may result from the lateral migration of point bars in fluvial and
tidal channels. In the present instance there are insufficient data to distinguish

between these possibilities, although the association of the sigmoidal cross-



Figure 5.10

Figure 5.11
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Ladderback ripples with local infill of clay. Mdlelanga
Formation west of Vuleka. The relief has been accentuated
by tectonic shortening. Pen is 15 cm long.

Large-scale, sigmoidal cross-stratification of facies S,
Ndikwe Formation, Nsuze River valley southeast of Hlago?hi
Mountain. Person at far left is 1,7 m tall.
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strata with sediments interpreted as tidal deposits indicates an origin in
relatively high sinuosity tidal channels.

The large-scale planar cross-strata also represent composite bedforms,
either transverse bars in a fluvial setting or shallow marine sand bars. They
may also represent delta foresets. No realistic interpretafion can be made on
the basis of available data, although this facies occurs exclusively in

sequences interpreted as proximal shelf deposits.

(e) MHeterolithic Facies - Hy, Hy and H.

~ Units in which an appreciable amount of clay-size material is present are
classified as heterolithic. Facies H, has between 75 and 90% sand-sized
material which forms beds less than 1 m thick. These alternate with 1 to 10 cm
thick argillite units. The facies is usually thinner than 3 m, but locally may
attain 10 or 15 m in thickness. The internal structure of the sandstone units
may be horizontal or ripple lamination, planar ortrough cross-stratification.
Basal scour surfaces are rarely present. Clay drapes are commonly present on
ripple surfaces. The arenite-argillite contacts are either abrupt or
gradational with flaser, wavy or lenticular bedding in the transition zone
(Figs. 5.12 and 5.13).

Facies HB differs from HA in that sand content is in the range of 50 to 70%.
The sandstone beds are thinner than those of facies HA‘ Lenticular, flaser
and wavy bedding are common (Fig. 5.14), especially the first-mentioned which
may make up several metres of this facies within its normal 5 to 20 m thickness.
Heterolithic units having a sand content of 10 to 50% are assigned to

facies HC‘ This facies occurs as 1 to 10 m thick units consisting of laminated
argillites which contain 5 to 20 cm thick, isolated, tabular beds of sandstone.
Lenticular bedding is very common, but flaser bedding is less common than in
the other heterolithic facies. The same internal structures observed in facies

HA are also present in facies HB and HC‘
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Figure 5.12 Facies H. and S contact in the Vutshini Formation, Central
Nsuze Syﬁcllne Note scoured nature of contact and mudclasts
(MC) in the arenite. Ruler is 20 cm long.

Figure 5.13 Facies H and S, contact, showing transitional nature with
Ientlcular bedd@ng in the lower part of the arenite (arrowed).
Locality as for Figure 5.12.
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A notable variant of faciesligconsists of laterally continuous, horizontal
or slightly undulose, alternating arenite and argillite laminae. The
individual lamina are 3 to 5 mm thick and commonly have normal grading ffam fine
sand to mud (Fig. 5.15). These sediments, which fit the definition of rhythmites
(Reineck and Singh, 1980, p. 123), attain a substantial thickness (~ 50 m) in
the Mdelanga Formation in the Central Nsuze Syncline. |

Interpretation

Sand and mud accumulatioﬁ require substantially different hydraulic regimes
in that the former is transported as bedload and the latter as suspended load.
The intimate associatioh of these two lithologies in the heterolithic facies '
thus reflgcts an environment in which variable periods of alternating current
or wave activity and slack water occur. The lengths of these periods and the
survival potential of their deposits determines the relative proportion of each
sediment type in the facies. In the latter regafd, water depth can also be
assumed to have an influence as deeper water is less likely to be affected by
traction currents than shallow water.

various environmental settings are thought io favour deposition of hetero-
lithic sequences. Lower delta front environments have been invoked for similar
sediments of the Ecca Group in the Tugela Valley (Hobday, 1973). Ephemeral
streams deposit similar sediments locally (Pickard and High, 1973), but not to
any great extent. The tidal environment is, however, the setting most commonly
invoked to account for heterolithic sequences (Klein, 1977a, b; Johnson, 1978).
In this environment, bedload transport occurs during tidal ebb and flow, with
periods of slack water occurring at high and low tides. This model is favoured
for all occurrences in this study in view of the considerable vertical and
lateral extent of units of this facies.

The alternating sand-mud laminated variant of facies HC resembles the
longitudinal bedding of Reineck and Singh (1980) and the tidal “pinstripe"
‘bedding of Wunderlich (1970). Its association with the other heterolithic
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Figure 5.14 Lenticular bedding in facies H,, Mdlelanga Formation east of Vuleka.
The sequence, although distortgd by loading or tectonic deformation,
shows excellent preservation of planar micro cross-stratification
within the arenaceous layers. Pen is 15 cm long.

Figure 5.15

Lenticular, wavy and flaser bedding
in facies H,, Vutshini Formation,
north limb gf Central Nsuze Syncline.
Note the high degree of rounding and
sphericity of coarse sediment layer
interpreted as a product of storm
surge. Scale in millimetres.
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facies, which are inferred to be tidal in origin, favours alternating bedload
and suspension load deposition in a mid-tidal setting (Wunderlich, 1970;

Klein, 1977a)..

(f) Massive (MM), Laminated (ML) and Ferruginous (MF) Argillite Facies

Argillaceous rock-types constitute a minor but significant part of the
Nsuze Group. -Several facies may be defined on the basis of internal structure
and composition as set out below. However, in weathered outcrops, the variations
are not easily recognized and for argillites of indeterminant type, the symbol
M Is used without a subscript.

Massive dark grey or black mudstones (MM) occur as units 1 - 30 m thick.
Although rare silty or sandy laminae are present, these rocks are largely
featureless. A tuffaceous massive mudstone is present in the Ndikwe Formation
and is characterized by an extremely high chlorite content.

The laminated argillites (ML) consist of alternating silt and mud layers
on a variety of scales. Graded beds 1 - 3 cm thick are commonly upward-fining
But inverse grading has been observed. Compactional slumping of these units
has resulted in the frequent occurrence of complex deformation structures.

At some localities chaotic slump units contain intraformational, angular,
deformed blocks of argillite or carbonate.

The massive and laminated mudstones are pyritic in some areas. Pyrite
occurs as poorly-defined, lenticular stringers of closely-packed millimetre-
sized cubes of secondary origin. Locally, sulphides may constitute as much
as 25% of the rock;

Ferruginous argillites (MF) are the most common fine-grained rocks in
the Ndikwe Formation but are also present in the other sedimentary sequences.
They consist of regular alternations of 1 cm argillite and cherty, ferruginous
sediment. These rocks have, in the past, been mapped as banded iron
formations (Tunnington, 1981), but their high content of fine clastic material

is not in accordance with the definition of cherty banded iron formation.
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Interpretation

In modern environments significant mud deposits accumulate in high
sinuosity fluvial systems, along muddy prograding shorelines, and in distal
shelf and abyssal marine settings (Harms et al., 1975). The interpretation of
these modern mud sequences rests largely upon observed environmental
conditions, but in ancient deposits the characteristics of associated clastic
sediments and the overall geometry of the sequence must be considered before
reliable conclusions may be drawn.

The thickest massive mudstones in the study area overlie coarse- to fine-
grained sandstones and have ferruginous argillites in their upper parts.
Identification of pelagic or abyssal déposits in Archaean rocks ié difficult
(cf. Selley, 1970) because of the lack of faunal remains and other definitive
indicators of water depth. In the present instance the thick, massive mudstones
may represent pelagic sediments, but there is some evidence to support a
slightly less distal environment. In particular, the vertical association
of these sediments with proximal shelf sediments which occur in repeated
cyclical sequences indicates a shelf setting. Rare, coarser-grained zones
within the argillites suggest that deposition by traction currents or
Isuspension generated by storm turbulence also occurred. Thus a distal to
middle shelf setting is favoured for the deposition of these sediments.

The laminated mudstones (ML) with thin graded units may be ascribed to
distal shelf processes of two t&pes with a continuous background suspension
deposition superimposed on these effects. Firstly, graded beds of silt and
mud may result from periodic high-energy storms producing traction currents
at depths where these are not usually present. Coarser sediment than usual
may also be held in suspension by turbulence and current activity during
these storms. Abatement of the storm results in lower energies, and

suspension settling in accordance with Stokes' law produces graded laminae.
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Secondly, distal turbidite deposits are characterized by silt to mud-graded
units. These have been recognized in several ancient and modern distal delta
front and distal shelf sequences (Rupke, 1978) and the graded units may
represent deposition of suspension loads or low density turbidity flows.
Interpretation of the ferruginous argillite facies is deferred to the

section on facies BIF below.

(g) Banded Iron Formation (BIF)

Facies BIF is common in the Ndikwe Formation, but virtually absent from the
remainder of the Nsuze Group. A single occurrence at the base of the Mdlelanga
Formation is laterally equivalent to a BIF unit in the Ndikwe Formation and
reflects the interfingering of these formations.

This facies is typically 10 - 15 m thick and may be traced for several
kilometres along strike. It consists of alternating thin (» 2 cm) layers of
three different chert types. These are: reddish, haematitic chert, black,
magnetite-bearing chert, and white iron-poor chert. The layers are variable
in thickness; they may be of equal thickness or of very different thickness.
Two scales of layering may be observed in a single specimen, usually consisting
of centimetre-scale bands of the three lithologies interspersed with layers
which consist of microscopic laminae. The micro-banded layers typically have
specularite on parting surfaces.

The cherty BIF may change laterally or vertically to ferrugindus argillite
with a transition zone characterized by alternating argillite and éhert-
dominated layers.

Deformation of the banding is common and is typically tight angular and
cylindrical intrastratal folding (Fig. 5.16). This deformation is similar to
that produced by compaction or slumbing in semi-consolidated sediments except

for the distribution of the deformation. In areas where the Nsuze Group as a
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Figure 5.16 Banded iron formation consisting of alternating magnetite-
rich and poor cherty banding. Ndikwe Formation, Mbizwe
River valley. Penknife is 7 cm long.
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whole has undergone tight folding, the BIF shows intensé internal deformation.
Elsewhere, such as the area north of Itala Mountain, the BIF is relatively
undeformed, as is the remainder of the sequence. For this reason, the
intrastratal deformation is ascribed to tectonic rather than penecontemporaneous

processes.

Interpretation

Argillites in'thch cherty iron formation occupies the upper, fine-grained
part of normally graded units has already been described. Dimroth (1975)
observed a similar association in Canadian Archaean sequences. He ascribed
the ferruginous cherts to a continuous background precipitation of chemical
sediments, interrupted periodically by an influx of clastic material as low
density turbidity flows. Thus, a continuum of distal shelf environments may be
envisaged for the deposition of facies MF and BIF. In areas devoid of clastic
input, pure cherty banded iron formation forms. The same processes of
precipitation occur in more proximal areas, but in these, the volume of clastic
input prevents the development of BIF.

This is in general agreement with the conclusion of Watchorn (1978) that
banded iron formation and associated argillites of the Mozaan Group were
deposited in a distal shelf environment. In contrast, von Brunn and Hobday
(1974) demonstrated a high tidal flat depositional environment for jaspilitic
iron formations of the Mozaan Group. Thus, the development of banded iron
formations in the Pongola Supergroup does not appear to be controlled by the
bathymetry of the basin. In this respect and in their haematitic component
these sediments have some features in common with Superior type banded iron
formation. However, the Ndikwe Formation occurrences are spatially
associated with volcanics, are lenticular and are volumetrically not very

substantial. These features are more similar to Algoma type iron formation
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as defined by Gross (1966). It may be that two distinct types of BIF occur
in the Pongola Supergroup, but too little is known at present to allow

resolution of this problem,

(h) Conglomerate Facies (GMS and GL)

Two conglomerate facies are recognized primarily on the basis of their
sorting and packing characteristics. Facies GL consists of poorly- to well-
packed clasts in a medium- to coarse-grained arenaceous matrix. The conglomerates
of facies GL may be matrix-supported where the matrix is coarse-grained and has
primary sedimentary structures indicative of emplacement through current action.
Facies GMS consists of clasts of highly variable sizes and compositions
scattered in a heterogeneous, largely argillaceous matrix. This facies is
described in detail in the section on debris flow and is not discussed further
here,

GL facies conglomerates occur as laterally-extensive, thin (2 - 30 cm) beds,
lenticular bodies in troughs, sporadic pebble accumulations on planar erosion
surfaces, and as local, thicker bodies. The thickest conglomerates in the
study area are those on Driefontein in the Mhlatuze valley (Map 4). At this
locality the base of the Ndikwe Formation is marked by a basal conglomerate
between 10 ¢cm and 1 m thick. It consists of subrounded, moderately spherical
clasts of white or clear quartz, white granular quartzite and, more rarely,
chert. Sorting is apparently good with the development of bimodal clast size
distributions. The dominant clast size range is 15 - 40 mm with less common,
well-rounded clasts about 1 cm in diameter in the matrix. Granular, siliceous,
coarse-grained quartz arenite forms the matrix. This is highly recrystallized
which obscures most of the primary textures. Green mica, probably fuchsite, and
pyrite are present as accessory minerals. Stylolitic surfaces mark bedding

planes and clast-clast interfaces, representative of differential dissolution
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during diagenesis. At the basal contact with the gneissic tonalite, only the
upper parts of the clasts are preserved. /

The basal conglomerate is overlain by an upward-fining quartz arenite
sequence in which three other conglomerate units occur. These are similar in
textural characteristics except that a systematic upward decrease in clast size
and bed thickness occurs.

Two laterally-extensive planar units of well-sorted, clast-supported
conglomerates 5 -~ 20 cm thick occur in the Gem syncline area. These are
situated at the lower contact of the Vutshini Formation and about 80 m above
the base. The conglomerates consist of clasts 0,5 - 3 c¢cm in diameter of white
quartzite, striped chert, vein quartz and clear greyish quartz. The clasts are
commonly well-rounded and moderately spherical (Fig. 5.17). The matrix is
medium-grained, mature quartz arenite in which well-rounded, highly spherical
quartz grains are dominant. Heavy mineral lenses are locally present and
consist predominantly of ilmenite.

An extensive, but discontinuous conglomerate sheet 0,1 - 1 m thick is
present at the base of the Vutshini Formation in the Central Nsuze syncline.
This variant of facies GL is less well packed than that described above. The
same clast types are present, but these are subangular and the matfix is
generally less mature. Trough-shaped scours are common in this unit and
contain more mature conglomerates than the remainder of the sheet. The
conglomerate is split into several thinner horizons locally by quartz arenite
units of facies SA. .

Thin, sporadic conglomerates are common in the arenites of the Vutshini
Formation. These layers are typically one or two clasts thick. The pebbles
are smaller than those in the other conglomerates and range from 3 - 10 mm in
diameter. They consist of blue, grey or colourless quartz or, rarely, fine-
grained granular quartzite. Although locally well packed, these units of

facies G, consist predominantly of dispersed clasts on planar erosion surfaces

L
or shallow trough-shaped scour surfaces.



Figure 5.17 Conglomerate of facies G; at base of the Vutshini
" Formation north of Vuleka.
Matchbox is 52 mm long.

85
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Interpretation

Rudaceous sediments of the Nsuze group have been ascribed to fluvial
processes (Watchorn and Armstrong, 1980) and transgressive marine reworking of
fluvial sediments (von Brunn and Hobday, 1974). Within the context of the portion
of the Pongola depository under discussion, these two modes of origin require
careful evaluation. The basal conglomerates of the Ndikwe Formation show a
strong association with trough cross-bedded arenites of facies SA. This
association is also found at the base of the Vutshini Formation in the Central
Nsuze Syncline., In the more northerly Gem Syncline the major conglomerates
rest on essentially p}anar erosion surfaces. The sediments overlying the
conglomerates are interpreted as marine deposits (see Facies\Associations,
below), which provides an insight to the origin of facies GL sheets, Hydro-
dynamic factors make the deposition of extensive-lags in marine settings
unlikely unless a transgressive phase occurs. Transgression is essentially-
an erosive process and results in reworking of the existing sediments at the
transgressive boundary. Thus, the facies GL deposits are possibly fluvial
sediments which have been reworked by marine processes. The cases where
scour troughs containing conglomerates are present may represent unreworked

deposits or tidal channels within the transgressive sequence.

(i) Carbonate Rocks

Carbonates and their silicified equivalents are present near the base of
the Mdlelanga Formation. Clasts of carbonate and porous calc-arenite are
present in rare, sporadically-developed horizons in both the Mdlelanga and.
Ndikwe Formations.

The main occurrence is south of the study area in the south limb of the
Central Nsuze Syncline and was recognized during regional mapping prior to the

start of the present investigation. It consists of a 40 m unit in which chert
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and limestone occur in a variety of forms. Most of the sequence consists of
silicified or cherty, massive limestones except for a 10 m thick unit near the
top of the sequence. The lower 8 m of this unit consists of crenulated laminae
of alternating cherty and arenaceous sediment. In thin section calcite is
observed to form fine stringers along the boundary between the two lithologies.
It is recrystallized and is probably a relict of somewhat thicker laminae which
have been silicified. This unit bears considerable resemblance to algal mat
deposits identified in the Malmani Dolomite (Eriksson, 1977) and Bulawayan
rocks in southern Zimbabwe (Martin et al., 1980). The latter authors refer

to this structure as "crinkle lamination”.

The uppermost 2 m consist of well-defined undulating laminae, which, where
observed in plan view, define domical structures. These domes, which are 20 -
25 cm in diameter have superimposed smaller domical structures a few centimetres
in diameter. The overall structure, which is persistent for as much as 20 cm
vertically in the lamination, is identical to stromatolites from the Nsuze |
Group described by Mason and von Brunn (1977),

Although no exposures as extensive as the one described above have been
found within the study area, carbonate beds and clast horizons are always
present at the base of the Mdlelanga Formation. On the north limb of the
Central Nsuze Syncline, numerous 10 - 20 cm thick carbonate layers are present
in the basal 40 m of the sequence. These layers commonly display crinkle
lamination (Fig. 5.18). On the south limb of the Gem Syncline in the Mdlelénga
Valley similar, although thinner (2 - 3 cm thick) units are present.

Angular blocks of ¢rinkle laminated impure limestone occur in argillites
northeast of Hlagothi Mountain. The blocks are commonly 10 - 20 cm in diameter,
but attain 50 cm in some cases. They are scattered through a sequence of
chaotically-disrupted banded black and grey akgillites interpreted as a

submarine slump.
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Figure 5.18 Carbonate layer in basal unit of Mdlelanga Formation north
limb of the Central Nsuze Syncline, Nsuze River valley.
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Interpretation

Stromatolitic limestones in Archaean sequences are usually associated with
subtidal or intertidal sedimentary sequences (Martin et al., 1980, Mason and
von Brunn, 1977). The same situation applies in the present study where the
sediments enclosing limestones are interpreted as being of shallow marine or
intertidal origin.

Stromatolites and crinkle lamination result from an accumulation of clastic
and carbonate sediment over colonies of blue-green algae in modern rocks. There
is evidence to suggest a different form of algae in early\Proterozoic and
Archaean time (Walter, 1977) but the general principles remain the same. The
close spatial association between all Archaean stromatolitic 1limestones and
volcanic rock types (Martin et a?., 1980; Mason and von Brunn, 1977), and
evident in the present study, is thought to be of fundamental importance to
the existence of the early life forms. Mineral nutrients and warmth generated
by submarine volcanic activity may have been essential for the existence of the
algae which presumably survived by some form of photosynthesis.

The existence of these oxygen-generating organisms during the essentially
anaeorobic Archaean has significant implications. The scale on which oxygen
production took place was probably insufficient to have any effect on the
composition of the atmosphere. It is more likely that this free oxygen was
fixed by the precipitation of ferric oxides in the form of haematitic banded
iron formation (Cloud, 1973).

As noted above, the carbonates are dominantly limestone rather than dolomite.
This fact has been demonstrated using X-ray diffraction analysis and the
identification of calcite as by far the dominant carbonate species is
unequivocal (Fig. 5.19). This is in agreement with the findings of Martin
et al. (1980) that the Belingwe greenstone belt stromatolites occur in limestones

rather than dolomites.
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3. Sediment Gravity Flow Deposits

Sediment gravity flow encompasses a variety of depositional systems in
which sediment transport is achieved by one or more of several support mechanisms
rather than simple entrainment of grains by moving fluids. The different support
mechanisms, notably dispersion by grain-grain interaction, escaping pore fluids,
turbulence or matrix strength, result in different rheologic behaviour and thus
produce deposits which vary in parameters such as sorting, stratification and
packing. Although multiple support mechanisms commonly occur in a single flow,
the dominant process can usually be recognized from the nature of the deposit.
The nomenclature and understanding of these sedimentary processes is not yet
thoroughly established, although substantial advances have been made recently
(Lowe, 1979, 1982; Cook, 1979; Middleton and Hampton, 1973, 1976.) The
classification used below is largely after Lowe (1979) and the summary of

Weimer (1976).

(a) Turbidites and Slumps: Ndikwe Formation

Sediments with the characteristics of turbidity current deposits are present
within quartz arenites and ferruginous and black argillites northeast of
Hlagothi Mountain in the Nsuze Valley (Map 4). Within the black muddy
argillite, normally-graded silt to mud units are present in sequences 1 - 4 cm
thick These are thought to represent distal, low density turbidity flow
deposits. This argillite unit is overlain by medium-grained quartz arenite
of a subtidal facies association (see later). Within this unit are several
incomplete Bouma sequences which typically consist of small-scale planar
cross-stratificatioh overlain by climbing ripple and then plane bedding.
These units, which are 20 - 30 cm thick, could be interpreted differently
but, because of their similarity to the upper part of Bouma Sequences and

their presence in sediments interpreted as of shallow marine origin, a genesis
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by low density turbidity flow mechanisms is favoured. Walker (1978) indicated
that partial Bouma sequences beginning at the B (plane parallel laminated) or

C (ripple or wavy bedded) units occur in intermediate to distal parts of submarne
fans. Levees within proximal turbidite environments may also show partial Bouma
sequences.

A 1 m thick chaotic slump or cohesive debris flow deposit cuts'across the
argillite unit containing the graded units. This unit cannot be traced laterally
for more than 6m due to poor outcrop. It consists of randomly orientated,
deformed blocks of the banded argillite set in a homogeneous silty mudstone matrix.
Carbonate clasts, showing crinkle lamination, are also present. These were

probably introduced from a more proximal environment by mass transport mechanisms.

(b) Volcanogenic Sediments: Ndikwe Formation
Resedimented pyroclastic rocks occur in the upper part of the Ndikwe
Formation adjacent to the Ndikwe River (Map 2). The sequence, the boundaries

of which are obscured, is at least 30 m thick. It consists of crudely

stratified 20 - 50 cm thick units of volcanic clasts set in a generally massive,
immature sandy matrix. This contrasts with the adjacent lapilli tuffs, which
have a chloritic matrix, presumably derived from volcanic ash.

Ash flow emplacement generally takes place by gravity processes analogous
to cohesive debris flow and grain flow (Lajoie, 1979). In this sense it is
difficult to distinguish, on a process-response basis, between the resedimented
pyroclastic rocks and the more normal pyroclastic rock types described in
Chapter 3. The distinction made here is based largely upon the difference in
matrix composition. A possible interpretation is that progressive winnowing
of pyroclastic ash occurred on the flanks of the volcanic pile by traction
currents. Periodic oversteepening of the residual pyroclastic debris resulted in
slumping, especially when water saturated to produce the crudely stratified units.

Earthquakes or tremors may have been the triggering mechanism.
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(¢) Slumps and Cohesive Debris Flows: Mdlelanga Formation

Lithology
A sequence of matrix-supported conglomerates, greywackes and resedimented

ferruginous argillites in the Mdlelanga Formation at Vuleka (Map 2) is attributed
to sediment gravity flow proéesses."The sequence is at least 40 m thick at the
eastern extremity of the Vuleka exposures and tapers to about 5 m towards the
western limit, alongla strike length of 1,5 km, |

The sequence is situated in a core of a synclinal structure which,"
combined with discontinuous outcrop, makes recognition of lateral lithological
variations and thicknesses difficult. A crude three-fold subdivision of the
sequence is, névertheless, possible.

The base of the sequence is discordant and transgresses southeastwards
across 40 m of tidal sedimentary rocks. Where the contact is exposed, the
sedimentary structures in the underlying sediments display considerable
deformation. The basal unit is 5 - 20 m thick and is present over the observed
strike length of the sequence. It consists of quartz arenite boulders up to
7 m in diameter set in a pebbly, tuffaceous mudstone matrix (Fig. 5.20A5. The
boulders are rarely in contact with one another and are generally separated by
several metres of matrix. Internal sedimentary structures of the boulders are
commonly distorted by plastic deformation. In one occurrence the bedding
surfaces are folded through nearly 360°. Despite this deformation, the
assemblage of sedimentary structures is recognized as including planar, trough
and herringbone cross-stratification with rare micro-cross-lamination, clay
drapes and plane bedding. These structures, in addition to compositional
features, are identical to those of the guartz arenites truncated by the basal
contact of the mass-flow ‘sequence. This suggests that the boulders were locally
derived, were relatively ductile and only partially consolidated at the time

of emplacement.



Figure 5.20A

Block of quartz arenite in
debris flow of the Mdlelanga
Formation southwest of Vuleka.
The block is 1,7 m in length.

It rests in a greywacke matrix.
Note the disturbance of

internal sedimentary structures.
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Figure 5.208B

Tabular clasts of banded chert
and cherty iron formation in
uppermost unit of Mdelanga
Formation debris flow sequence,
southeast of Vuleka. The
clasts are commonly plastically
deformed. Lichen covering at
left and top of photograph.
Lens cap is 5,5 cm in diameter.



105

The matrix containing the boulders is extremely poorly sorted and
inhomogeneous. Rounded quartz pebbles 1 - 5 cm in diameter occur sparsely
throughout the unit, but are locally more concentrated. Sandy and gritty
patches are present, but have diffuse boundaries. Dark chloritic particles 1 -
2 ¢cm in length are locally common. Their shape suggests that fhey represent rip-
up clasts. Light grey tuffaceous fragments up to 1 cm in diameter are common
near the base of the unit. The remainder of the matrix is a fine-grained
greywacke consisting of fine- to medium-grained sand (. 40%) and chloritic
argillite.

The second or middle unit is a discontinuous graywacke up to 20 m thick,
which is compositionally identical to the matrix of the underlying unit. It is

distinguished by an absence of clasts exceeding 5 cm in diameter and a local

crude stratification. Rare trough cross-stratification is present towards the
top of this unit. A single, 15 m long quartz arenite body is present near the
upper contact. This body is intensely deformed as indicated by small-scale
tight folding along its margins.

The uppermost unit is a clast-supported conglomerate up to 8 m thick,
which may be traced for about 150 m along strike. The clasts are angular,
elongate or tabular fragments of banded iron formation consisting of alternating
haematitic and cherty layers 1 - 5 mm thick (Fig. 5.208). Clast sizes range from
‘1 - 15 cm in length and are 0.6 - 5 cm thick. The matrix consists of a poorly-
sorted mixture of ferruginous argillite and grains of chert, haematite and
subordinate quartz. Lenses of specular haematite 2 mm thick occur locally.
A vague horizontal alignment of clasts is apparent locally. Elsewhere the

clasts are randomly orientated.

Inferred Mode of Origin
The sequence described above has several characteristics which can be

attributed to a combination of three gravity-driven depositional mechanisms.
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The variety of clast sizes and lithologies and paucity of bedforms and grading
in the basal unit suggest deposition by cohesive debris flow as defined by Lowe
(1982). The principal support mechanism in cohesive debris flow is the yield
strength of the matrix. Buoyant lift is provided by the high density of
interstitial mud which provides considerable support for the larger clasts in
debris flows. Boulders as large as those in the basal unit are unlikely to be
transported as suspended material unless the matrix had very high viscosity and
hence yield strength. Lowe (1972) found that blocks 50 cm in diameter exceed
the yield strength and buoyant support in debris flows of the Great Valley

_ Sequence, California. Lowe (1972) concluded thaf some larger blocks are moved as
bedload and are thus likely to be confined to the base of a debris flow. He
does, however, document transport of discrete blocks up to 10 m in diameter at
the top of flow units in the same sequence, a feature ascribed to buoyant
support provided by the mudflows. High sediment cohesion is another critical
aspect of cohesive debris flows in that it prevents particle size-segregation
(Emos, 1977). In the Vuleka deposits local concentrations of pebbles or coarse
sand may reflect local zones of poor cohesion and lower viscosity which allowed
some sorting to occur. Alternatively, these pebbles or sandy zdnes may
represent reworking of the debris flow deposits by traction currents.

The middle unit is also interpreted as the product of debris flow
sedimehtation, although a slightly different mechanism must be invoked to
explain the lack of clasts greater than 5 cm in diameter. These debris flows
are probably more distal than those observed at the base. Cook (1979)
documented variations in debris flow sequences whereby lateral change in
dominant transport and support mechanisms may be recognized. "Many flows
probably undergo & secular evolution involving changes in the relative
effectiveness of a number of support mechanisms. A mass of sediment may fail
as a slump, liquify, accelerate and become a turbulent high density turbidity
current, and finally slow and resediment as a liquified flow." (Lowe, 1979,

p. 180).
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Pure laminae or non-turbulent flow of liquified sediment masses is probably
3 relatively uncommon transport mechanism in flows other than those consisting of
cohesionless silt or sand (Lowe, 1979). The middle Vuleka unit has a high mud
content and thus may have originated as a series of high density turbidity flows
or mud flows.

The upper agglomeratic unit is thought to have formed as normal banded iron
formation by processes discussed above. Partial lithiffcation occurred
during deposition. This was followed by disruption as a result of pore water
overpressures to form the flattened, angular clasts and local resedimentation.
Cook (1979) illustrated a similar rock type in which tabular clasts of laminated
lime mudstone and greywackes occur in a micritic matrix. He interpreted these
deposits as the product of submarine sliding in which the yield strength of an
initially plastic flow was exceeded, resulting in fragmentation and deposition
by debris flow mechanisms. The conglomerates illustrated by Cook (1979, p. 299)
are clast-supported and have a matrix of identical composition to the clasts.
These two features are typical of the Mdlelanga Formation agglomerate,
suggesting a possibly similar mode of origin.

The probable sequence of events responsible for the Mdlelanga Formation
sediment gravity flow deposits is summarized in Figure 5.20C. The available
field data are insufficient to allow formulation of a definite depositional
model and collection of such data is-precluded by the nature and extent of the

outcrops.

4, Facies Associations and Sequences

For the purposes of this section a factes association is defined as a
recognizably consistent co-existence of several facies. Facies sequences consist
of a preferred vertical order in which facies occur. The associations and

sequences described below are defined on the basis of several measured vertical
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1. Submergence and over- 2. Slope failure:

- steepening: slumping or cohesive debris flow
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Figure 5.20C Schematic representation of the five stages in the development

of the debris flow sequence, Mdlelanga Formation south of
Vuleka.
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sections through the Nsuze Group. This may be open to considerable subjectivity
since the definition of the facies themselves is somewhat subjective. This is
one of several points argued by Reading (1978) against the use of statistical
methods in defining facies models. Although Markov analysis has been used below,
the conclusions reached are not well constrained and must be considered
tentative. Nonetheless, the facies associations recognized resemble well-
documented depositional models.

The four most prominent facies associations and their areas of occurrence
are as follows:
(a) Upwards-fining sequences in all Vutshini Formation outcrops in the Gem
Syncline area and the lowest part of the Central Nsuze Syncline consist predominantly
of facies SA and SB with subordinate occurrences of GL basal to the sequences
(Figs. 5.21 and 5.22). Facies GL is laterally extensive and ranges from 2 - 25cm
in thickness. It is best developed in low relief channels, 0 - 3 mm deep and 10 -
20 m wide, but is continuous over the intervening areas. The overlying SA
facies (5 - 80 m thick) has abundant trough and planar cross-bedding as well as
shallow, low relief channels in which thin (1 pebble thick), sporadic, small
pebble lags are present. Soft sediment deformation structures are common,
generally as recumbent foresets and rarely as water-escape structures. Planar
or gently undulating surfaces marked by a 1 - 5 cm thick green argillite unit
are common. Facies SB (0 - 15 m thick) is commonly fine-grained to very fine-
grained and is characterized by plane lamination and low-angle, large-scale
planar cross-stratification in this facies association. Small-scale cross-
lamination is rarely observed, as are wave ripples on bedding surfaces. This
facies is not always present. All three of the facies are present in several of
the sequences in the order GL - SA - SB - GL. The sequence GL - SA - GL - SA -

SB - SA is not uncommon.
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This facies association and sequence is broadly similar to the prograding
tidalite model proposed by von 8runn (1974), von Brunn and Hobday (1976} and
Watchorn (1978) in other parts of the Pongola depository. Several major
differences exist, including the substantially greater thickness of the cycles,
the virtual absence of true mudstones and a complete absence of features such as
mudclasts, mud cracks and herringbone cross-stratification. For this reason an
upwards-fining, prograding tidalite model is considered inapplicable. The
sequence does have many characteristics of shallow marine sediments. In
particular, the thin laterally extensive gravel lags are probably best explained
by marine transgression, whereas the overlying sandstones may represent migration
and aggradation of subtidal sand bodies (cf. Johnston, 1978). This model would
require a3 high rate of accumulation, continuous, slow subsidence and rapid
delivery of clastic sediment to the shelf. Some tidal activity probably occurred
t0 account for the shallow channels. A more detailed comparison with existing

depositional models cannot be made on the basis of available data.

(b) An association of several arenaceous, heterolithic and mudstone facies is
recognized in the Mdlelanga and Vutshini Formations. Two different types of
sequence may be distinguished. The first comprises upwards-fining sequences
with strong evidence for periodic emergence; the second being essentially
random or upwards-coarsening sequences lacking evidence for emergence.

The upwards-fining sequences are present at the base of the Vutshini and
within the Mdlelanga Formations in the Central Nsuze Syncline and south of Vuleka
respectively (Figs. 5.22 and 5.23). Typically, the sequence has arenaceous
facies SA and SC at the base with minor sporadic occurrences of facies GL
along or close to the basal contact. Facies SA has, in addition to the cross-
bedding noted in the facies definitions, rare herringbone cross-stratification

and ubiquitous reactivation surfaces. An upwards decrease in grain size over
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several metres is accompanied by a gradual reduction in the size of the cross-
stratification. Facies Sc overlies this unit transitionally as a 1 - 5 m thick
micro-cross laminated bed. 1In the upper part, thin mud drapes are present on the
ripple laminae. Superimposed sedimentary structures are common, generally as
small wave ripples on troughs or megaripples. The orientation of the ripples is
generally oblique or normal to that of the larger bedform. Thicker mud layers are
not common, but, where present, may rarely exhibit mudcracks. These mud units are
commonly disrupted or scoured (Fig. 5.15). Beds containing mudclasts are common.
The remainder of the facies sequence is: HA - HB - HC - ML in the rare complete
vertical sequences. More commonly one or more of the facies is absent.

The upwards-fining facies sequence described above is identical in many
respects to the tidal circulation model defined by Klein (1971, 1977a, b) on the
basis of numerous modern and ancient sequences interpreted to be products of
deposition in prograding epeiric and mioclinal shelf seas. Klein (1977a, b)
defines nine groups of sedimentary features and inferred processes which form the
basis of the prograding tidal sedimentation model. The characteristics of the
Nsuze Group facies association are compared with these groups in Table 5.1. It
is apparent that the Nsuze sediments conform to many of the c¢riteria for all of
the subenvironments defined by Klein (1977a, b). This alone does not prove a
tidal origin, but supports strongly the inference that this facies association
represents tidalite deposition. Von Brunn and Hobday (1976) and von Brunr (1974)
related sediments from the upper Nsuze Group in areas to the northeast of the
study area to prograding macrotidal shorelines on the basis of the Klein (1977a,
b) model. Watchorn (1978) recognized an identical facies association in the

Mozaan Group in southeastern Transvaal and northern Natal.

(cj; The facies association SA, SB, SC’ HA, HB’ HC and GL occurs in the Vutshini

Formation in the Central Syncline and the lower Mdlelanga and Ndikwe Formations



TABLE 5.1:

TRANSPORT PROCESSES

CLASTIC TIDALITE PROCESS-RESPONSE MOOELS (After Klein, 1971,

CRITERIA

1977)

NDIKWE

OCCURS IN:

MDLELANGA

VUTSHINI
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COMMENT

A. Tidal current bedload
transport with bipolar-
bimodal reversals of
flow direction

B. Time velocity assymetry of
tidal current bedload
transport

(. Late-stage emergence ebb out-
flow and emergence with
sudden changes in flow
direction at shallow
water depths ( 2.0 m).

0. Alternation of tidal current
pbedload transport with
suspension settling during
slack water periods

€. Tidal slack water mud

20.
21,

22,

23,
24,
28,
26.
27
28
29.

.

30.

Cross stratification with
sharp set boundaries

Herringbone cross-stratification

Bimodal-bipolar palaeocurrent
directions

Parallel lamination

Complex internal organi-
zation of dune and sand
waves

Supermature rounding of quartz
grains

Reactivation surfaces

Bimodal or multimodal Frequency
distribution of set thickness
of ¢ross-strata

8imodal frequeacy distribution
of dip angle cross-strata

Unimodal palaeocurrent
directions of planar cross-
strata

Orientation of cross-strata
parallel sand body trend and
basinal topographic strike,

Also 5 and 6 above.
Trimodal distribution of palaeo~

current directions of planar
cross-strata

Quadrimodal distribution of
palaeocurrent data

. Small current ripples super-

imposed at 90° of obliquely
on larger current ripples

Interference ripples
Double ¢rested ripples
Flat topped ripples

Current ripples superimposed
at 90° and 180° on crest and
slip faces of dunes and sand
waves, and cross-strata

"B-C" sequence of Cross-
stratification overlain by
micro-cross-laminae

Symmetrical ripples

Etchmarks on slip faces of
cross-strata

Wash out structures

Cross-stratification with flasers
Flaser bedding

Wavy bedding

tenticular bedding

Tidal bedding

Convolute bedding

Current ripples with muddy
{roughs
As 23 above

v

e N N TS .

N Y O O N S

S . e S .

Uncommon

Obscured by
recrystallization

Suspected but not
measurad

Insufficient data
losufficient data

[nsufficient data

One occurrence

One occurrence
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TABLE 5.1 continued

TRAMSPORT PROCESSES CRITERIA ' OCCURS IN: COMMENT
NDIKWE MDLELANGA VUTSHINI
f. Tidal Scour 31. Mud chip agglomerates at base v v v
of wash outs and channels
32. Shell lag conglomerates at - - -
base of wash outs and
channels
33. llots ? - - One possible example in
dip surface exposure at
Wonderdraai
3. Intraformational conglomerates ¥ 4 ¥
35. Flutes - - -
36. Rills - - -
6. Exposure and evaporation 37. Muderacks ? J v
38. Runzelmarks - ? -
(Also 34 above and rip-up clasts) v v
H. &Mrrowing and organic 39. Depth of burrowing - - - ( S:mﬂ:t?lttes at base
fagenesis _ 0 elanga are
40, Tracks and trails - - ( products of shal low
41, Drifted plant remains - - - ( water or intertidal
42. Impoverished fauna - - - ( biogenfc activity
1. Differentigl cgnpa?tlon. 43. toad casts J J
loading and hydroplastic .
readjustment 44, Pseudonodules v ?
{Also 28 above)
J. High rates of sedimentation 45, Graded, fining upwards v v v
combined with regressive sequence o
sedimentation
KEY: J = Present
- a Absent
? = Recognition not positive
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in the area of the Mdlelanga and Nkonisa River confluence and the lower
Welendhlovu River valley. Measured vertical sections through these areas reveal
that the facies occur either in upwards-coarsening cycles or in a random sequence
(Figs. 5.22 and 5.24). 1In order to test the relationship between the facies,
Markov chain statistics were calculated for a part of the Vutshini Formation
between the clearly upwards-fining basal unit and the predominantly arenaceous
lithologies present in the upper half of the formation (Fig. 5.25, Table 5.2).
‘These data indicate a strong tendency for upwards transitions to occur in the
order: HC - HB -~ HA - SA with less probable transitions SB - SC and SB - SA.

In addition, field observations indicate that the basal part of each facies Hc

unit is highly ferruginous and locally may be classified as banded iron formation.

This upwards- coarsening facies sequence is similar to deposits described
by wétchorn (1978) who related this sequence to prograding shelf or delta front
sedimentation. _Hobday (1973) documented stacked, upwards-coarsening facies
sequences in Phanerozoic sediments which resulted from deltaic progradation
into a gradually subsiding basin. The cyclicity reflected lateral migration
of delta lobes in this occurrence. The sequences of the Vutshini Formation
differ from those of the Phanerozoic example in that they are seldom complete
and have a considerable range in thickness (1 - 10 m, Fig. 5.22). As mentioned
above, the Vutshini Formation comprises upwards-fining marine sequences in the
Gem Syncline at an equivalent stratigraphic level to the sequence under discussion.
As there is some evidence for the Vutshini upwards-fining sequences being of
subtidal origin, any palaeoenvironmental interpretation must account for the
lateral equivalence of substantially different facies assemblages. Taking
folding of the sequence into account, the two localities were originally no
more than 10 km apart. Thus a fundamental geographical control must have
existed, such as a major change in the topography of the coastline. Possibly
the difference between the sequences is related to the proximity of a fluvial

entry point to the basin.
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Mdlelanga Formation- Mdlelanga Valley south of Vuleka
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Figure 5.23 Measured section through the Mdlelanga Formation south of
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Ndikwe Formation-lower Welendhiovu Valley
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TABLE 5.2 : MARKOV CHALIN STATISTICS FOR UPWARDS FACIES TRAKSITIONS,
YUTSHINI FORMATION

(a) Observed Transition Matrix

Sa Sy S¢ Ha Hp He
S A - 2 4 5 8 4
Sy 3 - 1 0 0 0
Se 1 2 - 0 1 1
HA 1" 0 0 - 1 |
“B 6 0 (1] 6 - 1
He 3 -0 0 1 3 -

(b) Difference Matrix: Observed Minus Calculated Probabilities

S g S¢ Ha Hp He
Sy - -0.01 0.05 -0.09  0.04 0
Sy 0.3 - 0.13  -0.21  -0.21 0.1
o -0.19 0.2 - 2021 -0.01 0,09
Hy 0.0  -0.08 -0.09 - 047  -0.05
Hy 0.00  -0.08  -0.00  0.21 - -0.05
He 0.0  -0.07  -0.08  -0.08  0.21 -

TABLE 5.3 : MARKOV CHAIN ANALYSIS FOR UPWARDS FACIES TRANSITIONS
MDLELANGA FORMATION -

(a) Observed Transition Matrix

Sa S S¢ Ha Hy He
Sy . f i 1 2 3
Sy 2 - 1 0 0 0
S 2 0 . 0 0 1
Hy 1 0 0 . 0 1
Hy 1 1 0 0 - 0
He 2 1 1 1 0 5

(b) Difference Matrix: Observed Minus Calculated Probabilities

Sa S S Hy Hy He
Sa - -0.07  -0.07 0.1 0.12 0.05
S 0.2 - 0.19  -0.10  -0.10  -0.24
Se 0.24  -0.14 . 2010 -0.10 0.09
Ny 0.09  -0.14  -0.14 - -0-09 8.27
Hy 0.09 0.38  -0.14  -0.08 - -0.23

Hh -0.07 0.04 0.04 0.09 0.09 -



121

Other occurrences of the heterolithic and arenaceous facies association

(S,, S SC’ Hy» HB’ Hes M) are in the lower parts of the Mdlelanga and Ndikwe

A TR
Formations,, south of Vuleka (Map 2) and east of Hiagothi Mountain (Map 3)
respectively. The measured sections through these parts of the stratigraphy are
short owing to a paucity of outcrop and do not provide evidence for cyclicity or
preferred sequences of occurrence (Fig. 5.26). They display considerable
evidence for a subtidal origin (wave ripples, flaser, lenticular and wavy bedding,
polymodal cross-bed orientation, reactivation surfaces). The absence of
sequential ordering is ascribed to a complex interplay between subsidence through
epeirogenic movement, transgression and progradation. Markov analyses

(Table 5.3) for the Mdlelanga sequences suggest the order HB - SB ~ SA is

most common with HB -S, - SC - SA being slightly less probable. The significance

B
of this is not readily apparent.

{(d) Several sections mea§ured in the field cannot yet be ascribed to facies
associations or sequences because of the constraints placed on interpretation by
discontinuous outcrop and a resultant lack of data regarding the 1ateral and
vertical relationship between the facies.

Figure 5.27 shows the vertical section through a part of the Ndikwe
Formation west of Ndikwe Store. This sequence has trough and planar cross-
stratification (SA facies) at the base. The upper half of the 30 m section
consists only of facies SB (parallel laminated) and SC (microcross-laminated,
always with climbing ripples) in alternating units 30 - 100 cm thick. This
alternation reflects an environment in which cycles of high energy and high
sediment load preceded periods of lower energy flow and high rates of sediment
fall-out., There is no visible difference in grain size between the two facies,
possibly as a result of complete recrystallization. Facies SB rests with a

sharp or slightly scoured contact upon facies SC‘ The SB - SC transition
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Lower Mdlelanga Formation, south of Vuleka
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Figure 5.26 Measured vertical sections through parts of the Ndikwe Formation
in the area around Hlagothi Mountain and the Mdlelanga Formation
south of Vuleka. Symbols and ornamentation as in Figure 5.21.
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Ndikwe Formation west of Ndikwe store
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occurs over a few centimetres in which in-phase climbing ripple cross-lamination
is common. The sequence resembles high-energy flood deposits described by
Tunbridge 61981) as the product of an ephemeral stream environment. However, the
observed sequence lacks the rip-up clasts and evidence for exposure considered to
be essential criteria for recognition of ancient ephemeral stream deposits
(Tunbridge, 1981). It is difficult to envisage a shéllow marine environment for

these sediments because there are few features indicative of normal marine

conditions.

5. Palaeocurrent Direction

The palaeocurrent directions measured in the Nsuze Group have been plotted
as rose diagrams for each formation and the whole sequence (Figs. 5.28, 5.29,
5.30 and 5.31). The number of measurements within individual facies sequences
is too small to make meaningful interpretations with regard to local sedimentary
environments.

Within the Ndikwe Formation trough cross beds indicate a range between
southwest and northwest (Fig. 5.28). Planar foreset measurements indicate a
bimodal population with south and southeasterly directions being dominant.

Wave ripple strikes range between northeast and north, whereas current ripples
indicate a southeasterly flow direction. These data represent mixing of
populations from different depositional environments which may account for the
apparently contradictory evidence. The common factor in the groups is that south
to southeast and west to southweét palaeocurrent directions are most common.

The Mdlelanga Formation trough cross-stratification data are weakly bimodal
with dominantly south-southeast trends (Fig. 5.29). A weak westwards trend is
also present. Planar cross-stratification yields generally southwards flow
directions with no well-defined maximum. Wave ripple strikes display a strong

northeast-southwest mode, normal to the flow direction inferred from the trough
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and planar cross-stratification. This group of measurements is reasonably
consistent and indicates a palaeoslope towards the south or southeast.

The data for the Vutshini Formation are more contradictory. Troughs could
be measured most commonly on dip surfaces where they are exposed as shallow
scoops. The recrystallization and maturity of the sandstones generally prevents
recognition of the actual foresets and direction of movement. For this reason
the trough long axes were measured and plotted, which provides an orientation
but not a sense of movement. On the rose diagram the troughs display a dominant
east-west trend (Fig. 5.30). The few instances where actual c¢ross-strata could
be measured indicate eastwards palaeocﬁrrent directions. Planar cross-beds are
equally uninformative, although weak northeasterly and northwesterly maxima are
present. Wave ripple strikes are dispersed between north and west with a weakly
trimodal distribution. A more detailed study might permit recognition of several
subgroups, perhaps related to different Tacies assemblages. The Vutshini
Formation overlies the Qudeni Formation volcanics which diminish substantially
in thickness northwards (Chapter 3). Extrusion of this volcanic pile may have
reversed the palaeoslope locally.

The combined data for the Nsuze Group are shown in Figure 5,31, Troughs in
this population are dominated by those measured in the Vutshini Formation {36 out
of 71 measurements), therefore the data are shown as strike azimuths. The
dominant orientation of the troughs is east-west. No well-defined maximum is
present in the ripple strike data, although three weak maxima are present:

N-S, NE-SW and E-W. Planar cross beds show a bimodal, bipolar-distribution.
The dominant mode is towards the south and southeast; a moderately strong
northwest trend also being present. -

The palaeocurrent data are thus reasonably consistent with a predominantly
souteastwards palaeoslope, but reflect the influences of shifting depositional
environments. The Qudeni Formation volcanics may have changed the local basin
morphology prior to deposition of the Vutshini Formation, resulting in a

temporary northw&?&s palaeosiope.
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6. Summary of Sedimentological Data and Interpretations

Although the sedimentological data presented in this study are as yet
inadequate for detailed facies modelling, several inferences can be made. The
arenaceous and argillaceous sediments may be divided into several facies on the
basis of sedimentary structures and petrographic associations. The sequence in
which the facies occur allows comparison with established facies models. Thus
far the Nsuze Group appears to be predominantly marine in origin, particularly
in areas where cycles of arenaceous and argillaceous deposits have the
characteristics of shoreline, proximal shelf and distal shelf sequences.
Fluvial sediments are rarer but are probably locally developed. In the upper
part of the Vutshini Formation poorly-exposed sediments seem likely to represent
distal alluvial fan deposits.

Available palaeocurrent data are not particularly useful except that a
dominant south to southeast palaeoslope is indicated. The manner in which
cycles of shallow and deeper water deposits are in juxtaposition and the
vertical and lateral variation in the sequence suggest a complex tectonic
history for the depositional basin. Repeated transgression and regression must
have occurred in response to isostatic adjustment or crustal flexing caused by
deepseated magmatism or variations in regional stress field. The occurrence
of volcanics at various levels within the sequence is evidence for repeated
resurgence of magmatism. A feature common to the Vutshini and Mdlelanga
Formations is a southwards thickening. Whether this represents a shift in
position of the depocentre or progressive uplift of the Nondweni-Nkandla base-
ment high cannot be inferred at this stage. If the latter is the case, then the
area studied may lie within an embayment or trough separate from the remainder
of the Pongola Supergroup. This may have significant implications for crustal
evolution of the Kaapvaal province in terms of proximity to the original

boundary of the early crustal fragment.
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CHAPTER 6

GEOCHEMISTRY OF THE NSUZE LAVAS AND SOME ULTRAMAFIC ROCK-TYPES

1. Introduction

Sixteen Nsuze Group lavas and eight ultramafic rock-types of intrusive or
extrusive origin have been analysed for major and minor elements as well as
thirteen trace elements. The data provide a basis for comparison with analyses
from other areas and some indication as to magmatic affinity and possible
fractionation trends. In addition, data from Tunnington (1981) and Brown (1982f
are used in discussion of the geochemistry of the Nsuze Group lavas.

Relevant information concerning the sample localities, stratigraphic position,

petrography and alteration of the samples is provided in Appendix 1. A description

of the analytical methodology is given in Appendix 4.

2. Alteration

In addition to devitrification, metamorphism and deformation, the lavas have
undergone considerable alteration. As it is not always possible fo obtain samples
free of all alteration, it is considered important to review available data
pertaining to chemical variations stemming from calcitizaticn, silicification,
epidotization and chloritization.

Condie et al. (1977) indicated that considerable mobilization of many
elemehts occurs during intense alteration although at levels less than 10%
calcitization and 60% epidotization the elements Ti, ¥, Nb, Zr, Cr and Ni are

effectively immobile. Other changes are summarised in Table 6.1.
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TABLE 6.1:  CHANGE IN CHEMISTRY RELATED TO TRANSFORMATION AND ALTERATION
OF PRIMARY MINERALOGY IN VOLCANIC ROCKS

Mineralogical Change Si Al Mg FY Fe't Ca Na K Ti
Augite to chlorite’ - 4+ 0 0 0 - 0 0
Labradorite to albite! + - 0 0 0 -+ -
Calcitization/chloritization? - + - - +
Epidotization? - -+ - + - -
' - Hughes (1982, p. 476) ¢ _ Condie et al. (1977)

- = depletion + = enrichment 0 = unchanged

For these reasons it is essential to attempt to identify samples which have
undergone significant alteration before proceeding to a discussion of the chemical
data. The Nsuze group samples retain little of their primary mineralogy. For
this reason it has been necessary to classify them on the basis of their chemistry.
As sodium and potassium abundances strongly influence classification, it is
important to identify samples which have been subjected to alkali enrichment or
depletion. Hughes (1972) suggests the plot: K.0 + Na,0 versus K, 0/(K,0 + Na;0)
for this purpose. A large proportion of the analyses fall outside of the igneous
spectrum of Hughes (1972) (Fig. 6.1). Most of the same samples are also aberrant
on a plot of total alkalies against differentiation index (D.I.) (Fig. 6.2). A
plot of normative diopside and corundum versus silica may also be used to identify
alteration (Chayes, 1969) although the presence of normative corundum, considered
in isolation, need not necessarily indicate alteration. Armstrong (1980, p. 216)
considers corundum normative Nsuze lavas to be products of normal petrologic
processes in rocks with D.I. > 60. Cawthorn et al. (1976) maintain that some

corundum normative lavas result from amphibole fractionation in calc-alkaline
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Figure 6.2 Plot of K, 0 + Na,O‘against D.I. for the Nsuze Group lavas. Samples
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Figure 6.1.
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suites. Nsuze Group samples which plot well away from the amphibole fractionation
trend and have normative corundum at D.I. values < 60 (Fig. 6.3) are considered to

be altered.

3. Oxidation State of Iron

Analysis by XRF yields a value for the concentration of iron metal irrespective
of the oxidation state. In the present case the lavas analysed are extensively
altered and unlikely to have iron oxidation ratios resembling the original values.
Wet chemical methods have therefore not been used

Several methods have been proposed for estimating Fe’ ¥/Fe’™ ratios of altered
volcanic rocks (Table 6.2). In spite of detailed investigation of the problem, the
validity _of any estimate for a particular rock is difficult to prove. It is
generally agreed that Fe’t is the dominant species in basaltic rocks. Although
use of a single value for the oxidation ratio in these rocks has been suggested
(e.g. Kay et al., 1970; Flower, 1973), this practice is questionable because
oxidation ratios are dependent on bulk composition, pressure, temperature and
oxygen fugacity.

The accurate estimation of iron oxidation is particularly important in
computing the normative mineralogy. Hughes and Hussey (1976) and Le Maitre (1976)
stress this in connection with methods of classification based on normative
mineralogy. The presence or absence of normative quartz is c¢ritical in many
classification schemes, yet quartz in the norm depends largely on the oxidation
ratio used. Equal amounts of Fe0 and Fe, 0; are allocated to magnetite, and in
the event of ferric iron being overestimated, reduced amounts of ferrous iron are
available to form diopside, hypersthene and olivine. This results in an excess
of Si0, which is reflected as normative quartz.

Le Maitre's (1976) statistical evaluation of a large number of analyses
indicates that the oxidation ratio may be calculated thus:

Fe0/(Fe0 + Fe, 0y ) = 0.88 - 0.0016.5i0, - 0.022.(K. 0 + Na: 0).
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FOR VOLCANIC ROCKS.
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METHODS OF ESTIMATING FERRIC/FERROUS RATIOS

ESTIMATED OXIDATION VALUE OR AUTHOR
STATE OR RATIO FUNCTION
Fe20: 1.5% Kay et al. (1970)
2.0% Flower (1973)
1.5% + wt 8 TiO: Irvine and Baragar
(1971)
1.5% if (K20 + Nap0) < 4% ) Thompson
2.0% 1if (K;0 + Nazo) < 7% ) et al.
2.5% if (K0 + Na,0) > 7% ) (1972)
Fe203/Fel 0.15 Green et al. (1974)
0.25 Stice (1968)
re’t/(Fe2t + Fe?™) 0.1 Pyke et al. (1973)
0.2 O'Hara (1973)
0.25 Baker et al. (1974)

Fe:0,/(Fe;0; + FeO)

FeO/ (FeO + Fe,0;)

0.2 (basic rocks only)

Hughes and Hussey
(1976)

Le Maitre (1976)
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For most of the lavas analysed this equation gives values between 0.75 and 0.85,
equivalent to an Fe, 0, /Fe0 ratio of 0.20 to 0.25. However, in order to facilitate
comparisont with data presented in other studies, the following values for Fe, 0,
are used: komatiites, 0.1; basalts, 0.2; basaltic andesites, 0.3; andesites

and dacites, 0.4; and rhyolites, 0.5.

4. The Nsuze Group

Major and minor element abundances for the ten Ndikwe Formation and six
Qudeni Formation rocks analysed are presented in Tables 6.3, 6.4 and 6.5.
Additional samples from Tunnington (198%1) and Brown (1982) are also used in this
section. The samples of Ndikwe lavas are from thin flows intercalated in the
pyroclastic succession in the south limb of the Gem Syncline (BG128, 129, 131,
147 and 152), and a thin flow northwest of Ndikwe (BG266 and 267). A volcanic
bomb from due west of Ndikwe (BG257), a crystal tuff from just south of Hlagothi
(BG238) and a welded lapilli tuff from south of Vuleka (BG130) have also been
analysed. Samples BG180, 183 and 184 are from the Qudeni Formation on the north
limb of the Central Nsuze Syncline. BG156, BG157 and BG159 are from the same
unit on the north limb of the Gem Syncline. The Tunnington (1981) samples were
taken from the Qudeni Formation immediately south of the study area, but Brown's
(1982) data are from uncorrelated lavas from an area some 12 km to the southeast.

Chemically the.rocks show evidence for alteration and disturbance of alkali
contents. Only ten of the analyses fall within the criteria for unaltered rocks
discussed in part two of this chapter (above) despite the absence of obvious
weathering or alteration in hand specimen. In thin section minor epidotization,
calcitization and silicification are recognized, particularly in the Ndikwe
Formation lavas. On the variation diagrams the altered samples are identified
but not excluded because the ten relatively fresh samples are compositionally too

similar to define any meaningful trends.



TABLE

810,
Al20,
Fe20,

€383

Na30
K40

Ti0,
P:0g

TOTAL*

6€.3:

CHEMICAL DATA FOR THE NDIKWE FORMATION VOLCANICS

BG128
56.14
13.93
3.50
7.88
0.15
3.91
4.96
4,22

20
201
63
S1
45
115
31
201
12
S7
177
364
18

BG1 29
57.94
13.87
3.83
7.95
0.16
3.67
6.33
4.43
1.73
1.44
0.22

101.17

20
203
57
48
45
99
33
209
12
62
273
402

19

BGl130
54.43
25.43
2.96
8.88
0.15
2.89
7.51
3.18
2.33
1.63
0,22

99.61

21
219
62
49°
12
102
33
223
12
79
391
493
18

BG131
60.98
13,55
3.38
7.61
0.14
5.62
2.31
1.88
3.57
1.50
0.24

100,78

18
197
68
S0
22
105
35
222
12
102
129
642
19

0.27

99.94

49
383
65
112
56
122
26
240

150
184
25

BGl152
57.26
14.53
3.32
7.47
0.13
4.94
4.68
5.12
1.68
0.97
0.20

100.37

30
208
193

84

16

86

12

162

57
134
S17

20

BG266
55.28
15.97
4.73
10,63
0.21
9.39
1.05
0.24
1.24
1.69
0,23

100.66

29
242
216

929
102
182

32
228

11

36

126
18

BG267
5§7.73
14,96
3.96
8.91
0.04
11.95
0.28
0,06
0.59
1,85
0.21

100,24

28
239
69
112

76
32
214
12
18

16

Loss on ignition not determined for any of the samples analysed.

BG238
71.57
8.51
2,06
4.64
0.10
7.18
4.59
0.98
0,68
0.28
0.03

100,62

21
116
1239
195
38
48
29
92

20
63
493
12

136

BG257
74.04
8.76
1.07
2.42
0.07
5.38
3.53
3.39
0.90
0.34
0.00
99.92

23
112
496
126

78

35

16

6l

17
87
263

14



TABLE 6.4:

Sio,
Al,0;
Fejy0;4
FeO
MnO
MgO
Ccao
Na,O
K,0
TiO,
P,0s

TOTAL

Sc

Cr
Ni
Cu

Zn

2r
Nb
Rb
Sr
Ba

La

0.05
100.88

34
217
41

19

38
35
200
10

91

256

21

BGl183
61.60

14.73
2.46
5.52
0.13
3.47
6.67
2.43

2.51

100.47

19
134
84
32
19
82
25
193

36
514
840

26

BGl34
62,34

15.03
2.36
5.32
0.12
3.30
6.66

3.24

0.78
0.19

101.05

17
126
96
33
18
83
24

1395

28
638
474

24

BGl56
66.78

12.54

19

38

172
47
235

12

220
148

37

BG157
53.29

16.00
4.36
13.09

2.78
5.12
3.34

0.36

0.63

100.47

24
11

12

275
47
278
14
12
218
172

45

137

CHEMICAL DATA FOR THE QUDENI FORMATION VOLCANICS

BG159
65.51

12.42

0.18
1.13
5.09
3.75
0.40

101.13

22

175
46
236
13
15
275
218

44
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Each element has been plotted against differentiation index and Mg0 content
(Figs. 6.4, 6.5 and 6.6). The former, (D.1.), is the sum of normative quartz,
albite and orthoclase. Although it represents the extent of evolution of the
magma and provides good separation of data, it has the disadvantage of being
sensitive to ferric/ferrous iron ratio inaccuracy. It is also too complex to
provide petrologically meaningful trends. Mg0 is independent of iron ratio and
is more easily related to magmatic processes, but provides little separation of
low magnesium rock-types. The trends identified by Armstrong (1980) for the Nsuze
Group volcanics have been superimposed on the diagrams to facilitate comparison
between the lavas in the two areas studied.

Mg0 abundances of the Ndikwe Formation samples are slightly higher overall
than for the Qudeni lavas. This produces a displacement of the trends for the two
groups of samples on the Mg0 variation diagrams, but not on the D.I. Plots. The
differences between the groups are discussed in more detail below.

Silica, K, 0 and total alkalies increase with D.I. and decrease with Mg0, as
would be expected. The Ndikwe Formation lavas have slightly higher alkali contents
than those from the Qudeni Formation. Na, 0 and Al, 0, show little variation over
the range of compositions with the exception of pyroclastic and altered samples
which have spuriously high or low values. Ca0, Fe0O* and Mn0O decreasée with
increasing D.I., but show no systematic¢ variation on the Mg0O diagram. Altered
samples have extremely low Ca0 contents. Samples from the Ndikwe Formation have
slightly higher Fe0* than the remainder of the samples. Ti0, and P, 0, are more
or less constant but provide separation of the Ndikwe and Qudeni Formation samples.
The Ndikwe lavas have higher Ti0, but lower P,0, than those from the Qudeni
Formation. The pyroclastic rocks have very low abundances of these elements.

On all of the plots data for the unaltered samples lie within or close to

the trends defined by Armstrong (1980).
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Figure 6.4 D.I. and Mg0 variation diagrams for SiQ,, Al, 0, , M@0 and Ca0
in the Nsuze lavas. Ornamentation: ¢ - Qudeni Formation
(unaltered); e - Qudeni Formation (altered); X - Ndikwe
Formation (unaltered); @ - Ndikwe Formation (altered);
a- Ndikwe pyroclastics. (All oxides as weight percentages).
Trends determined by Armstrong (1980) lie within the solid lines
on each diagram.
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The trace elements are shown on D.I., Mg0 and Ti variation diagrams
(Figs. 6.7, 6.8 and 6.9). Ti is used because it is essentially immobile and was
shown to provide reasonable separation of the data in the major element plots.

Nb, Y, Sc and Zr have no apparent covariance with D.I. and Mg0. On the
titania plot, positive trends are poorly defined, but do show enrichment of these
elements at higher Ti values. Y/Ti, 2Zr/Ti and Nb/Ti ratios for Qudeni Formation
lavas show enrichment relative to chondritic values. The Ndikwe lavas have
similarly high Nb/Ti and Zr/Ti ratios but chondritic Y/Ti ratios. Sc shows no
systematic variation on any of the plots. On the Sc/Ti plot Sc seems to be nearly
constant between 20 and 30 phm except for two or three samples. The chondritic
ratio for Sc/Ti (1/78, which is off the scale of the plot used), is very much
higher than the observed values. Extreme Sc depletion is thus recognized for
the Nsuze lavas. _

V for the Ndikwe samples decreases systematically with increasing D.I. and
Mg0 and decreasing Ti. These samples define a linear trend passing through the
origin, with a slope considerably lower than chondritic V/Ti ratios, suggesting
that the Ndikwe lavas were derived from a source which was either depleted in
vanadium or enriched in zirconium. In contrast, the plots for the Qudeni lavas
show no systematic trends against D.I., Mg0 or Ti.

Cr shows no systematic variation on any of the plots, although Cr abundances
in two samples from the Ndikwe Formation are significantly higher than the
remainder.

Ba, La and Zn do not vary systematically with D.I. The Ndikwe samples show
decreasing Ba contents at higher Mg0Q values. Contents of La and Zn in the Ndikwe
lavas show little variation with increasing MgO content. However, these lavas
lie in fields discrete from those of the Qudeni samples on the La/Ti and Zn/Ti
diagrams. On the Ti diagram samples from the Qudeni Formation have a negative
slope for Ba, whereas La and Zn lie on trends of positive slope. The La/Ti ratios

are higher than that of chondrites for both sample groups.
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Figure 6.7 D.I., Mg0O and Ti variation diagrams for Nb, Y, Sc and ZIr in the
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diagrams the pyroclastic samples are excluded.
Ch - chondrite ratio for elements concerned;
A - field for lower Ndikwe lavas;
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Ornamentation as for Figure 6.7.
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D.I., Mg0 and Ti variation diagrams for Ba, La, In and V in
the Nsuze lavas.
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Rb and Sr values for the Qudeni lavas show no systematic variation when
plotted against D.I., Mg0 or Ti. In contrast, the Ndikwe samples decrease in Rb
and Sr contents with increasing Mg0 with the exception of two apparently aberrant
plots on the Rb-Mg0 diagram.

Cu decreases with increasing D.I. and decreasing Mg0 along a dispersed trend
which includes the samples from both of the units. For the Qudeni Formation, a
decrease of Cu with increasing Ti occurs, whereas the Ndikwe Formation shows no
correlation between Ti and Cu. Ni-D.I. reveals no systematic variation. On the
Ni-Mg0 plot the combined sample populations show asympathetic increase in Ni with
Mg0. There is no correlation between Ni and Ti abundances of the Ndikwe lavas,
but there is an antipathetic increase in Ni with decreasing Ti in the Qudeni
samples. |

Fields in which samples from the lower and upper parts of the Ndikwe
Formation fall (fields A and B respectively on Figs. 6.7, 6.8 and 6.9) are shown
on the trace element plots. There is an apparent difference between the two sub-
populations, but this may be spurious because all of the samples from the lower
group are altered. Additional data are required to confirm that the Qudeni
Formation and upper and lower lava sequences in the Ndikwe formation do have
distinctive geochemical signatures with respect to trace elements. The fact
that the distinction can be made with respect to minor and trace elements that
are believed to be relatively immobile during alteration suggests that there are

real differences between the three lava sequences.

5. Ultramafic Rocks

Chemical analyses of eight ultramafic rocks of uncertain correlation are
presented in Table 6.6. Samples BG122, BG123 and BG124 are from talc - tremolite
- chlorite schists interpreted as lavas because of the presence of features

resembling sheared out flow-top textures, amygdaloidal zones and local



TABLE 6.6: CHEMISTRY OF ULTRAMAFIC ROCKS

§102
A120)

Fe20

£€ 83

Naz20
K20
T1i02
PrOs
Cri0
TOTAL

Sc

Cr
N1

in

or
Nb

Sr

Ba

EXTRUSIVE ROCKS

BG122

50.79
5.69
1.25

11.23
0.27

20.64
9.92
0.00
0.02
0.61
0.09
0.42

100.93

47
259
3580
899

122
14.6
72.1

1.9
0.9

31.9

14

BG123

44.94
5.37
1.45

13.01
0.23

22.60
6.64
0.29
0.01
0.39
0.07
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compositional heterogeneity. The rocks now consist of relatively coarse-grained
secondary mineralogy and no relict textures are present. These samples are from
the anticline separating the Central and Gem Synclines in the Mdlelanga Valley.
Two samples, BG116 and BG121, from sub-vertical, conformable intrusions in the
same area are included in this group because of their petrographic similarity.
Two samples from a sheared serpentinite body in the sole of a thrust west of
Ndikwe are also included (BG173 and BG175). The serpentinite may represent part
of the pre-Nsuze basement “squeezed" along the fault. A sample (BG158) from a
conformable sill intruded along the contact of the Ndikwe and Qudeni Formations
1 km south of Ndikwe is included as it is petrographically identical to the
other ultramafic dyke samples.

The major elements are shown on Mg0 variation diagrams (Fig. 6.10). The
three samples believed to be extrusive show increasing Si0,, Ti0,, Ca0 and
Ca0/Al, 0, with decreasing Mg0, with FeO*, Al, 0, and Cr, 0, decreasing syn-
pathetically. As these trends are defined by only three samples they cannot be
assumed to have any significance. The samples from the intrusions are scattered
on all of the plots except Si0, and Ca0 on which an apparent linear increase in
these elements accompanies decreasing Mg0. The two serpentinites plot at higher
Mg0 values and are not obviously related to the other two sample groups.
Combined data for all three groups are scattered on the SiQ,, Al, 0, and FeO*
plots, but show apparently systematically increasing Ti0,, Ca0 and Ca0/Al, 0,
and decreasing Cr, 0, trends with decreasing Mg0. All of the samples have similar
alkali contents, but these are close to the detection limits of the analytical
methods used.

Plots of trace element contents against Mg0O (Fig. 6.11) reveal increases in
Ir, Sc, Y and Nb with decreasing Mg0. V is nearly constant with only a poorly-
defined negative slope. Nickel decreases with decreasing Mg0 contents. These

trends are not particularly useful as Zr, Sc and Y are incompatible in most
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mafic phases. Likewise, the behaviour of Ni and Cr could indicate olivine or
pyroxene fractionation.

Selected trace elemnts are plotted against Zr (Fig. 6.12). The fields of
the lavas and intrugive rock-types are generally coherent. The rocks have Y/Ir
Ti/Zr, Nb/Zr, V/Zr and Sc/Zr ratios slightly lower than chondritic values for
the same ratios. Although the Y/ZIr, Ti/Zr and Nb/Zr show linear distributions
which extrapolate close to the origin, V and Sc plot in scattered fields.

V/Sc and Sc/Y ratios are approximately chondritic, whereas the Nb/Y ratio is
slightly higher than chondrite (diagrams for these relationships are not presented)
A phase in which these elements are compatible, or at least less incompatible

than Zr must have been involved either as a fractionating phase or as a residual
phase during partial melting. This suggests the involvement of garnet at some
stage as S¢ is partitioned into this mineral. Significantly, these plots show
considerable similarity between the trace element values and ratios and those

reported from the Nondweni type area (Wilson et al., in prep.).

6. Discussion

The Nsuze lavas and associated ultramafic rock-types have a wide range in
chemistry which shows few consistent trends. There is no apparent relationship
between the two groups of samples which must, therefore, be discussed separately.

Data for the Nsuze volcanics plot close to the trends identified by Armstrong
(1980), indicating some geochemical similarity between lavas from the Vryheid -
Piet Retfef inlier and the study area. The altered samples commonly plot beyond
the limits of these trends as might be expected.

On the basis of the few samples considered to be unaltered, there ars few
differences between the Ndikwe and the Qudeni lavas. The former do have slightly

higher Al,Q,, FeO* and TiQ, contents and lower Ca0 than the latter. It is clear
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that the sampling of the different volcanic units has been inadequate to allow
modelling of their petrogenesis, either as a group or as separate units.

Several samples show extreme depletion of Ca0 and excessively high Mg0
contents for their silica, alumina and iron abundances. Alteration by interaction
with seawater may be the cause of this. Mottle and Holland (1978) and Seyfried
and Mottle (1982) documented experimental studies of Ca-Mg ion exchange during sub-
marine alteration of basalt. Substitution of Mg for Ca can lead to extreme
depletion of the latter element. Despite the lack of primary textural evidence
for extrusion of the lavas subaqueously, their stratigraphic association with
shallow marine sediments presumes that the lavas were submerged at some stage.

If submarine alteration did affect the lavas displaying aberrant chemistry, then
the possibility exists that other rocks sampled may have been affected,albeit to
a lesser degree. This implies that any variation involving Mg, Ca and perhaps

the alkali elements cannot be related unequivocally to primary igneous processes.

The trace element data, although showing considerable scatter on the
variation diagrams, provide some discrimination between the various lava units
sampled. The three fields shown on the trace element plots as A, B and C
represent sample groups from the lower and upper Ndikwe and the Qudeni Formation
in the order given. The general alteration of the volcanics means that the
slight separation of the fields for the lower and upper Ndikwe volcanics is
- probably not meaningful, particularly as this separation is least pronounced on
plots of the immobile elements. There is, however, good evidence for separation
of the Ndikwe and Qudeni lavas on the basis of their Nb, Y, Zr, Ni, La and Cr
abundances. As noted in section 2 of this chapter (above), these are the elements
least likely to be disturbed by the effects of alteration.

" The magmatic affinity of the Nsuze Group lavas may be assessed using various
parameters. On the basis of a total alkalies - silica diagram, the lavas are

classified as sub-alkaline (Fig. 6.13) according to the parameters defined by
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Irvine and Baragar (1971). Sub-alkaline rocks may be separated into calc-alkaline
and tholeiitic using other discrimination diagrams. On the ternary plot of

Na, + K, 0 - FeQ* - Mg0 (AFM) (Fig. 6.14A) the plots of the data overlap both
calc-alkaline and tholeiite fields as defined by Irvine and Baragar (1971).

If only the unaltered samples are considered (Fig. 6.14B), most of the points lie
within the calc-alkaline field and well away from the tholeiite trend defined by
Armstrong (1980) for the northern area of the Nsuze group. On the ternary plot of
Al; 0, - FeO + Fe,0; + Ti0, - Mg0 the data plot close to the boundary of'the high
Fe, high-Mg tholeiitic basalts and the calc-alkalic basalt fields (Fig. 6.15) as
defined by Jensen (1976). If the altered samples are excluded, the data plot
predominantly within the calc-alkalic field. This apparent variation from the
dominantly tholeiitic trend identified by Armstrong (1980) requires careful
evaluation. Several parameters basedon Fe0* Mg0, V and Cr may also be used to
distinguish calc-alkalic from tholeiitic suites (Miyashiro and Shido, 1975). On
the FeQ* : FeQ*/Mg0 diagram the lavas plot predominantly in the tholeiitic field
(Fig. 6.16), but on the Cr/V diagram, they plot in the transitional field

(Fig. 6.17). According to the parameters defined by Irvine and Baragar (1971)
for discriminating between calc-alkaline and tholeiitic suites using the
relationship of alumina content to normative plagioclase content all of the
samples except BG147, which is altered, may be classified as tholeiites

(Fig. 6.18). The Nsuze lavas from the study area thus have some characteristics
of both tholeiitic and calc-alkalic magma suites. This is in agreement with the
findings of Armstrong {1980), who reported that no discriminant diagram provided
an unequivocally calc-alkaline classification of the Nsuze Group lavas in the
Vryheid - Piet Retief area. He also reported that not all of the major and trace

element data indicated a wholly tholeiitic character for these lavas.
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The tectonic setting within which lavas are generated is thought to influence
their chemistry and several discrimination diagrams have been devised for the
recognition of these settings (Pearce et al., 1977; Floyd and Winchester, 1976 and
Pearce and Cann, 1973). These schemes of discrimination were devised for Mesozoic
volcanics erupted in known plate tectonic settings. Their application to the
Nsuze lavas requires the equivocal supposition that similar plate motions were
operative during the Archaean. Furthermore, the plots were devised for rocks of
basaltic composition which are rare in the study area. On the ternary plot qf
Mg0 - Fe0* - Al, 0, presented by Pearce et al. (1977) for sub-alkaline rocks having
Si0, contents of 51 - 56% magmas generated in a number of settings may be
distinguished. The eight Nsuze lavas which meet the above c¢riteria plot
predominantly within the field of continental volcanic (Fig. 6.19). However, only
two of the samples are unaltered on chemical criteria and one of these plots in
the oceanic island field and the other in the field of continental volcanics.

This evidence for an intraplate setting is tenuous, but is in agreement with
Armstrong's (1980) conclusion in this regard for the Nsuze volcanics.

Rocks of ultramafic composition are found as dykes, sills and, possibly,
interbedded flows in the stratigraphically lowest parts of the Nsuze Group. The
possibility cannot be excluded that those ultramafic rocks interpreted as flows
and sills could represent members of the pre-Nsuze Nondweni Group tectonically
intersliced with the Nsuze rocks. The sheared nature of the rocks, together with
the lack of laterally extensive outcrop could obscure such interslicing.

Alternatively, the marked difference in chemistry between these rocks and
the more typical Nsuze volcanics does not preclude a chronostratigraphic
relationship between these rock-types. Chemically distinct and apparently
unrelated tholeiitic and komatiitic lavas commonly occur together in typical
Archaean sequences (Wilson, et al., in prep., Smith and Erlank, 1983; Jahn

et al., 1980). Even the sub-vertical intrusions, here referred to as dykes, are
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conformable to the enclosing Nsuze rocks. Thus there is no unequivocal evidence
to support a post-Nsuze age for these rocks. It may be significant that these
sub-vertical intrusions are restricted to the stratigraphically lowest parts of
the Nsuze Group. This relationship could be interpreted in two ways. If tectonic
interslicing had occurred it might be reasonable to assume that it would manifest
itself most commonly at or near the base of the Nsuze pile. An alternative
argument could be that this komatiitic magmatism was limited to the earliest
evolutionary stage of the Nsuze basin. Evidence will be presented in Chapter 8
that there was indeed a period of post-Nsuze magmatism of komatiitic affinity.
The komatiitic rocks described above might, therefore, herald this later magmatic
" event,

Rocks of komatiitic affinity have yet to be found in other areas where the
Pongola Supergroup crops out. The only exception is the classification of the
Thole sills near Amsterdam as komatiitic by Hammerbeck (1977). This author
believes these sills to be related to the Usushwana Complex. That these rocks
may represent cumulates cannot be excluded at this time. If such were the case,
they would not, of course, represent a primary magmatic composition. A similar
argument could apply in the present case despite the obviously komatiitic character
of the ultramafic rocks on a Jensen plot (Fig. 6.20).

A more detailed investigation of these poorly-exposed rocks is necessary

before this enigma can be adequately resolved.
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CHAPTER 7

THE HLAGOTHI COMPLEX

1. Introduction

A series of layered mafic to ultramafic sills intrudes the Nsuze Group in
the northern part of the study area (Map 1). These bodies were first recognized
by Du Toit (1931), who termed them the Hlagothi Igneous Complex. Ou Toit (1931)
noted that the intrusions comprised alternating layers of peridotite, gabbro and
diorite, representing "the differentiated products of a single reservoir." He
also mentioned the extensive alteration of most of the rock types.

Preliminary geochemical-and petrographic studies have been carried out in
order to identify the broad characteristics, magmatic affinity and crystallization

history of the Complex.

2. Field Relationships and Extent of the Complex

Intrusions regarded as being associated with the Complex are located in an
18 km belt from the farm Wonderdraai in the east to west of the Nsuze River
(Map 1). A maximum.north-south extent for the complex is 8 km, measured along
the Nsongeni and Nsuze Rivers. The most extensive occurrence 15 along the
above-mentioned rivers where at least five layered sills are recognized. The
sills are generally conformable with the Nsuze Group country rocks, which dip
south at 10 -20°, but transgress and disrupt the sequence locally (Fig. 7.1).
The combined observed thickness of the sheets is in excess of 500 m, with the
thickest individual body being about 200 m thick. For the purposes of the
ensuing discussion, the northern, stratigraphically lower sills are collectively
known as the Nsongeni sheets. The southern, stratigraphically higher sheets

are referred to as the main Hlagothi sheets.



165

*A2118A 3znsy «addn ay3 Guope esue douadino Buol wY § SUT SMOYS UOTLIIS
S-N @Yl “JSATY IZNSN DYl JO SJIIIEMPPIY Byl 01 IPRUPIIPUOM WOULS UOTIIRS Buol Wy g SIUSS3UdU

u0T109s M-3 “(areds 01 1ou) xa1dwo)y 1y106(H SYT yYBNROUYZ UOT1IDS-SSOUI S-N pue M-3 palyr(duis |-/ 84nblyg

(dnoio eInsy ) SUeWIpes b (10} se4{i0D1Ied H
L LITLIIENITS Y | tAd) senuswoshdg ﬁ
$0qqol peinive} 10I8jeNs d8 (q9) 0.9q09 _M_
1#_.
woot
s wiounow wiobniH
X m
& 8juozuow \gsieub
108ys A0 u v x s§o0ys
IDDIDISPUOM sajruais ; AOMO}
woot sioeys
Jaddn
urojunopy 14iodoIH M



166

Eastward extensions of the complex are situated in the valleys of the Mbizwe,
Gozweni and Mhlatuze Rivers (Map 4). These sills are poorly exposed and their
thickness and lateral extent are not well known. A minimum total thickness of
200 m is probable. The eastern sills, in particular the Wonderdraai sheet in
the Mhlatuze Valley, dip conformably with the Nsuze Group to the southwest
(Fig. 7.1). Their correlation with specific sheets in the western outcrops is
not known.

The complex is intruded by porphyritic dykes which predate the Natal Group
éediments of Ordovician age. Much of the complex is obscured by the overlying
Dwyka Group sediments., The Complex predates deformation and metamorphism thought
to be related to the 1 000 Ma Natal-Namaqua orogenic event (Chapter 6), as it

is locally deformed by folding and faulting of the main tectonic episode.

3. Petrography
General

A broad four-fold subdivision of the complex is possible on petrographic
grounds. Individual sheets may not include all of the petrographic subdivisions
but at least two may be recognized in each body. The lower portion of each
sheet is feldspathic wehrlite, olivine websterite or lherzolite (the IUGS
nomenclature presented by Streckeisen, 1973 is used). Rock types characterized
by a dominance of two pyroxenes overlie the olivine-rich lithologies and are
generally devoid of olivine. These rocks are either gabbronorites or
websterites. The upper part of most of the sheets is gabbroic. Fine-grained

marginal rocks containing skeletal minerals are present in some of the sills.

Olivine-bearing Rocks
The lower half of the Wonderdraai and the Nsongweni sheets consist of

olivine-bearing rock types. Clino- and orthopyroxene are the other major
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constituent minerals, with minor amounts of plagioclase. These rocks are mostly
completely altered to tremolite, chlorite, talc and serpentine, but retain
relict textures.

Unaltered and partly altered olivine gabbronorites and lherzolites are
present in the Wonderdraai sheet. These are locally layered on a 20 - 100 cm
scale with alternating olivine-rich and olivine-poor zones. Outcrop is
insufficient to allow more detailed observation of the layering and only broad
mineralogical characteristics have been documented here. In relatively unaltered
lherzolites and gabbronorites the following range in mineralogy is observed:
olivine (40 - 60% by volume); clinopyroxene (10 - 30%); orthopyroxene (10 - 40%)
and plagioclase (0 - 15%). The subhedral to euhedral olivine grains are 1 - 5 mm
in diameter (Fig. 7.2). The pyroxenes are subhedral to anhedral, 0.1 - 7 mm in
diameter and generally enclose the olivine crystals. Plagioclase occurs as
interstitial anhedra up to 3 mm long. Reaction and textural relationships between
the crystals indicate the crystallizatioh sequence: olivine - ofthopyroxene/
¢linopyroxene - plagioclase. A rarely observed reaction boundary between the
pyroxenes may indicate earlier crystallization of orthopyroxene than clinopyroxene
in some rock specimens. Biotite, chromite and magnetite occur in roughly equal
amounts as accessory minerals. The biotite, which is a deep orange variety,
occurs as minute flakes adjacent to the ore minerals. Incipient chloritization
and serpentinization are present in even the freshest samplés from this body.

Completely altered ultramafic rocks make up the lower parts of the
Nsongeni sheets (Fig. 7.1). Two lithologies are present: resistant tremolite-
chlorite schists lacking relict textures; and talc-chlorite-tremolite-antigorite
rocks in which relict olivine crystal shapes are easily recognized.

The tremolite-chlorite schists are green, medium-grained and consist of
intergrown coarse fibrous tremolite and fine ragged flakes of chlorite.

Magnetite occurs as sparse, minute, irregular grains.
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The talc-chlorite-tremolite-antigorite rocks are massive and dark grey-
green to black. In thin section, the original olivine crystals are defined by
concentrations of fine magnetite and chromite along grain boundaries and fractures
within the grains (Fig. 7.3). The olivine has been replaced by talc, antigorite
and chlorite. The finely intergrown talc-chlorite-tremolite groundmass may
reflect the presence of ortho- and clinopyroxene in the original mineral
assemblages.

A lens of fresh wehrlite is present at the upper, southwestern contact of
the main Hlagothi sheets with the Nsuze Group. The rock is dark green-brown or
black, coarse-grained and massive. Olivine and clinopyroxene constitute about
30 and 65% of the rock respectively. The olivine crystals are 1 - 3 mm in
diameter and are euhedral or subhedral (Fig. 7.4). The clinopyroxene is of
similar grain size and ranges from subhedral to anhedral. A small amount of

interstitial plagioclase is present. Accessory chromite and magnetite are present.

Pyroxenites _

Pyroxene-dominated lithologies occur as 10 m thick layers between the
peridotites and gabbros of the Nsongeni sheets. Although extensively altered,
relict textures have been well preserved. Original large euhedral clinopyroxenes
" have been pseudomorphed by amphibole. The surrounding finer-grained tremolite
and chlorite probably represents altered clino- and orthopyroxene. These rocks
were probably websterites.

The basal 80 m of the 150 m thick sheet on Hlagothi Mountain consists of
pyroxenite. Gabbro constitutes the upper part of this sheet. The pyroxenite
appears to be rather homogeneous and consists of ortho- and clinopyroxene with
minor amounts of plagioclase. Incipient alteration to tremolite and chlorite
is pervasive, but does not obscure the original mineralogy. Orthopyroxene is

by far the dominant mineral (60 - 70%) and occurs as small, equant, subhedral
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Figure 7.2 Olivine websterite from lower part of Wonderdraai sheet,
Mhlatuze Valley. Note olivine - hypersthene - augite
zonation. (63x).

Figure 7.3 Altered harzburgite from lower ultramafic unit, near Nsongeni
Valley. Talc-antigorite replacement of olivine crystals whose
form is defined by fine opaques. Pale green chlorite after
orthopyroxene in the groundmass. (25x).



170

grains. Clinopyroxene (25 - 30%) occurs rarely as small euhedral grains, and
more commonly as large, elongated crystals (Fig. 7.5). The latter have reacted
strongly with the orthopyroxene crystals which are often enclosed poikilitically.

Magnetite and chromite occur as accessory minerals.

Gabbros

Gabbro constitutes a major proportion of the complex. It occurs as thin
(~ 10 m) units in the Nsongeni sheets, but as much thicker layers (up to 70 m)
in the main Hlagothi and Wonderdraai sheets. They are greenish-grey, medium-
grained unfoliated rocks composed almost entirely of secondary replacement
minerals.

Amphibole (30 - 60%), plagioclase (0 - 25%) granular aggregates of epidote
- zois{te - clinozoisite - mica (5 - 40%), epidote (5%), leucoxene (trace - 5%),
quartz (0 - 20%) and chlorite (0 - 15%) are present in variable proportions.
Prior to alteration the rock probably consisted of plagioclase and pyroxene.

The amphibole, a pale green to colourless tremolitic hornblende, occurs as
single and polycrystalline pseudomorphs after clinopyroxene in equant to elongate
subhedral grains t - 15 mm long (Fig. 7.6). Plagioclase, which is seldom
unaltered, occurs as anhedral interstitial grains of labradorite composition.

In general, it has been extensively saussuritized to produce fine-grained,
brownish aggregates of zoisite - clinozoisite and white mica. It is also
present as micrographic intergrowths with quartz (Fig. 7.7). These intergrowths
have also been subjected to saussuritization and probably represent a primary,
late-stage eutectic crystallization. Epidote is present as 0.2 - 2 mm equant,
zoned grains which do not seem related to the alteration of plagioclase, but

do have a spatial relationship to rounded quartz-rich patches (Fig. 7.8)

Biotite is commonly associated with these patches which represent

segregations of late-stage fluids. Leucoxene is present as large
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Figure 7.4  Felspathic wehrlite, upper sheet on Hlagothi Mountain, east of
Jubilee Store (Map 3). Olivine (highest relief) as euhedral
to subhedral crystals. Augite (intermediate relief) is
subhedral to anhedral. Interstitial plagioclase has lowest -
relief (10x).

Figure 7.5 Clinopyroxene-orthopyroxenite, upper sheet on north slope of
Hlagothi Mountain. Large augite lath in reaction relationship
with earlier orthopyroxene cyrstals (63x).
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irregular grains (Fig. 7.7) as well as trellis-textured pseudomorphs after
ilmeno-magnetite (Fig. 7.9). Chlorite occurs in irregular blebs within the
amphibole crystals and as well-defined, interstitial anhedra associated with

the biotite, quartz and epidote segregations mentioned above. Biotite, chromite
and magnetite are present in trace amounts.

The gabbros are not observed in direct contact with the underlying more
mafic rock types although the transition may be located to within a few metres.
These contacts are likely to be sharp as there is no gradual change in the
mineralogy of either rock-type near mutual boundaries. In the main Hlagothi
sheets the gabbros grade upwards into the marginal zones described below.

Elsewhere, the upper contacts have not been observed.

Marginal Rocks
Two types of marginal rock sequences are recognizable: (a) a 1 - 10 m thick
zone at the top of each of the three upper main Hlagothi gabbro units contains
skeletal pyroxene and variolitic textures and (b) a chilled margin is present in
the lower Nsongeni sheet and comprises skeletal olivine and plagioclase crystals
in a devitrified glassy groundmass.
(a) Skeletal-pyroxene-textured marginal sequence
The skeletal-textured and variolitic marginal rocks are best developed at
the upper contact of the second highest gabbro sheet east of Hlagothi Mountain
(Map 3 and Fig. 7.1). A complex variation in textures and grain sizes is present
(Fig. 7.10), which is considered important to an understanding of the complex
and is therefore described in detail below. |
The varioles are leucocratic, sbherical bodies (Figs. 7.11 and 7.12) which
consist of very fine-grained quartz, epidote, chlorite and white mica. They are
typically t - 10 mm in diameter, although rarely as large as 10 cm. The contacts

of the varioles are sharp although there is no marked mineralogical difference
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Figure 7.6 Typical gabbro from Hlagothi Complex. Amphibole (high
birefringence) is partly pseudomorphic after pyroxene.
Fine-grained groundmass consists of epidote - zoisite -
clinozoisite - white mica, produced by saussuritization
of felspar, and minor chlorite. Lower gabbro unit,
Nsongeni Valley. (25x).

Figure 7.7 Micrographic intergrowth of quartz and plagioclase in
gabbro of the Hlagothi Complex. Note leucoxene and
sphene produced by breakdown of ilmeno-magnetite.
Lower gabbro unit, Nsongeni Valley. (160x).
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Figure 7.8 Zoned epidotes, quartz patches and large curved amphibole
crystal possibly pseudomorphic after original augite.-
Upper gabbro unit, Hlagothi Mountain. (63x).

Figure 7.9 Trellis texture, leucoxene after exsolved ilmeno-
magnetite. Upper gabbro unit, Hlagothi Mountain.
(160x ).
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between them and the groundmass of the surrounding gabbro. The varioles are
concentrated along the upper contact and rest in a very fine-grained chloritic
groundmass.

Similar structures are common in metavolcanics of the Barberton (Ferguson
and Currie, 1972), Canadian (Gélinas et al., 1976) and Nondweni (Wilson et al.,
in prep.) Archaean sequences. Philpotts (1977) reports similar structures in
lamprophyric dykes in eastern Canada. Armstrong (1980) reports several varieties
of spheroid from the Nsuze Group lavas, some of which resemble those in the
Hlagothi Complex. The origin of the varioles, ocelli, or spherulites is a
contentious issue. Liquid immiscibility has been invoked by numerous authors
(Gelinas et al., 1976, 1977; Ferguson and Currie, 1972; Philpotts, 1977), but
it has been argued that only liquids of extreme composition can exsolve a second
liquid phase. Alternative hypotheses have been proposed that envisage the
structures being formed by metasomatic and metamorphic alteration (Hughes, 1977).
Roedder (1978) reviewed evidence for liquid immiscibility in lunar and Hawaiian
basaltic glasses. He concluded that there is unequivocal evidence for silicate
liquid immiscibility over a limited range of composition.

Available data for the Hlagothi Complex varioles do not allow speculation as
to their origin. In addition to the possibility of silicate liquid immiscibility,
processes such as local silicification, assimilation of siliceous country rock
or the effects of intrusion into hydrous sediments may be involved.

With progressive distance from the upper contact, varioles become
sparser and the groundmass grades into a skeletal-textured gabbro. This
texture consists of randomly orientated, (~ 1 cm long) skeletal amphibole crystals
(Fig. 7.13A), which represent pseudomorphic replacement of pyroxene. In the
description below the term '"pyroxene" crystals' is used throughout to identify

these pseudomorphs. Evidence for the replacement is presented below. The
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Figure 7.11 Siliceous varioles in gabbroic marginal sequence,
uppermost gabbro unit, due east of Hlagothi Mountain.

Figure 7.12 Dip surface view of felsic varioles, upper marginal sequence
due east of Hlagothi Mountain. Lens cap is 55 mm in diameter.
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amphibole is colourless to very pale green under plane light and resembles
tremolite. In sections cut parallel to long axes, the individual crystals consist
of several parallel laths, in optical continuity, separated by narrow cores of
chlorite (Fig. 7.13B). Sections cut normal to the long axes reveal that the
crystals have polygonal outlines resembling the sector growth patterns (Fig. 7.14)
illustrated by Arndt and Fleet (1979). The proportion of these "pyroxene" crystals
in the rock is very variable, ranging from 10 ~ 50%.

The groundmass consists of very fine-grained chlorite, tremolite and
epidote-clinozoisite. pDelicate fan-like sprays are visible locally and may
reflect devitrification of glass. Amygdales t - 5 mm ir diameter are present
locally, and are composed of quartz, biotite, epidote and chlorite (Fig. 7.15)
There is little variation in the groundmass mineralogy throughout the marginal
sequence.

The skeletal-textured gabbro becomes coarser downwards with 2 - 3 ¢m
long "pyroxene" crystals common in the zone 1 - 2 m below the upper contact.

About 2 m from the upper contact, is another variolitic layer. This has

sharp upper and diffuse lower boundaries. The upper 20 cm has closely packed

5 - 10 mm varioles which decrease in size and abundance downards. Sparse
varioles are present in the underlying 30 cm (Fig. 7.10). The gabbro below the
variolitic unit consists of up to 50% by volume of skeletal amphibole crystals
about 2 cm long, in the groundmass described above. These crystals are crudely
aligned (Fig. 7.16) parallel to the contact.

At the base of the aligned crystal unit is a 40 c¢m thick gabbro unit
consisting of downward-branching skeketal "pyroxene" crystals arranged in conical
sheaves. The sheaves originate at a point source on the upper contact and spread
downwards (Fig. 7.17). Individual crystals become more robust downwards. The
cones are typically 30 - 40 cm in height and have an estimated basal diameter

of 20 - 30 cm. The observed growth of megacrysts probably indicates very low
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Figure 7.13 A. Amphibole pseudomorph after skeletal pyroxene crystals,
upper marginal sequence due east of Hlagothi Mountain.
Note the presence of quartz amygdales in lower right-
hand quadrant. (10x).

B. Detail of composite structure of crystal in A.
Note the chlorite in the core surrounded by amphibole.
(160x).
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Figure 7.14 Section cut normal to long axis of skeletal pyroxene texture in
Figure 7.15. Note sector growth in crystal at centre left.
Crystals from a single sheaf in optical continuity indicated by
?rro?s. Quartz-epidote amygdales in right-hand half of field.
28x).

Figure 7.15 Detail of segregation (amygdale?) in skeletal pyroxene-
textured gabbro, upper marginal sequence. (63x).
Q = quartz; ep = epidote; c¢ch = chlorite; Cc = calcite;
B = Diotita.
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F

Figure 7.16 Aligned skeletal pyroxene crystals pseudomorphed by
amphibole, upper marginal sequence. Scale in centimetres.

Figure 7.17 Downwards branching conical sheaves of skeletal pyroxene
crystals, upper marginal sequence, due east of Hlagothi
Mountain. Pen is 15 cm long.
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nuclei density. In thin section crystals belonging to individual cones are
in optical continuity (Fig. 7.14). They commonly have a core of chlorite and
are less commonly twinned parallel to their long axes.

Below the unit of branching crystals is a zone of coarse-grained gabbro
containing randomly orientated skeletal “"pyroxene" crystals. These c¢rystals have
a shorter, thicker habit than the "pyroxenes™ described above, a feature which
becomes more marked downwardsuntil the gabbro is indistinguishable from typical
Hlagothi gabbros. Within this coarse unit are rare incompletely transformed
pyroxene crystals in which the core zone consists of pigeonite (Fig. 7.18).

Most of the composite crystals have undergone transformation to a core of
chlorite and a margin of colourless amphibole identical to those higher up in the
marginal sequence. Electron microprobe analysis of the amphibole provides a
composition equivalent to tremolitic hornblende as defined by Leake (1968).
Recalculation of the analysis using & oxygen atoms yields an augite of sub-calcic
stochiometry (Table 7.4). This is in agreement with the chemistry reported for
spinifex texture pyroxenes and experimentally produced quenched pyroxenes

(Arndt and Fleet, 1979).

The similarity of petrological and chemical aspects of the skeletal-
textured rocks to spinifex textures in effusive komatiites has considerable
significance for petrogenetic interpretation. For this reason a discussion
of their origin is deferred to a later section.

(b) Chilled Margin, Nsongeni Sheet

The chill phase recognized from the Nsongeni sheets is in an equivocal
relationship with the upper contact of the lowest sheet and the margin of a
feeder dyke to an overlying sheet. It is part of the Hlagothi Complex, but
cannot be ascribed with any certainty, due to poor outcrop, to a particular sill.
The chill phase is a thin (20 cm), sporadically developed, very fine-grained,

black, massive rock-type. Small olivine phenocrysts are visible in hand specimen.
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Figure 7.18 Relict pigeonite cors surrounded by amphibole in gabbro 8 m
below upper contact of the upper marginal sequence due east
of Hlagothi Mountain. (63x).
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In section, the rock consists of skeletal olivine (5%) and plagioclase (10%)
crystals set in a devitrified glassy groundmass. The olivine crystals are
generally 0.1 - 0.3 mm across, but some slender elongate crystals 3 mm long
are present. Most of the crystals are euhedral in external form, but contain
irregular or rounded voids filled with fine-grained groundmass material (Fig. 7.19).
The skeletal forms are similar to those recognized in experimental quenching of
high Mg-basalts by Donaldson (1976). Plagioclase crystals occur as very thin, up
to 5 mm long needles which have a central core of groundmass material. In cross-
section the crystals are rectangular with a rounded core. They appear to

radiate from olivine megacrysts, perhaps indicating that nucleation of the
plagioclase occurred in the proximity of olivine grains where a local depletion
of iron and magnesium resulted from diffusion to the olivine. The groundmass
consists of sub-microscopic brownish crystallites in radiating fans which appear
to start at the terminations of the plagioclase crystals. Some very small
orthopyroxene grains are recognizable. Accessory chromite and magnetite occur

as small euhedra and anhedra respectively.

Feeder Dykes

Dykes which penetrate lower siils but not the upper ones have been recognized
in the Nsongeni and main Hlagothi sheets. These are typically altered but at
least one has retained its primary mineralogy. This dyke, which intruded the
lowermost ultramafic portion of a sheet near the confluence of the Nsongeni and
Nsuze Rivers (Map 3), cannot be traced into the overlying sill. The dyke is a
thin (< 10 m), fine-grained, olivine gabbronrorite body which trends parallel to
the strike of the sills. The rock consists of plagioclase (40%), augite (25%),
olivine (20%) and orthopyroxene (10%) with accessory biotite and magnetite. In
general, the rock is granular but some radiating plagioclase-augite intergrowths
are present, This texture has been described by Mackenzie er al. (1982, p. 57)

who considered it to be allied to skeletal growth of pyroxene. The olivine
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grains are typically subhedral or euhedral but embayed by reaction with the
augite. The augite occurs in angular, elongate anhedral crystals, whereas the
orthpyroxene dgenerally occurs as equant subhedra. Exsolved pigeonite is present
within some of the larger augite and orthopyroxene grains. Plagioclase, which
occurs as large, elongate crystals, encloses the mafic minerals poikilitically
in parts of the rock. Alteration to chlorite and talc is restricted to small
angular patches, suggesting that the alteration may be related to fractures.
Undulatory extinction of the plagioclase indicates that the rock has undergone

some deformation.

Summary

Mafic and ultramafic rock types of the Hlagothi Complex, although rarely
unaltered, are recognized as consisting predominantly of olivine, two pyroxenes
and plagioclase prior to alteration. Pigeonite, ilmeno-magnetite, biotite and
chromite are the most commonly encountered minor phases.

The lower ultramafic rocks of the Nsongeni sheets consisted of olivine-
orthopyroxene-(clinopyroxene) cumulates before alteration. In the Wonderdraai
sheet olivine websterites are the most common ultramafic rocks, whereas in the
main Hlagothi sheets feldspathic wehrlites and clinopyroxene-orthopyroxenites
are the most mafic rock types recognized. Within these lithologies, the -
following sequences of crystallization are apparent:

Olivine - orthopyroxene ~ clinopyroxene (Upper Wonderdraai and lower

Nsongeni ultramafics)

Olivine - orthopyroxene + clinopyroxene - plagioclase (Wonderdraai sheet,

| olivine websterite)

Olivine -~ clinopyroxene ~ plagioclase (main Hlagothi sheet, feldspathic

wehrlite)

Orthopyroxene - clinopyroxene - plagioclase (main Hlagothi sheet,

clinopyroxene orthopyroxenites)
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Pigeonite -~ clinopyroxene (skeletal-textured marginal sequence)

Olivine - plagioclase (chill phase, Nsongeni feeder dyke)

The gabbroic rocks have undergone total alteration (with rare exceptions)
to an amphibole - chlorite - epidote assemblage, which may represent a metamorphic
transformation related to the regional greenschist facies metamorphism. However,
this metamorphic event was accompanied by strong northwards directed stress where
it has affected Nsuze Group volcanics close to the Complex, a feature which is
not apparent in the altered gabbros. Additional evidence in favour of possibly
late or_magmatic or autometasomatic alteration is provided by other textures
and structures in the gabbros. The vesicles in the upper parts of the gabbro
sheets, trellis-textured sphene pseudomorphs after ilmeno-magnetite, quartz-
plagioclase micrographic intergrowths and the chlorite-biotite-zoned epidote
patches are interpreted as reflecting originally high water contents of the
gabbroic magma. If the primary magma had a relatively high water content, a
progressive crystallization of anhydrous phases would have resulted in a
concomitant concentration of water in the higher parts of the body. This
progressive increase in water activity may have caused early, anhydrous phases
to become unstable and out of equilibrium with interstitial late-stage liquids.
The alteration of the gabbros pre-dates the growth of small, aligned fibrous
tremolite crystals which transgress the original mineral boundaries. It is
considered probably that this later generation of amphibole grew during the
regional greenschist facies episode and associated deformation.

The petrographic data and field relationships place certain constraints on
a model for the development of the Hlagothi Complex. Cross-cutting relationships
between the sills imply that repeated sill intrusion occurred along the same
general locus. The presence of amygdales and late-stage deuteric/hydration

effects indicates a relatively shallow depth of intrusion. High magmatic
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water contents probably applied, particularly towards the top of the complex,
and the exsolution of a hydrous phase was possible because of low confining
pressure at the time of intrusion.

Significantly, the sills were intruded close to the base of the 4 km-thick
Nsuze Group prior to deformation.

The optimum depths at which sill emplacement occurs has been discussed by
Roberts (1970) in terms of the stress field applicable at the time of intrusion.
He considers an initial state of stress such that oy = O, = n.o, where
0. ay and o, are the principal stresses and n is a constant less than unity.
Where n = 1, the initial state is one of hydrostatic stress and sill
emplacement can occur at any depth. However, if n = 1/3 the initial state is
one of complete lateral restraint, and sill emplacement would be restricted to
within 1 - 2 km of the surface. Mudge (1968) concluded that minor sills are
intruded at depths between 0.5 and 2 km. Some major sills appear to have been
emplaced at somewhat greater depths (Bradley, 1965).

The fact that the Hlagothi Complex predates deformation of the Nsuze Group,
coupled with the above conclusions, suggests that the Hlagothi sills might have

been emplaced at shallow depths soon after or nearly synchronously with the

accumulation of the Nsuze Group.

4, Geochemistry

Geochemical Variation

The nineteen samples analysed were selected so as to provide a broad
characterization of individual sheets. Similar fractionation histories for the
sills are likely, and therefore the combined data are considered to provide broad
geochemical characteristics of the whole complex. The sampling is not considered

adequate for petrogenetic modelling.
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The analyses for the major, minor and trace elements were done by XRF
spectroscopy accordiné to the methodology outlined in Chapter 6 and Appendix 2
Chemical abundances and distribution of the samples are presented in Tables 7.1
- 7.3. Comprehensive listings of normative data and computed phase diagram
projections are presented in Appendix 5. In the following discussion, the
olivine- and pyroxene-dominated rock types are referred to as peridotites and
pyroxenites respectively for ease of reference. It is recognized that the terms
are not strictly applicable but the common factor in each group is not easily
expressed by other terminology.

The major elements have been plotted on Mg0 variation diagrams (Fig. 7.20).
Si0, abundances show little variation with all of the gabbroic and pyroxenitic
rocks falling in the range 53 - 56%. These rocks have Mg0 contents of less
than 23%, but a large compositional gap in the range 11 - 18% Mg0 separates the
gabbroic and pyroxenitic rocks. The peridotites, which have Mg0 > 23%, all have
Si0, in the range 46 - 49%.

Alumina decreases from 23% for the gabbros to ~ 6% in the peridotite range
along a reasonably coherent trend (Fig. 7.20). There is a slight inflection at
the change from olivine-poor to olivine-rich lithologies. The skeletal-textured
samples have lower Al,0, than gabbros of similar Mg0 content. Low alumina values
are to be expected in the ultramafi¢ rocks as they are dominated by pyroxene and
olivine, neither of which contains appreciable alumina. Total iron, as FeQ, shows
little variation with changing magnesia except for a slight increase in the
peridotitic rocks. Iron-magnesia ratios thus increase with decreasing Mg0. Ca0
abundances decrease systematically with increasing Mg0. Values of 11% Ca0 are
typical of the gabbros, falling to 4% in the ultramafic rocks.

No clear or coherent relationships exist between Na, 0 or K, 0 and Mg0. The

alkalies are more abundant in the gabbros than in the ultramafic rocks.
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TABLE 7.1: CHEMICAL ANALYSES OF GABBROIC® AND SKELETAL-TEXTUREDP ROCKS

BG1922 BG220% BG2222 BG2232 8G2312 BG2372 BG232° BG239P BG242°
§10, 53.49 57.17 55.43 54.97 56.32 56.03 55.98 54.69 54.75
1,0, 15.64 15.00 15.03 12,98 14.96 14,21 12.15 11.92 11.50
Fe,0, 0.71 0.95 0.90 0.83 0.91 1.05 0.96 0.96 0.98
PeO 6.39 8.58 8.12 7.47 8.23 9.49 8.64 8.60 8.94
Mno 0.15 0.17 0.16 0.16 0.17 0.19 0.17 0.19 0.18
Mgo 8.97 5.94 6.65 10.57 6.56 5.35 8.53 9.75 10.0}
ca0 11.69 8,47 10.52 9.20 10.74 10.74 9.73 9.25 9,30
Na,0 1.76 3.76 2.19 2.1 2.16 2.15 1.89 2.86 2.0
K,0 0.83 0.66 0.74 0.85 0.78 0.58 1.35 0.73 0.96
T40, 0.34 0.65 0.55 0.46 0.37 0.45 0.67 0.64 0.64
P,0¢ 0.06 0.13 0.10 0.09 0.06 0.07 0.10 0.11 0.10
€r,0, 0.11 0.01 0.01 0.08 0.01 0.00 0.11 0.13 0.18
TOTAL 100.14 101.46 100.40 100.43 102.27 100.31 100.28 98,83 99,54
Trace elements (ppm)
Sc 28 36 32 44 47 34 3 30
v 170 233 217 199 221 245 222 213 216
er 740 44 57 568 89 23 741 893 1247
Ni 225 129 132 276 121 86 157 200 236
Cu 26 52 Y] 36 60 43 79 105 72
Zn 70 68 62 59 72 91 68 76 77
Y 14 24 20 18 14 16 23 20 21
r 55 103 84 69 60 7 91 90 88
Nb 3.9 5.5 4.7 4.1 2.9 4.0 4.4 5.3 4.8
Rb 33 26 26 32 19 12 32 17 21
13 213 277 240 251 110 129 463 106 103
Ba 138 136 467 206 200 476 268 394
La 8 13 9 6 1L 4 12 5 7

BG231 -~ BG242 =~ Majin Hlagothi Sheets

BG192 -~ Wonderdraai Sheet.

BG220 - BG223 - Nsongenl Sheet.



TABLE 7.2:
B6193°
810, 50.06
A1,0, 7.00
Fe10, 1.09
PeO 9.80
MnO 0.20
Mg0 25.51
Ca0 5.38
Na;0 0.88
KO 0.24
T10; 0,23
;05 0.05
Cr,0, 0.55
TOTAL  100.79

BG196°

47.76
6.74
1.14

10.25
0.20

27.57
5.123
1.12
0.31
0.29
0.07
0.64

101.21

Trace elemsnts (ppn)

8¢
v

Cr
Ri
Cu
2n
Y

ir
Kb
Rb
8r

19

115

3785

1280

24

68

8

36
1.9

12

79

50

2

17

-119

4420

1632

29

6%

8

44
1.9

14

78

78

4

pG212°%

47.60
6.44
1.08
9.71
0.19

26.93
5.91
0.04
0.40
0.29

0.05°

0.56
99.20

36
129
3834
2088
0

64

7

a1

1.0

27
49
22

3

BG193 + BGl96 - Wonderdraai Sheet.

BG229, BG236 - Main Hlagothi Sheet.

BG216°

47.59
8.64
1.10
9.88
0.22

23.42
8.04
0.37
0.02
9.35
0.06
0.57

100.26

21

149
4352

1298

0
78
13
49

1.9

N O

CHEMISTRY OF THE PERIDOTITESC_AND PYROXENITES

BG226€

46.26
5.83
1.18

10.61
0.19

30.97
3.85
0.00
0.13
0.24
0.04
0.77

100.07

18

104

4429

1909

0

76

17

37
1.0

12

17

5

1

d

BG228°¢

49.14
5.85
1.16

10.40
0.20

26.22
5.11
0.43
0.36
0.3
0.07
0.56

99.81

20
131
3775
1375
15
55

9

BG2242

54.86
8.23
0.99
8.88
0.23

18.00
7.65
0.85
0.03
0.37
0.06
0.29

100.44

l64

2391

635

13

72

13

S5
1.8

1

24

3.5

BG212, BG216, BG224, BG226, BG227, BG228 -

82274

55.75
8.02
0.-%4
8.49
0.19

18.45
7.47
0.61
0.04
0.35
0.06
0.35

100,72

3

2748
596

180

BG 2209

55.58
6.80
0.92
8.32
0.21

20,00
6.64
0.32
0.59
0.22
0.03

¢.38

100.01

32

160
2591
469

68
10
37

37
13
29

Nsongenl Sheets

BG236

§5.33
6.49
0.94
8.50
0.21

21.52
5.63
0.63
0.23
0.17
0.02
0.62

100.29

34
153
4241
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TABLE 7.3:

$10,
Al,0,
Fe,0,
Feo
Mno
Mgo
ca0
¥a,0
K,0

10,

P,04

Cr; Oy

A =

Peridotites
n=§
x c
48.07 1.2
6.75 0.95
1,13 0.04
10.11 0.33
0.20 0.01
26.77 2.51
5.57 1,27
0.44 0.38
0.24 0.13
0.29 0.04
0.06 0.0l
0.61 0.08
100.24

Average basaltic komatiite, Barberton type, Barberton greenstone belt
(viljoen and Viljoen, 1969, p. 80). Total iron as FeO.

Pyroxenites
n= 4
z o
55.38 0.34
7.39 0.75
0,95 0.03
8,55 0.20
0.21 0.01
19.49 1.39
6.85 0.80
0.60 0.19
0.22 0.23
0.28 0.08
0.04 0,02
0.41  0.13
100.37

GROUP MEANS AND COMPARATIVE DATA

Gabbros
=6

Hi1p

§5.57
14.64
0.89
8.04
0.17
7.34
10.23
2.47
0,74
0.47
0.09
0.04
100.69

1,16
0.85
0.10
0.95
0.01
1.83
1.07
0.65
0.09
0.11
0.03
0.04

Skeletal
textured
Gabbros

0.73
0.27

'9.01

0.10
0.01
0.65
0.11
0.42
0.26
0.01
0.00
0.03

§3.78
10.02

11.02
0.22
10.30
10.18
0.47
0.87

59,53
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TABLE 7.4: MINERAL CHEMISTRY

1 2 3 4 5 6
Si0, 52.50 38.57 54.55 56.80 55.00 51.90
Al, 0, 2.42 0.03 1.79 1.44 3.05 4.60
FeQ* 6.70 20.65 7.84 11.18 12.64 7.70
Mn0 0.17 0.16 0.20 0.30 - 0.25
Mg0 17.67 39.60 16.08 27.39 14.98 17.80
Ca0 19.71 0.19 19.30 2,23 12.99 17.30
Na, 0 - 0.16 0.01 0.23 0.14
K. 0 - 0.03 0.03 0.08 -
Ti0, 0.26 0.27 0.06 0.03 0.37
Cr, O - - 0.17 - 0.23
NiO 0.60 0.50 0.03 0.10 -
TOTAL 100.02 99.69 100.24 99.69 99.00 99.80
1. BG292 clinopyroxene
2. BG292 olivine
3. BG235 c¢linopyroxene
4, BG235 orthopyroxene
5. Tremolitic hornblende pseudomorph of clinopyroxene.
6. Augite from composite needle. Arndt and Fleet (1979, p. 859,

analysis # 3).
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The plot of Ti0, vs Mg0 shows discrete fields for the three rock-types.
The peridotites lie on a linear trend of low negative slope indicating a slight
enrichment of Ti with increasing fractionation. Pyroxenitic rock-types define
a trend of steeper negative slope. Gabbroic rock-types plot as a dispersed
field although the three skeletal-textured samples plot close together.

MnO shows very little variation over the entire range of Mg0 contents.

Trace element contents of the Hlagothi Complex are presented in Tables 7.1
and 7.2. These values have not been used in the discussion below because they
do not contribute significantly to an understanding of the Complex. An attempt
to model parental magma composition and origin on the basis of trace element
geochemistry is considered premature in view of the limited number of analyses

available at present.

Figure 7.19 Chilled margin of feeder dyke to second lowes§ gill,
Nsongeni River valley. Hopper olivine and acicular,
skeletal plagioclase crystals are set in devitrified
groundmass. (25x).
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Molecular Proportion Ratios

The principal behind the use of molecular proportion ratio (MPR) plots
has been given by Pearce (1968). Pearce (1970) and Beswisk (1982) have shown
that these ratios may be used to identify fractionating phases in layered
intrusions and volcanic sequences respectively. MPR plots may also be used to
identify open system behaviour since only closed system fractionation produces
coherent chemical variation trends (Beswick, 1982}.

Petrographic evidence for olivine, clinopyroxene and orthopyroxene fractional
crystallization has been indicated above. The object of this section is to
demonstrate the relative importance of these phases in the crystallization of the
various rock types. As Zr is incompatible over the range of compositions present,
its abundance is used to compute the oxide molecular proportion ratios.

In order to recognize olivine, orthopyroxene aﬁﬂ clinopyroxene fractionation
the covariation of Mg0/Zr, Fe0*/Zr and (Mg0 + Fe0*)/Zr with Si0, /Zr is
investigated. The MPR slopes required for fractionation of the minerals
analysed by electron-microprobe are given in Table 7.5. The ﬁeridotitic rock-
types plot on a linear trend with a slope midway between those predicted for
olivine and orthopyroxene fractionation (Fig. 7.21). The. pyroxenites fall on
a linear trend of slope within the range predicted by clinopyroxene and
orthopyroxene fractionation. Data points for the gabbroic rocks plot with
‘some scatter on a line, the slope of which is close to that expected for
clinopyroxene fractionation.

The involvement of clinopyroxene and plagioclase in fractionation is
tested using Al,Q, /Zr and CaQ/Zr versus SiQ,/Zr MPR plots (Fig. 7.22). On
the Al, 0, /Zr : Si0,/Zr plot, the slope of the line defined by the gabbro
analyses is close to that predicted for fractionation of plagioclase of
composition An,,. The other rock typeslplot on a linear, horizontal trend
which indicates that alumina is not a component of any of the fractionating

phases in these rocks.
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TABLE 7.5: SLOPES FOR MPR FRACTIONATION TRENDS PREDICTED
FROM OBSERVED MINERAL COMPOSITIONS

Sample Phase Mg0/ FeO/ (FeO+Mg0)/ Al 0,/ Ca0/ Ca0/
No. Si0, Si0, Sio, S10, Sil, (FeO+Mg0)
BG292 01 1.54 0.46 2.0 - - -

Cpx 0.49 0.1 0.6 <0.1 0.40 0.66
8G235 Opx 0,77 0,18 0.95 - - -

Cpx 0.47 0.13 0.60 <0.1 0.40 0.66
TABLE 7.6: CATION FORMULAE FOR MEGACRYSTIC AMPHIBOLE

(No. 4 in Table 7.4).

Amphibole Pyroxene

(22 oxygens/formula unit) (6 oxygens/formula unit)
Si 7.44 2.03
Al 0.49 0.13
Fe 1.43 0.39
Mg 3.02 0.82
Ca 1.88 0.51
Na 0.06 0.06
K 0.01 0.00.

3.90

Total 14.33
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Figure 7.21 Molecular proportion ratio (MPR) plots showing the relationships
Mg0/Zr, Fe0*/Zr and (FeO* + Mg0)/Zr versus Si10,/Zr. All ratios
computed using molecular proportions. Lires of predicted slope
calculated from minerals analysed by electron microprobe

(Table 7.5). Symbols as for Figure 7.20. See text for
explanation.
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On the Ca0/Zr : Si0,/Zr plot (Fig. 7.22), the gabbros plot on a trend whose
slope is midway between predicted slopes for An,, and An,,, and close to that
expected for clinopyroxene fractionation. The pyroxenites plot on a line of
very low positive slope, indicating that the covariance of calcium and silica
is influenced by the presence of a calcium-free fractionating phase in addition
to the clinopyroxene postulated earlier. Peridotites plot on a horizontal
trend indicating the absence of calcium-bearing phases as fractionating
components in these rocks.

In order to test for clinopyroxene fractionation in the gabbros, a plot of
Ca0/Ir : (FeO* + Mg0)/Zr is used (Fig. 7.23). The gabbros plot close to or on the
line predicted for clinopyroxene fractionation, whereas the pyroxenitic rock-types
plot on a subhorizontal trend. As expected, the peridotites plot on a trend of
2ero or negative slope.

From the preceding, it is clear that crystallization of the oclivine-bearing
rock-types was dominated by olivine and orthopyroxene fractionation. The pyroxenites
were dominated by orthopyroxene crystallization, although minor clinopyroxene
fractionation, probably as an interstitial phase, must have occurred to account for
the Ca0 - Si0, and Ca0 - (Fe0* + Mg0) covariance. The gabbros evolved through
fractionation of clinopyroxene and plagioclase in about equal amounts. Clino-
pyroxenes and plagioclase did not crystaliize during the formation of the
olivine-bearing rock-types as evi&enced by a lack of variation in Ca0 and Al,Q,
molecular proportion ratios. Plagioclase was almost certainly unimportant in

the crystallization of the pyroxenites as shown by a lack of Al,Q, variation.

Phase Diagram Considerations
The crystallization history of layered complexes in which olivine, pyroxene

and plagioclase are dominant crystal phases may be examined in terms of the
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simple system olivine - clinopyroxene - plagioclase - quartz developed by Irvine
(1970, 1979). Orthopyroxene may be plotted on the olivine - quartz edge of the
tetrahedron at a point determined by the equation:

Si0; + (Mg,Fe), Si0, = 2(Mg,Fe) Si0,

The system is a gross simplification of the complex chemistry of the magma
but has been used to model crystallization sequences for the Bushveld, Muskox,
Stillwater and Skaergaard intrusions (Irvine, 1970). Calculation of the
projection of the composition for the Hlagothi Complex through the clino-
pyroxene, olivine and plagioclase apices has been done according to the method
of Irvine (1970). The numerical data are given in Appendix 5.

Petrographic data and MPR plots for the complex dictate that any

proposed bulk composition must be capable of crystallizing extensive olivine,

orthopyroxene, clinopyroxene and plagioclase in that order. Final
crystallization must occur at the quartz - plagioclasé eutectic in order to
account for micrographic intergrowths of these minerals observed in the gabbros.
Wehrlites present a problem (see later section).

The system and the three projections used are shown in Figure 7.24., As
noted above, the main parental liquid must plot within the olivine field
(shaded area in Figure 7.24A). The projected skaletal-textured gabbro compositions
project close to the orthopyroxene end of the predicted bulk composition field.
Their projected compositions would, however, change if the apportioning of iron
to Fe'* has been incorrect, as indicated by the scale bar shown for ‘
reduction in Fe0 content. For the purposes of this discussion, the skeletal-
textured gabbros are considered a first order approximation of the initial
liquid composition although the rationale behind this is deferred to a later
section. Before discussing the proposed liquid path, mention must be made of
the reaction boundary separating the olivine and orthopyroxene volumes. A
liquid, crystallizing olivine, upon reaching this boundary begins forming

enstatite, but at the same time, olivine reacts with the liquid as follows:
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System after Irvine (1970, 1979). Symbols as in Figure 7.20.
See text for further discussion.
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(Mg,Fe) 25i0, + Si0, - (MgFe) Si0,
olivine liquid enstatite

Once all the olivine is consumed or mantled by orthopykoxene, the liquid
composition is free to move across the boundary into the orthopyroxene field.

If the olivine is not consumed or removed from the system, the liquid path is
constrained to the olivine - orthopyroxene peritectic boundary and moves towards
the clinopyroxene - orthopyroxene - olivine cotectic line.

If the skeletal-textured gabbro is a first order approximation of the bulk
composition, then olivine would begin crystallizing, with the result that the
liquid composition moves to the olivine - orthopyroxene peritectic boundary
plane (orthopyroxene - plagioclase line on clinopyroxene projection, Fig. 7.24A).
The olivine;bearing rocks plot towards the olivine apex of the clinopyroxene
projection which is in general agreement with this initial stage of
crystallization. As crystallization was unlikely to be in an equilibrium
situation, the removal by crystal settling or isolation of the olivine as noted
above would allow the liquid composition to move out of the olivine volume before
all olivine was consumed by reaction.

The liquid composition reaches the clinopyroxene - orthopyroxene cotectic
plane before the plagioclase - orthopyroxene boundary (Fig. 7.248).
Crystallization of both clinopyroxene and orthopyroxene would then occur, driving
the liquid composition towards a more felsic composition beyond the plane of
observation in Fig. 7.24B. The rocks formed during this stage of crystallization
would be the clinopyroxene orthopyroxenites which plot astride the olivine -
orthopyroxene cotectic in Fig. 7.24A and on the orthopyroxene control line in
Fig. 7.248. The liquid path beyond the olivine volume is not easily iilustrated,
but the clinopyroxene-plagioclase-orthopyroxene cotectic line, towards which the

liquid moves, is shown (Fig. 7.24B)., Upon reaching the three phase cotectic, the



204

liquid may move along the line, or across it into the plagioclase-clinopyroxene
plane. In either case, the final liquid composition must be on a quartz-
plagioclase volume boundary or a quartz-plagioclase-clinopyroxene cotectic line
(Fig. 7.24C) in order to account for the plagioclase ~ quartz - micrographic
intergrowth observed in the gabbroic¢ rocks.

Feldspathic wehrlite (BG292 - not analysed) occurs near the top of the main
Hlagothi sill and presents a minor problem in that the observed modal composition
of 30% olivine, 65% clinopyroxene and 5% plagioclase cannot be achieved along
the equilibrium crystallization path proposed above. Two possible explanations
exist. First, a different bulk composition may have existed such that the
olivipe control line could reach the clinopyroxene - olivine cotectic directly
(without reaching the orthopyroxene peritectic boundary). Second, and more
probable, a combination of relatively rapid cooling and low nuclei
concentration could have resulted in metastable crystallization of clinopyroxene.

This is shown as line B in Fig. 7.248.

5. Comparison of Skeletal Pyroxene and True Spinifex Textures
and Implications for Petrogenesis.

The skeletal pyroxene texture of the upper marginal sequence Has been
described in an earlier section. The term "spinifex" has not been applied to
the textgre as an origin by extrusion and resultant quenching is generally
associated with this usage. Although the rocks in which the texture occurs are
clearly intrusive, the texture conforms well with the definition of pyroxene
spinifex agreed upon at the Penrose Conference on komatiites (Arndt and Nisbet,
1982, p. 211): ‘“pyroxene spinifex texture consists of pigeonite and augite or
both pyroxenes in complex skeletal megacrysts that are arranged in sheaths
perpendicular to flow margins. The pyroxene needles typically are 1 - 5 c¢m long
but only 0.5 cm wide, and lie in a matrix of fine augite and devitrified glass,
or augite, plagioclase and quartz. \Usually the primary phases are replaced

by hydrous phases." The example under discussion differs from this definition
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only in that the "sheaves" are found to be cones radiating downwards from point
sources (recognized elsewhere prior to this study by A.H. Wilson, et al., in
preparation), the megacrysts may exceed the given dimensions, and that the
aligned-skeletal crystals are parallel to the upper contact of the cooling unit
(also recognized in Barberton komatiites, Viljoen et al., 1983).

The structure of the megacrysts is also typical of pyroxene spinifex as
described by Arndt and Fleet (1979) who point out that the pyroxene megacrysts
are typically composite. Pigeonite occurs as the core of the grains described
by these authors and is surrounded by subcalcic augite. In the Hlagothi Complex
pyroxene megacrysts, the usual form consists of a central core of chlorite
surrounded by amphibole, which are the common hydrous replacement products of
pigeonite and augite respectively. Pigeonite has been found in the cores of
some of the grains but unaltered augite has not yet been recognized. The
pseudomorphism of amphibole after the clinopyroxene has been excellent and the
morphology in sections cut normal to the long axis of the crystals is identical
to that recognized by Arndt and Fleet (1979) in unaltered samples.

Spinifex textures are commonly attributed to supercooling of high
magnesium rocks (Viljoen et al., 1983; Donaldson, 1983; Arndt and Fleet,

1979) and show evidence for metastable crystallization of pyroxenes in that
these commonly have compositions not found in rocks crystallized under
equilibrium conditions. Arndt and Fleet (1979) report pigeoﬁite cores
surrounded by subcalcic augite as the typical form of pyroxene spinifex.

In order to test the similarity of the chemistry of skeletal crystals from
the Hlagothi Complex with that of pyroxene spinifex in extrusive rocks, micro-
probe analysis of the crystals was attempted. Owing to difficulties with the
instrument used, only a single analysis of the outer part of a skeletal crystal
was obtained. Mo satisfactory results were obtained on the cores of the crystals.

The analysis is presented as an amphibole composition (calculated using 22



oxygens) and as a pyroxene (calculated using 6 oxygens) (Table 7.3, p.197). Inis
requires the equivocal assumption that little bulk chemical change occurred
during hydration of the original pyroxene. Nonetheless, the analysis compares
well with the data presented by Arndt and Fleet (1979). Thus, a common
crystallization mechanism may be applicable to the Hlagothi marginal sequence
and to normal spinifex-textured extrusive rock-types.

Available data do not allow identification of this mechanism, although the
following factors are probably involved: (i) skeletal crystals are typical of
rapid cooling and large degrees of supercooling. This condition is easily
envisaged for extrusive high magnesium rocks of high liquidus temperature, but
not for an intrusive body of the observed composition (Mg0 of skeletal-textured
rocks = 8 - 10%); (il) megacrystic growth is favoured by high water contents
(Hughes , 1982) and by low nuclei density (Donaldson, 1982). Both these
conditions may have been operative in the Hlagothi Complex since a high
water content is postulated for the complex (see above) and the conical sheaves
radiate downwards from point sources at the base of the variolitic unit. If
the varioles are a product of liquid immiscibility, which is favoured by high water
concentrations (Philpotts and Doyle, 1983), they may have formed at temperatures
above the liquidus. In this case, heterogeneous nucleation may have occurred
once the magma cooled to the pyroxene liquidus temperature. High water
contents reduce magma viscosity and enhance diffusion to nuclei (Donaldson,
1979).

Spinifex-textured komatiites have been used to estimate the bulk composition

of the cooling units. However, recent work (Viljoen et al., 1983; Wilson
et al., in prep.) indicates that considerable fractionation occurs through
flows having these textures. Fractionation almost certainly occurred
within the marginal sequence of the Hlagothi Complex, but may not have been

of the same order of magnitude as in the remainder of the intrusion.
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This is substantiated by the chemical similarity of the three skeletal-textured
rocks analysed in this study (Fig. 7.20). For this reason the skeletal-textured
rocks may be used as a first order approximation of the bulk composition of the

complex.

6. Magmatic Affinity

The chemical data presented above display reasonable consistency and
coherence and may, therefore, be used to identify the magmatic affinity of the
complex. When plotted on an AFM ternary diagram (Fig. 7.25), the plots with
one exception lie in the tholeiitic field as defined by Irvine and Baragar
(1971).

Jensen (1976) presented a ternary diagram of Al,0, - (FeO + Fe, 0, + Ti0,)
- Mg0 on which tholeiitic, calc-alkalic and komatiitic rock series may be
discriminated. The analyses plot in the high Mg-tholeiite, basaltic komatiite
and ultramafic komatiite fields (Fig. 7.26). The skeletal-textured rocks plot
astride the boundary of the basaltic komatiite field. These rocks have been
compared with all of the chemical parameters used by Viljoen et ail. (1982) to
characterize the different classes of komatiite and have been found to lie

within the limits of "Barberton" type basaltic komatiites in most respects.

The recognition of komatiitic affinities of the Hlagothi Complex and the
ultramafic dykes (cf. Chapter 6) is significant in that a resurgence of
typically Archaean magmatism is indicated. No evidence for the existence of
komatiites in the Pongola Supergroup has been reported as yet. This absence,
in cbnjunction with the sedimentological evidence for the deposition of the
Pongola on a stable craton, has been interpreted as evidence for cratonisation
of the Kaapvaal crustal fragment at about 3.0 Ga when large volumes of potassic

granite are known to have been emplaced (Hunter, 1974a). The emplacement of
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Figure 7.25 AFM diagram showing positions of Hlagothi Complex rock types.
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Irvine and Baragar (1971).
Symbols as in Figure 7.20.
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Figure 7.26 Jensen cation plot of Hlagothi Complex rock-types. Boundaries
after Jensen (1976). See text for further discussion.
Symbols as in Figure 7.20.
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komatiitic magmas as dykes rather than eruptive rocks could be expected if crustal
thickening through underplating by thick granitic sheets caused reduced
geothermal gradients and also provided a physical impediment to the upwards
passage of the magmas except where deep fractures are presenf. An analogous
situation has been proposed for the Great Dyké of Zimbabwe which was emplaced
at about 2.5 Ga shortly after cratonization of the Zimbabwean region (Wilson

et al., 1978). The probable bulk composition of the Great Dyke contains about
15% Mg0 (Wilson, 1982) and falls within the komatiitic basalt field defined

by Jensen (1976). It has been proposed that the Great Dyke represents an
aborted greenstone belt and that the initial stages of rifting resulted in
ﬁantle-tapping fractures through which komatiitic liquids were emplaced to high
crustal levels (Wilson, et al., 1978). According to this model, the factors
which prevented the magmas from being erupted are very similar to those
mentioned above for the Kaapvaal structural province. Clearly, a great deal

. more research is required to resolve the problems introduced by the recognition
of kdmatiitic dykes in the southern part of the Pongola Basin. In particular,
geochronological data are essential in order to establish the duration of

Archaean style magmatism in areas marginal to the Kaapvaal crustal fragment.

7. The Relationship of the Complex to Pretectonic Dykes

Several pretectonic dykes are present in the study area. The samples

analysed (Table 7.7) are distributed as follows: BG84 is from an irregular body

which intrudes the Ndikwe pyroclastics west of Ndikwe Store; BG125 and BG126 are
from gabbroic dykes on the south limb of the Gem Syncline; BG141 is a thin

irreqular dark-coloured, aphyric dyke in the Welendhlovu Valley; BG208 is a
gabbro from a sill close to the base of the complex; BG164 is from a narrow
dyke which is truncated by the erosional base of the debris flow sequence

south of Vuleka.



TABLE 7.7;
BG84

510, 54.26
Al,0; 5.09
Fe,0, 1.08
FeO 9.73
MnO 0.18
MgO 13.35
Ca0 13.28
Na,0 1.55
K,0 0.23
TiO, 0.74
P20s 0.11

Cr203 0.38

TOTAL 100.02

Sc 28.3
\Y 148
Cr 2571
Ni 436
Cu 149
Zn 90
Y 13
Zr 85
Nb 7.4
Rb 5
Sr 164
Ba 112
La 4.7

32.5
165
583
286

50

74

23

92

148

476

GEOCHEMISTRY OF DYKES

BGl126 BG1 41 BGl64
50.72 52.76 61.79
16.78 18.85 13.43
0.78 0.93 1.57
6.99 8.40 14.14
0.13 0.20 0.27
9.20 7.60 5.13
10.63 2.94 9.14
2.52 0.78 2.59
1.14 6.01 0.48
0.39 1.01 1.89
0.07 0.15 0.24
0.12 - -
99.47 99.63 100.62

Trace elements (ppm)
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Petrographically only BG125 and BG126 resemble the Hlagothi gabbros.
BG141, BG164 and BG208 are dissimilar and cannot be related to any specific
group of intrusions. BG84 is probably related to the gabbroic dykes, but is
very coarse-grained and may be of cumulate origin. In addition, the ultramafic
dykes described in Chapter 6 are examined here with a view to establishing any
possible relationship to the Hlagothi Complex.

The chemical variation of the dykes is shown in Figure 7.27. It is
immediately clear that the dykes have no definite chemical similarity to the
Hlagothi rock-types on the basis of major and minor element chemistry. There
is also no obvious geochemical relationship between the dyke samples which
suggests that they may not be from a single magmatic event. The ultramafic
rock-types discussed in Chapter 6 are also shown on these plot and show some
broad similarities to the peridotites of the complex.

Whilst it is not intended to attempt a detailed examination of the

differences between the various groups of samples on the basis of the limited

data available, some evidence for an absence of a genetic relationship is presentec

When plotted-on a Jensen cation diagram, the dyke samples fall predominantly
within the tholeiite field with samples BG125 and BG126 plotting close to the

Hlagothi gabbros (Fig. 7.28). The remainder of the samples are somewhat removed
from the Hlagothi trend, although the observed differences are not very
significant. On a plot of Mg0 versus Si0, (Fig. 7.29) the different sample
populations fall into overlapping fields, but small displacements of the fields
may be significant. The same feature is evident on plots of the incompatible
elements Y and Nb versus Zr (Fig. 7.30). Most significant on the plots is the
large displacement between the Nsuze group lavas and the intrusive rock-types.
The latter samples plot close to the chondritic ratio on the Nb/Zr diagram. The
Nsuze lavas are highly enriched in Ir or depleted in Y relative to chondrite.
This would support the hypothesis that the Nsuze Group magmatism is distinct

from the later intrusive events.
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Figure 7.27 Geochemical variation for the pre-tectonic dykes (crosses),
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In order to test the possibility that some of the dykes may be related to
the complex, the CMAS system of Q'Hara (1968) is used. This system has the
benefit of allowing fractionation trends to be evaluated, and magmas of the
same origin should be related by their trends to a common starting composition.
Inspection of Figure 7.31 reveals that the Hlagothi peridotites and pyroxenites
fall on control lines equivalent to 70% olivine, 30% enstatite and 90% enstatite,
10% diopside respectively. This serves to confirm the MPR and phase diagram
conclusions reached above. Also noteworthy is the displacement of the ultramafic
rocks away from the Hlagothi trends which suggests an unrelated origin for these
rocks. The various gabbroic dyke rocks are not obviously related to any of the
other groups and may thus be considered unrelated magmatic events. The
exceptions are BG125 and BG126 which are chemically similar to the Hlagothi
gabbros. The field for the Nsuze volcanics is superimposed on the CMAS
projections and shows clearly that these cannot be related genetically to the

other suites.
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CHAPTER 8

DISCUSSION AND CONCLUSIONS

1. The Pre-Nsuze

The earliest geological evolution of the study area is obscure, although it
is known that a substantial sequence of komatiitic, high-magnesium and tholeiitic
lavas with intercalated sediments constituting the Archaean Nondweni Group
accumulated during this time. In the type area around Nondweni the thickness
of the sequence is substantial (of the order of several thousand metres), but in
the Nkandla area thickness and precise correlation of this group are as yet
equivocal. The Nondweni komatiites have many characteristics in common with the
Barberton examples, especially very high Ca/Al ratios and a compositional gap
between komatiite and high-magnesium basalt compositions (Wilson et al.,
in prep.). Sedimentary rock-types are subordinate and as yet poorly understood.
In the study area the only rock-types that can be correlated tentatively with the
Nondweni Group are tremolite - chlorite - talc schists in which poorly-defined
relict volcanic textures are recognized. These rock-types have chemical
compositions similar to the ultramafic komatiites in the Nondweni type area
reported by Wilson et al. (in prep.).

This sequence was intruded by tonalitic granitoids and subjected to folding
and erosion prior to the start of the Nsuze deposition. As a result the Nsuze
Group rests unconformably upon Nondweni in the south and to the far north of the
study area, but directly on gneissic tonalites in the northeast at Nkungumathe.

The crustal fragment upon which the Nsuze Group accumulated is considered
to have achieved a substantial degree of stability by about 3.0 Ga, at which time
large volumes of potassic granite were emplaced in the area to the north of the

study area. The Nsuze Group rests with a sedimentary contact on this granite in
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the vicinity of Amsterdam (Fig. 1.1). The accumulation of the group was
contemporaneous with active komatiitic and tholeiitic volcanism in Zimbabwe;
where cratonization of the early Precambrian crust occurred at about 2.6 Ga.

The Nsuze Group thus records a period of crustal evolution that is apparently
unique to southern Africa. The study area is also significant in that it is
situated close to the boundary between the Kaapvaal and Natal-Namaqua structural

provinces.

2. The Nsuze Group

Nsuze Group deposition began with the accumulation of the 1 200 m-thick Ndikwe
Formation in the north of the study area. The Ndikwe Formation is dominated by
pyroclastic rock-types in which thin lava flows occur. [t also contains
substantial arenaceous and argillaceous sediments as well as subordinate banded
iron formation. This sequence becomes thinner southwards and interdigitates
with the 1 200 m-thick, sedimentary Mdlelanga Formation which consists of arenites,
argillites and greywackes. Carbonates are present near the base of the sequence.
A lateral time equivalence between the formations is envisaged as quartz arenite
units within the Ndikwe may be correlated with the lower units of the Mdlelanga.
| The Qudeni Formation, a lava sequence consisting predominantly of basaltic-
andesites, overlies the Mdlelanga and Ndikwe Formations. This unit is 580 m
thick in the south, but only 50 m is present in the north. As there is little
evidence for an angular unconfo%mity the variation in thickness of the formation
is thought to reflect an original depositional feature.

The vutshini Formation, which has much in common with the Mdlelanga
Formation, is a 1 000 m-thick sequence of quartz-arenites, argillites and
heterolithic sediments. However, it lacks carbonate rock-types and has a thin

unit of fluvial and transgressive marine conglomerate and arenite at the base.
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The uppermost part of the formation comprises relatively immature quartz arenites
which may represent a fluvial fan which prograded over the shelf sequence.

A thin volcanic unit termed the Ekombe Formation overlies the Vutshini
Formation. It consists of andesites about which little is known as the unit is
poorly exposed and has a residual thickness of only 60 m.

The sedimentology of the group is not thoroughly established, although several
facies associations and probable depositional environments are recognized. A large
proportion of the sediments is thought to have been deposited in environments
ranging from tidal to distal shelf. Fluvial sediments are not common in the area,
although a large part of the sequence has not yet been defined in terms of
depositional environment. Palaeocurrent data indicate predominantly south- and
. southeastwards palaeoslopes with considerable local variation. This is
consistent with a northeast-southwest trending shoreline.

The geochemistry of the lavas is poorly constrained and shows considerable
variation which is neither consistent nor readily explained. The lavas are
heterogeneous in addition to being altered. The small number of samples analysed
does not provide adequate data to represent these variations. The chemistry does
allow discrimination between samples from the Qudeni and Ndikwe Formations,
particularly in terms of Ti, Mn and Zr concentrations. The data are considered
inadequate for modelling of petrogenesis, but resemble the data for the Nsuze
type area presented by Armstrong (1980) sufficiently to allow the assumption
that the volcanics in both areas share similar sources and fractionation
histories. Characterization of the magma type is inconclusive, but it appears
to have both tholeiitic and calc-alkalic affinities. Neither an oceanic nor a
continental origin is clearly indicated for these volcanics, but they do show
some characteristics of intra-plate magmatism using criteria established by

Winchester and Floyd (1976).
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The broad inferred depositional setting of the Nsuze Group is little different
from that proposed for the Pongola Supergroup by Watchorn (1978) and Armstrong
(1980). However, the Ndikwe Formation has some features more typical of
Archaean volcanic - sedimentary sequences than the rest of the Nsuze Group. These
are specifically the presence of Algoma-type banded iron formation of the oxide
facies and the admittedly rare turbidite deposits. Turbidite deposits have been
interpreted as the result of prograding submarine fans in Archaean sequences
(Eriksson, 1980) which is consistent with the deep water, tectonically active
depositories envisaged for Archaean terranes. The chemistry of thé Ndikwe
volcanics also differs -subtly from that of the remainder of the Nsuze Group,
especially in trace element abundances. The implications of this are not yet
clear and more samples are required 10 determine whether the differences are due
to alteration, metasomatism or a primary petrogenetic control. The absence of
komatiitic volcanics is significant in this regard and is the major difference
between this formation and typically Archaean sequences.

Sedimentological differences between this area and the type area are also
significant. This study has shown that a considerable part of the Nsuze Group
consists of shallow marine sediments in contrast to the fluvial deposits reported
from the northern areas by Watchorn and Armstrong (1981). Furthermore, the
arenaceous rocks in the southern area are considerably more mature than those
documented by these authors. A more distal setting is thus indicated for the
southern part of the Nsuze basin.

The lateral facies changes inthe sedimentary formations and the repetition
of volcanics within the group are evidence for some degree of instability of this
part of the basin. It is unfortunate that no studies of the Pongola Supergroup
have attempted to document the lateral facies variation in other areas, so it is
impossible to assess probable variation in tectonic stability of different areas

in the Pongola depositional basin.
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3. Early Post-Nsuze Intrusions

Several episodes of intrusion post-date the deposition of the Nsuze Group
These are the ultramafic dykes, the layered sheets of the Hlagothi Complex,
diabases and porphyry dykes. All predate the main tectonic and metamorphic events
which have affected the Nsuze Group. The ultramafic dykes are high-magnesium
rocks which are characterized by high Ca/Al ratios and trace element ratios close
to chondritic values. Chemically they conform to established criteria for the
recognition of komatiitic lavas and are thus considered to be an intrusive
equivalent to these rock-types. The narrow'widths of the bodies appear to
preclude an origin as cumulates. Dykes of similar chemistry have not been
reported from other outcrops of the Nsuze Group.

The Hlagothi Complex consists of ultramafic and mafic rock-types intruded
as differentiated sheet-like bodies in which altered harzburgites, olivine
websterites and wehrlites are overlain by olivine gabbronorite and pyroxenites.
The top of each sheet consists of gabbro and leucogabbro. Marginal rocks
containing skeletal pyroxene crystals analogous to the spinifex texture of
extrusive komatiites are present. Significantly these rocks have the chemical
characteristics of komatiitic basalts. Field relationships indicate intrusion
prior to the main deformational events in the area. The fact that the complex
consists of sills suggests intrusion at depths less than a few kilometres. If
this is valid, further work may provide evidence for a relationship between the
complex and Nsuze magmatism. This would be important because of the apparent
absence of komatiitic lavas from the Pongola Supergroup. Proposed parental magma
compositions for the complex bear considerable resemblance to the least magnesium-
rich spinifex-textured komatiites of the Nondweni Group as reported by Wilson
et al.(in prep.). Therefore, a similar petrogenesis is envisaged for the
Hlagothi Complex, that is, partial melting of upper mantle material followed by
fractionation of olivine, clinopyroxene and perhaps orthopyroxene prior to

intrusion.
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The crystallization history of the complex in terms of the simple system
0l - Cpx - An - Qz suggests that olivine crystallized first in much of the complex. .
This was followed by orthopyroxene, ortho- and clinopyroxene together and finally
plagioclase and possibly quartz. In the upper skeletal-textured marginal rocks
initial metastable crystallization of pigeonite was followed by clinopyroxene as
a result of supercooling and relatively high PHZO'

This recurrence of typical Archaean-type magmatism in late or post-Nsuze
times, apparently restricted to the southernmost part of the Nsuze depositional
basin adjacent to the Natal-Namaqua structural province, may have significant
ihplications in understanding crustal evolution during the late Archaean in
southern Africa. As noted above, komatiitic magmatism prevailed north of the
Kaapvaal structural province in Zimbabwe until 2.6 Ga. [t is tempting to
speculate that this style of volcanism wés a feature of the marginal areas of the
Kaapvaal crustal fragment during late Archaean times. The komatiitic intrusions
into the Nsuze Group in the southern part of this fragment could thus represent
a manifestation of this volcanism, the komatiitic magmas being emplaced into the
more stable plate as dykes rather than being extruded. Thickening of the Kaapvaal
¢rustal fragment as a consequence of underplating by large volumes of granite as
thick sheets may have prevented the rise and extrusion of mafic and ultramafic
magmas except along deep crustal fracture systems. Clearly further research is
required to resolve this matter.

Other pre-tectonic intrusions are of gabbroic, plagioclase porphyry and
pyroxenitic composition and occur as cross-cutting irregular bodies and dykes.
These intrusions are petrographically similar tc the gabbros and pyroxenites of
the Hlagothi Complex, but there is insufficient geochemical evidence to link the
two episodes of intrusion. In any event, the plagioclase porphyry dykes are
clearly younger than the complex. Syenites and monzogabbros in the northeastern

corner of the study area have been afforded little attention, but appear worthy
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of more detailed study because their age relationship to.the Hlagothi Complex
is uncertain, although they are aligned parallel to the main locus of intrusion
of the complex. This linear feature has apparently been active in Phanerozoic

times as there is associated minor post-Karoo faulting and dolerite dyking.

4, Structural and Metamorphic History

The earliest D, fabric element, S,, is a rarely recbgnized phyllonitic
cleavage, which is deformed by the younger D, event. This D, episode dominates
the area and has produced tight and isoclinal folding on various scales. These
have axial planes dipping steeply southwards, with shallow eastwards or westwards
plunging fold axes. S; cleavage is axial plamar to the folds and is pervasive
in all argillaceous and tuffaceous rock-types, but only faintly visible in the
arenites and lavas. Kinking and crenulation of S, by a later, spaced cleavage
is the only observed evidence for a third penetrative deformation.

Faulting of at least three ages is recognized. The first comprises slides
(thrust and lag faulting), as well as crestal and wrench faulting associated
with the D, folding event. North-south trending block faulting post-dates D,,
but pre-dates porphyry dykes and a group of east-west trending block faults,
which may have been active in pre- and post-Karoo times.

Regional greenschist facies metamorphism has.affected all pre-D, sequences
and intrusions. The mica defining S, cleavages in Nsuze Group rocks represents
the éarliest metamorphic event. Subsequent metamorphism to upper greenschist
facies probably occurred during D,. This event is characterized by the
co-existence of biotite and muscovite in pelitic rocks, in addition to the
comnon diagnostic low-grade mineral parageneses. The absence of stilpnomelane
in pelitic rocks indicates upper greenschist facies conditions. Post-D, dykes
also have greenschist facies mineralogy, indicating a possible third regional

metamorphism.
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Conclusions

Ultramafic komatiites having features reminiscent of lava flows which occur
in small structurally and stratigraphically low areas are tentatively assigned
to the Nondweni Group. These rocks are chemically indistinguishable from
unequivocally extrusive komatiites in the Nondweni type area and in the
Barberton belt.

Intrusion of tonalite post-dates the Nondweni Group, but pre-dates deposition
of the Nsuze Group.

Nsuze Group deposition began with the Ndikwe Formation, a clastic wedge up to
1 400 h thick which consists of pyroclastic, argillaceous, arenaceous and
cherty ferruginous rock-types. Minor lava flows accompanied the pyroclastic
volcanism which was dominated by Pelean or ash flow extrusion. The banded
iron formation was deposited in a distal environment, in association with
other ferruginous, clastic rock-types deposited by turbidity flows and
suspension settling. Intertidal, proximal shelf and ephemeral stream
environments existed during the deposition of this sequence. The wedge
tapers southwards to less than 500 m, concomitantly, the overlying Mdlelanga
increases in thickness to 1 200 m. This unit consists of quartz wackes and
quartz arenites with subordinate argillaceous rock-types. It was deposited
by shallow marine processes. A thin basal unit of silicified carbonates
resulted from chemical and biogenic precipitation of calcite. Rare
stromatolites and algal mats are recognized.

The Qudeni Formation is 60 - 580 m thick and comprises tholeiitic basaltic
andesites, andesites and dacites. Textures such as flow top breccias are
recognizable, but there are no unequivocal pillow structures.

The Vutshini Formation (up to 1 000 m thick) consists of arenites and
argillites deposited by tidal and proximal shelf processes. Some arenite
and conglomerates may be products of fluvial incursions into the

predominantly marine depositional environment.
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-The stratigraphically highest formation of the Nsuze Group is the Ekombe
Formation which comprises andesitic lavas with a maximum residual thickness
of 60 m.

The geochemistry of the volcanics is similar to that reported from the
northern parts of the Nsuze group by Armstrong (1980), although most of the
samples analysed show evidence for alteration. Extreme Ca0 depletion and
MgO enrichment in several samples is ascribed to submarine alteration. The
magmas are sub-alkalic in character and show tholelitic and calc-alkalic
affinities. Available data do not allow modelling of the petrogenesis.
Palaeocurrent data from all sedimentary units indicate a palaeoslope towards
the southeast, although there is considerable dispersion of the data. The
dominance of sedimentary rocks of inferred tidal origin favours a broad
shallow shelf sea. This part of the Pongola basin is probably more distal
than the more northerly areas described in the literature.

A resurgence of magmatism occurred soon after deposition resulting in the

© Intrusion of ultramafic dykes and the Hlagothi Complex. The latter consists
of several layered sills in which cumulate rocks comprising olivine, ortho-
and clinopyroxene are present in the lower part and gabbros and leuco-
gabbros in the upper parts. These gabbros have been altered deuterically as
a result of increasing water pressures with advancing fractionation. This
alteration has also affected skeletal-pyroxene-textured marginal rocks, but
has not obscured these textures., The skeletal textures are thought to
reflect quenching. The estimated bulk composition of the Hlagothi Complex
has the characteristics of a basaltic komatiite.

Ultramafic rock-types occur as dykes and sills which clearly intrude the
lower part of the Nsuze Group. These are chemically similar to the
komatiitic rocks ascribed to the Nondwen! Group. This casts doubt on the
recognition of the Nondweni Group in the study area, but confirms that a

resurgence of komatiitic magmatism occurred in post-Nsuze time, -
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Several episodes of deformation and metamorphism are recognized. The folding
is predominantly isoclinal with steep, southwards dipping, axial surfaces and
subhorizontal fold axes. Regional low-grade metamcrphism of greenschist

facies has occurred repeatedly with three episodes being distinguishable.
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APPENDIX 1

Thin section descriptions

A. Nsuze Group Volcanics
B. Nsuze Group Sediments
C. Ultramafic Rocks

D. Hlagothi Complex

E. Pre-tectonic Dykes

In this appendix entries such as tremolite(50), plagioclase(10) etc.
indicate the estimated mean content of the mineral in volume percent.

* indicates samples (or duplicates of samples) analysed.
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APPENDIX 2

Schmidt net plots for selected minor folds in the Nsuze Group which are
considered representative of the F, folding event.



255

Upper Welendhiovu Valley
Anticline

Upper Welendhiovu Valley
Syncline

A2.1  Schmidt net plots of antiform and syncline in the upper Welendhlovu
Valley. Poles to bedding (dots), S, cleavage (triangles) and L,

lineations (crosses) indicated. Fold axes indicated by dot within
circle.
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Schmidt net plots of poles to bedding in folded quartz arenites
west of Vuleka. Anticline (above) and syncline (below) show
slightly different orientations. Ornamentation as in A2.1.
No fabric or cleavages and very few lineations are recognizable.
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TN

A2.3 Plots of boles to bedding and cleavage for anticline (upper) and
syncline (lower) situated east of Vuleka.
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APPENDIX 3

Palaeocurrent Data



UNCORRECTED PALAEOCURRENT DATA FOR NSUZE GROUP SEDIMENTS
(values given as inclination and direction of inclination)

259

so Planar Cross-Strata Trough Cross- Ripples Locality
Strata
70.012 66.046, 73.041, 80.056A Mdlelanga Formation,
72.019, 72.029 - 86.340A Welendhlovu Vallue
64.020, 62.023, - 38.090A (L, = 26.066)
86.020, 79.034 - 66.080A
79.012 69.024, 78.026 - -
79.014 78.358, 71.354 -
79.002, 70.030 12,0728
60.026 47.052, 49.056, - Mdlelanga Formation west
41,042, 47.058 of Vuleka
£3.354, 45,060 (T, = 22.104)
40.062, 42.056,
42.054, 32.0582,
62.060, 62.058
042, 66.044
20,157 - - 10.160A Ndikwe Formation northeast
11.106A of Hlagothi Mountain in
18.170A Nsuze River Valley.
13,146A
18.146A
28.148 16.186A (Fold axis assumad horizontal)
00,110A
23.168 14.132A
23.186A
18.172A
21.168A
22.208A
Flat-lying Towards: 208, 198, Towards 217, (Strikes) Yonderdraai Farm
123, 80 224, 239, 272, 014, D29, (Ndikwe Formation)
296, 226, 252, 012, 216,
288, 336, 292, 230, 242,
178, 264, 213, 192, 240,
168, 232, 192, 230, 312
190.
43.222 52.197, 67.212, 30.272A, Upper Gozweni Valley, Ndikwe
.210 25.243A, 28.256A, formation.
15.177A, 20.270A {Fold axis assumed horizontal)
17.186 - - 14,210, Upper Nsongeni Yalley, Ndikwe
9,262, formation.
18,212, (Fold axis assumed hor{zontal)
12,260,
. 5.105,
17.230,
15,140,
00.268
19.023 14,140 25.060A Mbizwe

(Assumed horizontal fold axis)
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UNCORRECTED PALAEOCURRENT DATA FOR NSUZE GROUP SEDIMENTS continued

So Planar Cnoss-Strata Trough Cross Ripples Locality
Strata
34,230 00.1308 Vutshinl Formation north limb,
Central Syncline
30.249 20.274A (Fold axis: 20.290)
26.270A
09.156A
15.283A
32.262 . 20.3324
05.132A
05.136A
12.288A
30.230 14.167A
27.168A
20.270A
34,240 18.276A
66.030 37.318 Vutshini Formation, core of
Gem Syncline
20.157 14.180 (Fold axis 20.100)
29.178 268.137
08.163 ’ 05.225
25.112 12.006
19.168 20.040
19.134 05.121
10. 121 10.024
18.088 58.052
36.066 56,068
20.029 60.052

06.050 41,026
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UNCORRECTED PALAEOCURRENT DATA FOR NSUZE GROUP SEDIMENTS continued

.S Planar Cross-Strata Trough Cross- Ripples Locality
Strata

64.009 69.342B Vutshini Formation north
of Vuleka
67.353 76.010 33.2848 31.050A (Fold axis: 22.108)
33.0548 04.079A
12.292A 30.300A
20.283A 18,289A
13.2868
12.2568
20,2728
22.0768
08.2828
68.3088
26,3048
19,2848
16.0798
06.0698
26.2768B

65.005 19,2728 67.030A
31.0548 10.054A
00.086B 22.066A
14.0748B 33.290A
18.0938 05.2748

12,068B, 31.0608
00.0888, 08.0808
11.2828, 41.3088
14,2768, 19.296B
11,2768, 28.2928
19.0668, 19.066B
14,074, 44,0598
16.074, 06.0908B

1. A = Direction of flow; B = Orientation (no direction inferred).
2. A = Ripple Strike direction, B = Inferred flow direction,
3. T = Mean L, lineation as used tn re-orientating these data.
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APPENDIX 4

Analytical and sampling methodology
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SAMPLING AND ANALYTICAL METHODOLOGY

Samples were taken from the freshest outcrops of the various rock units
using normal hammer and cold chisel methods. At least 4 Kg of sample were taken
from the volcanics and larger amounts from the coarser-grained units. All
traces of weathering, alteration and old fracture surfaces were removed. The
samples were then reduced to 5 ¢m chunks using an hydraulic splitter and the
fragments -examined under a hand-lens for traces of alteration thch were then
removed, if present. The fragments were scrubbed under running water with a
nylon brush, then cleaned in an ultrasonic bath for a few minutes. Aftér drying
at 100°C for one hour, the samples were crushed to less than t cm diameter chips.
The amygdaloidal lava samples were hand-picked under a low-power binocular
microscope to remove all traces of amygdales. After cone and quartering to a
residual mass of 100 g, the samples were ground to a very fine powder using a
tungsten carbide swing mill. Fusion beads were prepared using the method of
Norrich and Hutton (1969). These beads were used for major and minor element
analyses. Pressed powder discs were also prepared by compressing 5 - 6 g of
sample mixed with a polysynthetic binding agent in a stainless steel die at a
pressure of 10 t. The pressed pellets were used for trace element analyses.

The chemical analyses were done using a Phillips PW 1410 X-ray
fluorescence spectrometer. International, NIM and in-house rock standards
were used to calibrate each analytical run. In-house synthetic standgrds
were used to calibrate certain of the trace element runs, but these were
checked against established whole rock standards in each case. Results were

in good agreement with the standard values in all cases.
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APPENDIX S

Norms, Phase Diagram Projections and Other Petrologic Data

A. Nsuze Group Volcanics
8. Ultramafic Rocks
C. Hlagothi Complex

D. Pre-tectonic Dykes



NDIKWE FORMATIDN VOLCANICS
SAMPLE NUMBER BG t28

ORIGINAL WEIGHT PERCENT OXIDES .

5102  AL203 FE203 FED MNQ HGO (o) N&20 K20 TI02
58.14 13.93 3,99 7,47 15 3.91 4.96 3,20 1.61 1.42
WEIGHT PERCENT OXIDES RECALCULATED TQ 108 PERCENT

5Y02  AL303  FE203 FEQ MND MGO cab NAZG X20 T102
58,73 14,07 302 7.5% V15 3.95% 5,01 4.24 1,63 1,43
CATION PROPORTIUNS IN ANALYSIS
ST FE(3) FE(2)  HN MG SA NA K T1
54.96 15,932 3.13 5,51 12 .51 5,02 7.73 1.94 1.01
CIPW NORM

QTz COR OR Al AN_ LC
WEIGHY PERCENT 9,381 000 9,610 36.060 14 .357 600
MOLE PERCENT 29.633 000 7.994 26.118 9.870 .000
CATION PERCENT 8,778 000 9.708 38. 4665 14.610 ;004
ac NS KS DI wo HY
WETIGHMT PERCENT L300 ,ac0 . 000 7,581 . 080 15,386
MOLE PERCENT .000 ‘400 004 6.242 300 12.844
CATION PERCENT 000 000 . 000 7398 000 15,2323
MT cH 0w HM TN PF
WEIGHT PERCENT  4.379 .000 2.734 000 . 000 000
HOLE PERCENT 3.592 000 3.a10 .000 000 .000
CATION PERCENT 3.1%0 ., 000 2.019 L 000 600 ‘000
HAFIC INDEX = 34.493

NORM TOTAL = 100,003

OLIVINE COMPOSITION

FORSTERITE ., 000 FAYALITE 000
ORTHOP YROXENE _COMPOSITION

ENSTATLITE S1. 481 FERROSILITE 48.549
CLINOPYROXENE COMPOSITION

WOLLASTONITE S0.562 ENSTATITE  25.436 FERROSILITE 24.002
FELDSPAR COMPOSITION

THOCLASE 15,983 BITE 59,972 ANORTHITE  24.044

PLAG!BCLASE COnPOSITION (PhRL AND 28.41%
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 55,051
SOLIDIFICATION INDEX (100%MGO/(HGO+FEO+FEROI+NAZ0D+K2D)) = 19.3%53
CRYSTALLIZAYION INDEX (AN+MG,DI+FO+FD EQIV OF EN) = 24.148

LARSEN IND 1/3SI+K) —( CA+HE) = 10.153
ALBITE nar:n (10Da(ABeAR EQIV IN NE)/PLAG) = 71.381
IRON RATIO ((FE2=AN)#100/(FE2+HN+H = 71.53%

MG NUMBER AS CATIONS WG/CATIONS (FE+ = 48,245
R IDATION RATIO ACCORDING TG LE HATTRE (FEQ/FEQ+FER03) = . 784
ggnsgz;ng DRY LIGUID OF THIS COMPOSITION (AT 1050 DEG) = 2,547
TOTAL ALKALIS 29%.29 TOTAL FE  S1.07 MG 19.64
KOMATLITE PARAMETERS
FEO/(FED+MGD)Y  CAO/AL203 SIN2/TI02 AL203/TID2 FEOX/TIO2 CLCAG/TIO2 NA20/TIO2
7322 '35 au. %4 9.81 716 .49 2.972
JENSEN CATION ALD2O3 - FEO+FE203+TI02 - MGO
51,61 30.08 18.32
QUARTYZ - FELDSPAR RATIOS
QUARTZ 13.50 ORTHOCLASE 13.83 PLAGIGCLASE 72.68
QUARYZ 17.04 ORTHOCLASE 17.46 ALRITE 55.50
CATION PROPORTIONS 28.70 FE 35, MG 31.47
Ch 7.67 MG B.41 a1 83.92
81 80 .55 At 11.37 MG 8.07
2MG 30,64 2FE 36.78 51/5  30.57
cA 28,5 AL 44,04 NAK 27,45

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE

265
P2OS  CR203
19 00
P20  CR203
19 100
P CR
15 .00
NE
000
009
1000
oL
.000
008
L1000
RU
000
;000
L1000
K20/T102
1.134

~ CLINOPYROXENE - QUARTZ (<IN MOLE PERCENT)

PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON S @4,68
BASALY TETRAHEDRON oL 13.49 CPX
CLINOPYROXENE PRGOGJIECTION 14.748

BUARTZ PROJECTION 15.85

PLAGTOCLASE PROJECTION 36.30

OLIVINE PROJECTION 0.0

LrAS PROJECTIONS

TETRAHEDRON COORDINATES [ 17.01 M
DIOPS1DE PROJECTION C3A 33.44 M
OLIVEINE PROJECTION cs 20.19 M
ENSTATITE PROJECTION n2s 20.29 cas3
QUARTZ PROJECTION CAS2 kR RK Mg

MOLE PERCEN
9.73

u.6

107RS
23,54

&6.56

12.40
13.63

1,81
34.18
RT3

T

PLAG

> B B D

253
CHs2

82.91

&8,
7.

0.
47,

17.
.93
18,
45.

52

?3
98
1]

?9

27

00
56

4% %

Tz

OPX+(4QTZ)

TOTAL
?8.99

-

oS X
o™
oo

2D oD

namo ecoocl

(=]

o
[=1=]
.=
o

esa

[T

el



NDIKWE FORMATION VOLCANICS

SAMPLE MUMBER BG 129
ORIGINAL WEIGHT PERCENT 0
_SID2  aL203  FE203
57.94  13.87 3701
WEIGHT PERCENT OXIDES RECAL
S102  AL303 FE203
57.80 13.84 301
CATION PROPORTIONS IN ANAL
1 L FE(3)
59,07 15.26 2.12
CIPW NORN
QT2
WEIGHT PERCENT 6,752
MOLE PERCENT 23751
CATION PERCENT  6.31¢
AC
WEIGHT PERCENT 000
MOLE PERCENT J000
CATIDN PERCENT 000
HT
WEIGHT PERCENT  4.3b0
MOLE PERCEN 3.812
CATToN PERCENT 3505
AAFIC INDEX = 33,849
NORM TOTAL = 100.604
OLIVINE COMPQSITION
FORSTERITE . 000
ORTHOPYROXENE COMPOSITION
ATITE 370

CLINOPYROXENE CORPOSITION
WOLLASTONITE 30.394

FELDBPQ% CDHPgSITIDN

E 828 RITE
PLAGIOCLASE CONPOSITIDN (PERL AN)

ES
0 NG MG0 CAO
3 .16 3.57 &6.33
LCULATED T 100 PERCENT
=0) HND MGO ca
2 .16 3.56 6.31
1
( MN HG CA
8 .13 4,96 &.33
CODR OR A
000 10.198 7.3
00 ?.043% 28.8
.00 10.298 40.0
NS KS D
000 .080 14.1
000 .0o00 12.4
.000 .000 12.7
CH il H
.000 2.728 .9
. 000 I.640 .0
000 2.02¢ .0
FAYALILTE 000
FERRQSILITE 51,030
ENSTATITE 24.292
61.68%)
25,537

THORNTUN AND TUTTLE DIFFERENTIATION INDEX

SOLIDIFICATION INDEX (100»MGD/ (MGO+FEO+FE20I+NARO+K20))
LRY%TALLIZATION INDEX (AN+NG

LARSEN INDEX (1/38I+K)-(CA+HG)
ALBITE RAT10 (tUDI(RB+AB E Iy IN
IRON RATIO ((FE2mMN)»1 00/ (FE2+MN+NG)
NG NUMBER AS CATIONS MG/CATIONS
OXIDATION RA
DENSITY
AFM RATI

TatTAL ALKALIS 30.84

KOMATIITE PARAMETERS
FED/(FEO+MGO) CAO0/AL203
416 .46

sI02/T7T10
40.24

DI+FO+FQ EQIV OF EN)
NE)/PLAG)

E+ G
TIO ACCORDING TD LE MAITRE (FEO/FEUO+FE203)
F DRY LIQUID OF THIS COMPOSITION (AT 1050 DE®)
TATAL FE 51.29

Dhas= Jo@o
&0 3 B

P=1-2-%1
oo

=}

Naz(
4.42

g,01

tOOR

cced coof Al

- e
0=

FERROSILITE 25.314

ANORTHITE
= 54,33
a 17,60
= 24.04
= 2.00
= 74,446
= 73.33
= 45.77
= .78
= 2.97

NG

Aovolbito=ntd

21.223

17.87

oeSov el osor

[ 1=1-}

ecoeM ohivg<X o=2eh

oca

atio

AL203/7T1I02 FEOx»/TIOZ2 CAO/TI0Z2 NAZ2Q/TIO2
?.63 7.12 4.4 3.078

JENSEN CATION AL203 - FEO+FE203+TI02 - KGQO
.20 30,082 16.99

52
UUART% -RFELDSPAR RATIOS

QUARTZ
CATION PNOPGRTIONS

LOORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTION OF ANALYSTS IN BASALT TETRAHEDRON-1S

BASALT TETRAHEDRON
CLINOPYROXENE PROJECTION
QUARTZ PROJECTION
PLAGIOCLAGE PROJECTION
OLIVINE PROJECTION

CHAS PROJECTIONS
IKTRAHEDRON COORDINATES
LDIOPSIDE PROJECTION
OLIVINE PROJECTION
ENSTATITE PROJECTION
WUARTZ PROJECTION

“ 43

LA
A

oW O
—
(]

il
A

i

oL

3 O G
[ A
7] >

o
b33
o
Fo

ORTHOCLABE 15.19
ORTHOCLASE 18.77
34.71

FE

?.08 ™G

a1.11 AL
328 .69 2FE
33.32 AL

?.73
11.
10.91
26.37
0.9

CRX

12.00 M
33,52 M
23.44 n
24,92 cas3
77 .93 NS

40.048
40.16

.

CLASE 74.764
68.80

G
S1
MG
SI/5
NA+K

MOLE PERCENMNT
16.42 PLAG
9.0
{8 40
44,48
13. a0
11.79% A
13,30 S
S7.69 S
34.11 A2s53
16.38 cMs2

27,

24

2.72

7
3t

ab.

63,
7S.
70.

¢.
.48

St

17

.45
.24

s2

CLINOPYROXENE - QUARTZ (IN NOLE
34,04

49
48
70
0

.37
19
.84
.97
.68

]
n
o
rech
o
]
-k

<
(Al
o]
«
Ly
b
]
[—]=]

17 .00

cos

coe® ccol GoaZ
coonr ceelr ocom
(==

[ I-F=3

ag/TIO2
01

2
2

PERCENT)

QTZ

OPX+{aQT2)

el

old

eceT
oeo

sSCa®

==

AWUD ocob
=T ool
S

10.76
12.87
0.0
2715
35.12

J1.86



SAMPLE NUMBER 86 13¢

ORISINAL WSIgHT RERGSNT Oxjags P MGG ¢a0 420 X r
N L -]

’i!? 1 3‘3 96 aosa ol 289 Ta5l 3.13 2.%9 1!25 3%% cgfgg
METGHT PERCENT OXIDES RECALCULATED TQ 100 PERCENT . n tror  s20s  caa
si.gf 13.69 2.3; a.gf ;Lg 2.38 7454 3.%3 2.34 1.44 .32 .33
CATION PROPORTIONS It ANALYSIS . .

1 A g( E(2 " » A NA X’ T 24 R
siles .2z R ATEE M2 e 2ths s 2Rez Tl a8 oo
CIPW NOKM

QrZ cor Y A8 AN Le NE
WEISHT PEACENT  5.261 <000 13.822 27.008 21.029 .000 <009
MGLE PERCENT 13487 2000 12780 212762 152957 300 <000
CATION PERCENT 4,977 +000 16al14 29.272 21-482 - 000 <000
AC NS KS ot w0 HY oL
VEIGHT PERCENT 0G0 -9%9 .000 12.548 .000 12.400 .060
N - . . - &

St S T N 1 SR S 1 R

+ seacent ) cH 9 o ™ [u
We 1M N ba 9 - 3.1 «00 2000 Q -
T 3.929 1883 %2326 2000 <000 ggo +388
CATION PERCENT  3.113 <000 2:3%s 2000 1000 <000 000
M, 02 X !
AEICRE T 128:03
QLIVINE COMPOSITIIN

FORSTERITE 000 FAYALITE 000
ORTHOPYRQXENE CCMPOS ITION

ENSTATITE 38611 FEAROSILITE 61.389
CLINOPYROXENE COMPOSITION

WOLLASTONITE 49.679 ENSTATITE  19.430 FERROSILITE 300892

a T

FELDSEA GO aRR TITY a4 ALBITE 43,658 ANORTHITE  33.996

PkAGXGCLAS: COMPOSITION (PERC AN) 43.779
T A CEERENTIAT 6.
SOL on?ncA??on"T NoEx L 10aSReD e e L0 201 wazosk2er s & 122983
L I AT TN TNOEX (AN uc b lscarr6 tTe ar eas a 29.543
LARSEN INDEX. (L/3STek1=( CA +hE) oLacs - 2i0eT

S d -

LT, T0, a2 s BRI ) s D
WG NUABER AS CA TIONS (FE+MG = 35.711
DNIDATION RATIO ACLORAING TooLE saiThe’(reosezoeFczon = “°1784
OENSJTY OF ORY LIGUID OF THIS CGWPOSITION (AT 1030 DEG) =  2:617

TOTAL ALKALIS 27.63 TITAL FE  $7.88 MG 14049
XGHATIITE PARAMETERS

PED/(FEQsMGO)  CAO/AL203 S102/TI02 AL203/T1C2 FED9/T102 CAQ/TIOZ NA20/T10Z K20/T102

1897 49 34013 st 7.08 debl 12981 1.429

NSEN CATION AL20Q3 - FEDSFE203+4T102 - MGC
JENSE 8628 5393 12.91
UAATE - EELOSPAR RATOS
¢ 3 193 ORTHOCLASE 20.59 PLAGIQCLASE 71.57

UaART 11062 ORTHOCLASE 29.39 ALBITE 58,59
CATION PRUPORTIGNS ca 38051 fe 40437 w 20.52
ca 12.0% MG 6045 st 81.50
st 80.25 aL 13.50 G 835
MG 23.5% 2EE 4b.63 S1/5  29.7s
CA 37.07 AL 41.89 NA »K 21.058

CCORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPOATION OF ANALYSIS IN BASALT TETRAHEDRON IS

BASALT TETRAHEDRON ot 11.2¢
CLINOPYROXENE PROJECTION 13.27
QUARTZ PROJECT 10N 12.49
PLAGIOCLASE PROJECTION 30.81
OLIVINE PROJECTION 0.0
CMAS PROJECTIONS

TZTRAHEDRON COOROINATES ¢ 19.00
DIOPS10E PROJECTIAN €34 34.67
OLIVINE PROJECTION cs 23,81
ENSTATITE PROJECTION M2s  27.12
QUARTZ PROJECT 1GN casz  79.20

- CLINOPYROXENE ~ QUARTZ (IN MOLE PERCENT)

79.91 MOLE PERCENT
CPXx 15.27 PL AG 63451 QT2
0.0 7696
16.9% 70.55
4l.86 0.0
12.806 53451 QJPX+{4QT2)
M 11.97 A 18.32 S
M L3.50 S 51.33
“ 56037 S 19.82
cas3 32.45 4253 40443
Ms 1 T. 64 CNS2 3.36

9. 98
11.77
0.0
27.34
33.62

51.01



NDIKWE FORMATION VOLCANICS

SANPLE NUMBER  BG 131
ORIGINAL WEIGNT PERCENT OXIDES
8102  aL303 FE203 FEO nNQ MGG ca0
e0.96 1338 38 S H 14 S.82  2.31
WEIGHT PERGENT OX]IDES RECALCULATED TO 100 PERCENT
S102  AL203 FE203 FEQ HNO HGQ ca0
61,905 13.357 2.89 ?7.22 S.63 2.31
CATION PROPORTIONS IN ANALYSIS
51 AL FE(3) FE(2)  MN MG caA
s7.72  15.12  3.08 3.7 1 7.93 2.3
CIPW NORM
QTZ COR OoR A
WEIGHT PERCENT 19.821 2,971 21.119 15.9%
HOLE PERCENT _  47.881 4229 13.424 8.8
CATION PERCENT 18.739 3,371 21.5583 17'.2
AC NS KS D
YEIGHT PERCENT .040 .080 000 0
MOLE PERCENT .gag 1000 1600 ‘0
CATION PERCENT ,000 . 000 L1000 .0
nT CH {L H
MEIGHT PERCENT 4,188 . 800 2.852 .0
MOLE PER 2.62% ‘600 2.728 ‘o
CATION PERCENT 3,083 1000 2.13s .0
MAFIC INDEX = 30.275
NOR® TOTAL = 100.010
OLIVINE COMPOSITION
FORSTERITE 000 FAYALITE 000
DRTHOPYROXENE COMPOSITION
ENSTATITE 51,821 FERROSILITE 38,179
CLINOPYROXENE CONMPQSITION
WOLLASTONITE  .000 ENSTATITE 0008
FELDSPAR COMPOSITION
ORTHOCLASE ~ 44.990 ALBITE 23.915
PLAGIGCLASE COMPOSITION (PERC AN) 38.347

THORNTON AND TUTTLE DIFFERENTIATION I

NDEX
SOLIDIFICATION INDEX (100#MGO/(MGO+FEO+FE20I+NA2O+K20))

CRYSTALLIZATION INDEX (aN+HG DI+FD+FQ EQIV OF EN)

LARSEN INDEX (1/331+x)— ’ né)
ALBITE RATID ¢(100%(AB+AD IV IN NE)/?LAG)
IRON RATIO ((FEZ-HN)nlool( E2+MN+NG)

MG NUMBER A8 CATIORS HMG/CATIONS (F€+

OXIDATION RATIO ACCORDING TO LE HAITRE (FEO/FEQO+FE203)
QF DRY LIQUID OF THIS COMPOSITION (AT 1050 DEG)

DENSITY

HTAL ALKALIS 26.10 TOTAL FE 46.98

KOMATIITE PARAMETERS
FEO/ (FEQ+MGQO) CAGQ/AL203 SI02/TINR2
6357 17 40.65

JENSEN CATION AL203 - FEOQ+FE203+TI02 - NGO
47.42 27.71 24.87

oScX oesH awPW
coe -

[—1_1—}

QUARTZ - FELDSPAR RATIO0S
QUARTZ 29.69

HUARTZ 34.86
CATION PROPORTIONS

ORTHOCLASE 31.63
ORTHQCLASE 37.14
13.77

FE
CA 3.45 MG
S1 78.85 AL
2MG ig.80 2FE
Ca 17.00 AL

ofv
oo
[N]

oo
[7]=]
(7]

—_
o
o0 v

cmod COOf g
omoZ coelD ~=goeZ
o0

=14 —t

FERROSILITE

ANORTHITE

QA0 == rolh
N~ oo~

EEELE LR

8.132
86

[N

20 7102
57 l.%ﬂ
20 T2
37 .%0
TI
31 1.07
LC
.000
. 0040
.000
HY
22.666
14.888
23.308
PF
,000
. 000
,008
.000
21,095
26.92

51/%
NA+K

6.462
84,89
190.83
29,24
208.16

.
- 13
[ =]
Fsad

°

» 1o
o

cazgy

N

cRegy

CR
.00

-
LY

obe

ceeX ;bba [=1-Y—V 4
cenlC ool ococM
oo

eCo

AL203/TID2 FEO®/TID2 CAO0/TI02 NAZ20/TI02 K20/7102
9.03 6.54 1.54 1.253 2.380

COORDINATES IN THE SYSTEM PLAGICCLASE - OLIVINE -~ CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
MOLE PERCENT

PROPORTION OF ANALYSIS IN BASALT TETRAKEDRON I3~ 69.41

BASALT TETRAHEDRON o, 25. 19 cPX
CL INOPYROXENE PROJECTION 25.19

QUARTZ PRQJECTION I8.99
PLAGIQCLASE PROJECTION 1.357

OLIVINE PROJECTION 0,0

CMAS PROJECTIONS

TETRAHEDRON COORDINATES c 11.28 M
DIOPSIDE PROJECTION C3A 30.189 “
OLJIVINE PROJECTION (o} 12.20 M
ENSTATITE PROJECTION H2S ELE A cas
RUARTZ PROQJECTION Cas2 e % 3% MS

00
0.¢
04
.00
.00

14.75
14,47
72.98
My

L3 2.2 .1

PLAG

[(/ -

w

ARS3
cHS2

39.42
319.42
61.01
0.0
2t.78

15.74
$5.38
14.02
Ty

(2 2 2.2 ]

Qrz

DPX*(4QT2)

13T

100.30

ecof)l oCoX
eCol) oce™

> ..
v

(1 LATL)
-
Wo o

3% .40
38,440
8.9

S8.
79.22

58.12



SAMPLE NUMBER 36 147
Rfsieat sisnT FE3SSNT OX128° MNO A0 NAZD k20 TI0 208
(] P4
0082 15337 FEAY %9 T 4 1549 554 .55 193 P83 cR293
WSaNT PERCENT OXIDES RECALCULATED TQ 100 PERCENT Az . 1o os ¢
= A P
,80?3 l%;gg s.)]. ,.].o .Og 6463 '.ED 5.%‘ 0%9 1;5% ag-’ R303
CATION PROPURTIONS [N ANALYSIS
s &C FE(3) FE(Z)  mN uG ca NA P T o cR
83.77  26.33  1.72 3.6l <06 .08 148 1051 64 1.09 .21 .00
CIPW NORM
arz 2or oR ad AN LC NE
METGHT PERCENT 000 62308 3.252 $0.276 $.730 .030 .000
POLE PERCENT 1300 182232 2:533 505374 %2326 1ad0 <000
CATION PERCENT +000 7.426 3.201 52.536 5.643 - 000 <000
AC NS s o1 wa Y oL
WEIGHT PERCENT .000 300 .000 +000 000 9.001 17.535
MOLE PERCENT -398 2000 000 1000 300 80307 82387
CATION PERCENT 360 1086 2300 2636 1600 B 867 1295
uT c I HA ™ PE Y
WEIZHT PEACINT  3.439 +QG0 3.022 .000 000 009 .008
DLE PERCEN 3:381 1830 22133 1000 2000 1003 1360
CATION PERCENT  2.383 000 2.132 “300 +000 000 <000
X I, [-3
NSRACTINRE™ T 133:83%
OLIVINE COMPQSITION
FORSTERITE  48.285 FAYALITE  S1.715%
ORTHORYROXENE COMPOSITION
ENSTATITE $0.713 EEARASILITE 49,287
CLINGPYROXENE COMPOSITIAN
WOLLASTONITE  .000 ENSTATITE 000 FERROSILITE .00
-] T
FELOS A8 SPLARRT 10N Lag BITE 36,842 ANGRTHITE 3.470
BLAGIGELASE CORPOSITION (PERE iR) 16.231
CRNTON iNQ TUTTLZ OIFEERENTIATIGN IN 5345223
T2 i on Y] BEx LSSt tds - 808 03 unazoen200y = 32:393
RVATALLTZATION TNDEX taNeng Dl rcaves EaTc ae eRs = 17356
LARSEN INGEX (1/3ST+K)=(CA+MO} = 6040
RA1TE RATID (1008(ABeaB EQLY_IN NE)/PLAG) s 39.789
TRON TAT12 ((FE2XONIZL00/(FE2eMNaMG) I = 58,689
MG NUMBER™ AS CATIONS MG/CATIONS (FE+MG) = 31.338
OXICATION RATIQ ACCOROING TO LE MAITRE (F&0/FE0+FE203) = 1755
QENSITY OF ORY LIGUID OF TWIS COMPOSITION (AT 1033 DES) = 20638
TOTAL ALKALIS 24.3C TOTAL FE  50.69 G 25.01
KOMATIITE PARAMETERS
FEQ/(FEQ-MGO)  CAD/AL203  S102/T]g2 AL203/T102 FEQ®/TI02 CAO/TI0Z NA2Q/T102 K3D/T102
<6696 .08 1. 13.18 8.82 .95 3513 326
JENSEN CATION AL203 - FED+RE203sT102 =
e 50.?9 3%.63 21. 9
CUBRTL - EELOSPAR R4TIOS
QT <30 ORTHOCLASE .49 PLAGTICLASE 9451
QUARTZ <00 JRTHOCLASE 5.08 ACBITE 93.3¢
CATION PROSCRT 1ONS ca 7.37 Fe «7.28 G 45435
€A 2.62 nG 16.13 1 81.25
s1 70.12 aL 15.9 NG - 13.92
26 39.27 2FE 0.9 SI/5  19.79
A 3,48 AL 59.53 NASK  31.92
COOROINATES [N THE SYSTE® PLAGIOCLASE ~ OLIVINE - CLINOPYROXENE - QUARTZ (IN NOLZ PERCENT}
PROPORTION OF ANALYSIS IN S8ASALT TETRAHEDRON IS 84.05 MULE PERCENT
BASALT TETRAHEORAN ot 28.20 crx .00 PLAG 69422 arz
CLINCPYROXENE PROJECTION 28.20 0.0 69.22
QUART2 PRAJECT ION 29.95 .00 71,05
PLAGIOCLASE PROJECTION 31,63 .80 0.0
ALIVINE PROJECTION 0.0 .00 37.03 0P xe(4QT2)
CMAS PROJECTIONS
TETIAHEORON COCRDINATES ¢ 15.06 " 20,45 A 22,01 3
DIOPSI0E PROJECTION C3a  33.98 " 16445 s 29,58
QLIVINE PROJECTION cs 23.50 " ©6.37 s 30413
ENSTATITE PROJECTION M25 ©2.36 €253  19.7% A2S3  37.90
QUARTZ PROJELT 10N CASZ oemsa s amsan CMS2  e=ssm

2.58
2.5a
0.0
3.137
12497

62.44



NDIKWE FORMATION VOLCANICS

SAMPLE NUMBER BG 152 270
ORIGINAL WEIGHT PERCENT QOXIDES
SI02 AL203 FE203 FED HND MGO ch0 NA20D K20 T102 P205 CR203 TOTAL
57.26 14.53 2.83 7.09 13 4.94 4.68 5.2 1.6 .97 .20 .00 99.43
WEIGHT peacng ogrpss RECALCULATED TO 100 PERCENT
§I02 AL20 £203 FED #ND HGO cag NAZ20 K20 TIDR P20% CR203 TOTAL
47.59 14,561 2.85 7.13 13 4.97 4.71 S5.15 1.69 R 20 .09 100.408
CATION PROPORTIONS IN ANALYSIS
g AL FE(I) FE(2) HN MG CA NA K TI P CR
53.07 15.87 1.98 S.49 .19 6,82 4,68  9.20 1.99 ., &8 .16 .80
CIPW NORM
QTZ COR DR aB AN Le NE KP
WEIGHT PERCENT 2.204 . 000 9.984 43.558 11.2720 , 000 ,000 .000
HOLE PERCENT 8,417 L000 10,032 28.111 9.706 .000 .000 ,000
CATION PERCENT 2.031 000 %.932 45.99% 11.713 .000 .000 .000
AaC NS KS D1 W0 HY oL cs
WEIGHT PERCENT ,000 .000 .800 8,416 . 000 17,606 .000 . 006
MOLE PERCENT .000 L000 000 8.466 .000 18,044 ,000 .000
CATION PERCENT . 000 .000 , 000 8.173 .000 17.420 800 .000
nT cH 1C HM EN PF RU AP
WEIGCHT PERCENT 4,133 .000 1.853 .00 .000 .000 .000 . 476
MOLE PERCENT 4.095 .000 2.801 .000 L0040 .000 .008 V328
CATION PERCENT 2.965 .000 1.352 .00 000 000 .000 .418
MAFIC INDEX » 32,483
NORM TOTAL = 100.001
OLIVINE conposxrxou
FORSTERITE .000 FAYALITE .000
CRTHOPYROXENE COMPOSITION
ENGTATITE 56.927 FERROSILITE 43.073
CLINOPYROXENE COMPOSITION
WOLLASTONITE $0.929 ENSTATITE 27.934 FERROSILITE 21.134
FELDEPAR COMPOSITION
ORTHOCLASE 15,287 ALBITE 66.693 ANORTHITE 18.021
PLAGYOCLASE CONPOSITION (PERC AN) 21.272
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 5%5.747
SOLIDIFICATION INDEX (100%#MGO/(MGO+FEO+FE203I+NA20+K20)) = 22.807
CRYST&LLIZATION INDEX (AN+HMG DI*FQ*FO EQIV OF EN) = 23.869F
LARSEN INDEX (1/3SI+K)—(CA+H = §.44%
ALBITE RA 10 (100%(AB+AB E Iv IN NE)/PLAG) = 78,728
TRON RATIO ((FE2=MN)*100/ (FE2+HN+NG)Y) = 65,307
NG NUMBER AS CATIONS MG/CATIDNS (FE+HG = 55,404
OXIDATION RATIO ACCORDING TD LE MAITRE (FEO/FEO+FE203) = . 759
RgnsglegF DRY LIQUID OF THIS COHPOBITIDN (aT 1050 DEG) = 2,564
T0TAL ALKALIS 31,81 TOTAL FE  45.08 NG 23.11
KOMATIITE PARAMETERS
FEQ/ (FEG+HGO) CAG/AL203 SIN2/TIO2 AL20Q3/TIQ2 FEO#/TINZ caa/rrue NA20/TI02 K20/T102
6611 .32 59.03 14.98 9.93 4,82 5.278 1,732
JENGEN CATION AL203 - FEQ+FE20Z+TIO02 - MGO
31.47 25.41 22.12
QUARTZ - FELDSPAR RATIOS
Qu R z 3 25 ORTHOCLASE 14,79 PLAGIOCLASE 81.95
QUARTZ 3,53 ORTHBCLASE 17.91% ALBITE 768.14
CATION raoroarxoua ca 25.89 FE 36.10 nG 38,02
CA ?7.20 MG 10,57 S 82.23
51 78.24 AL 11.70 neG 10,06
MG 36,67 2FE 34,82 sI/5 26.3%2
cA 25.57 AL 43,46 NA+K 30.77
COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE - CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS ™85.33 MOLE PERCENT
BASALT TETRAHEDRON oL 15.31 cPX 9.9%8 PLAG 87,463 QTZ 7.48
CLINOPYROXENE PROJECTION 16,93 o.0 74,79 8.26
QUARTZ PROJECTION 16,55 10,35~ 73.10 0.0
PLAGIOCLASE PROJECTION 47 .30 29,48 0.0 23.12
OLIVINE PROJECTION 0.0 8.%4 63,12 OPX+(4QT2) 27.94
CHAS PROJECTIONS
TETRAHEDRON CUODRDINATES c 18,45 M 13.91 a 18.00 5 49,53
DIOPSIDE PROJECTION C3a 34,46 " 14,13 S 51.41
OLIVINE PRGJECTION cs 24.24 n 55.01 s 20,79
ENSTATITE PROJECTION M2S 30.2a cas3 30.57 A2583 39.19

QUARTZ PROJECTION Cas2 77 .56 MS 20.%4 cns2 1.3



SAMPLE NUMBER BG 238 271
ORIGINAL WEIGHT PERCENT OXIDES
8102 L20 FE203 FEOQ MO HBO A0 NA2O K20 T102 pP205  CR203
71,57 6.5 2.06 4,13 .10 7.18 4.5% .58 .68 .28 .03 .00
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
30 FE203 FE Hiv HEO NAZ0 K20 1192 P205 CR203
71,49 8.9 3706 4.1 .10 7.17 4,58 .58 ,é8 .28 .03 00
CATION PROPORTIONS IN ANALYSIS
5 FE(2) FE(3) ™M MG ch 'y T1 P CR
67.96 .52 1.47 3.20 .08 10.16 4,57 1.80 .82 .20 .02 .00
CIPW NORM
T2 COR OR AR AN LC NE
WEIGHT 9£acsur 41.466 000 4,014 8,281 16.794 000 .0040
HOLE PERCENT 3 673 . 304 1.877 3.371 6.444 .000 .000
CATION PERCENT 418 000 4,119 $.920 17. 241 1000 000
ac NS KS DI ("] HY oL
WEIGHY PERCGENT .000 000 .000 4,505 000 21,250 00D
HOLE PERCENT 1000 -000 .000 2,208 .000 10.654 .000
CATION PERCENT ;000 1000 .008 2.726 .000 22.801 009
NT ch n HM ™ PF RU
WEIGHT PERCENT 2.989 008 .53 .000 000 .000 .000
MOLE PERCENT 1.378 000 374 .000 .poo .000 .000
CATION PERCENT 2.212 .080 L4200 L0900 ,000 1000 .000
MAFIC INDEX = 29,446
NGRN TOTAL = 180.001
OLIVINE CORPOSITION
FORSTERITE .000 FAYALITE 000
oarnopva?xene CaMPASITION
ENSTATITE 76.163 FERROSILITE 23.837
CLINOPYROXENE COMPOSITION
WOLLASTONITE S2,178 ENSTATITE  36.423 FERROSILITE 11,399
F&LDSPAR LDﬁPOSITION
THOCLAGE 3.798 ALBITE 28,467 ANORTHITE 57,734
PLABIOCLASE cnnrosrTron (PERC AN) b6 .976 .
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 53,761
SOLIDIFICATION INDEX <1 OO*HGD/(NGO+FED+FEEDJ+NA20+K20)) a 47.7%0
CRYSTALLIZATION MDEY, (Au+nc DI+FC+FQ EQIV OF EN) a 31.7%55
LARSEN INDEX (1/38I+K)-(CA+M&) = 9,838
ALBITE RATIO (100w (Ak+AB EQIV IN NE)/PLAG) = I13.024
IRON RATIO ((FE2=MN)®100/(FE2 +HN+HG)) = 43.140
MG NUMBER AS CATIONS MG/CAT DNb (F s 75,611
OXIDATION RATIO ACCORDING T RITRE (FED/FEQFE203) = 863
%?§532¥13F DRY LIQUID OF THIS conposxrxou (AT 1050 DEG)Y = 2.485
TOTAL ALKALIS 11.20 JoTAL FE  40.37 %G 489,44
KOMATIITE PARAMETERS
FEO/ (FEQ+MGO) CAO/AL203 SI02/T102 AL203/TI02 FEO=/T102 CAO/TI02 NA2Q/TID2 _K20/T102
L4546 25% .61 30.39 21,37 146.3% 3.500 2,429
JENSEN CATION AL203 - FED+FE203+TI02 - MGO
38.66 30.10 41,23
QUARTZ - FELDSPOR RATIOS
QUARTZ £8.77 ORTHOCLASE 5.49 PLAGIOCLASE 3%5.54
QUARTZ 77,13 ORTHQCLASE 7.47 ALBITE 15,40
CATION PROPORTIONS 24,78 FE 21.30 53,92
ca 5. 54 MG 12.27 81 82.09
s1 81.99 AL 5.74 MG 12.26
2M6 AB .45 2FE 19.14 81/  32.a1
ca A3, 46 AL 44,32 NA+K  12.2

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE

~ CLINOPYROXENE - QUARTZ (IN HOLE PERCENT)

PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON I3 93.21 MOLE PERCENT

HASALT TETRAHEDRON o, 18.3 CPX S.07 PLAG 28.19 QTz
CLINOPYROXENE PROJECTION 12.33 8.4 29.468

QUARTZ PROJECTION 35.56 ..2.83 54.61
PLAGIOGCLASE PRDJIECTION 25.354 2.06 0.0

OLIVINE PROJECTION 2.8 2.23 12,42 OPX+(4QTD)
CHAS PROJECTIONS

TETRAHEDRDN COORDINATES c 7.81 ] 14,32 A 2.95 3
DIOPSIDE PROJECTION C3A 22.11 M 12.75% S 65,14

DLIVINE PROJECTION cs 7.09 " 856.89 5 b.02

ENSTATITE PROJECTION m2s 3 e cas3 PreTt] A2S3 [T 23T

QUARTZ PRCGJIECTION CA82 98.82 ™S 39.58 cHs2 1.60

10883

48.41
50.99
9.0
67,40
85.33

70.2



ORICINAL WEIGHT PERCENT OXIDES
it AL203 FE203 FEQ HNO NGO can NA20 K20 T102 P20S  CR203 TOTAL
73.04 8.76 1.07 2.15 02 5,38 3.53 3.39 .94 .34 700 .62 99,435
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
§102 L303 FE2G3 FED NNO MG cAD NAZ0 K20 T1g2 P203  CR20Y TOTA
74.30 8.79 1,08 2.16 07 5,40 3.54 3.30 .50 .34 S00 . 160.
CATION PROPORTIONS IN ANALYSIS
AL FE(I) FE(2) MN MG cA NA X 11 P CR
49.31 $.467 .76 1,68 .04 7.51 3.54 5.15 1.97 . 24 iy , 01
CIPH NORM .
Qarz CoRr OR AR an LC NE KP
WEIGHT PERCENY 356.717 000 5.337 28.776 6,049 .000 000 .000
MOLE PERCENT 69.064 .000 2 5873 12.546 2,486 10D0 .000 ., 0D
CATION PERCENT 34,253 .000 5,374 30.%81 6. 094 000 000 000
AC NS XS p! wa HY aL. cs
WEIGHT PERCENT .000 . 000 . 000 . 139 000 11.736 .00 ., 000
MOLE PERCENT . 000 J000 1000 4.735 J000 b 422 J060 .04
CATION PERCENT 000 . 00D L300 . 287 000 12.%94 1000 ., 000
MT ch n H ™ PF ]U ap
WEIGHY PERCENT  1.543 . 030 ,bag . 600 . 000 .000 ,000 000
MOLE PERCENT 972 [01% . 488 000 000 000 000 000
CATION PERCENT 1.13% .023 479 . 006 000 1000 1000 .000
HAFIC INDEX = 23, Lie
NORM TOTAL = 99.99
OLIVINE COMPGSITION
FORSTERITE . 000 FAYALITE 000
ORTHOP YROXENE COMPOSITION _
ENSTATITE 83.701 FERROSILITE 16.299
CLINGPYROXENE COMPOSITION
WOLLASTONITE 52.450 ENSTATITE  39.633 FERROSILITE 7.717
FELDSPAR cuurusxr:ou
ORTHOCLASE  13.2 BITE 71,651 ANORTHITE  1S5.061
PLAGIOCLASE CORPBETTION (PERE AR 17.369
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 70.829
SOLIDIFICATION INDEX (1008HGO/(HGO+FEOIFESOILNAR0LK20)) = 411728
CRYSTALLIZATION (AN+HG DIFO+FO EQIV OF EN) = 20.746
W IR LAY S PR b Ve By, ¢) = 13.815
ALBITE RATIO (100%(AB+AB eg IN NE)/PLAG) = 82,431
IRON RATIO ((FE2=NN)a100/(FE2+HNN a 34,702
MG NUNBER AS CATIONS MG/CATIONS FEoh 6) = 81.691
OXIDATION RaTID ACCORDING TOOLE MAITRE (FEO/FEQ+FE203) = 813
DENSTTY OF DRY LIGUID OF THIS CONPOSTTION (AT 1050 DEG) = 2.419
TOTAL ALKALIS 33,85 TOTAL FE 24,37 MG 42,08
KOMATIITE PARANETERS
FED/(FED+MGO) CAD/AL203 SI02/TI02 AL203/7I FED%/TID2 CAO/TI02 NA20/T102 K20/T102
. 3667 i 217.7%6a 25.76 914 10.38 9.971 2,647
JENSEN CATION AL203 - FEO+FE203+TIO2 - MGO
48.4% 13.39 37.81
QUARTZ - FELDSPAR RAT108
QUAR z ORTHOCLASE 6.94 PLAGIOCLASE 45.30
QuaRT 51 .84 ORTHOCLASE 7.53 ALBITE 40.43
cATIO PROPORTIONS CA 27,01 FE 15.72 57.27
’ ca 4.41 MG 9.34 81 86.25
s1 84.B9 AL 5,92 MG 9.19
2MG 45,50 2FE 12.49 S31/5  42.01
cA 29.54 aL 40.32 Na+K  30.15
COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE — CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
PROPORTION DF ANALYSIS IN BASALT TETRAMEDRON™IS 92,99 NOLE PERCENT
HASALT TETRAHEDRON oL 10.14 cPX 9,99 PLAG  39.43 QTz 40,22
CL INOPYROXENE PROJECTION 11,29 0.0 44,03 44,48
QUARTZ PROJECTION 14,99 low71 66.30 0.0
PLAGIOCLASE PRGJECTION 16.83 16.54 0.0 66.63
OLIVINE PROJECTION 0.0 4.74 18.83 OPX+(4QT2> 76,43
CHAS PROJECTIONS
TETRAHEDRON CODRDINATES ¢ 11.84 &) 9,90 A 9.98 8 68.24
DIOPSIDE PROJECTION c3a 36,69 n 11.17 5 b2,14
OLIVINE PROJECTION cs 10.80 ) 81.21 s 7.99
ENSTATITE PROJECTION Has Py C2S3  sxsuns 4283  swwwan

QUARTZ PROJECTION Casa 69 .62 S 20.24 cM82 10.14



SAMPLE NUMEER BC 266 273
ORIGLNAL WEIGHT PERCENT OXIDES
sio2  aL303 FE203 FED HNO NGO Cal NA20 K20 Ti03
55.28 15.97 a 0 10.908 21 9,39 1,06 - 1.2 1.6%
WEIGHT PERCENT OXIDES RECALCULATED TQ 00 PERCENT
§102 AL263 FE203 FEo i HCO CAQ NAZO K20 1102
39.61 16.06 4.06 10.14 21 9.49 1.06 .28 1.25 1.70
CATION PROPORTIONS IN ANALYSIS
81 AL FE(3) FE(3) N NG Ch NA K TI
£2,96 16.03 3.%1 g.08 7 13,41 1.08 . 45 1.52 V.22
CIPY NORM
Qrz CoR aR Al AN L
UETGHT PERCENT 27889 12.9%1 7.371 2.042 3.728 600
1 £4.948 14. 175 . 1.66 90
AT Ton PERDENT 344239 14:28 3238 2,887 383 3%
AC NS XS DI ") HY
WEIGHT PERCENT .000 000 000 000 .00 36.376
MOLE PERCENT ‘000 J8040 J000 1000 ‘000 12.313
CATION PERCENT " 000 1Y 000 . 000 900 37,568
HT cH IL HM TN PF
il RN I L S | I BT
CATION PERCENT  3° 380 ‘boo 5435 998 -89 008
MAFIC INDEX = 44.033
NORM TOTAL = 100.012
OLIVINE COMPOSITION
FORSTER1TE . 000 FAYALITE 000
ORTHOP YROXENE COMPOSITION o
EnaTasTFe 64,069 FERRDSILITE 35.331
CLINOPYROXENE CODMPQSITION
WOLLASTONITE  .po0 ENSTATITE .000 FERROSILITE  .000
FELDSPAR COMPOSITION
OR THOCLAS ALBITE 15.541 ANORTHITE  28.370
PUACTOCLAGE COMPOSITION (PERE AR) 64.509
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 172,302
SOLIDIFICATION INDEX (100%MGO/(MCO+FED+FERQ3+NAZ0+K20)) = 37586
CRYSTALLIZATIDN INDEX (AN+MC, DI+FO+FD EGIV OF EN) = 29.5)%
LARSEN INDEX <1/351+«>~<ca+n¢ = "3.%18
ALBITE RATIO (1008 (AB+AR EQIV IN NE)/PLAG) = 18391
IKON RATIO C(FE2=NN)eiD0/(FESTMNIIG)) = 83534
MG NUREER hs CATIONS WC/CATIONS (FE+nc) = 12309
X IDATION RATTG ACCORDING TO LE MATTRE (FED/FEQ+FER03) = )
DENSITY OF DRY LIGUID OF THIS COMPOSITION (AT 1050 DEG) =  2.454
TOTAL ALKALIS 6,02 TOTAL FE  55.77 ne 38.21
KOMAT [ITE PARAMETERS
FEO/ (FED+WGO)  CAO/AL203 SI02/TI02 ALA03/TIOZ FEU/TI02 CAO/TIOZ NA20/TI02
5935 87 52,71 3. 45 8. 11 62 ~142
JENSEN CATION AL203 ~ FEO+FE203+T102 - MGOD
1.3 3594 34,72
QUARTZ - FELDSPAR RATIOS
QUARTZ 67.97 ORTHOCLASE 17.96 PLAGIOCLASE 14.06
QUARTZ a.77 ORTHOCLASE 19,76 ALBITE 5. 47
CATION PROPORTIONS CA 4,39 FE 35 MG 5%.84
cA 1.80 "e 19.88 SI 78.52
$I 70.25 AL 11.96 NG 17.79
2HE 47,49 2FE 33.7% SI/5%  18.76
Ca 5.93 aL 81,41 NA+K B.8%

COORDINATES IN THE SYSTEM PLAGIDCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAWEDRON IS

BASALT TETRAHEDRON

CLINCOPYROXENE PROJECTION

QUARTZ PROJECTION

PLAGTOCLASE PROJECTION

QLIVINE PROJECTION

CHAS PROJECTIONS

TETRAHEDRON COORDINATES

DIGPSIDE PROJECTION
OLIV(NE PROJECTION

ENSTATITE PROJECTION
QUARTZ PROJECTION

o a4, 34 LeX

40.34

H2. 44

44.13

0.6

c 3.14 M
C3A 26.38 ]
Cs 3,43 "
M28 32 cas3
CAs2 R HS

- CLINOGPYROXENE - WUARTZ
70.39 NMOLE PERCENT

.00 PLAG
0.0
.00
.60
.00
23,54 A
7.31 S
.61 5
*% X% % ARS3
[T XL CHMS2

oco

[T

coe® oD GeoZX
ceel ccof eoem

K20/T102
734

(IN MOLE PERCENT)

8.59%9
B8.59
17.36
6.0
4.03

14.59
56.30
13.%6

%% %

=%

QTz

OPX +(4QT2)

L=

o=t
<=0
.=
(=4

=P coall ofaX

$CLT oColi occT

e

Ul
—

L
n o =~

93,

Ty
-

+T

g

cFo

.07
07

N: Y4

?7

.74



SANPLE NUNBER BG 2467
274
ORICINAL WEICHT PERCENT OXIDES
5102 AL203 FE2032 FE MNO ugo CAQ NA20 Kgg  TIQ2 P205  CR20
57.73 14.96 .38 g.4 04 11.98 .28 06 .8 1.55 .21 ")
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
o' PReseY OFERes FEQ HNO HGO ca0 NAR0 K20 1102 P20S  CR203
325 15-08 37a1 .51 .04 12,08 .28 L06 59 1.5 .21 .00
CATION PROPOGRTIONS IN ANALYSIS
1
s3ler 220 FEE OSBP M M % Mo %o T Pl PR
CIPW NORM
a1z COR ar AB AN LC NE
MEIGHT PERCENT 32.911 1a.332 3.515 512 017 L8040 000
WGLE PERCENT 58,2443 15,007 1.543 .208 002 1000 000
CATION PERCENT 30.995 15.910 3.573 .552 1012 000 000
AC NS K3 DI wi) HY oL
WEIGHT PERCENT .060 . 000 .000 . 000 000 40.3198 .000
MOLE PERCEN .008 .00 1000 ;000 000 20.1237 .000
CATION PERCENT , 002 009 R11] . 080 .000 42.569 1000
T Cr IL e ™ PF RU
WEICHT PERCENT  4.938 .00 2.968 000 000 000 000
HOLE PERCENT 2.277 1000 2.088 000 T .000 000
CATION PERCENT  3.520 . 000 3.213 .000 800 1000 000
HAFIC INDEX = 48.72%
HORM YOTAL = 100.811
OLIVINE COMPOSITION
FORSTERITE .000 FAYALITE .000
ORTHOE YROXENE COMPQSITION
ENSTATITE 23.416 FERROSILITE 25.584
CLINOP YROXENE COMPQSITION .
WOLLASTONITE . 000 ENSTATITE .000 FERROSILITE  .000
FELDSPAR COMPOSITION
OCLASE  06.922 LEBITE 12.454 ANORTHITE L 425
PLAC TOELASE CORPOSITION (PERG AR 3.246
JHORNTON AND TUTTLE DIFFERENTIATION INDEX 346,937
SOLIDIFICATION INDEX OWHGO/ (MGD+FEO+FE203+NAZ0+K20)) = 48,927
VS TALL T2AT TON TNDEX' (ARSHE D IAFOLFG EQLY OF END s 21.044
LARSEN INDEX (1/38I+K)-(CA+hE) = 1.593
ALBITE RATID (100%(AB+aB EQIU IN NE)(PLAG) a2 95,754
TRON KATIO ((FE2=MN)#100/(FE2SHNHG) s 47,786
MG NUMBER AS CATIONS NG/CATIONS (FEt MG = 71,402
OXIDATION RATID A DING TD LE MAITRE (FEQ/FEQ+FE203) = .865
DENSITY OF DRY L TGGT0 OF THIs COMPOSITION (AT 1050 DEC) = 2692
fOIAL aukaLs  2.70 TOTAL FE 47,69 "G 49.61
KOMATIITE PARAMETERS
FEO/(FEO+MGO)  CAQ/ALZ03  SI02/T102 AL203/T102 FEOx/TI02 CAO/TI02 NA20/T102 K20/T102
4901 Te2 37.25 5,65 7', 4% .18 039 . 381
JENSEN CATION AL203 - FEO+FEZ03+TIOR ; HEQ
8.16 33.31 38.54
QUARTZ — FELDSPAR RATIOS
LUARTZ ORTHOGLASE 9.51 PLAGIOCLASE 1.43
QUAR Rt ORTHOCLASE  9.52 ALBITE 1.29
CATION PROAORTIONS 13 FE 31,51 b 87.3%
CA .40 T 23.48 sI 76.12
51 68. 34 AL 10.45 ne 21.11
2MG 55.80 2FE 26.11 SI/5  18.09
ca 3.14 AL 92.31 NA+K 4.5%

COORDINATES IN THE SYSTEM PLAGIOCLASE - QLIVINE
PROFPORTION OF ANALYSIS (N BABALT TETRAHEDRON IS

BASALT TETRAHEDRON oL 43.1
CLINOPYROXENE PROJECTION a3.11
QUARTZ PROJECTION 8.25
PLAGTIOCLAGE PROJECTION 43.44
OLIVINE PROJECTION 2.0

LNAS PROJECTIDNS

TETRAHEDRON COORDINATES c 24
DIOPSLIDE PROJECTION ClA 24.326
ULIVINE PROJECTION cs 1.00
ENSTATITE PROJECTION Has xxZAR
QUARTZ PROJECTION Cas2 (22211

- CLINQPYROXENE - QUARTZ (IN MOLE PERCENT)
4.23 NMOLE PERGENT

crPX , 00 PLAG .77 arz
0.9 77
.0 1.75
.00 0.0
.00 .34 OPX+(4QTZD)
M 2% .48 ) 12.54 S
] 17.94 s 57.81
M 87.27 8 11.73
C2s3 ALt A2S3 LTI
Ms 3% % cHs2 "R

=P eSob cocX
o eSSl oD
oo [~ 12—

©Vwe

56.12
56.12
0.0
56,36
9P .66

61.04



PRIPORTION OF ANALYSIS [N 3ASALT TETRAHECRON 1S

SASALT FETRAHEOSRON
CLINOPYROXENE PRCJSCTION
QUARTZ PPOJELTION
SLAGIOCLASE PRCJZCTICN
CLIVING BROJECTICN

C9AS PRCJIECTYIONS
TETRAHEDRON CUGROINATES
V{2PSTIE PROLECTION
ALIVINE PROJECTICN
INSTATITE PROYECTION

QUARTYL PRLJSCT ION

oL 9.33
9.33

14473

20.30

0.0

C 11.69
C3aA 29.40
cs 10.54
423 SRUBS
CAS2 TTSAS

SAMPLC NUMBEQ 345 136
CRIGINAL WS{GHT PERCENT OXID=S
3132 AL 2023 FZ293 FEQ MNO “30 cs0 NA2C K2
45,79 12434 3.31 71465 .15 1.C7 3417 3.93 ol
WEIGHT P2ERCENT GXIOES PECALCULATED TC 107 PERCENT .
s$102 AL 23] Fz2C3 Q »GQo AC NAZD 2
Y- T 1253 3431 T 15 107 .17 «93 a1
CATION PPQPO“T!ONS 1N ANALYS(S
21 AL FE13) FE(2) “N MG ca NA K
53.)6 leals 2439 S.9% oL 2 1.53 3.2% 7.30 2
2199 NORM
AT2 CCR aR (Y- N
WEIGHT PEICENT 31.37Q 14335 «3%3 33.219 12.450
&) 2 OCRCCNT 554327 1.622 513 154696 54564
CATIDON PERICENT  33.443 1.508 «978 b.435 12.887
AC NS XS N1 wGo
WEIGHT PERICENT <009 «Q00 +QN0 -0090 «-000
¥GLZ PERCEN U300 +«00C «000 .000 «g0J
CATIIN PERCENT +0C0 « 200 «000 <000 <000
uT M IL M TN
we [GHY PERCENTY 4.798 « 000 1.935 «+0GC »0400
MILZ PERCENT 243565 . 309 1392 «200 +090
CATIIN PSRCENT 3,373 «CCH le4b9 000 <000
MAFTL INDEX 2 24.102
NQIM TOTAL = 100.919
S MIVINE COMBCSITEION
FCRETERITE +300 FAYALITE «000
TRTAOPYNCXENT COMPOSTITION
CNSTATITE 2 4350 FERWSILITE 78.151
ILIMIPYACX NS COUPOS I TIUN
AL LASTONIT S +300 SNSTATITE «000 EEXRAISILITE
SELLSPAR CCMPQSITION
02T74gCLASS 2027 aL3'TE 714265 ANCRTMITE 2
PLAGTACLASE COIMOCSITICN (PeRC AN) 27.2061
THCRMTZM AND TUTTLE OIFFERENTIATION INODEX s 56,132
SOLINTRICATION [NDSX t100%MGY/ (AGQ»r SR +Fr 2 3*NA20‘KZG)) z 6.723
CRYSTALLIZATION INDcX (ANSMGOIvFI+RC SJIV JF = 144315
LAYZEN INUEX (1/735[¢R)=(CA+H4G) = 13.9354
ALAITS RATIZ (10C=(ABeAR cCIV IN NE)/PLAG) = 12,739
[ANN AATIS ({FE23MMITLVO/(FE2+MN+MG) ) = 50.146
#G NUMAZ0 85 CATICNS MG/CATICNS (FE-HG) _ = 20.338
SXI0ATISN 2ATIGC ACLIRDINCG TO LE H4AJTRE (FEJ/SEN«FE203 ) = 0334
55N35T¥Igi DRY LIOUID GF THES COMPASITION (AT IC30 DES) = 2+300
AR A N
TOTAL ALKACLS 29.2% TOTAL f8 66439 MG
(GUATIITE OARAMETERS
FEI/(EZI-MGD) CAQ/AL273 S192/7192 AL203/7T102 FEya/TIG2 CAG/TIOQ2
« 30569 «28 65447 12.29 10.22 .11
JENS SN CATION  ALz03 = FES+FS2C3+T102 = NGO
570‘.6 6.08 Qol
JYARTZ - EEL2SPAR RATIECS -
JUARTZ 4C.b38 ARTHLCLASE 1.20 PLAGIDCLASE 35
JUARTZ bd.34 QRTHGC%ASE le43 AL3ITE 3
CATIAN PRANPCRTICNS CaA 2125 E 539.95
: Ca 4,73 ug 2.22
S1 9,14 a), 9,75
MG 10.12 2FE 47445
rta 23412 aL 50.23
CIOANINATES IN THE SYSTEM PLAGIOCLASE ~ OLIVINE

“ve
~X CQOOr
-m< 0000

200

60705

TOMm

n~ Qs 0
o=

(W) g

S
»5

s1/5
NA +K

oo

12.20
33.83

2.1
b2.42
24461

275

pP2983 cx 232
050 000
P205 CR221
050 30
P LR
ool <3¢
NE
+Q930
«Q0C
+Qa0
L
<9090
+0090
«0923
RU
«090
«030
+G30

- CLINCFYXOXENE - QUARTI (IN 4CLE PSRCENT)Y

91.39
cPx

x ¥ X

€zs3
s

%ULS PSRCENT

.30
2.0
.00
<00
+00

7.98
12.14
7774
BB

YUATAY

PLAG

A2S83
Cns2

54.93
54,03
35.27
0.0
26.73

14.20
58.20
11.71

R 2-2-2-2 )

Sou SN

aTz2

OPX+{(&NTT)

TOTAL
100.08

10
100.9¢C

36.64
36464
0.9
79. 70
73.07

55453



SAMPLE NUMBER 3G 157
JRIGINAL #EIR4T OSACENT NX1DES
S102  aL2u3  PE2S3 FEQ 56 NGO ca0 NA2D ®2e T2 £205  CR203
§3.29 16.30 438  13.09 +2C 2473 5412 3435 <38 136 .63 80
VEIGHT PERCENT oxégss aecatcuunre TZ 190 O2RCENT '
SIG2  AL2G3 FE23¥ . £E] MG ur; J CAQ NAZS K22 T102: P2CS  CRZ33
L FYPYLY 1593 bulh 13.C2 20 2«17 3«19 3.32 Py .y 149 03 8¢
SATINON PRCADATIINS [N ANALYSLS
st AL FE(3) EEL12) Mo ug Ca NA 3 Tt v cr
$Jene 13403 3.1 10.44 .15 3494 3a26 8419 N 33 o351 Y
C1PW NOAM
£23 cR 43 AN LC NE
WEIGHT PSACENT gg.aos 2.305 o117 22.122 21,13 « 600 <300
MCLE PRRGENT by 62133 1+7C4 19.713 15.949 + 909 <000
CATION PERCENT 10.198 2.509 33195 30,943 214972 «00C +00u
. ac NS kS 01 ) MY St
WE IGHT PERCENT -000 000 .0%0 +A5C «090 25. 452 .G80
¥aLE PECCENT +003 2095 2500 L0¢2 +GNG 16,228 «20C
CATION PERCEMT 036 +039 <030 <026 <G00 24,137 +095
“ur Co fL MM T™ o RY
WEISHY PSiCENT 5.296 2900 2,453 L0U”N +000 - 090 2G03
Wit = PEREEN 439 W03 3,975 <00¢ «G3) - 633 .Q0C
CATITN BERCENT 6.70 «C00 14489 208 «3OG <639 .006
MASIC (Do = 384691
NCOM TITAL = 100.023
CLIVING COMPOSITILN
FARSTSRITS +a0u FAYALITE 390
ARTLIPYRIXENE CIMPQSITISN
ENSTATITE 27.075 FSARISILITE 72.924
_CLINGPYRAXINE CINPOSITICN .
JILLASTONITE  .000 ENSTATITE 50 FSRRLSILITE 602
ELOSRAL SOARISITION
SRTAGLLACE 4elle LLatTs 364,687 ANQOTHITE  4#1.194.
SLaGIICLASE CaMOCSITION {PE3Z AN 22,958
TRORYTIN AND TUTTLE OIFEERENTIATILN INDEX = 40,943
SELIDLFICATION INDEX (1CCRMGO/ (MGC+ES2+E320T 002 2+K20)) = 11,613
CAYSTALLIZATION Jufax (AReMo o1-ECe7C seiv 38 S0 s 78.704
LaREEN T40ER (/3516 )=1CA+AGY - = 303113
AL21TE 2ATIS (10327a8445 EGQIV IN MS}/PLAS) = £7.D3%
130k TATIS ((ASI3MN)R)YOU/{EE2+Mh+uG) ) » 36,031
M3 MR 9 Ay CATIONS AG/CATIANS (=ExM,) = 3T.482
OXICATIIN ATID ACCOSDING TO LS ¥alTPE (FEQ/F2NeBE203) = .837
2§§=JZ¥K%F SAYLISULD OF THE3 Cou30SITION (AT 1060 DES) = 2.477
CTSTAL ALKALIS. 13.7° TCTal f8 72 »s 11433
KCMATIITE SARAMETERS
FEO/UFENLMSR)  CAI/AL2D3  STI2/TIS2 4Li23/TIL2  Fege '102 CAQ/TIO2 NAZI/TIC2 &22/7132
.3595 e32 £9.39 12.31 i 9% 2.569 $277
JENSEY ZATICN  AL203 =~ FED#£3203«T132 ~ 463
%9. 38 19.7¢ 10434
FUARTZ = FELNSPAR 227195
SYARTE 17.10 SUTHOCLASE 3.4 PLAGIICLASE 76443
Jgaaty 25.97 OXTAZCLASE Sl AL ITS 53 34
CATIAN PPr3PQRT 1DNS ca 25,793 < 56455 ug 18,45
Ca 4,72 My 4455 <1 36,7¢
st 7¢.70 ag 14413 G 6429
245 11,76 278 27478 §I/3 264.1%
ca 20,24 AL $1429 NaeK  13.86
CODRDINATES 1IN THE SYSTEM SLAGILCLASE = 2LEVELE - CLINCPYACKENE - 4ULRT2 { [N MCLE PEACENT)
PRIPIATION JF anaLYSIS N 2ASatT TEToAMLORCN 37472 SOLE PEALENT
34SalT TSTRAYECACN 9L 20,75 22X .eC PLAG  50.54 2T
CLINDPYRIAENE PACJESTI N 2076 1.9 6C.b4%
QUARTS PRIOJECTION 25.51 L 74049
PLAGILCLASE SRCISCTION 52.1¢ 204 2.0
SLIVINE PRSJECTIAN 9.0 .50 44,9)1 GPXe(£AT2)
CMAS 200 JECTIONS
TETIANEIPON CONRDINATES c 13413 » 16.28 17.49 5
PIOPSIDE PROJECTION ¢34 31.42 " 18.03 53,09
OLIVING BROJECTICN €s 15.79 - 65459 12.55
ZNSTATITE PRAJZCTIAN “gs 20.132 €283 28.71 22352 50,85
QUART. PPRJECTION CASZ  =moumu g xonsa CASL  #nnnn

o 60
OO X
co0v
000

-
¢ s 6 »> 00
WHrE D200
G-V QOOIN
D200

QlvA

12,60
19. 63
0.0
«T.25
35239

32.37



JENSEN TATION AL203 - FED+RE203+TI32 - MG3D
56410 1T 49 [ 1)

QUARTZ - BELDSPAR aag;c:

QUARTZ 29 ORTHOCLASE 3.04
QuaPT2 4496 ORTHOCLASE 3.32
CATICN PRCPORTIONS CA 36676 Fg
CA T.51 mG
S1 87.92 AL
2MG 10.57 2F€E
ca 32.73 AL

SANPLE WUMAER 86 159
DRIGINAL WEIGHT PERCENT oxloes
5102 aL203 FE203 fEQ NO nGo CAOQ NA2D K2¢ 71102
63,31 12.42 Jehl Te67 183 1.13 $.09 3.75 40 1.95
WE JGHT PERCENT OXIDES RECALCULATED TOD 100 PERCENT
$162 AL 233 Fg2G3 ?gg MNQ MGO Ca0 NA20 K20 T102
64,78 12.28 3.37 7.59 ¥ ] lel2 5.43 3.71 40 1.04
CATION PROPORTIONS IN ANALYSIS
$1 AL FE(3) FEL2) W MG ca a Tt
62013 13 .89 2eotl 6409 c’.l' 1460 5517 85.39 8 15
CipW NOR™ )
EIGHT PER CENT 27022 C%%o 2 gav 31 336 1 Agr Lgo
- 6 a [ ]
NG S eReE Gt 318 +000 {e37s 16:084 3:82¢ -éo6
cArtou PERCENT 248,408 «000 24420 344476 16261 »004Q
AC NS % o1 WQ MY
uexcar PERCENY «020 +0800 .000 $.0a9 . «000 9.922
% PE «000 «800 +0080 2+.857 «010 5,409
CATION oeacevr .000 <030 «303 4,899 000 9,273
NT cH {8 HM ™ PE
WEIGHT PEACENT  4.8990 .00 1.972 +030 .000 <000
MJLE PERCENT 24869 «009 1.747 <000 «000 «000
CATINN PERCENT  3.5651 +000 1.498 .000 <000 «000
MARIC INDSX = 231.0%€0
NOIp TOTAL 3 100.021
OLIVINE cauvos TIIN
FCASTERITSE <000 FAYALITE <000
anruaavacxsue COMPOS ITION
471TE 22.187 FERROSILITE 77.8132
CLKNOPYROX:NE COMPISETIIN
WOLLASTONITE 48,302 ENSTATITE  11.428 FERQQSILITE 40.072
SELDSPAR ZAMPQSITION
QR THQCL ASE 4.73 AL3ITE 63,5494 ANGRTHITE  31.77%
PLASIICLASE CUMPGSITIIN (PERC AN) 33.353
THORNTON AMD TUTYLE DIFFERSNTLATION INCEX » §1.2364
SSLIDIFTCATINN IND®X (1oo=non/lnao+ssooﬁezoa+NAzo’nzc)’ s 5.90%
CRYSTALLIZATICN TINOEX (AN+MG.OI+FO+FOQ EQIV CF €N) T 18,454
LARSEN IMDEX (1/35I+K)-(CA+MAG) = 164129
ALBITE RATID 11008(AB+4d cQIV IN NE)/PLAG) = 56,5647
120N RATIO ((FEZ2=4N)2100/(FE2+MNHG)) = §9,955
%G NUMBER 43 CATISNS MG/CATIONS (FE+HGD = 29,790
OXIQATICN 2ATIQ ACCORDING_TOD LE AITRE (FEQ/FEN$FEZ03) = .338
2§h glzrgi DAY LYIJUCD OF THIS COMPOSTITION (AT 1CSJ OEG) = 2,823
TOTAL ALKALIS 125.90 TITAL FE  47.0% MG 7.05
KOMATIITE SARRMETERS )
FEO/LFEQ+MG0Y  CaQ/AL203 SI92/T102 AL203/TIQZ FEQe/TI02 CAO/TIO02 NA22/T102
2043 bl 52.39 11.82 10.23 85 3.571

PLAGIOCLASE b51.18

ALIITR 51.22

51.89 MG 1135
2.32 S1 90.18
9.82 NG 2.28

494,32 S1/5 4lell

43,92 NA +K 23435

277

P20S5
.52

#2093

K20/710
381

oP X+ (4

CR203
«00

CR203
10

CR
.oa

2

QT2

oT2)

CODADINATES IN THE SYSTEM PLAGIGCLASE - OLIVINE ~ CLINCPYROXENE ~ QUART2Z ( IN MOLE OERCENT)
PRIPORTINN OF ARALYSIS IN 3ASALT TETRAHEORON IS 91.32 MGLE PSRCINT

8ASALY TETRAHEDRAOM oL T.62 ZPX $.36 oLAG 55456
CLINOPYIOXKENE PRIJECTION 8403 0.0 s8.71
QUART2 PRGJECTION 11.1}) 7.83 81.06
PLAGIOCLASE PROJECTION 1714 12.07 0.0
DLIVINE PROJECTION 0.0 2.87 29,78
CM4S PROJECTIONS

TETRAHEDRAON COGROINATES [ 13.7& L] 8,20 A 1460
01QPSIDE PROJECTION C3a 30455 ] 11.9¢ S 57.51
OLIVINE PRCJIECTIAON [5:3 13.04 M T4.81 S 12.15
ENSTATITE PRCJECTION 4zs LT LT €283 sEBEe A283 20008
QUARTZ PRJJECTICN CAS2 ae3OU NS RO cms2 spRon

T

o~
-0
.

[l o
wr

i

TAaTAL
100.00

3ls%a
33,24
Cs0
79.79
57.38

63.46


file:///rUM9SR

SAMPLE NUMBES 3G tao
ORIGINAL WEIGHT PERCENT OX [DES
SIG2 AL203 FE2G3 FEQ NNO “60
71.49  15.532 240 4a31 011 1412
NEI1GMT PSRCENT OXIOQES RECALCULATED TO 100 PERCEN
S1G9T PERSSYT OGS Ed MyG MG
70.37  15.38 2.32 427 o1l 1ell
CATION PROPORTICNS [N ANALYSIS
{ AL FSt3) FE(2) My 16
83.72 17.59 1.73 247 +56 1460
Cl7w MORM
QT2 coa gR
WE IGHT PERCENT 49,012 10.017 25.891
MOLS PERCENT 74.508 3,972 10.357
CATINN PSRCENT 47.327 110449 27.102
ac NS ks
WE IGNT PERCENT «00Q «900 +000
MOLE PSRCENT <303 +360 «000
CATICN PEACENT .00 .000 -00C
HT cx 1L
MEIGHT PERCENT  3.444 ..008 1,939
#EL: PEACENT 1.353 .00 Lelb7
CaTION PERCENT  2.4G60 <200 1.439
MAEIC INDEX = 12.68%
NCRM TRTAL = 100.004
SLIVINE COMPASITIIN .
FORSTERITE <000 FAYALITE «00
CATHOPYROXENE COMPGSTTION
ENSTATITE 33.578 FERROSILITE 61.42
CLINTPYROXENE COMPOS ITION
wOLLASTONITE  .000 ENSTATITE .90
EELOSPAR COMPASITLIN
ORATHOCLASE  91.468 ALBITE 5,33
PLAGIOCLASE CI4PUS[TION (PZ3C AN) 17.4
THORNTON ANS TUTTLE J1FFERENTIATION INOEX
SOLIDIFICATION INOZEX (100%MG3/ (MG 6 EQ+FE; 034842
CRYSTALLITATION INOEX [2K4MG.DUeFC+RO ALV OF &N
CARSEN [MOEX (1/3S1eK)-1CA+MG)
3L3TTE RATIGC (1809(A8+A3 EQIY IN NE)/PLAG)
IRGN IATIS ((FEZ=MNI=LCO0/(FE2+4N+%G) )
uG NUMAER 4S CATISNS MG/CATIONS (FEvMG)
OXTDATION RATIO 4CCIRLING TD LE MATTRE (FEC/fFeD+
DENSTTY QF 0Rv L 1SUTD CF "THIS CoMPUSITIINT (AT 10
" TGTAC ALKALIS  37.74 TGTAL FE  §3.237

KOMATEIITE PARAMETERS
FEC/(REQe~GC)
3524

MG3

JENSEN CATION AL203 - FSQ+FE203+TIO2 -
69,37 23455 5.29

QUARTZ = EELJ3PAR RATICS
<UARTZ 63,39
6%e14

CRTHCLLASE 33.49
QUART2
CATION PPIPCRTIONS

ORTHOCL ASE 33.38F

0
S
0

2
9

S+X20))
)

4. 18 E
Ca «30 MG
S1 36438 AL
2M6 12.53 2FE
CA 241u AL

COGRDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPNATIOM QF ANALYSIS (N BASALT TETRAHEDRON IS

BASALT TETRAHEZORON BL 9.10
CLINOPYROXENE PRAJSCTION 9.30
2UARTL PRIJECT(ON ’ 56.97
PLAGIGCLASE PROJSCTION °.75
OLIVINE PROJECTION 0.6
CHAS PRIJECTIGNS

TSTAAHEORAN COOROINATES c 4. 86
OIOPSIOE PRCJECTION c3a 27.62
ALIVINE PROJECTIAN cs 5.29
ENSTATITE PROJECTION “2s p—
QUARTL PREJZCTION CASC sowns

- CLINCAYROXENE - QLARTZ
MOLE PERCENY

57.25
cPXx

€253
NS

FERRISILITE

ANQRTHITE

~

wWw o N
U W SR ANV It
RN
D OO RAISOT
NNE SO0 fr=m
O fire P r=~dWNN

siUBHHNBRIY

x
>y

PLAGICCLASE
ALAITE
89496

2.27
11.11
33.82

73‘11

<00
Q.0
00
.00
« 00

5.10
1l.89
34436
2UVVG

IvvUAS

ocoa

LI I ]

T O~N—I OO
T wwmer< O0COoN

~rNo~
LI AN
o N

[
QO
QQ
Qo

«000

«000

3.199

913

3.12

1.98

MG 25.90
St 1736
M5 2. 03
5173 533465
Na *« 24413

PLAG 4+ 39
459

33.03

0.0

1.3)

A 15.33
s 60,49
S 10.37
A253 oV

CMS2™" - smans

CR203
Q0
CR203

4 CR
30

CAO/AL2€3  3102/7IQ2 al233/7102 FEQ®/T102 CAG/TIO2 Na23/T1D2 K2G5/T1Q2
-d2 59.41 15.07 6428 o2h 175 4e291

( Im MOLE PERCENT)

ATL

CP X« (40T2)

TOTAL
100.88

T0TAL
100.3¢C

3éa1ll
34.11
0.0
30.23%
98469

72‘ 70
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SAMPLE NUMBER 8G 183

GRIGINAL WEIGHT PEXCENT OXIDES

s(02 AL203 FE20) FED MNQ NGO . caQ NA2Q K20 1102 p205  Ccr203
51.60 14.73 .48 5.52 .13 3,47 4967 2.43 2.51 oT8 S20 <00
MEIGHT PERCENT GXI0€S RECALCULATED ro 100 PERCENT

SIB2  AL203  FE203 FEQ "GO CAQ NAZQ x20 T102 P209 CR203
61.31 14.66 2.6% 5.50 "3 3.45 beb4 2.42 2.50 76 o20 <09
CATION PR090RTIDNS IN ANALYSIS '

%I al FE(Y) FE(2) MN MG CA A L& T! P CR
57.33 l6.30 .74 434 .10 4.86 6e71 4442 1.01 .54 .16 <00
C1PW NORM

ar2 car OR A8 AN LC NE
MEIGHT PERCENT 17.786 <000 lee751 20,457 21.767 .000 .000
MOLE PERCENT 46952 <000 104255 12.37% 12.411 - 000 «000
CATION PERCENT 184776 .000 15.032 22.113 22.176 « 000 <000
AC NS KS 21 w0 HY oL
:gtougssgzﬁgnr .ogo .ggo .000 g.gog .ggg 1§.a;q .goo
Z «00a . .000 . . . .000
CATION PERCENT 2000 200 2000 3:8%3 <0060 1182t 2000
MT (W} 1L il ! ™ PFE RY
HEIGHT PERCENT  3.344 .000 1.437 .000 .000 . 000 +000
MOLZ PSRCEN 2.%28 <009 1-502 <000 +000 <000 .8Q0
CATION PERCENY  2.502 .000 1.073 .000 .000 . 000 «000
HafC INOEX .23
NERACTONREX I 133:43%
OLIVINE COMPOSITIAN
FORSTERITE .000 FAYALITE .000
oarncpvanxsne COMPOSITION
NSTATITE $4.894 FERRASILITE 454106
CLrnopvaoxene CGMPGSITION
LASTONITE 50.794 ENSTATITE  27.011 FERROSTLITE 22.195
FELDSPAR COMPOSITION
ATeSAASE T 502 ALIITE 35,399 ANGRTYITE  38.197
PLAGTICLASE COMPSSITION (PEAT aN) 51.551
THORNTON ANG TUTTLE DIERERENTIATION INOEX 2 33:902
SOLIDIFICATION INGEX [ 100SMGD/{MCG+FEC+EE203+NA2CHK20)) = 21,112
CRYSTALLIZATION INOEX tANeMG,O(+EG+EG EQIV OF EN) = 30.983
LARS$N xu?sx (1/35[*3)-(C2+H611 . . - 10.27%
A w (A A V IN NE}/PLA 2 LR b4
?h%& EA?’m“(J(&éggnmv;og/(gézmmné)) = 69.761

MG NJMBER AS CATIONS MG/CATIONS (FE+MG) 3 32,814
OXICATIGN RATID ACCORDING TOQ LE MAITRE (FEQ/FEO+FE203) = - 807

DENSITY OF ORY LIJUID OF THIS COMPGSITION (AT 1350 DEG) =  2.530

TATAL ALKALIS 30.60 TATAL FE 4&T.91 MG 21.49
KOMATIITE PARAMETERS
FEU/(FEC+#GO)  CAO/AL203 SI102/T102 AL203/T102 FEOQ%/TI02 CAQ/TIOZ NA20/TID2 K20/T102
« 6503 .45 31.05 23715 10.18 2. 31,197 3.302
JENSEN CATION AL293 - FEO+FE203+7102 © MGQ
53.71 380 17.49
QUARTZ ~ FELDSPAR 2ATIOS
qu th 23.79 ORTHOCLASE 1974 PLAGIOCLASE 56447
AUART ] 313,55 natuoc ASE 27485 ALBITE g,
CATIOR PROPGRT 1ONS 9.01 FE 31.06 28496
CA 9e67 “e 1.00 s1 8334
S1 Bls64 AL 11.50 _ “G 4485
216 30.45 2FE 32.85 $1/5  36.50
ca 36.12 AL 43.38 NA+K  20.00

COORDINATES IN THE SYSTEM
PROPORTION OJF ANALYSIS IN
BASALT TETRANEDRON
CLINODPYROXENE PROJECTION
QUARTZ PROJECTION
PLAGIOCLASE PROJECTION
JLIVINE PROJECTION

CMAS PROJECTIONS
TETAAHEDRCN COORDINATES
DIOPSTDE PROJECTION
OLIVINE PROJECTION
ENSTATITE PROJECTION
QUARTZ PROJECTION

PLAGIOCLASE - OLIVINE
BASALT TETRAHEDRON 1S

at 10.91
12.12
14443
26,12
0.0
c 16.07
C3a 312.21
cs 17.11
M2S soeBse
CAS2 79.53

= CLINOPYROXENE - QUARTZ { IN AOLE PERCENT)

80.87
cex

€253
MS

MOLE
9.94
0.0
13.14
21.97
6613

10415
12.57
68.54

RRAR

17.64

PERCENT

PLAG 34.77
60.81
72.543
Q.0
33.76
A 15.37
s 55,22
S L4436
A2S83 sugsen
Cms2 2.83

{22 r4

APX+(6QT )

24e38
27.07
0.0
53,90
60.12

3R8.40



SAMPLE NUM3ER 26 184
ORI5INAL WEEGAT PERCENT OX1DES
s162  AL203  FE203 FEQ MNG MGQ
62.34 1302 2438  S5.32 el2 3,30
WEIGHT PERCENT OXIOES RECALLULATED TQ 100 PERCENT
$102  &L3031 FE203 FEJ N g MG2
68069  les8T 2236  5.35 12 3.27
CATIAN PROPORTIONS IN ANALYSIS
1 AL 72439 £2421 MmN g
57.30  16.46 1,55  4.13 <09 4.97
£10W NORM
a12 coa o
WE IGRT PERCENT 17.296 <000 9.999
WOLS PSRCENT  40.328 <000 7052
CATION PERCENT 162227 2009 102133
AC NS KS
WE IGHT OER CENT .000 +000 +000
MALE P ERCENT +GOO 2900 +300
CATICN 2c3(eAaT «00Q « 000 «000
AT o It
WE [GHT JSRCENT  3.393 .600 1.460
QLS PERACENY 2359 » 000 1558
CATION PSRCENT 2.479 «000 1.0940
UARIC INOEX = 244404
NOEM TOTAL = 1G0.505
OLIVINZS COMPGSITION
FORSTERITE .00a FAYALITE .000
SRTHOPYRAXENE COMPOSITION
INSTATITE  5L.912 FERRASILITE 45.089
CLINGPYROXENE COMPASITION
4O0LLASTON(TE 50.793 ENSTATITE  27.019
FELOSPAR COMPCSITION
ORTMGELASE  17.167 AL3TTE 66,569
PLAGIOCLASE COMAGSITION tPESC AN} 43.34%
THCANTON AND TUTTLE OIFEERENTIATION INDEX
SOLIDIFICATION INDEX (100%MGO/ (NGO +F EQ+FE203 +NAZD
CRYSTACLIZATION INDEX (AN+MGoDI+FO+EC EQIY OF EN)
LARSEN IN%EX (i/3SI*K)-(CA+HG)
§La1TE 2aTIC (1008 (42+48 EJ1V IN NE)/PLAG)
I%Oﬁualrgo é(FE%;§:33100/l$E%PﬂNr:G):r,
| M8e A MG/7CA N -~
NS IRaTISN ARrT8T LM ROLRATAONE SATHRR) (co/reaer
2E:S;T¥[35 DPY LISUID OF THIS COMPOSITIZIN (AT 109
L - f
TATAL aLkaL(sS 31l.56 TATAL SE &T,44
KOMATLITE PARAMETERS
FEQ/(FEO~#GDY  CAD/AL203  SI132/T1C2
«5929 PR 79.92

JENSSN CATION AL2Q) =~ FEQ+FE2
0015

QUARTZ - FELOS2AR RAT1O0S
QUARTZ 22.87

SUARTZ 31.77
CATIAN POQPART LONS

C3URDINATES IN THE SYSTEM PLAGISCLASE - QLIVINE

23414

Q3+T1Y2 = Y60
16.70

ORTHOCLASE 13.23
DRTHOCLASE 18.38
41.03 FE

ca 9.59
S1 81.90
2M6 25.83
CaA 3%.28

“
'3
2

CAQ
S406

6459

CA
heb3

au -y

[ X

T WOobO ograp

Nty
E WHEra ~NUNNDG

U1V

Ao
> & H

- b

.
[~1=3
[ 2=]
oo

« 000

A293 K20 T102
324 1.71 .78
NAZJ 20 r1g2
3.21 § .59 27
NA X T1
3483 24032 w54

AN LC
21.193 « 000
124266 +90¢
210483 . 000

w0 My

«000 10.656
+Q00 7.825
«090 10.683
TN oE

«000 « 000
+« 000 «£00
+000 « 000

FSARQSILITE 22.186

+K20131

6
L
FE

AL

PROPNRTION OF ANALYSIS IN AASALT TETRAMEDRON 15

9ASALT TETRAHEOR/N
CLINCPYRAXENE AROJECTION
QUARTZ PRQJECTION
PLAGTOCLASE PROJECTION
OLIVINE PROJECTION

CMAS PROJECTIONS
TETRAHSORON COCRDINATES
DIDPSIDE PRRUECTION
OLIVINE PROJECTION
ENSTATITR PROJECTION
CUARTZ PROJECTION

oL 9.33

10.33

11.96

22.74

0.0

c 16.53
c3a 32.57
cs 17.61
"2s [ 212 1
Cas2 90.51

c

c

3%.90Q
X

283

Ms

ANDRTHITE

HEdpaNsun

VI 0- V= Wi U

N NPrCOOO &
aah b Pbeeso
VOAA Dre £ N~
NCOOWL~mO
WOP AN~

N

46

CCLASE
3

364343

21,92

§3.91

45498
MG
S1
MG
SI/5
NA+K

MCLE PERCENT
9.73 20LAG
0.0

12.43
23.64

6.15

9.99 A
12.43 S
67.72 S
bt ] 4283
15.19 CMS2

AL203/T102 FEC®/T[J2 CAQ/T1A2 NA23/TIO2
19.27 9.55 3.5« 4s194

28.28
33,80
6. 46
37.89
20.92

58457
65431
75.61
0.0
37.64

15.72
5%.01
16.68
rogoR

3430

2

= CLINCPYRCXENE = QUARTZ ([N HOLE

p208

K
-

P203
?

280

CR2073
«00

CR203
«19 20

CR
00

25/7102
19

/
2

PERCENT)

aga

P X+(4QT2)

22.00
24436
0.0
33.62
58417

58.15



SAMPLE MUMBER NK8l=-1 8RB2

CRIGINAL WEIGHT PE%&ENT ax 1DES

102 AL2Q) F; 92 e L 1) nGa

5364 16e3% 7.40 <13 41
uelgnr PERCENT OX10ES RECALCULATED T8 100 PERCEN
5%0 3 1454 3.29 Tob 13 fed)
CATION PROPORTIONS IN ANALYSIS
s1 AL £(3) EE(2) MmN G
ssloo  15.0s  f8132 $.80 .10 Sebh
CIPW NORM
arz COR on
WEIGHT PERCENT  9.421 <000 9.98%
MOLE PR CENT 29.860 ~600 8.327
CATION PERCENT  8.827 .000 102099
AC NS XS
uersu1695k§$nr .ggg .ggg .ogg
E _PER - .0
B EoR R EnT <000 2000 2000
34 cM I
" p NT o7 . .67
RaLe" TR ER AT $:33t 2832 3:83
CATION PERCENT  3.480 000 1.240
: .99
NERECTA¥2E* T 138200
CLIVINE COMPOS LT1ON
FOMSTERITE 000 FAYALITE .00
+ ORTHORYRAXENE COMPISITIGN
ENSTATITE 5%.299 FEAROSILITE &5.70

CLINOPYROXENE COMPOSITION

WOLLASTONITE 50.734 ENSTATITE 26.74
FELOSERTNBRlAZE TI T 00 ALBITE 30. 68

PLAGICCLASE CD"POSIT]DN (PERC AN} 38.93
TBCTDT a0l TRbEC P10 88RER ) 1ACE . I3 SEE 202

CRYSTALLEIZATION IND (AN+ 00I0F0*50 EQlv 0 F
LT o .

A + N ) A
IkON gATI {LF g-HN) 100/(2&2¢HN' E
MG NUMBER AS CATIONS MG/CATIONS (FE*
gXxI10A N RATIO ACCORDING TO LS MAITRE (FED/FEO&
25:51 3F DRY LIQUIO OF THIS COMPOSITION (AT 10

f
1
)4
OTAL AtKkALIS 25.77 TOTAL FE 51.37

el atn b 4

g
I
T

KOMATIITE PARAMETERS

CA NA2O a T £203
KR R R
T
CA NAZQ K20 1102 P20%
s08  ¥ET 8 T3 b’ S H
ca [} K T1 P CR
602 6437 202 62 «293 «30
A8 Al LC NE
29.687 18.9246 « 000 «000
21.558 12.953 » 000 2000
31.871 19.148 + 000 _.000
Dl WO Hy aL
7195 «000 17. %90 «000
;-9?8 «000 14,866 «000
«0 +000 1L7.580 «000
HM ™ PF RU
- ‘o a
VIR T B
+003 +000 « 000 «000

o

1

0 FERROSILITE 22.506
s ANORTRITE  32.296
49 4,09

200k20)) = 33:%33
N) = 350771

s “3ls7s

a 61070

= 871.306

= $2.598
FE203) = 2796
S0 DEG) =  2.879

G 22485

FEG/( FEQ+MGT) CA0/4L203 $I102/T[(02 ALZO3 02 FEO‘/ a2 CAO/T!O NAZU/TID K20/T102
(8631 P sz fpe *9p0q) z 2 11334
1
ERSEN CATION AL203 - ££0+FE203+T102 -
ENsEn CATION 4203 - FeoveggogTIoe 2 neg
QUARTZ -~ FELDSPAR RATIDS
UARYZ 13.49 ORTHOCLASE 14,63 PLAGIOCLASE 71.47
UARTZ 19.19 ORTHOCL ASE 20.3% ALYITE 60447
CATION PRUPJRY IONS CA 3i.01 FE 35.84 33.15
CaA 2.06 MG 9.69 st 81.25
S¥ 78.87 AL 11.72 NG 9.40
NG 34425 2FE 37.03 S1/5 28.73
Ca 33.00 AL 43.99 NA+»K 23.00

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALY TETRAMEDRON (S

3aSaLT TETRAHEORON oL 15.60
CLINDPYROXENE PROJECTION 17.03
QUARTZ PROJECT ION 18450
PLABIDCLASE PROJECTION 39.37
OLIVINE PROJECTIDN 0.0

CMAS PROJECTIONS

TETRAHEDRON COORDINATES c 16440
DIOPSIDE PROJECTION c3a 32.92
OLIVINE PROJECTION cs 19.77
ENSTATITE PROJECTION M2s 19.42
QUART2 PROJECTION CAS2 3wosa

~ CLINCPYRCXENE ~ CUARTZ ( IN MOLE PERCENT)
94,50 MOLE PERCENT

CPX 8.38 PLAG 60437 QTZ
0.0 55.89
9.93 71.57
21.1s 0.0
60380 45.97 OPX+(4QT2)
L] 13.74 A 16041 S
] 13,94 s 53.14
M 52.88 S 17.36
€2s3 34,81 A2S3 45.77
Ms 3suws CMS2 soREs

Ke
00

«000
CS
¢000

00

1223

«677

15.68%
17.08
0.0
39.49
#T.68

53445



SAMPLE NUMBER

NKB81-2 BR82

CRIGINAL WEIGHT PERCENT QXIDES

102 4L203  Fe2g3 " "G CAQ  NAZ 0TI
.35 1501 §203 ol 541 3 G ¢ S 4 193
WEISHT PERCENT OXIDES RECALCULATED TO 100 GERCENT
§i02 TAL203 Rez03 FEQ MNG Meg  cag  wazg xzg  TIgz
s3,98 1514 3550  7.38 “17  5a18  5:04  3e5% 24 .
CATION PRUSORTIONS IN AWALYSIS
31 FE(3) FE(2) MM g ca NA K T1
siia8  16.68 3.2} e.16°) M2 3. 0 sS8s Bl 3%io .58
C1PW NOSH
otz COR ar a8 AN Le
WEIGHT PERCENT  4o44b <000 15.331 27.37%0 19.116 .60
NOLE PERCENT 15860 <000 150392 220372 142726 1000
CATION PERCENT 42157 <000 15.475 29.325 19-3062 000
AC NS KS Y w0 Hy
wergper Al M dh G M
0 : 0 000 . ~300 194
CATION PERCENT  +000 2800 000 3:183 300 13:413
¢ percenT MT ca I M ™ Pr
WE IGHT PERCENT  5.081 000 345 +000 .000 600
M el 22984 +000 3:352 <300 2300 2000
CATION PEACENT  3.5699 2000 [s367 +000 000 600
MAFIC INDEX = 33.746
MORM TOTAL = 100006
OLIVINE COMPOSITION
FORSTERITE 2000 FAYALITE .000
0RTHORYROXENE COPPOSITION
ENSTATIT FERROSILITE 44,381
CLINOPYROXENE COMPQSTTION
OLLASTONITE 50.342 ENSTATITE  27.341 FERROSILITE 21.817
FELOSPAR COMPOSITION
RTHOCLASE  24+302 ALGITE 060277 ANORTHITE  30.921
BLAGIOCLASE COMPGSITION (PERC AN) «1-120
TCRNTON AND TUTTLE DIFEERENTIATION INOEX = 6T.lkb
SOLIDIFICATION TNDEX (100SHGO/(MGOVEEUES2032nA20¢K20)) = 230143
CRYSTALLIZATION INDEX (AN+HG,01+F0+F0 EOIV GF EN = 305633
LARSEN INOEX (1/3ST+K)={CA+MG) = 64958
ALBITE RATIO (1005(AB+ad EQIV IN NE) /PLAG) « 33.880
IRAN AATIO ((FE2=MN12100/(FE2+MN+HG) ) = 860712
MG MUMBER AS CATIONS MG/CATIONS {FE+MG) = 532931
OXIDATTIM RATIO ACCOROING TO LE MATTRE (FEQ/FEQ+FE203) = 2780
DENSITY OF DRY LIGUID OF THIS COMPOSITION (AT 1053 0EG) =  2.598
"TOTAL ALKALIS 26445 TOTAL FE  S0.06 MG 23.49
KOMAT{ITE PARAMETERS
FEO/(FEQ+MGO)  CAQ/ALZQ3 SIS2/TID2 AL203/TID2 FEQS/TI02 CAQ/TIO02 NA20/Y102
6806 <37 $7.10 15.58 1136 5480 353130
: CAT 1ON - FEQ+F - Mg
JENSEN CATION 4L203 - FEO+F52034T102 5 Mg
ARTZ - EELOSPAR RATIOg
QUARTE JaRTE 531 ORTHACLASE 23414 PLAGIOCLASE 70.15
GUARTZ Ie43 GRTHOCLASE 32.82 AL LTS 58205
CATION PROPOATIONS ca 27.88 FE 3650 35.62
ca 8.73 "G 11.15 st 80.13
51 76493 AL 12.37 NG 10.70
M6 36a45 206 37.35 SI/5 26420
ca 30459 AL 45,15 NASK  26a26

CIOPDENATES IN THE SYSTEM PLAGIOCLASS - OLIVINE
PROPORTICN QF ANALYSIS N BASALT TETRAHEDAON IS

9ASALT TETRAHREDRONM
CLINOPYROXENE PROJECTION
QUARTZ PROJECTIQON
PLAGIOCLASE PROJECTION
BLIVINE PROJECTION

CMAS PROJECTIONS
TETRAHEORON COCORDINATES
DIQPSIOE PROJECTION
OLIYINE PROJECTION
ENSTATITE PROJECTION
QUARTZ PRIJECTION

oL

<
C34a
s
M2S
CAS2

t9.12
20.72
21,64
49,70
0.0

16.91
33.54
21.87
27.87
PP L

- CLINOPYROXENE - QUARTZ (IN

79.04
cPX

€253
MS

MOLE PERCENT
T-72
0.0
8.74
29.07
8.67

15.13
14450
58,41
30,70
SRBII

PLAG 81.52
86467
69462
0.0
53414
A 17.37
S 51e96
s 19,72
A2S83 “la43
CMS2 aVCOB

2

X

cazgg

CR
«00

20/T102
6740

MOLE PERCENT)

Qvz

OPX+(4QTZ)

CR203
300

11.43

12.481
0‘0

30.24
40.19

50.59



SAMPLE NUMBER

NKB8l~6 BRE2

ORIGINAL WEBIGHT PERCENT OX{IDES

$1D2 AL2C3  FE203 FEQ MNO "GO CAO NA2Q k29 T102
§7.62 1%5.14 2469 6.08 14 6010 5489 3472 - «59
WEIGHT PERCENT u:toes aecnkcuuAreo TO 100 PERCENT
A .| h
3198 15492 %53 o 53 i OIS ¢ SR 5439 X3 TI9%
CATION PROPORT IONS 1~ ANALYSIS
31 at FEL3) JFELY MG CA A K Ty
53 33 16452 1.87 oll Be41 5:33 6087 ¥4 41
CIPH NORM
aT2 coR oR AB AN e
We I5HT PERCENT 8,392 -000 “€e60B 31.463 224305 +000
MOLE PERCENT 27.340 .009 3.95% 23.487 15.694 <000
CATION PERCENT  7.768 .000 5.505 33.374 224299 . 000
aC NS KS o1 w0 HY
NélGHt peacenr +090 .000 .000 8,093 +000 19.439
] EREENT +000 <090 +009 7.018 .000 17+366
&1 CoN P EREinr <000 . 000 2000 197 =000 19737
M7 cH It MM ™ oF
WEIGHT PERCENT  3.902 +000 1e12 +000 <000 <000
MOLE PERCEN 3.299 <000 ek .000 =000 2030
CATION PERCENT  2.812 <000 .821 <000 .000 . 000
Mfw N%Xi -261
T 1 133:88%
OLIVINE COMPQSITION
FORSTERITE .000 EAYALITE <000
uarwopvnoxene conpcsxrron |
ENSTAFITE 63.004 FERROSILITE 34.996
CLINGPYROXENE CQMPOSITION
WOLLASTONTTE 51.462 ENSTATITE  31.552 FERRASILITE 16986
SELOSPAR COMPOSITION
GRTHICL AS ALAITE 53,896 ANDRTHITE  38.210
PLAGIOCLASE coaposrrxuu (PELC AN) 4l 484
THCRNTON AND TUTTLS DIFFERENTIAT]ION_ INO 264 46
T T P AR on T b« Ol o oahan) thes el o55203+unzo'xzo»» 3 39:e%3
CAYSTALLIZATION INDEX (AN+MG,OI+FO+FD EQIV OF = 316,669
EARSEN INDEX (1/3SI+K)~{CA+MG) 2 3,442
ALBITZ RATIO (100®(4AB+A V IN NE)/PLAG) = $584516
IRON TATIO ((FEZ=AN)ZLO0/(FE2+4N¢MG) ) = 56.584
MG NUMBIR AS CATIGNS MG/CATIONS (FE+MG) = 84.228
CXIDATION RATIO ACCORDING TO LE MAITRE tEEDN/FEQ+FE2D3) = - 80
DENSITY OF ORY LIQUID OF THIS COMPOSITION (AT 1053 0&G) =  2.577
TOTAL ALKALIS 23.59 TOTAL FE  w4.43 nG 31.98
KOMATIITE PARAMETERS
FEO/(EEQLMG0)  CAO/AL203 S102/T102 4L203/T102 FEQS/T102 CAQ/TIO2 NA20/T102
25315 et §7.46 25.46 143 11.58 54305

NSEN CATIDN AL2 - FEO+FEZ203+4T102 - MGO
JENSE 0 51.9; ;1.85 26437
ARTL - EELOSPAR RATICS
w QUARI;L 12.57 ORTHOCLASE 6.90
QUARTZ 18.87 CRTHOCLASE 10.36
CATION PROPARTIONS CA 32.74 FE
Ca 9.9%6 »G
S 76.13 AL
2MG 63,44 2F€E
CA 36.17 AL

CONADINATES IN

SASALT TETRAHEDRON
CLINGCPYROXENE PROJECTION
QUARTLZ PROJECTION
PLAGIQCLASE PROJECTION
OLIVINE PROJECTION

CMAS PROJECTIONS
TETRAMEORON COORCINATES
DICPSIDE PROJECTION
OLIVINE PROJECTION
ENSTATITE PROJECTION
QUARTZ PROJECT ION

THE SYSTEM PLAGIQOCLASE - QLIVINE
PROPCATION OFf AMALYSIS IN SASALT TETRAHEORON IS

91.18

oL 16.24 cPX

17.80

18.37

51472

0.0

c 14.34 “
C3A 32,487 M
cs 20,21 L]
M25 20.04 €283
cas2 73.27 MS

PLAGIOCLASE 80.53
ALBITE 70.76

26494
12.27
11.80
29.03
43.72

MOLE PERCENT

8.75
0.0
10.17
22,448

6497

14489
14417
82,97
35.49
23.98

40.32
s1 17.77
MG 12.02
S1/5% 27.53
NA+K 20.11

PLAG 51407
6693
70a956

0e0
48464

A 15.59

s 53.16

S 1692

A2S3 fdab?

CHsS2 2.7S

283
P20S  CR203
029 <0d

P13

P

w23

CR
«Q0

K20/T102
16322

~ CLINOPYROXENE ~ QUARTZ (IN MOLE PERCENT)

QTZ

OPX+(4QT2)

13.93
15.27
0.0

35.80
44439

53.19



TUNNINGTONL9 8L

SAMPLE MUMBER M2 7-4TNSL 284
°§{§§““‘E§5§"’ :E;gguT GXéggs MNO NGO CaAD NA2Q K20 T102 P29S ¢
$6.07 13.69 31.486 G246 20 612 T.11 334 22 «99 ;23 - ngg
ug{gnr eacegt °§é§§§ RECA%CgLATeunzg 130 :ggCENT 0 NA2O < 10
88.0 13.63 3.06 8.24 .20 6e4l2 7.10 3.34 .zg ! 3 PE? ‘“38%
CATION PROPORTIAONS IN ANALYSIS
st AL FE(3) FE(2) MN MG Ca NA K TI [ CR
$2.58 15.13 259 6eb7 ol8 8.53 Tels 6e07 26 70 .34 «00
CIP4 NORM '
QT2 coR OR Ad AN kc NE
WEIGHT PERCENT 10.034 - 000 14299 28,231 2L. 695 - 000 .000
MOLE PERCENT 31.33% <000 1,068 20,203 144633 +C00 +000
CATION PERCENT  9.517 «000 1.316 30.351 21.990 <000 <000
aC NS kS DI WO HY oL
WEIGHT aeRCENt 2000 000 <000 8.789 + 000 21.754 »000
MOLE PER »000 <000 +000 7.245 «000 8.319 <000
CATICN PEQCENT «000 « 000 <000 8.709 000 2.020 +000
34 c» I HM TN PF RU
WEIGHI PSR CENT 310 « Q00 5'379 000 000 » 000 +«000
MULE PERCENT 4,303 «000 «323 000 <000 «000 «000
CATION PERCENT 2380 2000 1.396 .000 +000 . 000 .000
MAFIC INCEX = 318,759
NOR#M TOTAL = 100.018
Olexue COMPOSITICN
ERITE +000 FAYALITE +000

oarucpvqoxene COMPOSITION ’

ENSTATITE $0.424 FERROSILITE 41.576
CLINCPYRDXENE COMPQSITION

WOLLASTONITE 51.029 ENSTATITE 28,611 FERRGSILITE 204360
FELOSP AR g MPOSITION

ORTHACLASE 20530 ALBITE 55,142 ANORTHITE  42.352

PLAGIGCLASE COMPOSITION (PERL AN) 43,454
THCRNTON AND TUTTLE OIFFERENTIATIQN INOEX 2 39.564
SOLIQIRICATION INDEX (100¢M60/(HAS‘FEO#EGZO3¢NA20*KZO)) = 28.348
CRYSTALLIZATION INDEX (AN+MG.Di+FO+Ff8 EQIV OF EN) = 36.030
LARSEN INDEX (1/3S1+K)=(CANG) a 20234
ALAITE RATIC (1003 (A8+AQ Sé NE)IPLAG) 3 86,546
tRON IATID ((FE2=MN)I3]100/( Zonn 2 54.005
MG NUMBER AS CATIONS MG/CATIONS (FE#HG) *  56.9%0
OXIDATION RATIO ACCOROING TO LE MAITRE (FED/FED»FS203) = «826
ggﬁS{;;lg? DRY £ IQUID OF TH{S CUMPOSITION (AT 1050 DEG) = 2.627

TOTAL ALKALIS 14.78 TOTAL FE  S4.39 MG 20.84

KOMATIITE PARAMETERS

FEQ/(FEQ+MGQ) CAO/AL§°3 S102/7502 AL203/T102
+633S «852 Sba.b4 13.83
JENSEN CATION AL2D3 - FEDOFESOB#T!O& - MGO
45a 26 29.16 25458
QUARTZ -~ FELOSPAR RATIAS |
QUARTZ 1638 ORTHACLASE 2.1
QUARTZ 23.3 ORTHOCLASE 3.2
CATION PRUPORTIONS 30.45
CA 10.46
St T 6. 54
2MG 39.66
CA 39.96

COCROINATES IN THE SYSTEM PLAGIQCLASE - DLIVINE
PROPORTION QP ANALYSIS IN B8ASALT TETRAMEDRON (S

BASALT TETRAHEDRCN oL 17.8s
CLINOPYROXENE PROJECTIGCN 19.71
.QUARTZ PROJECT ION 21.29
PLAGIICLASE PRCJECTION ol.la
OLIVINE PROJECTION 0.0
_ CMAS PROJECTIONS

TETRAHEDRON CDORDINATES [ 16.99
D1OPSIOE PROJECTION C3a  3l.e?
OLIVINE PROJECTION cs 18.86
ENSTATITE PROJECTION N2S  17.84
QUARTZ PROJECT ION CAS2  T70.38

FEQ=/TI02 CA0/TI02 NA22D/TIOZ2 K20/T102
11.46 T.18 34374 0222

PLAGIOCLASE 81.50
ALBITE 71,3

FE i3.08 36447
MG 12.33 S1 77.01
AL 11.01 MG 12.45
2FE 35.97 S1/5 24438
AL ©2.32 NA K 17.72

= CLINOCPYROXENE = QUARTZ ({N MOLE PERCENT)

92.50 MOLE PERCENT
cPx 9.42 PLAG 36460 Q12
0.9 62.48
11.23 67,48
21469 0.0
7.21 43,35 3PX+(4QT2)
M 16.77 A 14473 S
n 14.76 H 53.57
M 6£5.20 S 164146
€253 35.80 A23) 46425
ms 208.82 CMS2 «80

(334
« 000
«000
«000

cs
+000

.000

)| 018
«568
.910

16.12
17.81
0.0

37.17
49,43

53.55



TUNNINGTONL I8

SAMPLE NUMBER NZ 7-STNEL
ORIGINAL WEIGHT PERCENT OXIOES
s102 aL203  F&203 fEQ MNQ MGO cAQ NaZO K20 T192
$3.65 13406 3.28 7.39 .18 5.01 5:.22 2.32 2.00 R
WEIGHT PERCENT OXIOES RECALCULATED TO 100 PERCENT
SIGz AL203 FE203 FEQ MNG M _can NA20 x20  T102
33.62 13405 s28 7.39 .18 5. 5022 2.92 2,00 .3
CATION PROPORTIONS IN ANALYSIS
st AL FEC3) FE(Z) AN Ca NA K Tt
$6.19 146.50 2.33 5.32 <14 7.03 5427 5.33 2.40 67
CIPW NORM
avz COR OR A8 AN Lc
WEIGHT PERCENT 14.533 <000 11.4812 24.687 16.612 360
MOLE PERCENT 402177 -000 8721 13.872 10.066 Zo00
CATION PERCENT 13.496 <000 12.017 264660 16.908 <000
AT NS KS o1 w0 Y
WEIGHT PERCENT 000 +000 +000 S.481 .000 194420
AOLE PERCENT <000 <000 +000 4.034 000 16407
CATION PERCENT 1000 L0680 000 Se420 s000 19,425
MT M 10 HA N PE
WEIGHT PERCENT  4.T50 .009 1.78% +000 .000 . 000
MOLE PERCENT 3.466 +200 12582 1000 <000 <000
CATION PERCENT  3.492 La06 12333 idaa J000 <000
n 3 L]
A T 3D
GLIVINE COMPOSITION
FORSTERITE +000 FAYALITE .000
ORTHOPYROXENE COMPOSITION
ENSTATITE S6eh2 FERROSILITE 43.576
CLINGPYROXENE COMPISITION ,
WOLLASTONITE 30.896 ENSTATITE  27.706 FERROSILITE 21.398
a POSITION
RS AR T19Y a0 ALBITE 46.482 ANSRTHMITE . 31.278
PLAGIOCLASE COMPGSITION (PERC aAN) 40.22
THORNTON aND TUTTLE OIEESRENTIATION INDEX = 31032
SOLIGIFICATICN INBEX (100%MGO/(MGO+FEQ+EE2039NA20+K203) = 24.316
CAYSTACLIZATION IMOEX (ANeMG,OI+FO+FO EQIV OF EN) = 37.556
L‘ksgg A 1038 asaas tare In N ) 1PLAG) : sg.;%z
A > E£d »
A TE AT T 4920805108 TRLYANLREY S : 32:048
MG NUMBER AS CATIONS MG/CATIONS (FEeMG) s 54.715
GXIDAT1JN RATID ACCORCING TD LE MAITRE (FEQ/FEQ+FE203) = sa0i
QENSITY 9F ORY LIGUID OF THIS CCMPASITION (AT 1050 DEG) = 2.569
TATAL JLKALIS 24.27 TOTAL FE  §1.02 NG 26.71

KOMATIITE PARAMETERS
FEO/(F;O*HGO)
«86737

JENSEN CATION 25393 - FED*F%%?%;IIBZ ES???

QuaRT? - FELOSPAR RATIODS
QUARTZ 21.48

QUARTZ 28.48
CATION PROPDRTIONS

COORDINATES IN THE SYSTEM PLAGICCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAMEORON IS

BASALT TETRAHEDRON
CLINOPYROXENE PROJECTION
QUARTZ PROJECT ION
PLAGIOCLASE PROJECTION
OLIVINE PROJECTION

CHAS PROUECTIONS
TETRANEDRON COQROINATES
DIOPSIDE PROJECTION
GLIVINE PROJECTION
ENSTATITE PROJECTICON
QUAARTZ PRODJECT ION

ORTHOCLASE 17.%6
ORTHQCLASE 23.15
27.31 FE
CA T. 49 “G
st 79.73 AL
s 35.82 Z2FE
CcA 32.15 AL

oL

C
C3a
cs
M2s
CAS2

17.39
19.14
23.10
37.99
0.0

14,467
31.61
18.55

6413

[ 2-2-22 2

82.31
cPx

c2s3
LA

PLAGIOCLASE
ALAITS
36.21

10.27

10.29

35.57

bbe 264

[}
4

MOLE PERCENT
.58
0.0
8.5}
13.99
4439

14.31
14,01
68.38
39. 7
sBson

CA0/aL203 S102/7102 AL2Q3/T102 FEQ®/T10Q2 CA?I?IDZ NA20/T102
%0 63.66 13.39 11.01 55 3.108

1,65

8.38

MG 36,47
Sl 82.0¢
"G 9.98
SI1/5 28461
NA +K 23.61

PLAG 52.93
56466
684139

0.0

35.31

15.02
34.59
15407
54415
ISV

4253
cus2

2

2208

pP20%

K
»

+50

»%0

20/T102
128

- CLINCPYROXENE ~ QUARTZ ( IN MULE PERCENT)

14

AP X+{40QT2)

TOTAL
100.05

TOTAL
100.00

22,60

24019
0.0

48.02
40430

sb- Zl



TUNKINGTONLS 8]
SAMPLE MUMBER NZ T7-TTNBIL 286

ORIGINAL WEIGHT PERCERT OX!DES

$102 AL203 FE203 FED MNQ ) ca0 NA20 K20 7102 #2208 CR203 TQTA
56.88 15.55 346 7.78 .15 3.80 1:.32 2.83 .79 1032 203 230 100.06
WEIGHT PERCENT CXIOES RECALCULATED TO 100 PERCENT
$102  AL203 FE203 £EQ NG MGO CAQ NA2( X20 T102 P20S  CR203 TOTAL
55.85 15.54 3<% 1.78 .13 3.40 7.32 2.83 I9 1.34 <45 <00 100.00
CATION PROPORT {ONS IN ANAGLYSIS
S1 AL FE3) FE(2)  MN G Ca NA X T1 P R
53.396 17.35 2.47 6el6 .12 $.36 7263 5419 .98 o I .36 +00
CIPW NORM
ar2 COR ar Al L NE KP
WEIGHT PERCENT 14.0%50 <000 4.686 23.926 27.378 .000 <000 +000
MOLE PERCENT 40 249S +Q00 32338 15.800 17.060 -000 <000 <000
CATION PERCENT 13.311 20090 .17 25.973 28.010 +000 1000 <000
AC NS KS DI w0 HY cs
o gmee il M g b e B B
[ - - - L ] - 0 >
O anCBET NN <000 2388 2883 2:352 -00a 301 .60 :888
WEIGRT PERCENT b 500 1.5, 900 g" b% B30 1,065
. . . . 0 . 000 . 5
N5i2" lence st 3:93% 2000 2.233 204 2000 L0040 <000 .5
CATION QERCSNY 30699 .000 la‘tal oooo -000 .000 .000 .962
PAFTC INOEX = 30.000
NORM TOTAL = 1D8:0i9
GLIVINE COmROS SETION
RSTERITE .000 FAVALITE .000
ORTHOPYROXENE COMPOSITION
NSTATITE %3.631 FEARDSILITE 51.369
CLINOPYROXENE COMPOSITION
WOLLASTONITE 50.371 ENSTATITE 244135 FERROSILITE 25.494
T10M
FELOS AT GRLeRa TI0) 5 1T€ 42,748 ANORTHITE  ¢8.916
PLAGIOCLASE COMBRSITION (PERE AN 53.386
NTON _ANO TUTT RENTIAT JON_IN 42,65
BN AW on “}NBExD} Y394 n$3‘5§09§5203on420+K20): + 38:%%8
CRYSTAULIZATION INOEX (AN¢MG¢OI¢FO¢FU EQIV OF ENJ a 35.748
LARSEN  [NGEX {1735 [+K 1=( CA+HG T 6.497
ALBITE RATIO (1002(4B+48 €01V " 1n NED (PLAG) *  46.636
R T TR T T R T = 72.908
L LN S RIS T T L E M L T 462520
OXICATION RATIO ACCORDING TO LE MAITRE (FE0/FEQ+EE203) = L234
DENSITY OF DRY LICULD OF THIS CORPOSTTION (AT 1050 DEG) = 2.400
T0TA

L ALKALIS 19474 T0T7AL FE $9.50 MG 20.74

KOMATIITE PARAMETERS
FED/(FED+HMGC) CAD/AL203 SID2/TV102 AL203/T102 FEQ=/TID2 CAD/TI02 NA20/T102 K20/7102
«T415 47 54.63 14.95 10.48 T<04 2.721 «760

JENSEN CATION AL203 - £EDeFE203+T102 = MGO
ENSEN cavION 25233 53935 16471

QUAlTsuxngfLOSPAR R‘;3?§7

ORTHOCLASE 6466 PLAGIDCLASE 72.27

QUART 2 32.95 CRTHOCLASE 10494 ALBITE $6.11
CATION PROPQRY IONS CA 36.79 FE 36.64 MG 26437
CA 1lal% MG 8.05 s1 80.31
st T9.32 aL 12,78 MG T«90
2H6 29.55 2FE 40476 s1/5 29.68
CA 38.72 AL 45,24 NA +« 16.03

COORDIMATES IN THE SYSTEM PLAGIOCLASE - OLIVINE =~ CLINCPYROXEMNME = QUARTZ [ IN MOLE PERCENT)
PROPORTICN OF ANALYSIS IN 3ASALT VETRAHEDRGN IS 89,09 MOLE PERCENT

BASALT TETRAHEDRON oL 16.23 cex 5.49 PL AG 40.60 QT 19.468
CLINOPYROXENE PROJECTICM 153.08 0.0 64012 20.33
QUARTZ PRAJECTION 17.72 5484 T 5045 0.0

PLAGIOCLASE PROJECTION 36.11 13.93 0.0 49.96
OLIVINE PROJECTION 0.0 3.79 41.84 OPX+(4HQTY) 54,37

CHAS PROJECTTIONS

TETAAHEDRQN CODROINATES [ 15.21 b 12.78 A 16,09 s 55.92
D{0PSIDE PROJECTION c3a 32.13 L] 13.66 S 54421
OLIVINE PROJECTION cs 17.15 “ 66493 S 15.92
ENSTATITE PROJECTION "2s 9.15 €253 38,02 A253 52.83

QUARTZ PROJECTION CAS2 FUOR MS R_n CHS2 N



SAMPLE NUMBER  N27-9 TNBL 287
ORIGINAL WERGHT REASENT OxiDES MNQ G cag N&2O 2 T10 p20s
[ K Q CR
$3.52 1296 2439 3.38 +l8 beb b.58 3.79 -lg }..}.5 Y ?33
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
$132 L2903 Fe203 FEQ MNO G0 CAD NA2D k39 T102 P205  CR203
s3.81 15504 301 9.62 .18 5.69 0e58 3.80 .28 ledl e2 ‘08
CATION PROPORTIONS IN aNALYSIS =~ e s . . . .
3 N K
s3.06 16449 2.11 7754 a1 9.27 056 635 .33 .77 .38 +00
CIPW NOAM
arz Cor ar Agd AN L NE
NEIGHT PEICENT  3.5%3 <300 1,663 32.146 23.163 . 900 .000
MOLE PERCENT 130131 =030 leal7 27,218 13473 <000 <000
CATION PERCENT 3,308 <000 1.671 34.270 23.253 000 .000
AC NS S oI wa HY oL
uE 1GHT peR CENT +000 .000 .200 5.219 +000 26.684 <000
.030 <000 .03 . -4 .90
B ok EAEE M nr 333 =000 : 388 a:9%9 <833 $2:45% 2383
LoHT PERCENT MT CcH L M ™ e RU
N 4.36 .000 .100 .00 .000 . 004 <00
MeranlBeRch :1e 338 $:493 299 1006 1000 :898
CATION PERCENT  3.160 =000 1.543 <009 .600 .000 <000
MAFLL INDEX = 39.509
NORACrd¥RE* 2 133393
OLIVINE COMPOSITIIN
FORSTERITE .000 FAYALITE <000
QRTHO? YROXENE COMPOSITIAN
ENSTATITE S8.933 FERROSILITE 43.087

CLINOPYROXENE COMPCSITION

WOLLASTONITE 50.930 ENSTATITE  27.937 EEAROSILITE 21.133
£ “POSIT
ELOS AR ragar TIoY ALIITE 56.439 ANORTHITE  40.641
PLACTOCLASE CO4POSTTION (PERE AR) “1-854
TSRNTAN AND TUTTLE DIFEERENTIATION. INOCX a 37,382
SOLIOIFICATION INDEX ( 1003RGT/ (MGI+F ES+EE203+NA20+K201) = 292331
CRYSTALLIZATION INDEX (ANeMCoDI+FQ+F0 EQTV DF € = 35,940
S L e e i
A T{AS+4A v N ¥ { = a
tU N R L T G I e HE I I : 23138
WG NUMBER AS CATIINS MGJCATIONS (FE+MG) = 36.899
OXIOATION RATIO AZCORDING YO LE MAITRE (FEO/FE0rFE233) 2 v812
DENSITY 8¢ 09v LIZUID OF THIS COMPOSITION (AT 1650 OE3) = 20647
TOTAL ALXALIS 13.14 TITAL FE  32.164 "G 29.71
KOMATIITE PARAMETERS
FED/(FEQvMGD)  CAG/AL203 S102/T152 AL203/T102 FEJ=/TIN2 CAQ/TI02 NA22/TI02 x20/T1
557 cee $8.63 73.15 15741 973k 3533 <494Ti02
JENSEN CATION

AL293 - FEJ+FS203+T102 -~ MGD
“be26 27176 25.99

QUART] - FELDSPAR RATIOS
ﬁuanrf %.

3 ORTHOCLASE 2.75 PLAGIRCLASE 91.33

QUARTZ =51 DRTHOCLASE 4a4S ALBITE 8604
CATION PROPQRTIONS CA 27,453 Fé 33.77 L1 38.73
[oF § 9.96 MG 14.07 S1 75.97
Si 74.08 AL 12.20 T MG 13472
ZnG 41,48 2F € 36.12 S1/5 22,40
Ca 38,47 A 64480 NA*K 19.53

COOMDINATES IN THE SYSTEM PLAGIJCLASE - OLIVINE
PROPCGRTIAN OF ANALYSIS IN BASALT TETRAHMEODRON [S

9ASALT TETRAHEDRON oL 21.59
CLINOPYROXENE PROJECTION 22.85
QUARTZ PROJECT ION 26019
PLASIOCLASE PRAOJECTIAN 56499
OLEVINE PROJECTION 0.0

CMAS PRIJECTICNS

TETRAHEORON COORDINATES c 19438
DIQPSIDE PROJECTION C3A 32.44
OLIVENE PROJECTION cs 20.82
ENSTATITE PROJECTION “2s 28.66
QUARTZ PROJECTION CASZ FeUSY

ns

= CLINOPYROXENE = QUARTZ (IN MOLE PERCENT)

92.61 MOLZ PERCENT
cPX 5453 PLAG 62,12 QT
0.0 65475
8419 69+562
14.39 Q0.0
4499 56011 IPX+(4QT2}
L 18.36 A 1602 S
M 13.43 S 5211
M 60415 S 19.03
€283 30.12 4283 1,22
SYROY CMS82 SVBRD

Kp
. 000
<000
<000
cs

.000
<338

ap
1.1

1,014

1077

11.40
Q.0

28.42
33.30

50.258



SAMPLE NUMBER NZ 7-10TN

CENT Q

1%
&»
[M1=T7 . J=I7]

NfaxT ot

S1

31,60 16.350

CIPW NOA/M

UEIGHT PERCE
OLE PERCENT

CATIUN PERCE

NT
NT

D

UEEE“T PERCENT
CATION PERCENT

oSe

UEIGHT PERCENT
MOLE PERCENT
CATION PEREENY

MAFIC INDEX = 37,076
NORM TOTAL = 100.020

OLIVINE COMPOSITIDN
FORSTERITE 000

ORTHOPR YROXENE COHPOSITION
ENSTATITE B63

CLINOPYROXENE COMPOSITION
WOLLASTONITE 50.992

FELDSPAR COMPOSITION
ORTHOCL

r~0X cColP OLb-

ol
NOm-H ecah
now

2

81

XIDES
FED
8.38

RECALCULATED
FEQd H

8,47

ANALYSIS
F

€(2)
&6.60

G

ceaell ot ocal
ecCeX ool oo

' ) =
PLAGIOCLASE COMPOSITION (P

THORNTON AND TUTTLE DIFFERENT

SOLIDIFICATION INDEX (100

CRYSTALLIZATION INDEX (AN+MG
LCARSE +K) = (Ca+Mb
ALEITE RATIO (100%(AB+AB €

INDEX (1/3S1

RATIO

TOTAL ALKALIS 17.63

KOMAT [ITE PARAMETERS
FEQ/ (FEQ+MGO) CAD/AL 203
4227 .44

JENSEN CATION AL203

47.40
QUART Z - FELDSPAR RATIOS
QUARTZ 11.085

110qUaRTZ 19,49
CATION PROPORTIONS

COORD {NATES IN THE SYSTEM PLAGIDCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS

HASAL.T TETRAHEDRON
CLINOPYROXENE PROJECTION
QUARTZ PROJECTION
PLAGYOCLASE PROJECTION
ODLIVINE PROJECTION

CMAS PROJECTIONS
TETRAHEDRON COORDINATES
DIOPS {DE PROJECTION
OLIVINE PROJECTION
ENSTATITE PROJECTIOGN
QUARTZ PRDJECTION

i
*MGO/
i

s102/
ry

- FEO+FE203+T102 - MGO
26.48 26.

CaA
CA
SI
MG
Ca

oL

MG
6.4

MNO
14
T0
NO
16 6.9

N
A3

oo =1 ece
Co
- oPraeX ool
SURT aoot? V=T
@ P=1-1=1 el 1

i PSPY

FAYALITE

FERRASILITE 42,

ENSTATITE
ALEITE
€ AN)

T
|

E
[
ON
a
+FD

R
I
G
FO+FO £QIV 0O
NE)/PLAG)

TOTAL FE

TI102
.26

04

o

ORTHOCLASE

ORTHOCLASE
20.36
9.7S
74.%0
41.70

36.24

21

24

.02
B!
57
33.24
s.0

24.

14.355
31.789
18.50
21.52

2 X RN XM

v}
S

1

MG
.05

100 PERCENT
MGO

.000

1327

F EN)

AL203/T102
12.82

a

1.
2

&1

(3]
FE
MG
AL
2F
Al

ce

I x X

INDEX
+FEQ+FE20I+NAZD+K20))

)
(FEO/FEO+FE203)
D%NSITY OF DRY LIQUID OF THIS COMPOSITION ¢AT 1050 DEG)

51.29

FEO®/TLO2
?.18

E

X

fa=ro
P

'

[—1—1-1

ceod COBE TNeP
cooZ ccol =Ry

coo

FERROSILITE 20.8651

ANORTHITE 44,429

e

'

AU WHLS
N Nxkes=Vew

Nnpepdpglgh
rofe

vmmciooqw
S toinind

W

4]

©

31,07

CAD/TIO2

5.60

3.

QCLASE B86.53

g 77.87
MG
=33
[,[M
51/%
NA-+K

«wa

L 60

mOLE PERCENT
4.03 PLAG
0.0
4,71

10.20

3,29

17,45 A
15.11% s
64,37 5
32.78 AZS3
12222 ] CMS2

ronore
[N 27, 8

coeT I ooor
o@OoT BN asSoh
occ woe =y

039

39.18
76.78
13.13
23.78
18.17

60.51
63.0S
70.72
0.0
49,49

15.46
33.11

7.23
45.71

[ 2222 ]

oS

=113

ool ol eeel
caecol cool oeem

ecc

NAR0/TIO2 K’OéTIO’

- CLINGPYROXENE - QUARTZ (IN MOLE PERCENT)
?3.62

QTzZ

OPX+(4QT2Z)

oSl eSoX
ool oo
ctlea ecc

&03T
-0

U
PR 3

14,44
15.04
0.8
36.56
47,22

u
r
«
-



TUNNINGTON198L
SAMPLE MJUMBER NI ?=11TNS1 289

ORIGINAL WEIGHT PERCENT OXIDES

102 “ar293 FE203 ) MNO MGO 4540 NA20 K20 p205 R
$193 15333 W 053 p5 % SO S Dot S G 1 49 1583 %7 RB3 0TH
WE 1GHT pff§§§' uéxges RECALCULATED T3 100 PERCENT ceo
A NA P20S
3192 1823} 2% 093 W 88 0T yazg %8 118 297 3 a4
CATION PROPORTIONS [N ANALYSIS
st FE(3) PEC2)  mu "G ca NA K T1 » cR
silos 1574 2.30 7s .13 8.94 7,50 637 al6 72 37 .00
CiPW NORM™
QTZ cor aR A8 AN L NE Kp
WEIGHT PERCENT 12.832 <000 <787 29.573 22.708 +000 «000 <000
POLE PERCENT 37.813 . 000 <593 19.958 loatS) <000 <000 »000
CATION PERCENT 12.083 2000 .778 31.829 23.034 . 000 ~000 -000
AC NS XS 0t Wo oy oL cs
:Szcuge:egﬁgnr .800 +000 +000 9.17¢ «000 17.199 +000 - doa
<000 <300 . . . .00
o T onEBER M nr 2000 <060 2600 3:33% 833 13:42 38 1399
WE IGHY PERCENT N7 500 05 28 28 o o0 %
P . . .00 <000 . .000 .
HGLe PERCENT 3:5606 10809 }.333 -333 <000 1383 <000 1312
CaTION 2ERCENT  3.449 . 000 1.439 <000 .0C0 Zovo <000 *394
MAEIC INDEX 3
NERLSTONREX 3 13648
OLIVINE COMPOSITION
FORSTEZRITE «D00 FAYALITE .000
CRTHOPYROXENE COMPOSITION
NSTATITE 56.856 FEAROSILITE 43,144
CLINGPYRDXENE COMPOSITIQN
WOLLASTANITE 83.92% ENSTATITE  27.902 FERROSILITE 21,173
£ pa o5t TION
FELDSRRSLGEN A8 T10Y (i ALE(TE 55,748 ANDRTHITE  42,80%
SLACTUELASE COMPOSITION (PERE AR 430434
THORNTON AND TUTTLE OIEEEIENTIATION INOEX T 43.173
SO A Y AN on TabEx Ol 0B3RE0 (NEB FE0SE 5203 vna204K20)) = an1
CRYSTALLIZATION INDEX [AN+MG,D1+FD+»FD EQIV OF EN) = 352083
UARSEN INDEX €1/3S1+K )~ CA+mG) = 42118
ALBITE RATIO (100%(AB+AB EQIV IN NE)/PLAG) ® 346.566
IRON RATID ((FE2=MN)BLI00/IFEZ¥MNeMG) ) = 6404
MG NUMBER AS CATIONS MG/CATIONS (FEwMG) 2 54.481
OXIDATION RATIO ACCOROING TO LE MAITRE (FEO/FEOeEE203) = .829
DENSITY OF DRY LIQUIG OF THIS CaMPOSITION (AT 1050 DEG) = 24599
TOTAL ALKALIS 19.26 TOTAL FE  S4.42 MG 26.32

KGMATIITE PARAMETERS

FEOI:i;?sﬂGO! CADIA&§S3 sxogzzlgz ALZ??{S;DZ FE?S:E%OZ CA?{;{OZ N%ED%TIDZ Kig/TIOZ

JENSEN CATICN AL203 - FED+FE 034?(02 =-_MGO
50.05 2 22+0%

QUARTZ - FELOSPAR RATIOS

QUARTZ 19 ORTHOCLASE 1.l16 PLAGIOCLASE 79«36
QUARTZ 29.72 ORTHOCLASE 1l.78 ALB(TE 58050
CATIDN PROPORTIONS Ca 3%.15 FE 32.33 M6 32.52
Ca 10.95% MG 10.13 SI 78592
SI 78.50 AL 11.43 MG 10.07
p4.10 36.06 2FE 35.35 S1/5 28.09
CA 40.26 aL @2.24 NA+X 17.51

CODRDINATES IN THE SYSTEM PLAGICCLASE - QLIVINE - CLINCPYROXENE = QUARTZ { IN MOLT PERCENT)
PROPORTTION OF AMALYSIS IN BASALT TETRAHEDRON [S 93.34é MOLE PERCENT

BASALT TETRAHENDRDON au 131.93 cPX 9,73 PLAG 58.78 QT2 17.56
CLINOPYROXENE PROJECTION 15.44 0.0 85,11 19,58
QUARTZ PROJECTION 16490 11.30 71.30 0.0

PLAGIGCLASE PROJECTION 33.80 23,60 0.0 42,59
OLIVINE PROJECTION 0.0 7.01 42,37 OPX+{4QT2} $§0.62

CMAS PROJECTIONS

TETRAHEDRON COOROINATES [ 15.58 L] 14.06 A 15.11 s 55425
D10PSIDE PROJECTIAN C3a 312.04 M 13.86 S 54.11
OLIVINE PROJECTION cs 18.27 M 56.18 s 15,55
ENSTATITE PROJECTICN M2s 11.62 €2s3 38.86 A253 49,52

QUARTZ PRGIECTION CAS2 74.15 M3 24407 Cus2 1.78



N

TUNMINGTONE9B)

SAMPLE NUMBER  NZ T7-12TNB1 290
aaxaxua;nugxgnr ;gggenr oxlee> MMNO “Go ca0 Na20 K28  T102 s
L P2
’g 9% Y4 EY Y-S 7-;9 18 5.06 T.08 344% 43 1.00 026 Cksgg
M les PSLSEa' OFI%83 RECALCQLATED X9 100 :Escenr cA NA20 x20  T102 P20S  CR203
4
3132 %393 3caT 7.81 .18 3.07 7.1 3.86 %3 1.00 b ‘00
cajion pROPORTIONS IN ANALIRESY G ca a X T P ¢
R
$3.28 16.29 2e44 6411 el 7.07 7.11 7.00 e51 be 21 .37 .00
C1PW NORM
T R A8 AN N
WEIGNT PERCENY 79940 <%0 2.9% 32.437 21,714 850 .60
#0LE PERCENT 269245 <000 22215 24s718 15.500 -aao <000
CATION PERCENT +423 =000 2.572 34.988 21.939 « 000 .000
AC n3 XS o1 . uo Hy oL,
=grau;epenﬁenr +000 +000 -9ao 8. 402 .a00 xa.sgo +000
SRS ET M e <338 333 :333 §:512 +383 18:333 :383
NT cH 0 HM ™ pE RY
WEISHT PERCENT  5.03 .000 1,903 .000 +000 +000 <000
LE PERCENT a3l <000 22691 <000 <60V =000 <000
CATION PEACENT  3.846 2000 10410 +000 <000 <000 <000
HAF1C INDEX .
OLIVINE COMROSITION
ORSTERITE »000 FAYALITE +000
ORTHOPYROXENE_COMPOSITION
ATITE $5.440 FERRQSILITE 44,560
CLINOBYROXENE conpasxrtan
ASTONITE 50.430 ENSTATITE  27.260 FERROSILITE 21.910
P
FELOSEAR GOMOTRITION 47s ALBITE 37.361 ANORTHITE 384163
PLAGIOCLASE COMPOSITICN (PERC AN) 39.941
THORNTQN TUTTLE DIFFERENTIATI = 43.})23
TRCieI T ANt VT s e O e G ENa AnE 0F%09£E203¢NA200KZD)) : 3213
CRYSTALLIZATION INDEX (ANeMGsOl+FQ+FO €Qiv QF EN =2 332379
T T e i
@« n
thoN ' $a3 12 ?(?égsnu) 8108/ T8L . ANene) 1 = 67.001
HG NUNBES"AS CATIONS MG/CATIONS TPEag) 3 53.644
DR tDaTTon ARTTA  ACEORDING TO LE MaTTae (Fzo/fE0+FE203) s <814
OENSITY,QF ORY LIGUIO OF THIS COMPOSITION (AT 1050 DEG) =  2:611
’ YOTAL ALXALIS 21.14 TOTAL FE  53.87 MG

KOMATIITE PARAMETERS
FEQ/L{FEQ+RGO) CAQO/AL203 810211%02 AL203/7102
<6831 48 3.73 1474

JENSEN CATION AngB - FEG*FEZDB*YlOZ =_MGO
49 21l.48

QUAiT%uxagfLDSPAR RA{L?%S

26499

FEQS/T102 CA?ITIDZ NAZ2D/TI02 X20/T!02
10.91 «08 3.850 «430

ORTHOCLASE 3.93 PLAGIOCLASE 83.83
QUART2 18.41 ORTHOCLASE 5.90 _ ALBITE 75%.68
CATION PROPORT IONS 33.06 ge 34.08 . 32487
CA 10.70 46 10.64 st 78.65
$1 17.45 AL 12,07 MG 10.48
Zn6 36.03 2FE 37.35 S1/5  26.82
CA 37.41 AL §£2.83 NA+»K 19,78

COORDINATES [N THE SYSTEM PLAGIDCLASE - DLIVINE

= CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)

PROPORTION OF ANALYSIS IN SASALT TETRAMEDRON IS 91.28 MOLE PERCENT

BASALT TETRAHEDRON oL 15.23 cPX 9.26 PLAG 62.30 QT2
CLINOPYROXENE PROJECTION 16.79 0.0 50446

QUART2Z PROJECTION 17.55 10.67 7i.78
PLAGIDCLASE PROJECTION 40a 40 24457 0.0

QLIVINE PROJECTION 0.0 Teb5 50,08 OPX+4QT2)
CMAS PROJECTIONS

TETRAHEDRON COCRDINATES c 16.45 M 14.81 A 16423 S
DIOPSIOE PROJECTIDN C3A 32.9¢ L] 16,25 S 52.81

OLIVINE PROJECTION ¢s 20.50 L] 61.75 S 17.75

ENSTATITE PROJECTION "2s 22.28 cas3 33.81 4283 43.81

QUARTZ PROJECTION 14,90 NS 24.30 CHs2 +80

CAS2

«000

13.21
16455
0.0
35.03
42,47

52.51



TUNNINGTONL1 961

SAMPLE NUMBER NI T-13TNB1 291
ORISINAL WEIGHT PERCENT OXI1DES
5102° 'aL203 FE203 FEQ uND MGO CA0  NA2O K20  TI02  P205 CR203
57.30 144 $293  f%Y el6 435  T.49 3,717 .27 1400 iy 1
MEIGHT PERCENT GXIDES RECALCULATED T0 100 PERCENT
$102 4L203 FEza3 £2 NG MGO cag  NA2Q x2¢ Tioz P20 CR203
53436 132a8 7393 5% e S8 58 3 <27  1.00 e <00
CATION PRUPORTIONS IN ANALYSTS
ST FE(3} FE(2) MN “G CA X T1 P CR
s3i70  15.98  3.28 .70 oy 6.37  7.83  6.86 232 1 .35 .00
CIPW NORM
aT2 cor g a8 AN Lc NE
MEIGHT PERCENT L1.244 <000 1.397 31.922 21.702 +660 000
MOLE PERCENT 342397 <000 1.285 22,368 142333 <000 <000
CATION PERCENT 10.547 <000 1.617 340301 21.978 <000 -000
AC NS K$ o1 w0 HY oL
WE [GHT PSRCENT .600 000 .000 10.368 +000 15. 554 000
NOLE P ERCENT 000 <000 <000 8.330 =000 12-4639 <300
CATIDN PERCENT 2000 <000 006 10218 <00 15.577 ~000
WEIGHT PER CENT os1 360 36 29 39 pFo A
5 4. at 1.301 .00 000 .0 000
MOLE PERCEN 3714 2900 21302 :088 000 °0 000
GFToncPERCEnr 31007 2000 [a%l2 ~000 <000 2333 2000
NAEIC INOEX 2 33.847
NORM TOTAL = 100017
OLIVINE COMPOSITION
FORSTERITE .000 FAYALITE 000
ORTHORYROXENE COMPOSITION
ENSTATIT 5549 FERROSILITE 45.083
CLINGPYROXENE COMPOSITION
WOLLASTONITE 30.795 ENSTATITE  27.022 FERROSILITE 22.183
FELDSPAR COMPQSITION
S PLI S . ALBITE $7.808 ANGRTHITE  39.300
SLACTGELRSE coRdasTTioN (PERE AN) 200471
THCRNTCN A#D TUTTbE OIFFERENTIATION éNDEX . 2 b, 767
SOLIDIFICATION INDEX {100%MG3/ (NGI+FEO+FE203+NAz0eK20)) = 232839
CRAYSTALLIZATION INOEX (AN+MGsDI+FO+FO EXIY & ) = 33737
LARSEN [NOEX (1/35I#K}=(CA+NG) 2 Tal8l3
ALRITE RATIO (100=(AB+AB EQIV IN NE)/PLAG) B 59‘?29
IRON JATIO ((FE2INNYIXIT0/{FE2+MN+NG) ) a2 37.764%
MG NUMAER AS CATIONS MG/CATIONS (FE~MG) = 32.777
OXIOATIGN QATIO ACCORDING TO LE MAITRE (FEQ/EE0+FE203) = 1822
DENSITY OF DRY LIGUID OF THIS COMPASITION (AT 1050°0EG) = 20554
TOVAL ALKALIS  21.55 TOTAL FE  54.13 e 28427
KOMATI(TE PARAMETERS
FEQ/CFEQ*MGD)  CAGD/AL203 SI02/T102 AL203/T132 FE0#/T102 CAQ/T102 NA20/T102 K2Q0/T102
<6906 .52 §7.1308 Toeds 10.16 Te43 32770 210
JENSEN CATION AL203 - FEG4FE203+TIO2 = MGQ
51250 37498 20.52
QUARTZ - EELOSPAR RATIOS
SUARTZ 15432 ORTHOCLASE  2.40 PLAGIOCLASE 80.48
QUARTZ 25413 QRTHOCLASE 3.57 ALAITE 71.31
CATION PROPGRTLONS +  Ca 36433 FE 32.96 6 30.71
ca 11.13 "G 9.40 st 79.47
S1 78.96 AL 11.72 MG 9.34
M6 36027 2FE 36.73 $1/8  28.9%
Ca 39.41 AL 41479 NA K 18.30

CIORDINATES IN THE SYSTEM PLAGIUCLASE - OLIVINE
PROPORTION OF ANALYSIS IN 3BASALT TETRAHEDRON IS

3ASALT TETRAHEORON oL 12.61
CLINDP YROXENE PROJECTION 1418
QUARTZ PROJECTIAN 1454
PLAGIOCLASE PROJECTION 32.15
DLIVINE PROJECTION 0.0

CMAS PROJECTTONS

TETAAHEORON COORDINATES < 16.%0
OIOPSIDE PROJECTION €34 32.72
OLIVINE PROJECTION cs 19.60
ENSTATITE PROJECTION M2s 15.85
QUARTZ PRAJECTION CAS2  7S5.14

~ CLINOPYROXENE = QUARTZ (IN MBLE OERCENT)

92.82 MOLE PERCENT
CPX 11.03 PLAG 60.78 eT2
0.0 68.30
13.07 71.99
28.12 0.0
8,22 65429 0PX+{4QT)
“ 13.41 4 18.67 S
M 13.68 S 53.60
“ 64.07 s 16.33
C2s83 37.44 A283 46.71
MS 21476 CHS2 3.09

15.59
17.53
0.0
39.74
684 49

S54.42



SAMPLIZ NUMEER BG 116
ORIGINAL WEICHT PERCENT QOXIDES
S182 AL203 FE2Q3 FEQ MNO GO Cad NA20 K20 TIGQ2
$8.72 9.03 1.34 12.09 19 19. 10.22 W00 .92
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
SI02 AL203 FE203 FED MNQ MGO Cag NA20 K20 TI1Q23
S50.84 5.04 1.35 12.12 .19 19.33 10.24 .28 .40 .52
CATION PROPORTIONS IN ANALYSIS
s Al FE(I) €(2) AN MG ca NA K TI
46.69 .46 .93 .31 .15 k.45 10.08 .83 NI , 36
CIPW NORM
Qarz COR ar aR AN Cc
WEIGHT PERCENT .000 . 000 L0090 2.374 12,497 .hoo
HOLE PERCENT .000 ,000 .0¢0 1.969 9.864 ,0060
CATION PERCENT .00 .0B0 .000 2.498 12.39S 000
AC NS KS DI wa HY
BE!GHT PERCENT .000 .000 .003 30.422 .,000 44,950
AOLE PERCENT .J00 , 000 .0C0 29,789 000 45.344
CATION PERCENT 000 000 .000 29 .934 .Q00 45,868
MT cr IL H TN PE
WEIGHT PERCENT 1.953 .000 990 ,0006 000 .000
MOLE PERCENT 1.85%3 .400 1.433 ,000 . 800 .000
CATION PERCENT 1.396 000 720 .000 .000 .000
MAFIC INDEX = g85.134
NGRM fOTAL = 100.0086
OLIU!NE COMPOSITION
RSTERITE 67.911 FAYALITE 32.089
ORTHDPYROXENE COHPOSITXON
EN TITE ?.99 FERROSILITE 30.009
CLINOPYROXENE COMPOSITION
WOLLASTONITE 51.784 ENSTATITE 33.747 FERRQSILITE 14.449
FELDSPAR COHMPOSITION
ORTHOQOCLASE ,000 ALBITE 1S.9465 ANORTHITE 84.035
PLAGIOCLASE COMPOSITION (PERC AN) 84,038
THRURNTON AND TUTTLE DIFFERENTIATION INDEX = 2.374
SOQLIDIFICATIDN INDEX (100xMGO/(MGO+FED+FE203I+NAZC+K20)) = SB,431
CRYSTALLIZATION INDEX (AN+HG DI+FO+FO EQIV OF EN) = 41.177
LARSEN INDEX (1/3SI+K)-(CA+HNG) = =21.723
ALBITE RATIO (100%(AB+AR IU IN NE)/PLAB) = 15.945
IRON RATIO ((FE2=MN)%100/(FE2+MN+MG) = 45,086
HG NUMBER AS CATIONS MG/CATIONS (FE = 73.946
DXIDATION RATIO ACCORDING TO LE ITRE (FEQ/FEQ+FE203) = .843
2E:S§TTXOF DRY LIQUID QF THIS COMPOSITION (AT 1058 DEG) = 2,843
TOTAL ALKALIS .85 TOTAL FE 40 .48 MG 88.67
KOMATIITE PARAMETERS
FEQ/ (FEQ+MGQ) CAQ/aL203 SI02/T7TI102 alL203/7I02 FEQ:=/TI02 CAQ/TIOZ2 NA2Q/TIO2
L4083 2.03 97 .54 5.67 25.58 19,695 . 938
JENSEN CATION AL202 - FED+FE203+TID2 -~ MCO
12.84 24,94 62.22
R - P RAT
aua T%bARggLDS AR I?%O ORTHOCLASE .00 PLAGINCLASE »swxx
QUARTZ .00 CRTHOCLASE 00 ALBITE I YY)
CATION PROPORTIONS Ca 21.77 FE 21.11 MG S7.13
CA 12.11 MG 31.79 SI S6.10
SI 61.54 Al J.560 MG 34.87
2MG 63.68 2FE 23.90 81/% 11.42
CA 77 .19 AL 20.%0 NA+K 1.91

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRAMN IS

EASALT TETRAHEDRGON
CLINQPYROXENS PROJECTION
QUARTZ PROJECTION
PLAGLOCLASE PROJECTION
BLIVINE PROJECTION

CMAS PROJECTIONS
TETRAHEDRGN COORDINATES
DIOPSIDE PROJECTION
OLIVINE PROJECTION
ENSTATITE PRATJECTION
QUARTZ PRQJECTION

?7.70
oL 42.38 CFX

81.19

48.01

S0.00

3.0

[ 10.90 g}
€34 19.87 M
Cs 23.33 #
M2s 4¢ .11 cas3
CAS2 1%.59 M3

HMOLE PERCENT
30 .64 PLAG
0.0
34,72
36,13
33.01
37.03 A
27 .30 S
69 .22 S
401,33 A2S3
53.71 crMs2

1S,
21.
17.27
0.0
16.

3.96
53.62
7,44
19.36
26.70
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SAMPLIE NUMBER BG 131
ORIGINAL WEIGHT PERCENT OXIDES
SIO% AL.203 FEE%g FEQ MNO HGD CAQ NAZ20 K20 TI%E P20S CR203
350.1 4.78 1. 11.58 19 21 8,99 .00 .00 + 349 08 )
WEIGHT PERCGCENT OXIDES RECALCULATED TO 100 PERCENT
SI0a AL303 FE203 0 MNQ MGO CAQ NAZ20 K29 TID2 P205  CR203
$0.14 4.78 1.29 11.57 19 21.97 8,98 .00 .09 .35 .0 b6
CATION PROPORTIONS IN ANALYSIS
3 FE(S) FE(2) HMN MG cA NA T [ CR
45,66 .12 .88 B8.81 .15 29.82 8.77 , 00 .40 24 06 47
CIPW NORM
QTZ cQor OR AR AN LC NE
WEIGHT PERCENT .000 .000 . 000 .360 13.031 000 600
MOLE PERCENT .000 . 000 . 000 .000 10.054 .008 .000
CATION PERCENT .009 ,000 . 000 L000 12.817 ,000 .00@
A S KS I Wwo NY oL
WEIGHT PERLCENT ,ﬂ%O ,%DO .0DD 24,380 .000 48.753 P.653
HOLE PERCENT .000 .000 .%00 23.921 , 000 48‘359 13,444
CATION P RCENT .000 , 000 00D 24.396 L.000 49,829% 10.284
MT cH IL HM TN PF rRU
WEIGHT PERCENT  1.B&S 971 L6564 .000 ,000 .000 ,0090
MOLE PERCENT 1.729 . 931 939 .0ao .000 000 000
CATION PERCENT 1.322 .7212 479 000 .000 000 .000
MAFIC _INDEX = 86.976
NORM TOTAL = t90.007
OLIVINE COMPOSITION
FORSTERITE 71.918 FAYALITE 28.082
DRTHOPYROXENE GCOMPOSITION
ATITE 723.838 FERROSILITE 26.162
CLINDPYROXENE COMPOSITION
WOLLASTONITE 52.030 ENSTATITE 3%.4240 FERROSILITE 12.5350
FELDSPAR COMPOSITION
ORTHOCLASE , 000 ALBITE ,000 ANORTHITE RANNN
PLAGIOCLASE COMPOSITION (PERC AN) W WX W
THORNTON AND TUTTLE DIFFERENTI&TIO INDE = N 1]
BOLIDIFICATIUN INDEX (100*HGD/(HGO+FED+FE°D3#NA°D+K°D)) = 63,083
CRYSTALLIZATION INDEX (AN+HG DI*FO*FO EQIV QF EN) = 64,211
LﬂRSEN INDEX (1/3SI+K)~-(CA+ 8 =24,160
ALBITE RATIO (éOO*(AB+AB 9 V IN NE)/PLAG) = .goo
IRON RATIC ((FE2=MN)w100/ 2+MN =  40.,62%
MG NUHBER AS CATIONS MG/ M’IONS (FEmG) = 77,187
OXIDATION RATIO ACCORDING TO LE MAITRE (FED/FEO+FE203) = .838
2§§S§1¥18F DRY LIGUID OF THIS COMPOSITION (AT 1030 DEG) = 2.852
TOTAL ALKALIS .08 TOTAL FE 36.68 MG 63.32
KOMATIITE PARAMETERS
FEO/ (FED+MGO) CAaQ/aL203 SI02/TI02 AL203/TID2 FEON/TID2 CAQ/TID2 NA22/TIQ2 K20/T71Q2
3668 1.88 143.37 13.64 36 .40 25 .69 .000 .%00
JENSEN CATIDN ALED§ - FEO+F§°O3+T102 - MGO .
1,42 33.14 66,44
UVARTZ - F SPAR RATIONS
9 Qu ELD .00 ORTHOCLASE .00 PLAGIGCLASE saxnw
QU RTZ ,00 ORTHOCL ASE .00 LBIT .0
CATION PROPORTIONS CA 18.32 FE 19.34 MG 62.34
CA 10,40 MG 35.4¢ S1 54,20
s8I 58.30 AL 3.28 MG 38.21
2MG $8.34 _FE 21.20 S§1/% 10.44
CA 77.32 AL 22.63 NA+K .08

COORDINaTES IN THE SYSTEM PLAGIAQCLASE - ODLIVINE
PROPORTION OF ANALYSIS IN PBASALT TETRAHEDRON IS

BASALT TETRAHEDRGN oL 48.96
CLINOPYROXENE PROJECTION 85.34
QUARTZ PRUJECTION 55.15
PLAGIOCLASE PROJECTION 56.39
OLIVINE PROJECTION 0.0
CHAS PROJECTIONS

TETRAHEDRON COORDINATES c 8.99
DIOPSIDE PROJECTION c3a 17.03
DLIVINE PROJECTION cs 20.45
ENSTATITE PROJECTION na2s 44.66
QUARTZ PROJECTION casz2 17.80

= CLINGPYROXENE - QUARTZ (IN MOLE PERCENT)
97.32 MHOLE PERCENT

CPX 25.07 PLAG 13.17 qarZ
0.8 17.328
28.75 15.10
28.87 0.0
28.03 14.73 OPXHAQTD
bl 40.90 A 3.41 S
" 29 .43 S 53.55
M 72.34 S 7.21
c2s3 36.22 A283 19.12
nS 61.58 cHS2 20.62

-
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12.89
17.08
8.0
14.74
57 .24

A7 .39
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SAMPLE MUMBER BRG 122
ORIGINAL WEIGHT PERCENT DBXIDES
s1Q AL202Z  FER NO MGO cao NAR K20 T102 P205  CR203
53195 5759 78 153 S 2084 9,92 A0 Nt L 61 Nt Wt
WEIGHT PERCENF OXIDES RECALCULATED TO 100 PERCENT
s102° ALI0S FE203 FEQ MNO HGO ca0 nNA20 K20 TID2 pP205 CR203
50.32 5" 1.2 11.12 ,27  20.45 9,83 , 00 .62 . &0 N L] Tz
CATION PROPQRTIONS IN ANALYSIS
s1 FE(3) FE(Z)  MN MG CA NA K TI p cR
2503 &.08 .85 8.51 21 27.88 9.53 .00 .02 42 .07 .30
CIPW NORM
QTZ COR OR AB aN L NE
WEIGHT PERCENT . 000 . 000 112 000 15. 124 .000 900
MOLE PERCENT J00g Joen 112 904 12.047 000 (00D
CATION PERCENT 000 . 000 "116 00D 15,1328 1000 1000
ac NS XS pI uo HY oL
S A L ‘200 ‘08 35:330 ‘200 43.5% $:503
CATION PERCENT 1600 395 So00 22-925 1000 12:383 6.55%
HT cH I HH ™ PE RU
WEIGHT PERCENT  3.793 613 1.148 . 040 000 YY) .00
MOLE PERCENT 1.493 V€93 1.454 Jq00 ;000 004 1300
BAFioN RERCENT  1:3%2 . 451 832 .a00 000 000 L0090
MAFIC _INDEX = 84.564
NORM TOTAL = 100,008
OLIVINE COMPOSITION
FORSTERITE = 71.367 FAYALITE 28,633
ORTHOP YROXENE CORPOSITION
ENSTATITE 73.311 FERROSILITE 2&.489

CLINQPYROXENE COMPOSITION

WOLLASTANITE 51,957 ENSTATITE  3%.191 FERROSILITE 12.812
FELDSPAR COMPASITIGN
ORTHOCLAS . 758 ALBITE ,000 ANORTHITE 99,242
PLAGIOCLASE COMPDBITION (PERC AN) POTE
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 117
&0 LIDIFICATION INDEX (1oouHFU/(ﬁGO+FEO+FE°03+NaaD+k20)) n 52,291
YSTALLIZATION INDEX (AN+MG,DI+FO+F0 EQIV OF EN = §4.538
LA SEN INDEX (1/35I+K)=-(CA+ME) = -23,000
ALBITE RATIO (100%(AB+AR EQIY IN NE} (PLAG) = Jagg
IRON RATIO (CFE3=HN)2100/(FE2+MN+MC = 41,789
MG NUMBER AS CATIONS MG/CATIONS (FE+HG) a 74,614
OXTDATION RATIO ACCORDING TO LE MAITRE (FEQO/FED+FE203) = " B4A
2525£2¥10F DRY LIGUID dOF THIS COMPOSITION (AT 1050 DEG) =  2.840
10TAL ALKALIS .06 TO0TAL FE  37.41 NG 62.53
KOWATIITE PARAMETERS
FED/(FEGQ+MGO) CAO/AL203 SI02/TI102 AL203/TI02. FEQx/T102 CAQ/TI02 NA2B/TI02 K20/T102
.3744 1.74 83.24 9,33 20.2% 16.26 . 000 .033

JENSEN CATION AL,203 - FED+FE203I+TI02 - _MGO
1%.90 22.% 63.75

QUARTZ -~ FELDSPAR RﬁTIU%

QUARTZ . QRTHOCLASE .76 PLAGIOCLASE 99.24
UARTZ .00 ORTHOCL SE ewuxw% ALBITE .00
CATIGN PRAPORTIONS Ca 20. F 19.23 MG 60,03
CA 11.53 MG 33.37 St $35.190
ST 59 .82 aL 3.73 MG 36.23
2MG 87 .32 2FE 21.37 51/35 11.11
CA 75.98 At 23,96 NA+K .09

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTIODN OF ANALYSIS IN BASALT TETRAHEDRON IS

BASALLT TETRAHEDRON oL 44,94
CLINOPYROXENE PROJECTIDN 61.385
QUARTZ PROJECTION $1.52
PLAGIDCLASE PROJECTION 353.286
OLIVINE PROJECTION 0.0

CHMAS PROJECTIONS

TETRAHEDRGN CDORDINATES c 9.96
DICPGIDE PROJECTION C3a 19.06
OLIVINE PROJECTION cs 21.27
ENSTATITE PROJFECTION M28 40,60
QUARTZ PROJECTION CAS2 20.84

- CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
97.14 NHOLE PERCENT

CPX 26.72 PLAG 15.358 QTZ
0.0 21.27
30.42 17.86
31,66 0.0
28.566 16,71 OPX+(4QT2)
M 37.78 A 4,22 S
M 27.27 8 33.47
M 70.83 s 7.9
cas3 38.16 A233 21.24
Ms 57 .09 cHs2 22.87
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15.09
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SAMPLLE NUMBER BG 123
ORIGINAL WEIGHT PERCENT OXIDES
8I02  AL203 FE203 FEG HNO MGO cAQ NA20 K20
43,93 5,37 1.5 13,01 .23  22.60 4,64 ,29 .01
WEIGHT PERCENT OXIDES RECALCULATED 70 100 PERCENT
§i02  AL3Q3 FE2Q3 FEQ ] Ca0 NAZQ K20
45,39 5737 1.46 13.14 i 22.83 5. 71 .39 L0t
CATION PROPORTIONS IN ANALYSIS
ST FE(3) FE(2)  hN MG ca N& K
40,90 10.0S R %.90 .18 30.66 6,48 .51 V01
CIPW NORM
QTZ COR OR AB AN
WEIGHT PERCENT , 000 L9080 060 2.478 24,481
MOLE PERCENT .000 .0Q0 053 1.903 17.724
CATION PERCENT L00D L0090 . 058 2.%58 23.821
AG NS KS DI Wo
WEIGHT PERCENT .000 .000 000 6,705 .000 29
MOLE PERCENT .e0d -g00 000 5,033 .000 27
CATION PERCENT .000 000 . 028 4,485 000 25
uT cM IL 4 ™
us:cuT PERCENT 2.118 . 000 .748 .009 .000
OLE PERC 1.842 Q00 .993 . 000 .000
CATION PERCENT 1.48S5 . 000 524 000 800
MAFIC INDEX = 72.987
NORM TOTAL = 100.006&
OLIVINE COMPOSITION
FORSTERITE &%.441 FAYALITE 30.559
ORTHOPYROXENE COMPOSITION
ENSTATITE 71, 483 FERROSILITE 28.537
CLINDPYROXENE COMPGSITION '
WOLLASTONITE S51.879 ENSTATITE  34.389 FERROSILITE 13.733
FELDSPAR COMPOSITION
ORTHOCLASE 221 ALBITE 9.17 ANORTHITE 90.408
PLAGIOCLASE COMPOSITIDN (PERC AN) 90,80
THORNTON AND TUTTBE DIFFERENTIATION INDEX = 2.538
LYDIFICATION DG RHEDY / (MBO+FED+FEB03+NAZO+K20)) = §0.500
CRYSTALLIZATIDN INDEX (AN+MG,DI+FQ+FG EQIV OF EN) = 7,683
LARSEN INDEX (1/381+K)- (:A+ﬁé> = -24.942
ALBITE RATIO (100%(AR+AR EQIV IN NE)/PLAG) s 9,192
TRON RATIO ((FE2=piN) %100/ (FE2+MN+NG)) = 42,020
NUMBER AS CATIONS MG/CATIONS (FE+ G) = 75,384
OXIDATION RATIO ACCORDING TO LE MAITRE (FED/FEO+FE203) = 827
%F:sgz¥lgF DRY LIQUID aOF THIS conposxrron (AT 1050 DEG) = 2.897
F
TOTAL ALKALIS .81 TOTAL FE  38.46 HG 60.74
KOMATIITE PARAMETERS
FED/(FED+MGD) CAO/AL203 SIQ2/TIN2 AL203/TIO2 FEQ*/TI
.3877 T 115,33 23,43 36,569
JENSEN CATION ALZOB ~ FED+FE203+TI02 - nco
9.38 31,32 59,
QUARTZ - FELDSPAR RATIOS
UARTZ .00 ORTHOCLASE .22 PLAGIDCLASE 99,79
VARTZ 00 ORTHOCLASE 2.35 ALSITE 974
CATION PROPORTIONS CA 13,62 FE 21,87 -
ta 8.30 MG 39.29 s1
SI 53, 41 Al 5.56 MG
2MG 67.91 2FE 23.03 SI/5
cA 55, 0% AL 42,73 Na+K

COORDINATES IN THE SYSTEM PLAGIDCLASE - CLIVINE

PROPORTION OF &
BASALT TETRAHED
ELINOPYRDXENE P
QUARTZ PROJECTI
PLAGIOCLASE PRO
OLIVINE PROJECT

CHAS PROJECTION
TETRAMEDRON COQ
DIOPSIDE PROJEC

OLIVINE PROJECTION
ENSTATITE PROJECTION

QUARTZ PROJECTI

NALYSIS

RON oL

ROJECTION

BN

JECTION

ION

s

RDINATES c

TION C3aA
cs
M2s

oN CAS2

58.64
63.01
63.64
84.57
0.0

7.36
21.6¢0
19.48
55.8S
28.78

IN BASALT TETRAHMEORON IS

- CLINOPYROXENE = QUARTZ

97.78 MOLE PERCENT
CPX 6.63 PLAG
0.0
7.17
.08
10.3%
M 43,14 A
M 27.81 S
M 63.19 5
€283 20.53 A253
HS 68,03 CcM82

PRI« ool
[—I=¥—1

UsdT coor
ANEH ¥

[=1-1~hil

[=T=—T—1lg.}
cCa

£4.50
52,42
40.03

?.86

2.22

'l
LR
o0
N

o
L]
[=1=]
AN )

[X=Y_]

[N
AL
TN

oo KOO ool
cooC 0P ool

[—1—1.=]

02 CAO/Ilﬂz NAZ%/IIOZ KBD/TID2

(IN MOLE PERCENT)

26.98
28.89
29.18
0.0
42,27

4,45
S50.39
15.12
23.62

3.18

QrZ

OPX+(4QT2)

caow
oo

.

—_—tad el aoOaR
cacl
oso

HoOrT
O

7.85

8.99

c.o
10.35
47,34

43,05
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OPX+(aQT2)

BLE NUMBER BG 124
GINAL WEIGHT PERCENT OXIDES
)2 AL303 FE2C83 FED MNO H%O cao NA2J K20 TI02
.14 6,59 1.42 12.75 .18 21,35 8,37 .08 0o L 31
(EHT PERGENT OXIDES RECALCULATtD TO 100 PERCENT
(02 AL203 FE2Q3 MGO CaQ NARD K20 TI02
17 6.59 1,42 12.76 8 21.37 8.38 08 00 i
TION PRDPORTIDNS IN ANALYSIS
I FE(I) FE(2 MN MG CA NA K TI
.94 7.09 .27 9.74 14 29,36 8.19 .14 00 R .35
PW NORM
QTZ COR ar AR AN LC
IGHT PERCENT .000 000 , 300 677 17 .634 000
JLE PERCENT 900 .000 .0ga L3445 13,4046 . 000
VMION PERCENT .000 , 000 , 023 .708 17.370 L0100
AC NS KS DI wo HY
:IGHT PERCENT .000 L300 . 060 18.27277 L0U0 42.113
ILE PER ,g0g . 0490 .000 17.734 , 904 41,322
ATION PERCENT .000 .000 L0002 18,3282 001 42.828
Ll Crt L Hh ™ PF
EIGHT PERCENT 2,037 . 648 949 ,000 000 .000
OLE PERCENT 1.879 . 613 1.351 L0800 .060 000
WATION PERCENT 1,460 (A7% ,?00 0G0 ,000 L0600
iAFIC _INDEX = 81,4694
{ORM TBTAL = 106,007
ILIUINE CONMPOSITION
STERITE 69 .326 FAYALITE 30.674
JRTHOPYROXENE COMPOSITION
ENSTATITE 71.352 FERRGSILITE 28.448
CLINOPYROXENE COMPOSITION
WOLLASTONITE 51.872 ENSTATITE 34,341 FERROSILITE 13.768
FELDSPAR CDﬂPObITION
ORTHOCLASE ,000 ALBITE 3.698 ANORTHITE 96.302
PLAGIOCLASE CaOMPOSITION (PERC AN) 96.302
THORNTON AND TUTTLE DIFFCRENTIATION INDEX = &77
SOLIDIFICATION INDEX (100%MGO/ (MSO+FED+FE2II+NA20+K20)) = 59.98¢0
CRYSTALLIZATION INDEX (AN+MG,DI+FQ+F0 EQIV OF ENS = 64,338
LARSEN INDEX {1/3SI+K)=(CA+HE) = -23.611
ALBITE RATIO (100%(AB+AR EQIV IN NE)/PLAG) = 3.698
IRON RATIO ((FE2=MN)=*100/(FE2+MN+JG)) = 43.83%4
MG NUMEBER AS CATIONS MC/CATIDNS (FE+MG) = 74,901
OXIDATION RAYIO ACCORDING TO LE MAITRE (FEQ/FEQ+FE203) = .B38
%EzsleIgF DRY LIGUID OF THIS COMPUSITION (AT 1058 DEG) = 2.87%&
TOTAL ALKALIS 23 TaGTAL FE 39.55 MG 60,22
KOMATIITE PARAMETERS
FEQ/ (FEQ+MGD) Ca0/AaL203 ST02/TI02 AL203/TIN2 FEQxX/TIO2 CAQ/TI0Z2 NA20/TIOR
39564 .27 94,39 12.92 27.91 16,41 137
JENSEN CATION AL2033 ~ FEQ+FE203+TIO0Z2 - MGD
19.02 23.43 61.%3
UARTZ - FELDSPAR RATIODS
2 QUARTZ .00 + ORTHOGCLASE .00 PLAGIOCLASE u»*&x
QUARTZ .00 ORTHOCLASE .00 ALBITE x5
CATION PROPQORTIONS 17.24 FE 2{ 53 . HG &1.22
CA 10.408 MG 35.79 SI 54,12
SI 57 .41 AL 4,463 MG 37.%96
2MG &6.54 2F€E 23.40 SI/S 10.06
CA 69.36 Al 30.04 NA+K .60
COGRDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE - CLINQPYROXENEZ - QUARTZ (IN MOLE PERCENT)
PROPORTION OF ANALYSIS IN RASALT TETRAHEDRGON IS 97.18 HOLE PERCENT
HASALT TETRAHEDORON oL 51.46 CPX 18.92 PLAG 18.60
CLINOPYROXENS PROJECTION 6£3.47 0.0 22.94
QUARTZ PROJECTION 57.84 21.26 20.91
PLAGIOCLASE PROJECTION 63.23 23.24 0.0
OLIVINE PROJECTIGN 0.0 23,18 22.390
CHMAS PROJECTIONS
TETRAHEDRAON COORDINATES c 8.62 M AD‘SSI A 4,384
DIOPSIDE PRQJECTION C3a 19.67 M 28,13 S 52.21
OLIVINE PRQJECTION Cs 20.31 ] &7 .48 S 10.01
ENSTATITE PROJECTION M2s 480.460 €283 29 .58 A2S3 21.82
QUARTZ PROJECTION CASR2 23%3.081 MS 3.0t cHse2 13.98

ool oo
oo ceo

;‘ND ool ;Qox

[sa]Fr
aib g

11.
13.

13.354
54,02

46.01



SAMPLE MNUMBER 846 138

CRIGLVAL WEIGHT PEICENT CXIDSs " )
53192 45263 £291  10%58 e 20785
ug}aur ERCENT OXICES RECALCLLATED TC 100 PERCEN
2 N z
395 M52 FRIRY 10158 e 20781
CATION PRUPGATIONS IN ANSLYSIS
AL ) (20w g
43,78 8436 “.33 85 oI5 28.39
C1P4 NQRM
) Tz CCR gr
WETGHT PERCENT <000 <630 .600
POLE PERCENT <006 <000 .306
CATION PERCENT <000 -coct <300
AC AS kS
S eacen T i0¢8 t808 589
2 PERCE - 990
CAYICN PERCENT 2065 <coe 28ed
uT cu 1L
WEIGHT PEACSNT  1.75p <458 }-332
¥3Ls PERCINT 1841 c4%3 2358
CATION PERCEAT  Llo247 t314 1.133
MAEIC INCEX = 83.481
NCRM TOTAL = 10€.008
CLIVINE COPPCSITION
FCASTEAITE  72.6408 FAYALITE 27439
CATHOPYRCXENE COMPGSITION
ENSTATITE 74.498 FEARCSILITE 25.50
CLINOPYRIXENE COMPOSITION
WOLLASTONITE 82.012 ENSTATITE  3%.70
FELOSPAR CCHPQSITION
LOSE A SEnagE! .000 ALGITE 5.1
PLAGIGCLASE COMPOSITION (PZRC AN) 94539
INCANTON 480 TUTTLE GIFESMENTIATION INCEX
SOLIOTAICATION INDEX (1008MGO/ (MGO+REDSEEZ03+NA2
CAYSTALLIZATION INGEX (AMYMG.OlwFO+FE EQIV OF £
LARSEN JNOEX €1/3ST1+K)=1CA+HE)
SEBITE RATIO (1003 (aEvaB CCTY 1IN NE)/PLAG)
150N RATIO ((FE2aMN)100/( 2E2+MN+MG) )
¥o NUMBER AS CATIONS MG/CATICNS (FE+¥G)
CXIDATIGN RATIO ACCORDING TO LE MAITRE (FEC/SECs
CENSITY OF ORY LIGUIC OF THIS COMPOSITION (AT 10
T ackavas .3¢ TOTAL FE 36446

KOMATIITE PARAMETERS

FEO/(FEC+NGC) CAO/AL203 $102/7102 AL20377102
+3655 l. 60468 Teld

JENSEN CATION AL2C3 - FED+FEQT3+TTQ2 = MGD
14433 21.89 63.73

UARTL ~ FELCSPAR RATIOS
< SUART§ 08

. CRYRCCLASE «00
QUART2 «0C CRTHCCLASE «00
CATION PROPORTIONS Ca 15.9%
Ca 11.Ca
S1 35427
2MG 68,01
ca 73,98

COCRDINATES IN THE SYSTEM PLAGICCLASE = CLIVINE

PROPCRTICN IF ANALYSIS IN BASALT TETRAHECRCN (§
BASALT TETRAHECRCN oL 45,84
CLINOPYROXENE PRCJIECTION 6C. 89
CUARTZ PROJECTION 52,46
PLAGIDCLASE FACJIECTICN 55,11
OLIVINE PRCJIECTION ’ c.0
cMas PROJECTIGNS

TETRAMEDRON COCRLCINATES c 5.71
BICPSIEE PRCJECTION c3a 19.82
CLIVINE PRGJECTICN s 20475
ENSTATITE PRCJECTIAN u2s #1.42
CUART2Z PROJECT ION CAS2 22440

CAC NA2 X2 TIC2 f20as k]
S.67 .IE nOE o882 11 ch 1
1
€AC NAZS K2 TI P2G3 32
ebh .iﬁ .CE lg% .Yl caz 1
CA NA K TI 4 R
9423 o1 «2C «57 «03 ¢ 22
As _ AN tc NE
243 154634 «C0C «0CO
«698 12.246 «COoC «0Cc
«84d1 154450 «CuC «0C2
21 WC kY oL
il b e o
2319898 +06H 8:@e W
HM TN PF RY
«COC «00J « 000 «0CO
«090 «QC0h «C0C +0CD
+«00C + 000 «€QC «0C0
2
2
< FEAROSILITE 12,222
% ANQRTRITE 34,E97
® o863
g+K20)) = 4£3,02S
) B 64690
= -Zg.l‘g
= -
a 40.;28
= 77.29C
FEZ203) = «84C
50 0€G) = 2.839
né 83,256

FE?BITXCZ CA?/T{CZ NA2Q/T132 K2G/T1io2
4.48 1l.4 120 «COC

PLA?I CLASE t“‘ﬂ

ALBITE L ad

(] 18.87 FG 61418
[ 33.96 s . 5456
aL 4.11 ¥6 3682
IFE 2C.58 Si/3 tl1.01
AL 2R, 44 NA 4K 271

- CLINCPYRCXENE - QUARTZ (IN MCLE PERCENT)

97.06 POLE PERCENT
cpXx 24.M PLAG 16423 ¢Yz
N.0 22435
29.29 13.26
29.1 0.C
26.85 18,29 CPX+(4LTD)
M 3T7.92 [ 4457 ]
[ 26.92 s 53441
. 7%.48 s 2457
€283 38.19 A2S53 22.138
L) 58.C0 CMS2 15«60

12.62
16476
C.0

1%.17
54480

47480



SAMPLE NUMBER 86 173

298
ORIGINAL UEIBHT PERCENT OXIDES
s10a FE203 FE HNG MGO CAQ NA20 K20 TI02 P20S CR203 TOTA
S8 1.03 9,4 .23 24,01 8,03 .24 -.92 .21 .0 . 99.0
uezonr PERCENT OXIDES RECALCULATED TO 100 PERCENT
% AL203 FE203 o EO nng MG cCa0 NAZ20 K20 1102 P20S CR203 TATaL
43 1 0.29 1.06 o1 a2 24, 34 8.11 24 -.02 21 .03 .0 100,00
CA}IDN PKOPORTI°§E<§? ANAL}E%%) HN MG ca NA K TI P CR
4%.35 %.20 .7 7.09 .18 32,18 7.74 .42 -.02 L 14 .02 .00
CIPY NORH
QTz CoR OR AB AN LG NE KP
usxcar PERCEN? . 000 .00 -.119 2,049 21.586 0090 000 .000
HOLE PERCEN .000 .00 -106 1.591 15.792 .000 .000 .000
cnrzon PERCENT . 000 .00 <115 2,092 20.766 1000 000 . 000
AC NS Kg pI Te] HY oL cS
EETAGPT G ol aR qadle e @Em o men
CATION PEREENT 1000 1%0 1000 1327183 1%30 33.271 27.355 L 608
Nt cM L MM ™ PF RU AP
WEIGWT PERCENT  1.533 .00 .403 . 000 000 .00 000 .072
HOLE PERCENT 1.337 .ot (540 .000 .a00 000 .000 043
CATION PERCENT 1.063 .00 284 L 000 ,000 1000 000 061
HAFIC INDEX = 76.488
NORM TOTAL = 100,004
OLIVINE COMPOSITION
FORSTERITE  76.544 FAYALITE 23,335
ORTHOPYROXENE COMPOSTTION i
ENSTATITE 78,357 FERROSILITE 21.643
CLINOPYROXENE COMPOSITION
WOt LASTONITE 52,316 ENSTATITE 37.3644 FERROSILITE 10.328
FELDSPAR conpoaxrxnn
AGCLASE TE 8.715% ANORTHITE 91,792
PLAGIOCLASE conFGSITION (psnc AN) 91.32%
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 1,930
SOLIDIFICATION INDEX (100#MGO/(MGO+FEO+FE20I+NAZD+K2D)) & 4£5.194
CRYSTALLIZATIDN INDEX (an+nc DI+F0+F0 EQIV OF EN) = 71.892
LARSEN INDEX (1/3SI+K)—(CA+ME) s -25.971
AkBITE RATIO (100~(AB+AB £a IV IN NE)/PLAG) = _8.5671
TRON RATID ((FE2mpN)%100/(FE2+MN+NG)) = 34.128
MG NUMBER A8 CATIONS MG/CATIONS (FE+HMG) = g81,952
OXIDATION RATIO ACCORDING TO LE MAITRE (FEG/FED+FE203) = . 823
%E=912¥Igr DRY LIGQUID OF TWIS COMPOSITION (AT 1050 DEG) = 2,848
TOTAL ALKALIS .64 TOTAL FE  29.96 NG 69.40
KOMATIITE PARAMETERS
FEO/(FEO+MGD)  CAO/AL203 s:oaxr a AL203/TI02 FEQN/TI02 CaAQ/TIO2 Nazu/rxua _X20/T102
L3015 .58 226 3%.10 .36 38.24 a3 095
JENSEN CATION AL203 - FEO+FE203+TI0N2 - M
15°83 16.26 PG
UARTZ - FELDSP&R RATIOS :
¢ QuarT - 00 ODRTHOCLASE =.51 PLAGIOCLASE s#xx%
ada er .00 ORTHOCLASE -5.18 ACBITE R R
CATION PROPORTIONS CA 16.34 FE 15,71 MG 67.95
cA 9.35 MG 38.08 SI 51,77
81 53.98 AL 5.48 MG 40,54
2MG 73.30 aFE 16.94 8I/5 9.76
ch 62,98 AL 35, 41 NA+K 1.51
CDORDINATES IN THE SYSTEM PLAGIDCLASE - OLIVINE - CLINJPYROXENE — QUARTZ (IN HMOLE PERCENT)
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS $8.71 MOLE PERCENT '
BASALT TETRAHEDRGN oL 53.79 cPX 14,37 PLAG  23.16 arz 8.58
CLINOPYROXENE PROJECTION 62.82 0.0 27.04 10.14
QUARTZ PROJECTION 58. 91 15.73 23.34 0.0
PLAGIOCLASE PROTECTION 76.01 18.78 0.0 11.30
OLIVINE PROJECTION ¢.0 19 .89 32.65 OPX+(4QTZ)  48.06
CHAS PROJECTIONS
TETRAHEDRON COORDINATES c 8.53 M a1.41 A 5,32 5 Aa.74
DIOPSIDE PROTECTION C3A 20,55 H 28.18 g 51.25
OLIVINE PROJECTION cs 21.33 bl $7.81 S 11.66
ENSTATITE PROJECTION M2s 51.97 cos3 26,41 A283 21,82
QUARTZ PROJECTIODN CAS2 24.60 MS 83.82 THs2 11.58



SAMPLE NUMBER BG 175
299
ORIGINAL WEIGHT PERCENT OXIDES
SI02 AL20 FE233 FEOQ MNO HGO Cal NA29 K20 TI02 P20% CR203
51.04 7.4 99 8.92 .16 25.95 4,34 .00 .30 .19 .04 .77
Ug%&gf PERggNT oxxgss RECn&CULATED“;g 100 :ERCENT c NAZD K2 1102 p20% cR2
siiz "5oae  oogg 16 25, 42 .80 ‘58 18 .03 B2
CA{ION PKEPORTIONE(%§ ANALEE%%) MN MG ca N& K TL d CR
45,46 7.82 64 .64 12 34,45 4,14 .00 .00 .13 .03 .54
CIPW NORM
QTtZ COR OrR AR AN Le NE
WEIGHT PERCENT .000 .000 000 000 20,358 000 ,000
MOLE PERCENT ,000 000 ,000 000 15.448 000 000
CATION PERCENT .000 .000 - .000 .000 19.55%3 .000 008
AC NS K3 03 4 W0 HY oL
UEIGﬂT PSRCENT .008 000 . 000 . 749 000 67.376 8,489
HOLE PERCENT .088 .008 .000 724 .000 £8.549 12.094
CATION PERCENT ,000 .000 ,000 , 724 ,000D 68.313 ?.045
MT cM IL HM ™ PF RU
WEIGHT PERCENT 1.439 1.136 361 .g¢ee .000 000 000
MOLE PERCENT 1.329 1.085 509 .000 000 ,000 000
CATION PERCENT 996 813 259 000 .000 ,000 .000
MAFIC INDEX = 79,644
NORM TOTAL = 100,004
OLIVINE COMPOSITION
FORSTERITE 79.771 FAYALITE 20.229
ORTHOPYROXENE COMPQSITION
ENSTATITE 81.294 FERRDSILITE 18.706
CLINOPYROXENE COMPOSITION . -
WOLLASTONITE S52.500 ENSTATITE 38.4614 FERROSILITE 8.885
FELDSPAR COMPOSITION
ORTHOCLASE ,000 ALRITE .000 ANORTHITE (22112
PLAGIOCLASE COMPOSITION (PERC AN) 74026 %
THORNTON AND TUTTLE DIFFERENYIATIDN INDEX = ,008
SOLIDIFICATION INDEX (1 00*HGO/(HGO*FEO#FEED3*NA20*KZD)) = 72,3846
CRYSTALLIZATION INDEX (AN+HG,DI+FO+F0 EQIV OF EN = $§.141
LARSEN INDEX (1/3SI+K)-(CA+M ¢) x =24,549
ALBITE RATIO lOOQ(AB+ﬂB Ee %N NE)/PLAG) = .000
IRON RATIO ((FE2mMN)%1 00/ (FE2+ = 31.079
MG N AS CATIONS MG/CATIONS (FE HG = 83.832
DXIDA?ION RATIO ACCORDING TO LE MAITRE (FEO/FEO+FE203) = .821
%EQSI Y gF DRY LIQUID OF THIS COHPDSITIDN (AT 1050 DEG) = 2.800
TOTAL aLKaLIS .00 TOTAL FE 27.43 MG 72.57
KOMATIITE PARAMETERS
FEQ/(FEQ+MGQ) CAO/aL203 SI02/TI02 AL203/TIN02 FEO*/TI0O2 CAG/TIO2 NA2Q/TIO2 K20/T7TID2
2743 .58 248.63 39.21 51.63 22,84 .000 ,000
JENSEN CATION AL203 - FEO*FE°O3*TIDZ - M 0
15.7 96 &9.
QUARTZ - FELDSPAR RATIOS
QuAa TZ .00 ORTHOCLASE 00 PLAGIDCLASE wxx%#
QUARTZ .00 ORTHOCLASE 00 ALEITE .00
CATION PROPGBTIONS 09 FE 1%.31 MG 75.60
ca 4,93 MG 40,99 SI 54,09
81 04,24 AL A,b8 MG 41,10
2MG 74,94 2FE 15.17 s1/% 9.89
CA 51.44 Al 48 .56 NA+X .00
COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE -~ CLINOPYROXENE - QUARTZI (IN MOLE PERCENT)
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS ¢97.8& MOLE PERCENT
BASALT TETRAHEDRON oL 61.77 CPX .74 PLAG 19.98 ATz
CLINOPYROXENE PROJECTION 52,24 8.0 20.13
QUARTZ PROJECTION 74.88 90 24,22
PLAGIOCLASE PROJECTION 77 .20 .92 B.0
OLIVINE PROJECTION 0.0 .82 22,02 OPX+(AQTZ)
CHAS PROJECTIONS
TETRAHEDRON CQORDINATES c 4,29 M 43 .12 A 4.87 )
DIOPSIDE PROJECTICN C3A 17.37 M 28.43 g 54,20
OLIVINE PROJECTION cs ?.26 hy 8t .52 5 9.22
ENSTATITE PROJECTION M2S A5.18 £283 22.02 A2s3 32,81
QUARTZ PROJECTION CAS2 W MS 292 % % cMS2 X% % %%

ote

ccod cool owaX
oruT coaitt ota®
oot ofe

17.
17.

a1,

77.

47.71
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SAMPLE NUMBER BG 192
ORIGINAL WEIGHT PERCENT OXIDES

SID2  AL203 FE203 FEQ HNQ nGO cAQ NAZO K20 T102 P20%  CR203
£3.49 15,64 .71 6.39 .15 8.97  11.69 1.7 .83 ‘34 06 .00
WEIGHT PERCENT OXIDES RECALCULATED TQ 100 PERCEN

si02 aL208 FE2D3 FEQ NG MCD CAD NAZOD K20 T102 P20S  CR203
53,47 15,63 .71 4.39 e B.97 11,49 1.76 .83 . 34 .06 .00
CATION PROPORTIONS IN ANALYSIS )

§ AL FE(3) 2 MmN MG ca NA K T P CR
49,25 16.97 .49 2 A2 12,31 11.53 3.14 .98 .24 .05 .00
CIPW NORH

arz COR OR AB AN LC NE
HEIGHT RERCENT  2.338 S 000 4,903 14.883 32,312 600 .00D
MOLE PERCENT 8.841 040 4.378 12.893 36.383 .0da 004
CATION - PERLENT L154 . 000 4.875 15,708 32.141 000 000
AC NS KS DI W0 HY oL
WELGHT PERCENT L000 000 000 20.443 000 23,305 000
MOLE PERCE . 000 Qa4 000 29.611 640 .30 -008
CATION PERCENT . 000 000 . 000 20,106 000 3.4 .000
AT cH 1L Hrt ™ PF RU
WEIGHT PERCENT 1,030 . 000 636 ., 000 000 .00Q ,0do
MOLE PERCENT 1.010 .004¢ 1966 1000 408 .000 .000
CATION PERCENT . 738 , 000 L4471 L D00 000 1000 000
MAFIC INDEX = 43,365
NORM TOTAL = 100.D01
OLIVINE COMPOSITION
FORSTERITE .004@ FaYALITE L0032
CRTHOPYROXENE COHPOSITION
TITE 67.272 FERROSILITE 32,738
CLINOPYROXENE COMPOSITION
WOLLASTONITE 51,609 ENSTATITE  32.554 FERRGSILITE 1%.837
FELDSPAR COMPOSITION
THUCLASE A11 ITE 28.567 ANORTHITE  &2.023
BLAGTGCLASE COMPOBITION (PERC AN 68365
[HORNTON AND TUITLE DIFFERENTIATION INDEX = p2.124
SOLIDIFICATION INDEX (100wMGO/(MGO+FED+FE20I¢NA20+K20)) = 48.063
CRYSTALL IZATION INDEX (AN+MG,DI+FQ+Fd EQIY OF EN) = 57.654
LARBEN INDEX (1/3SI+K)>-(CA+ML) = -7.,774
ALBITE RATIO (100%(AB+AB EQLY IN NE)/PLAG) = 31.535
IRON RATIO ((FE2<mn)ulU0/ (FESXNNANG)) | s 28,453
HG NURBER A8 CATIONG HG/CATIONS (FE+H - 71.432
DXIDATION RATIO ACCORDING TO LE MAITRE (FEO/FEDVFE203) = .835
DENSITY OF DRY LIGUID OF THIS COMPOSITION (AT 1056 DEG) = 2,654
TOTAL ALKALIS 13.93 TOTAL FE  37.82 MG 48.25
KOHATIITE PARAMETERS
FEO/(FEQTnCOY  CAG/ALEQ3  SIOR/TIN2 AL2Q3/TIVZ FEQ/TLO2 CAO/TI02 NA20/T102 K2Q/TI02
L4394 175 157.32 26,00 2068 33,18 176 2,441
JENSEN CATION AL20F - FEO+FE2034TTO02 - MGQ
55 16. 35.2
NUARTZ ~ FELDSPAR RATIOS
QUARTZ L 20 ORTHOCLASE 9.0 PLAGIDCLASE 86.70
quaR 1337 ORTHOCLASE 221 ALBITE 67.27
CATION FROPORTIONS 39.75 FE  _17.81 H 42,43
ca 15.78 nG 16,84 SI 67.38
38X 70. 31 AL 1211 MG 17.57
286G S54.95 2FE 23.07 3I/5 21.98
cA 52,24 AL 39,44 NA+K 9.32
COORDINATES IN THE SYSTEM PLAGIDCLAGE - QLIVIRE - CLINGPYROXENE — QUARTZ (IN MOLE PERCENT)

PROPORTION OF ANALYSIS IN BASALT TEJRAHEDRON IS

93.77 HOLE PERCENT

BASALT TETRAHMEDRON oL 19.94 CPX
CLINGPYROXENE PROJECTION 24. 11

GQUARTZ PROJECTION 2h.72

PLAG LOCLASE PROJECTION 39 .56

OLIVINE PROJECTION 0.0

CHAS PROJECTIONS

TETRAHEDRON COORDINATES C 17.53 M
DIOPSGIDE PROJECTION C3a 32.41 ™M
OLIVINE PROJECTION s Qe ay M
ENSTATITE PROJECTION m2s5 27.89 €283
WUARTZ PROJECTION Cas2 57.73 Ms

21,44
0
23.46
43,76
ag.06

PLAG

A2S3
£Ms2

S1.02
54.94
55.82
0.0
47.73

12.41
52.4

15.72
34.92
18,52

Tz

OPX+(4QT2Z)

b oboX
sl otceT
=L~ eee

-AQ:-ID
YOG
GO

9,61
10.96
2.0
17.58

32.22

50.80



HLAGOTHI COMPLEX
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SAMPLE NUMBER BG 193
ORIGINAL WEIGHT PERCENT OXIDES ]
5102  AL203  FE203 FEO MG HEO CAD NARQ K20 1102 205 CR203
50,06 7.00 1,09 5,860 o8 29,51 5. 38 .68 .24 .23 05 55
WEIGHT PERCENT GXIDES RECALLCULATED TO 10¢ PERCENT
s102  &f,30% FECR03 FEa hNQ MGH cal NAZQ K20 TIOR2 P205 CR203
3% .48 9,98 J20 7831 5,34 67 24 .23 05 .55
CATION PROPORTIONS IN &NALYSIS
51 AL, FE(3) FE(2)  mN MG ca NA T1 P CR
44,09 7.27 .72 7.32 ,15% 33,48 5. 08 1.16 .27 S 04 .38
CIPY NORM
, QTz COR OR Y AN Le NE
WEIGHT PERCENT , 000 800 1.407 5,947 15,219 D00 000
MOLE PERCENT J0e0 J004 1.252 A.422 11,113 000 800
CATION PERCENT 000 000 1.328 5.804 14.588 .000 000
AC NG KS DI wa HY oL
uEIBNT PERCENT .00 L0 000 8,719 oy 42,553 23,477
MGLE PERCEN TG00 080 J0g0 7 .9497 .00d 4%.92° 31,550
CaTION pancanr 000 L 000 00D 8,397 000 42.9%43 24.844
MT CH IL H TN PF R
WEIGHT PERCENT  1.567 803 L A33 000 Y] 000 .300
ROLE PERCENT 1,375 173y 1580 1a0 Se00 Sp00 L0000
CATION PERCENT  1.083 L5874 305 000 000 1000 L000
MAEIC INDEX = 77,671
NORFE TOTAL = 100.004
GLIVINE EDHPOSITIDN
FORSTERITE = 77.634 FAYALLTE 20,366
URTHDPYRDXtNL COHPQSITION
NSTATITE 79,575 FERROSILITE 28,725
CLINOPYROXENE COMPOSITION o
WOLLASTONITE 52,274 ENSTATITE  37.756 FERROSILITE 9.870
FELDSPAR COMPOSITION ,
"DRTHOCLASE 6,301 ALBITE 25.59% ANORTHITE 48,145
PLACIGELASE CONPDSITION (PERE. AR 72.729
THORNTON AND TUTTLE DIFFERENTLIAT1ON 1‘_NDE 2 7.114
SOLIDIFICATION INDEX (100xMGU/(MGO+FED+FEZ03+NAZO+KR0)) = 4B 356
CRYSTALL [ZATION INDEX (AN+MG,DI+FO+F0 EQLIV OF EN = 54,188
LARSEN INDEX (1/3SI+K)-(CA+MG) = -24.957
ALBITE RATI0 (100%¢AE+AH E@[v IN NE) /PLAG) = 327.273
IRON RATIO ((FE2=MN) %100/ (FE2+MN+HE) ) = I3.5a3
M0 NUMBER AS_CATIONS HC/CATIONS (FE+MG) = B2 2%
OXIDATION RATIO ACCORDING TO LE mAITRE (FEQ/FEO+FE203) = 804
g$:5£l¥!8 DRY LIGGID OF THIS COMPOSITION (AT 1056 DEC) = 2,820
TOTAL ALKALIS  2.47 TaTAL FE  28.97 MG 68.56
KOHATIITE PARAMETERS
FEO/(EEQHMGD)  CAQ/ALZU3  S1H2/TI02  AL2QZ/TI02 FEQX/TI02 CAQ/TI02 NA2Q/T102 K2Q/T102
L2571 217,65 3043 2687 23.3% 27957 1.043
JENSEN CATION AL2Q3 - FED+FE203STIOR - MGO
14,380 16 .57 H8 . 59
QUARTZ - FELDSPAR RATIOS
QUART 2 J00 ORTHACLASE  6.30 PLAGLOCLASE 93.70
_ QUARTZ " 60 ORTHOCLAGE 19,78 ALBITE pn’, a2
CATION PROPCR T LONS Ca 10, FE 16.42 AG 73,57
ca 6.14 MG a0.52 51 53,34
51 54,29 Al 4,47 MG 41.24
2MG 73 .64 AFE 16.66 51/5 9 .78
CA 53,86 AL 30,55 NA+K 7.59
COBRDINATES IN THE SYSTEM PLAGIQCLASE - GLIVINE - CLINORYROXENE — QUARTZ (IN MOLE PERCENT)
PROPORTION OF ANALYSIS [N BASALT TETRAHEDRON I3 96.59 NOLE PERCENT
BASAL. T TETRAHEDRON oL 39,68 CRX B.s6 PLAG  21.11 Qrz
CLINOPYROXENE PROJECTION 64,70 0. 23.12
QUARTZ PROJECTION 56,48 9.77 23,75
PLAGIOCLASE PROJEGTION 74.90 11,01 0.0
OLIVINE PROJECTION 0.0 11,69 . 28.42 OPX+(4QTZ)
CHAS PROJECTIONS
TETRAHEDRON COORDINATES C 5.79 M 43,91 A 5,33 S
DIOPSIDE PROJECTION C3a 19.59 n 28,59 5 51.82
OLIVINE PROJECTION ca 16.83 M 71. 60 S 1.38
ENSTATITE PROJECTION Mas 52 .94 C253 2%.18 AR5 23.44
QUAR'TZ PROJECTION CASZ  24.86 MG 89,31 cHS2 5,33

°o—
[ —Jm)
- =
or

oFo

[~1=d =

e=d oc;:'ﬁ sSoX

WN~T ool ocoT

R ot~

14,12
12,18
0.3
14.10

$59.8%

44.97

el



HLAGOTHI COMPLEX

SAMPLE NUNBER BG 196

ORIGINAL WEIGHT PERCENT DXIDES
0 FE2D3 FEQ

302

SI02  AL203 MNO n&0 cAQ NA20 K20 TIg2 P205  CR203 TOTAL
47.76 b6.74 1.14 10,25 .20 27.%7 9.13 1.12 .31 . 29 .07 T 101.21
ug%gur PRLSGY' OFEDES RECALCULATED 1O 100 RERCENT a0 NA2O K20 T P20 CR20 TA

47.1 . 1,13 10,12 ,20 27.54 5.07 1,11 A 195 203 0% 097%%
ATION PROPORTIONS IN ANALYSIS
S A FE(3) FE(2) MN mG ) NA K T P CRr
.48 6,89 , 74 7 .44 15 35.66 4,77 1.88 .34 .19 .08 .44
CIPU NORM
Qrz COR ar AB AN LC NE KP
WETCHT PERCENT > 000 0090 1.810 9.360 12.299 .g00 400 . 200
MOLE PERCEN 1000 J0g0 1.502 b 765 8.377 .600 N1l 000
AT ION PERCENT 0040 . 000 1.718 $.321 11.566 1000 000 000
AC NS XS pl Wo HY oL cs
WEIGRT PERCENT T .DOD 000 9.872 .00D 21.3427 42,0446 .000
MOLE PERCEN ‘9o N Juad g.443 Jgua 12183 53035 Ja0g
CATION PERCENY . 000 000 . 000 9.404 - 000 21.34 24,137 000
MT M IL Hi ™ PF [141] AP
HEIGH[ PERCENT 1.631 31 , 544 L3008 ,000 000 .000 .164
ERCEN 1.335 784 . 484 660 Jg80 1840 1000 Joge
CATioN PERCENT 1:333 659 1379 080 000 L0090 2000 L 137
MAFTC INDEX » 74.535
NORM TOTAL = 100,003
OLIVINE COMPOSITION .
FORSTERITE = 78,358 FAYALITE 21,642
ORTHOPYROXENE COMPOSITION ‘
ENSTATITE 79,960 FERROSILITE 20,040
CLINOPYROXENE COMPOSITION
WOLLASTONITE %2.417 ENSTATITE  38.047 FERRASILITE 9.536
FELDSGPAR LDHPDSITION
ORTHOC 7.712 ALELTE 19.688% ANORTHITE 52,403
PLAGIOCLASE CORPOSITION (PERC AN) 5a.782
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 11.170
SOLIDIFICATION INDEX (100%MGQ/(MGO+FEQ+FEZ203+NAZ0+K20D)) = 68.269
CRYETALLIZATION INDEX (AN®MG,DI+FO+F0 EQIV OF EN) = 65,309
LARSEN INDEX (1/35I4K)=(CA+M$) = -27.885
ALBITE RATIO (100x(AR+ARB EQIV IN NE)/PLAG) = 43.218
HEON ".‘3’%%95‘55%}"3#%*# S EATTONG (FELNE) > 85748
N HE. +MC = .
OXIg RATIO ACCORDING TD LE MAITRE (FEO/FEQ+E203) = L.7d§
DENSITY DF DRY LIGUID OF THIS COMPGSITION (AT 1050 DEG) = 2.8%4
TOTAL ALKALIS 3.55 TATAL FE&E 27 .99 MG 68.46
KOMATIITE PARAMETERS
FEO/(EEQINGO)  CAO/ALZ03 SI02/TI02 AL2Q3/[X02 FEQx/T102 CAQ/TIDZ NA2Q/TIN2 KR0/TIO2
. 2902 %% 164,59 33,24 18 69 3,862 1.869
JENSEN CATION AL203 - FEO+FE203+TI02 gy
13.54 16. 44 70.03
QUARTZ - FELDSPAR RATIOS
Quar 12 g URTHOCLASE 7.71 PLAGLOCLASE 92.29
QUARTZ .00 DR1HDCLASE 164.20 ALBITE 33.80
CATION PROPGRTIONS ca 9,89 FE 16.18 né 73.93
Ca S, B3 MG 43.55 51 50.82
S1 S1.45 AL 4,020 MG 44 .27
2MC 74.98 2FE 16,440 SI/5 8.71
CA $1.12 AL 35H.94 NA+K 11.94
COORDINATES IN THE SYSTEH PLAGIUCLASE - OLIVINE - CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
PROPGRTION OF aNALYSIS [N BASALT TETRAHEDRON IS 95.99 MOLE PERCENT
BASALT TETRAHEDRON oL a2, 5% cPX 9.4 PLAGC  21.97 BTz 5.56
CLINOPYROXENE PROJECTION 69,48 0 .- 24,35 6.17
WUARTZ PROJSECTION 66,37 10,37 23.26 0.0
PLAGLOCLASE PROJECTION a0.31 12.59 4.0 7.13
OLIVINE PROJECTION 0.0 18.13 . 40.56 OPX+(4QTZ)  41.20
CHAS PROJECTIONSG
TETRAHEDRON COURDINATES c 7.31 M 45,55 A 5.65 g 41,49
DIOPSIDE PROJECTION (. £ 20 .62 ] 30,05 8 49 .33
OLIVINE PROJECTION cs 22,86 M b1.64 s - 15.58
ENSTATITE PROJECTION M28 60.55 cos3  19.58 AZS3  19.87
QUART Z PROJECTION CAG2  D4.80 MS 89.52 CHE2 5.68



HLAGOTHI COMPLEX
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SAMPLE NUMBER BG 212
URILINAL UthHT PERCENT OXIDES
310 L3032 FE203 FEO MNO HGO cal NA2D K20 TIO2 P20 CR203
49.34 1,08 9.68 19 27,02 5.98 Y .39 . 2% L0S .57
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
SI0P  AL302 FE203 FED MNO MG can NAZD K20 T1Q2 205  CR203
48,02 5.5% 102 9,62 19  264.84 5,64 08 v \ 2§ 05 87
CATION PROPORTIONS IN ANALYS(S
51 AL FE(3) FE(2) NN MG ca NA K 11 3 CR
42.52 %.36 71 7.12 14 35,42 5,64 J14 .44 L19 .04 .40
CIPW NORM
arz CIR OR AR AN LC NE
WEIGHT PERCENT 000 L300 2,289 La72 17,472 008 000
MOLE PERCENT L000 000 1.904 508 12,438 .000 L8000
CATION PERCENT . 000 000 2.188 . 6BD 16.706 008 1000
AC NS KS DI ) RY oL
WEIGHT PERCENT L0060 000 . 000 9,35 360 38.783 28.249
MOLE PERCENT .000 000 , 000 3.309 , 000 33.47 37.4z7
CATION PERCENT ., 000 000 " 000 8.%24 1000 118 0.154
MT CH IL. Het ™ PF RU
WETGNT PERCENT 1.550 B34 (547 00U .000 000 000
HOLE PERCENT 1.336 ;738 9y4 ang 000 1600 .0090
CATION PERCENT  1.068 . 59% 384 000 1000 1000 800
MAFIC_INDEX = 79.571
NORM TOTAL = (00,005
OLIVINE COMPOSITION
FORSTERITE = 78.963 FAYALITE 21.037
ORTHOR YROXENE _COMPUSTTION
ENSTATLTE 8¢.532 FERROSILITE 19.448
CLINOPYROXENE COMPOSITION
WOLLASTGNITE $2.453 ENSTATITE  38.291 FERROSILITE 9.257
FELOSPAR COMPASTTION
HOCLASE  11.203 LRITE 3.290 ANORTHITE 85,507
PLAGIULLASE COMPOSITION (PERC. AN 96.395
[HORNTON AND TJUTTLE DIFFERENTIATIDN INDEX = D962
SOLIDIFICATION INDEX (10(%MGO/(MGO+EEQ+FERO3+NARD+KSA)Y) = 70.645
CRYSTALLIZATION INDEX (AN+HMG I+FD+FU EQIV OF EN) = 59.499
LARSEN INDEX (1/351«x>—<ca+nt) = -27.917
ALBITE RATIO (100w (AB+AR EQIU IN NE)D/PLAG) = J.745
N RATID ((FER=MN)%100/ (FEL+NN+HE = 32.012
HG NUMHER AS CATIONS HG/CATIONS (FE+HG) = 83,259
DXIDATIDN RATIO ACCORDING TO LE MAITRE (FEQ/FEO+FEZ03) = . 807
%§g5%1¥13F DRY LIQUID OF THIS COHPOSITIUN (AT 1050 DEG) = 2.d48
TOTAL ALKALIS  1.23 TOTAL FE  27.92 MG 70.84
KOHATTITE PARAME FERS
FEO/(EEQ¥HGO)  CAO/AL203 SIO2/TIO2 AL2QZ/TINZ FEQY/TI02 CAO/TI02 NA2Q/TIOZ K2O/TIOZ
. 2827 .85 165.69 33.14 36,73 10 62 376 1,335
JENSEN CATION AL203 ~ FEO+FE203+TIOA - MGO
14.31 15.83 69,85
UUARTZ - FELDSPAR RATIOS _
QUARTZ 00 ORTHOCLASE 11,20 PLAGIDCLASE 88.80
QUARTZ DU DR 1HBCLASE 7730 ALBITE 202,70
CATION PROPORTIONS ca 11.61 FE 15,31 MG 72.98
Ca 6.74 "G 42,38 51 50.87
$1 52,13 Al 4,45 "G 43,43
2MG 75,10 IFE 15,46 51/5 9.02
ca 59 .41 AL 37.99 NA+K 3.01
COOBRL INATES IN THE SYSTEM PLAGIDCLASE ~ HLIVINE = LLINOPYROXENE ~ QUARTZ (IN MOLE PERCENT)
PROPORTION OF ANALYSIS IN BASALT TETRAMEDRUN [§ 995,87 MOLE PERCENT
HASALT TE TRAHEORON oL 62,08 cPX 9,33 PLAG 18,18 Qrz
CLINGPYROXENE PROJECTIGN 68. 66 4.0 ~= 20.05
QUARTZ PROJECTION 689 .35 10,40 20,25
PLAG LOCLASE PROJECTION 76 .00 11,41 0,0
OLLVENE PRGIJECTION 2.0 13,63 26,55 0PX+4QT2)
LMAS PROJECTIONS
TETRAHEDRON COORDINATES c 6.45 M 244,41 A 4.89 5
DIOPSIDE PROJECTION C3A 18. 566 ™ 30,05 6 51.29
OLIVENE PROJECTION cs 17.37 n 71.07 5 1.56
ENSTATITE PROJECTION M25 56.80 C25T 21,64 A283 21,56
QUARTZ PROJECTION CASa  22.6) MS 71.78 CHS2 5. 61
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HLAGOTHI COMPLEX

SAMPLE NUMBER BG 216 304
ORIGINAL WEIGHT PERCENT OXIDES
S$102 AL 203 FE203 FEQ HNQ rGQ CAQ Na2Q K20 T102 P205 CRBD; TOTAL
47.39 B.64 1.10 .88 22 23.42 g.04 .37 a2 . 33 06 = 100.26
WEIGHT PERLENT OXIDES RECALCULATED TO 1006 PERCENT .
slagg L2023 FER03 FEQ MnNQ MGO CAQ Naz2a K20 TIRZ2 P2035 CRE%; T%TAb
47 .47 3162 1.10 9.86 22 23.36 B.02 .37 02 .+ 33 D6 . 1ng.o
CATION PROPORTIONS IN ANALYSIS
SI Al FE(I) FE(2) KN .. hG LA Na K T p CRr
42. 48 ?.09 74 7.37 17 31.14 7.69 , 64 .02 23 .09 .40
CIPY NORM
QYZ COR ] AR AN LC NLE KP
WEIGHT PERCENT .000 000 118 3.122 21.798 000 000 .000
MOLE PERCENT 000 .940 14035 2.429 15.983 .000 ,000 000
CATION PERCENT .000 000 114 3,200 21.458 000 ,000 .000
AC NS K3 DI wo Hy (x] CS
WEIGHT PERCENT . 000 .000 000 14.048 .000 31.609 26.080 000
HMOLE PERCENT .0eu .000 000 12.901 000 30‘4%3 3 .0°3 ‘%00
CATION PERCENT 0008 .hoe » 000 13.595 000 2.0 39,469 Do
MT 9y IL Hst TN PF RU AP
WEIGHT PERCENT 1.586 . 837 663 000 .000 L8000 .000 /142
MOLE PERCENT 1.399 .763 . 891 0010 .g00 L0080 L0040 086
CATION PERCENT 1.106 603 . 470 008 ,000 .000 .000 121
MAFIC INDEX = 74,948
NORM TOTAL = 108,005
ULIVINE COMPOSITION
FORSTERITE 76.134 FAaYaLITE 23.846
URTHOPYROXENE COMPOSITION
ENSTATITE 77.873 FERROSILITE 22.127
CLINOPYROXENE COMPOSITION
WOLLASTAONITE 52,206 ENSTATITE 37.156 FERROSILITE t10.538
fELDbPﬁR COMPQSITION
RTHOCLASE . 471 ALBITE 12.468 ANORTHITE 87.061 .
PLAGIOLLASE COMPOSITION (PERLC AN) 97.473
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 3.240
SOLIDIFICATION INDEX (100xMGO/ (MGO+FEC+FE203+NAD+K20)) u 67.318
CRYSTALLIZATION INDEX (AN+HG DI+FO+FO EQIV OF EN) = 70.14%
LARSEN INDEX (1/3SI+K)-(CA = -26.092
ALBITE RATLQ (100%(AB+AE Eg IN NE)/PLAG) = 12.527
IRON RATIO ((FE2=MN)®1D0/(FE2rMN+MG s 35,729
> NUMEER AS CAYIDNS HG/CATIDNS (FE* HF) = 80.855
OXIDATION RATIO ACCORDING TO LE MAITRE (FED/FEO+FERDI) = 823
2§:S%L¥ISF DRY LIQUID OF THIS COMPOSITION (AT 1650 DEG) = 2.843
TOTAL ALKALIS 1.12 T0TaL FE 31.34 MG 67.53
KOMATIITE PARAMETERS
FEO/ (FEQ+HGO) CAO/AL203 SINZ/TINZ2 AL203/TIGC2 FEd»/TI02 CAYQ/TIAN2 NARQ/TIO2 K2Q/TIo2
L S170 .93 135.97 24.69 31,06 a2.%7 1,087 057
JENSEN CATION 203 - FEO+FE203+TI0NZ2 - MGO
B 71 i7.18 e4.11
QUART/ - FELDSFAR RATIOS .
AR Z i ARTHOCLASBE 47 PLAGIOCLASE 99.53
Ua .00 ORTHOCLASE 3.64 ALAITE ?6.348
CATION PRDPORTIONS (b= 16,350 FE 16,62 MG b6 .86
ca P, 4G MO 36,31 S1 $2.23
SI g4 .33 AL 5.81 MG 39.a35
2MG 72.21 2FE 17.95 Si/5 9 .84
Ca 61.19 AL 36.17 NA+K 2.64
COORDINATES IN THE SYSTEM PLAGIOCLASE - ULIVINE = CLINUPYROXENE ~ QUARTZ ¢IN MOLE PERCENT)
FROPORTION OQF ANALYSIS N BASALY TETRAHEDRUN IS 97.359 MOLE PERCENT
BASALT TETRAHEDRON ne 53.00 CRX 13.93 PLAG 24 .86 Qrz 6.21
CLINOPYROXENE PROJECTION 61.58 0.0 248.88 9.54
QUARTZ PROJECTION 7.74 19.18 27,048 0.9
PLAGLOCLASE PROJELCTION .33 18,54 g,0 10.93
OLIVINE PROJECTION (i 19,43 34.70 OPX+(AQTI) 45.85
CHAS PROJECTIOANS
TETRAHEDRON COORDINATES .78 t 49 .82 A 6.63 S 44,37
DIOPSIDE PROJECTION 21.91 " 27.18 8 50.91
ULIVINE PROJECTION 21.78 65,10 S 13.12
ENSTATITE PROJECTION St1.81 Cas3 25.34 A2S3 22.83
QUARTZ PROJSECTTION 27.51 Mg 62,78 ChHs2 ?.78



HLAGUTHI CONPLEX . 305
SAMPLE NUMBER BG 230
ORICINAL WETCHT PERCENT OXIDES .

5102 AL.203 FEQOD3 FEOQ MNGQ MGO CAD NAZ20 K20 TI02 P205 CcR203
57.17 15700 5 8,55 17 .94 g.47 3.76 .86 . 65 13 00
WEIGHAT PERCENT OXIDES RECALCULATED TO t00 PERCENT

S102 Aal.203 FEZ()3 FEQ MNQ MG CAQ NAa20 K20 T102 P203 £R203
55 35 14.78 .94 8.43 17 5.85 8.35 3.7 55 .54 .13 .0
CATIDN PROPORTID S IN ANALYSIS

FELS) FE(2Y  MN HG ca NA 11 P CR
52 20 16 14 &9 6,53 .13 8.08 .29 &, 468 .77 .45 .10 .00
CIPW NORH
QTz coR OR AB an LC NE
WEIGHT PERCENT  3.754 400 3,344 31, 350 21.78% ,000 000
MOLE PERCENT 13.834 Jaag 3.731 26.49% 17.350 L0040 400
CATION PERCENT  3.477 000 3,844 33.277 31.794 .000 000
AC NS KS 2 4 W0 Hy oL
UEIGHT PfRCENT .Q00 .000 L300 13.%a7 004 20.863 L0D0
MOLE P E .000 .000 .000 14.96% .0040 %0.333 ,000
cnrron RERLENT 1000 . 000 L0090 15.040 000 0,428 L000
MT cM IL Heg TN PF RU
WEIGHT PERCENT  1.359 .10 1.217 .000 000 .000 .000
MOLE PERCENF 1. 300 .000 1.777 .000 1000 10040 1000
CATION PERCENT . 980 000 . 893 000 ,000 .000 000
MAFIC INDEX = 39, 269
NORM TOTAL = 100.001
OLIVINE COMPOSITION
FORSTERITE 000 FAYALLITE 000
OR THOPYROXENE canposszou _
ENSTATITE 81,086 FERROSILITE 48.914
CLINOPYROXENE COMPOSITION
WOLLASTONITE 58,537 ENSTATITE 25,240 FERROSILITE 24.194
FELDSPOR cunpusztxn
ORTHOCLASE 747 ALBITE 55.020 ANORTHITE  39.233
#LAGIOCLASE conrosxrzon (PERC AN) a0.999
THORNTON AND TUTTLE DIFFERENIIATIDN INDE = 33.947
SOLIDIFICATION INDEX (100#MGO/ ( HGO#FED+FE°03+NA°O+K 0)) = 29.901
CRYSTALLIZATION INDEX (AN+MG DIFFO+FO EQIV OF EN) = 32.717
LARSEN INDBEX (1/3ST+K)>~(CA+H ¢ = " 1.611
ALBITE RATIO (100:(AB+A 9 NE)/PLAQ) = 59.001
IRDN RATIO ((FEZ2=MN)#100/(FE2 +HN a  4£5.433
MG NUMBER AS CATIONS MG/C ATIDNS (FE 5 = 55,304
DXIDAIIGN RATIO ACCORDIN VB MATTRE  (FED/FEQ+FER03) = 810
%E:S%Z¥IBF DRY LIQUID OF THIB COMPOSITION (AT 1056 DEG) = 2,619
TOTAL ALKALIS 22.34 TOTAL FE 47,460 MG 30,09
KOMATIITE PARAMETERS
FED/ (FEQ+MGO) ca0/aL203 SIN2/TIGR2 AL203/TIN2 FEO%/TINZ2 CAQ/TINZ2 NA2Q/TION2 K20/TI0NE2
6130 .34 B87.%4% 23.48 14.48 13.03 5.788 1.015
JENSEN CATION pL2QZ ~ FEQ+FERQI+TIO2 - MG
50.67 33.%a 05,37
RUARTZ - FELDSPAR RATIOS . )
QUART 18 ORTHOCLASE  &6.33 PLAGIDCLASE 37 49
QUART 2 9 64 ORTHOCLASE 9.87 ALBITE
CATIDN PRUPORTIONS ca - 3587 FiE 29.53 nc 34.80
CA 12.08 MG 11.79 Sl 76,13
-9 76.37 Al 11.81 ne 11.83
2nG 44 . 09 2FE 34,81 S5L/% 2% .89
CA 41,29 AL 40,22 NA+K 18.50

COORDINATES IN THE SYSTEM PLAGIOCLASE - DLIVINE

PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS
BASALT TETRAHEDRON oL 16.30
CLINOPYROXENE PROJECTION t?.40
WUARTZ PRASECTION 17.93
PLAGIOCLASE PROJECTION 39.34
OLIVINE PROJECTION 0.0
CHAS PROJECTIGNS

TETRAHEDRON COORDINATES C 17,83
DIOPSIDE PROJECTION <3a 33.23
OLLIVINE PROJECTION C8 24 .41
ENSTATITE PROJECTION H28 29.96
RUARTZ PROJECTION CAS2 66.21

= CLINGPYROUXENE - QUARTZ (IN MOLE PERCENT)

?4.02 nUOLE PERCENT
CPX 16.00 PLAC $8.38 QTZ
g.0 = 6%9.73
17.60 54,46
3B.62 ¢.0
14,40 2.73 0OPX+14QT2)
o] 16.4(0 A 14,40 3
i 14.38 S S2.39
] 8,97 ) 17 .02
c2s3 35.92 A2S3 38.12
MS 21.53 cHsS2 12,236
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HLAGOTHI COMPLEX

SANPLE NUMBER BG222
ORIGINAL WEICHT PERLCENT OXIDES
$10z AL203 FE203 FEQ NNO Mew cao NAZOD
$5.43 15,03 .90 8.12 16 &5.65 10.52 2.19
WEIGHT PERCENT OXIDES RECALCULATED TQ 100 PERCENT
5102 AL 20 FE203 NO nGo (o711} NAZ20
55.21 14.9 .99 8.0 .16 6,62 10 .48 2.18
CATION PROPORTIONS IN ANALYSIS
S1 AL FE(3) FE(2) nN MG cA NA
91.30 16,46 .63 &.31 13 9.21 106,47 3.94
CIPW NORM
TZ COR ae AB
WEIGHT PERCENT b6.342 ,0080 4,356 18.453 2
MOLE PERCENT 21.748¢9 000 3,225 14.4840 e
CATION PERCENT 5,935 L0010 4.386 19.724 2
AC NS K8 D1
WEIGHT PERCENT . 000 .000 000 18.453
HOLE PERCENT 900 ‘%80 400 18.&05
CATION PERCENT 000 . 000 0ot 18,093
nr CH 1L Hi
WEIGHT PERCENT 1.303 000 1.041 ,000
MOLE PERCENT 1.158 L0800 1.411 , 800
CATIGN PERCENT 746 . 080 769 000
NAFIC INDEX = 43.95%
NORM TOTAL = 100,00
OLIVINE COMPOSITION
FORSTERITE ,000 FAYALITE 600
CRTHOPYROXENE COMPOSITION
ENSTATITE 54,999 FERROSILITE 45.001
CLINOPYROXENE COMPOSITION
WOLLASTONITE 50.801 ENSTATITE 27.059

FELDBEPAR COMPOSITION
ORTHQOCLASE

N—-a

306

K20 TI P205  CR203
154 'as <10 <ho
K20  TIQa  P20%  CR2Q3
.54 as 203 4

TI P CR

.68 L38 ,08 ,00

AN LC NE.

.B881 .800 Y

360 ‘000 000

i9s YY) ‘000

uo HY oL

b0 20.917 000

300 Eoiéﬁg woob

™ PF RU

goo ,0060 000

aao .000 000

000 1008 1600

FERRASILLITE 22,140

LBITE 25,699 ANORTHITE  55.874
PLAGIDCLASE COMPOSITION (PERC AN) 81.014
THORNTON AND TUTTLE DIFFERENTIATION IND = 2997
SOLIDIFICATION INBEX (1 D Rb 0  HEO N FEDEF203¢NAZ0+K20)) = 35.0%
CRYSTALLIZATION INDEX (AN+MC,DI+FO+F0 EQIV OF EN) = 47,714
LARSEN INDEX (1/38I+K)=(Ca+mt) = -2 332
ABITE RATIO (100%w{pB+AB EQIV IN NE)/PLAG) = 15,9894
A R d Cas CaTToNg He L EoNg P ame) = 8):303
3 B * - .
OXIDATION RATIO ACCORD TO LE HAIIRE (FED/FED+FEZ03) = .838
ne:s%l¥18F DRY LIGUID OF THIS COMPOSITION (AT 1050 DEG) =  2.645
aF '
TOTAL ALKALIS 15.83 TOTAL FE  48.25 ne 35,93
KOHATIITE PARAMETERS
(FE ) 2 I102/T102 AL203/TI02 FEQ/TIN2 CAQ/TINZ NA2Q/TIOR K 0/7102
FED/(EEQIHGD)  CAO/ALZQ3  STORITIO L2855 24 1913 42951702 X436
JENSEN CATION AL203 - FEQ+FE203+TI02 ~ HGO
4589 32,20 27 .91
QUARTZ - FELDSPAR RATIOS ,
UAR T Z 10.56 ORTHOCLASE  7.50 PLAGIOCLASE 81.354
UARTZ 31,81 ORTHOCL ABE 14,93 ALBITE 53,26
CATION PROPORTIONS CA 36,81 FE 25, td " 35.01
cA 14.71 HG 12.94 SI 72,35
SI 74.71 AL 11.94 HG 13.36
2MG 43,89 3FE 31.47 51/5 24.55
CA 49,60 AL 34.98 NACK 11,42

COORDINATES IN THE SYSTEM PLAGICCLASE - GILIVINE™- CLINGPYROXENE - QUARTZ (IN MOLE

PERCENT)

FROPORTION QF ANALYSIS IN BASALT TETR@HEDRUON (8 93.69 HMOLE PERCENT

HASALT TETRAHEDRON aL 14,468 CPX
CLIMOPYROXENE PROJECTION 20,608

WUARTZ PROJECTION 14.94
PLAGTOCLASE PROJECTIDN 34.84

ULIVINE PROJECTION 0.y

CHAS PROJECTIONS

{ETRAHEDRON COORDINATES [ 17.14 M
DIOPSIDE PROJECTION C3a 32,22 ]
ULIVINE PROJECTION Cs 22,83 "
ENSTATITE FROJECTION Mma2s 21.06 £as3
RUAR'TZ PROJECTION LAS2 61.40 HS

19.31
B.0.=
21.92
40.32
16.23

17.25
14. 46
62.18
319.82
22.38

PLAG s2.11 arz
64.58
59 .14
0.0
43,79  OPX+(4QT2)
A 12.82 =3
S 33.32
8 14.968
A283 39 .12
cHs2 16.14

oveX
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occ

NP o0
neds
[=¥ _¥:N

oo oth
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11.90
14,74
8.4
24.84
3?.99



HLAGOTHI COMPLEX

SANPLE NUMBER BG 223 307
ORIGINAL uaxcﬂr PERCENr OXIDES
4103 I E20 FEO MNQ MGO can NAZD K20 TI02 pags  Ccr203
. 3, .47 16 10.57 929 2,77 .85 L 46 .09 20
WEIGHT PERCENT OXIDES RECALLULATED TD 100 PERLENT
sxu AL203 FEEU FEQ MEL Na2G K2a TI102 P20% CR203
4.78 13.93 7.35 "Ne yomes 9.17 2.76 .8% . 46 .0 .0
=S r (™
208 13.94 .57 5,59 A2 14,35 8,98 4,89 .99 .32 .07 00
CIPW NGRM
aTZ COR OR Al AN LG NE
WEIGHT PERCENT 000 200 5. 005 23,349 20.401 000 .000
MOLE PERCENT T000 L0009 5,244 21,204 17.544 1300 000
CATION PERCENT . 000 , 000 4.540 3423560 20.142 a0 000
Al NS KS DI wo HY oL
WEIGHT PERCENT L000 . 000 YY) 19,805 .000 29.099 059
MOLE PERCENT 000 L0040 .000 21.062 . 000 31.993 .00
CATION PERCENT 000 . 000 000 19.344 . 000 29.382 062
W CH L HH ™ PF /U
WEIGHT PERCENT  1.200 000 .871 000 .000D .90 000
MOLE PERCENT 1.240 .00D 1.373 L0800 .000 .000 .000
CATION PERCENT . 854 L000 530 L0020 .000 ,000 000
MAFIC INDEX = 51,248
NORN TOTAL = 180,001
OLIVINh COMPOSITION
ORSTERITE = &4%5.520 FAYALITE 34,480
oarnupvnoxena COMPOSITION
NSTATITE 7. 680 FERROSILITE 32,320
CLINOPYRDXENt COMPOSITION
WOLLASTGNITE S51.5635 ENSTATITE  32.733 FERRGSILITE 15.631
FELDGPAR COMPOSITION
ORTHOCLASE  10.265 ALELTE 47.891 ANORTHITE 41,843
PLAGIOCLASE COMPOSITION (PERC AN 48,5630
THORN {ON AND TUTTLE DIFFERENTTATION INDEX = DB,3%4
SOLIDIFICATION IMDEX {100%MGO/(MGO+FED+FERO3I+NAZO+K20)) = 46,994
CRYSTALLIZATION INDEX (AN+MG,DI+FQ+FQ EQIV OF EN) = 48,229
LARBEN INDEX (1/3SI+K)—(CA+HE) = -4.845
ALBITE RATID (100»(AB+AB EQIV IN NE)/PLAG) = 53,370
He MR o ER T ThNG MO LAt ToNG V(FE A S 355
ok:gar:on RATIO ACCORDING 17 UE MRTTRE (FEO/FED+FE303) = V804
%§§ §L¥18F DRY LIQUID OF THIS COMPOSITION (AT 1050 DEG) =  2.654
TOTAL ALKALIS 16.15 TOTAL FE  25.68 MG 47,17
KOMATTITE PARAMETERS
FEG/(FEQ+MGO)  CAD/AL203 SIO02/TIO2 AL20Z/TI02 FEQ®/TI02 CAO/TI02 NA 0/;102 K20/T102
4374 T71 119.50 28,25 17.87 20.00 6,02 1.848
JENSEN CATION AL2ROF - FED+FERD3+TIOZ - MGO
39758 18. 86 AL.16
QUARTZ - FELDSPAR RATIGS R R
% UART Z .00 ORTHOCLASE 19.27 PLAGIOCLABSE 69.73
UARTZ ORTHOCLASE 17.55 ALBITE B2. 35
CATION PROPORTIONS 30,64 FE 20,39 "G 48,97
CA 12.23 TH 19,55 51 68,22
SI 70.14 AL 9.76 MG 20.10
MG 54.65 2FE 23,59 sI/s 19.77
ca 47.54 AL 34.89 NA+K  15.57

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON [§

bASAL.T TETRAHEDRON oL
CLINOPYROXENE PROJECTION

QUARTZ PROJECTION

PLALTOCLAGE PROJECTION

OLIVINE PROJECTION

CHAS PROJECTIONS

TETRAHEDRAON COORDINATES c
DIOPSIDE PROJECTION C3A
ULIVINE PROJECTION £S5
ENSTATITE PROJECTION H25
WUARTZ PROJECTION CAB2

23.66
29 .84
23.68
45,29
0.8

16.51
31.%%
25,54
31.33
S4.45

%3.39 HOLE PERCENT

cex 2.7t
0.0

22.48

3?2.65

20.73

] 22.23
] 16.43
] 58,49
Cas3 35.47
Hs 28.99

PLAG

[ (X (FR. g

AR2S3
cmsa

= CLINOPYROXENE = QUARTZ (IN MOLE PERCENT)

47,76
60.24
51.84
9.0
47.79

Qrz

GPX+(4QT2Z)

11,77
31.98
15.97
33.21
16.96

ool =0T
ota oPo

~eRD oCeh otoX

mUi—~T

7.87

?.92

6.0
13.06
31.48

49 49



HLAGDTHI COMPLEX

SAHPLE NUMBER BG 226
ORIGINAL WEIGHT PERCENT OXIDES
JoIo2 " aLaas Fe2ds FEQ HNO MGO CaAU NAZO K20
26 5.83 1,18  10.51 .19  30.97 3. B5 .00 k|
ug}guT pERgENT °§ég§§ RECALEULATED“LD 100 SERCENT cad N2 ‘0
219 43 2203 105D NG 36H s“85 .60 13
CATION PROPORTIONS IN ANALYSIS
51 L FE(3) FE(D N MG ca NA K
AD. 46 5,01 .78 7.96 .14 40.37 3761 L 00 15
CIPW NORM
QTz COR OR AB AN
WEIGHT PERCENT L0060 . 000 . 268 ,000 15.513
MOLE PERCEN Ja00 000 . 632 000 10. 480
CATION PERCENT ,000 . 000 . 728 "800 14 664
AC NS KS Dl w0
WEICHT PERCENT 000 000 .40 2.634 000 37
MOLE PERCENT 060 600 ‘000 3337 J400 3
CATION PEWCENT " 000 . 000 000 5504 000
NT cH 3L HH ™
WEIGHT PERCENT  1.708 1.133 . 456 , 600 L300
WOLE PERCEANT 1.387 952 (5b4 Joaa 7000
CATION PERCENT 1,144 . 799 316 000 000
INDEX = £3.724
uonn ToTal = 101,005
DLIUINE canposzr:an
STERITE = 79.730 FAYALITE 20,270
ORTHOP YROXENE COHPOSITION )
ENSTATITE 81,253 FERROSILITE 18.746
CLINOPYROXENE COMPOSITION
WOLLASTONITE 53,498 ENSTATITE 38,598 FERROSILITE 8,905
FELDSP AR £OMPOSITION '
OR THOCLASE BITE ,000 ANORTHITE 5,283
PLACTOCLASE COMPOSITIDN <penc AN) P AAA
THORNTON AND TUTTLE DIFFERENTIATION INDEX a . 768
SOLIDIFICATION INDEX (100%MGO/(MGOtEEO+FE2Q3+NA20+K20)) = 72,211
CRYSTALLIZATION INDEX <AN+nr DI+FO+FO EQLV OF EN) = 71.009
LARSEN INDEX (1/3SI+K)>-(CAa+HE) 3 -31.608
ALBITE RATIO (100%(AB+AE EQIV IN NE)/PLAG) = L0040
IRON RATIO ((FE2=MN)%100/¢ Ea+nn+nc)) a2 31.0035
HC NUMBER AS CATIONS NC/CATIONS (FE+h = 83.8976
X IDATION RATIO ACLORDING TO LE MATTRE (FEO/FEO+FE203) = .77
DENSITY OF DRY LIGUID OF THIS CORPOBITION CAT 056 DEC) =  2.498
TOTAL ALKALIS .30 TOTAL FE  27.29 nG 72,41
KOMATLITE PARAMETERS
FEO/(EEQIMGO)  CAO/AL2 203 SI02/TI02 AL2Q3/[T02 FEOX/TION2 CAO/TI0Z  NA2
2737 192,75 33,25 38,62 16 04 .
JENSEN CATION AL203 - FEQ+FE20I+TLD2 - rGO
10.91 18,99 73, 30
QUARTZ - FELDSPAR RATIDS .
UARTZ S0 ORTHOCLASE 4.72 BLAGIOCLASE 9%5.28
UART Z 00 ORIHOCL ASE wxwwx ALBITE 00
CATION PROPORTIONS ca 5.92 FE 15,563 e
CA a.27 MG 47 .81 81
81 4u, 26 AL 1.58 MG
2MG 75. 80 AFE 15.546 50/5
ca 53,97 AL 44,95 NA+K

COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
FROPORTION OF ANALYSIS [N BASALT TETRAMEDRON IS

bASALT TLETRAHEDRON
CLINOPYROXENE PROJECTION
QUARTZ PROJECTION
PLALGTOCLASE PROSECTION
OLIVINE PROJECTION

CMAS PROJECTIONS
TETRAMEDRGON COORDINATES
DI0OPE IDE PROJECTTION
OLIVINE PROJECTIUN
ENSTATITE PROJECTION
HUARTZ PROJECTION

oL

C3a

M28s

73,39
.41
.36
G.a1

u.9

3. 836
15.71
12,85
&7.7¢0

AKXk %

= CLANQPYROXENE - QUARTZ

?6.92 ROLE PERCENT
CrX 2.8 PLAG
0.0
2.86
.04
4.949
M S0.11 A
h 33.78 8
n 75.31 B
Cass 13,57 A2S3
M5 P2 T2 crs2

308

TI102 P205  CR203
.24 .03 .77
TI1Q2 P205 CR24
%%4 .04 .7;
TI P CR
.16 03 .93
LC NE
,000 000
.000 000
000 .030
HY oL
944 33733
R 21.%%%
PF [;{0)
000 000
.000 1400
1000 S000
Q/TI02 KZ0/TIO2
060 .54
77 .45
47 .92
48.16
2,70
1.08

(IN MOLE PERCENT)

15.13
15.53
16.77
4.9
28.59

Qarz

AP X+{4GTL)

4.08 S
50.91

11.84

18.73

AR XR

c=oX
ol oo™
cea [=1d=1

NUAST oS
Vbt

=T -c;c;:ﬁ

9.79
10,053
2.0
11.54
6d,.46

41.99



HLAGOTHL COMPLEX 309
SAMPLE NUMBER BG 227

ORIGINAL WETGHT PERCENT OX1DES
s102 AL 203

) FER0J FED HNO HGO CAQ  NA20 K20  TI02  P205 CR203  TOTA
$5.7% 8,02 94 8,49 A9 18.45  7.47 a1 04 G “06 08 100.3
WEIGHT PERCENT OXIDES RECALCULATED TG 100 PERCENT
§102° ALI3  FE203 FED MNO HGO A NAZQ K20 TIg2 P05 cR2QT  TaTa
99,54 7.99 94 8.458 - .19 18.38 7.44 . a1 04 . 3% 06 , 100.0

CATION PROPORTIONS IN ANALYSIS
X &L FE(E) MN ng Ch NA K TI P CR
50,58 8.58 , 64 &,.44 A5 24.9% 7,26 1.07 .05 .24 .03 .00
CIPW NORK
Q7Z COoRrR 0 AR AN LC NE KP
usxauw PERCENT 5,862 000 .egs 5,141 18.956 000 .000 .000
MOLE P NT 12.069 ;000 302 3,832 13.317 L000 .nao .000
carton PERCENT 5’338 000 L 231 5,354 18642 L000 ,000 . 000
AC (13- K5 DI Wl _ Ry oL C%
WEIGHT PERCENT .000 .000 , 0400 14,0646 ,000 53.577 000 ,000
HOLE PERCENT , 000 ,0400 .006 12,3484 , 300 49,149 000 L0600
CATIDON PERCENT 000 .0DO0 ,000 13.82%9 000 55.03; 000 000
MT CM IL H N PF RU AP
WEIGHT PERCENT 1,363 .000 662 .000 .000 .80 800 142
LE PERCENT 1.138 [000 .853 .000 000 .000 .000 , 082
CATION PERCENT .966 .00B , 478 000 .0D0 L0900 - 000 133
MAFIC INDEX = 69.809
NORN TOTAL = 180.004
uLIUINt cnn OSITION
FORSTERITE L0048 FAYALITE .tae
ORTHDPYROXENE COMPOSITIDN
AT1TE 75.913 FERROSILITE 24,087
CLINOPYROXENE CONPOSITION
WOLLASTONITE 52,162 ENSTATITE  36.315 FERROSILITE 11.523
FELDSP AR LUNPOSITXDN
ORTH ASE , 268 ALBITE 21.128 ANORTHITE 77.905
PLAGIOLLASE COMPDSITION PERC AN) 98, 666
THORN TON _AND TUTTLE DIFFERENTIAT!DN INDEX = 11.238
SOLIDIFICATION INDE #ME0/ (MGO+FEQ+FE20I+NAZ0+K20)) = 44,8468
CRYSTALLIZATION INDEX (AN*HG DI+FO+F0 EQIV OF EN) e 58,479
LARSEN INDEX (1/3SI+K)- He ) = =16.166
ALBITE RATIO (100!(AB+AB EQIU IN Nt)/PLAG) 2 21.334
N IR A e D R
= .
DXIDAT?ON T?G AEEBRgﬁﬁg ¥6 L NAI1R£ (FED/FED+FF203) = ‘833
%%HS;A¥18F RORY LIQUID OF THIS COMPOSITION (AT 1050 DEGY = 2.726
TOTAL ALKALIS 2.29 TOTAL FE  32.83 [ 64.88
KOHATIITE PARAMETERS
FEO/ (FED+MGD) CAQ/AL203 SID2/TIDZ2 AL203/7TI02 FEﬂh/Tguﬁ CAD/T302 NA?Q/TIDB K20/T102
L3360 93 159 .29 38,91 26.56 21.3 1.743 114
JENSEN CATION AL203 - FEO+FEQ03+FI02 - MGO
85500 17.93 s 1. 08
auaarz - qtuospan RATIOS
19.41 ORTHOCLASE 78 PLAGIDCLASE 79 at
QU RTZ 5216 ORTHOCLASE 2,10 ALELTE .74
CATION PROPORTIONS cA 18,63 FE 17.35 nc 44,02
CA 9.77 MG 30.14 S &1.09
SI 683.37 Al $5.37 MG 31.26
MG 57 .86 2FE 18,39 SI/5 13,78
[o- 59 .97 AL 35. a1 NA+K 4,42
COORD INATES IN THE SYSTEM PLAGIOCLASE - DLIVINE = CLINOPYROXEME - QUARTZ (IN MOLE PERCEANT)
PROPORTION OF ANALYSIS IN SASALT TETRAMEORON IS 98,20 HOLE PERCENT
BASAL T TETRAHMEORQON ) - 119 42.103 CPX 14,418 PLAG 24 .48 QTZ 19.45
CLINUPYROXENE PROJECTION 143,92 0.0 = 213,48 i 22.63
QUARTZ PROJECTION 52.18 17. 48 30,39 0.0
FLAGIUCLASE PROJECTION S55.648 18.63 0,0 23.74
ULIVENE PROJECTION 0.9 1&2.t0 . 21.02 QOPX+(4AQT2Zy 44.88
CHAS PROJECTIONS
TETRAHEDRON COQRDINATES C 8,79 o 13,13 A 5,73 3 53,36
DIOPS (DE PROJECTIDN c3a 24 .44 5] 22.69 5 56.33
DLIVINE PROJECTION cs 14.53 M 77.17 g 8.30
ENSTATITE PROJECTIUN_ 28 13.04 €283 46 .86 A253 40.10
WUARTZ PROUJECTION CAS2 3G.19 MG 57 .23 crs2 12,38



HLAGOTHI COMPLEX

. 310
SAMPLE NUMBER BG 228
ORIGINAL WEIGHT PERCENT OXIDES
5103 FE203 FEO HedQl MGO CAQ Na2g K20 TIg2 P205  CR2u3
A R 1716  10.49 20 26.32 511 Rt .36 {1 07 .56
WELGHT PERCENT OXIDES RECALEULATED TG 100 PERCENT
5102 AL.303  FE203 FEQ HEO ©aQ Na20 K20 TIQ2 P203  LR203
49.24 5,88 1716 10.42 2¢.37 5. 12 .43 36 .31 07 .S4
CATION PROPORTIONS IN ANALYSIS
51 AL, FE(3) FE(2)  MN MG A Na K TI P CR
43,74 6.14 . . 15 34,98 4.87 .74 .41 L21 .05 .39
CIPU NORN
o QT COR OR ag LE NE
WEIGHT _PERCENT NI 000 2,131 3.444 12 994 000 .0D0
L& PERCENI .6d0 .000 1.870 2.785 000 .000
CATION PERCENT .000 .00 2,044 3,711 143 1000 000
AC NS K8 DI w0 HY oL
WEIGHT PERCENT 0G0 , 000 . 000 9,529 000 43,271 2%.174
hOLE PERCENT 000 000 T80 2,504 ‘000 §2.927 33.316
CATION PERCENT . 000 .000 L0009 9. 168 .000 482 33.5
o ny cH il HM N pE RY
WEIGHT PERCENT  1.479 .626 .5%0 000 800 Y 000
HOLE PERCENT 1.453 .740 1779 000 1000 004 1000
CATION PERCENT  1.161 R-131 .15 L0060 .000 1000 000
HAEIC INDEX = B1.236
NORM TOTAL = 100.00%
OLIVINE COMPOSITION
FORSTERITE 77,185 FaYALITE 22.815
ORTHOPYROXENE COMPOSITION
ATITE 7805 FERRQOSILITE 21,149
CLINDPYROXENE COMPOSITION
WOLLABTONITE $2,337 ERSTATITE  37.57% FERROSILITE 10.078
FELDSPAR CONPGSITION .
ORTHOCLASE 1,356 ALBITE 19.417 ANORTHITE  49.228
PLALIGELAGE COMPOSITION (PERE AN 78.09%4 \
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 5.776
L TD IR CAT TON  INDEX" (380 ¥HeDy  HEDuF & DO E20I+NAZO+KR0)) = 63,988
CRYATALL TZATTON THDEX ‘CANHE D1 EOTFG EQIV OF N> = 54,040
LARSEN INDEX (1/38SI+K)-(CA+HE) = -25.977
ALBITE RATIO (100%(AB+AB EQIV IN NE)/PLAG) = 21.904
IRON RATIO ((FEZ=HN)®1D0/CFE2+MN+NG)) = 34.p54
MG NUMBER A8 CATIONS MC/CATIONS (FErnG) .. = 81,794
OXIDATION RATIO ACCORDING TD LE MALTRE (FEQ/FEQ+FE20Z) = . 802
DEENSITY OF DRY LIQUID OF THIS ComposTTIAN CATT o506 DEG) =  2.84s
TOTAL ALKALIS 2,05 roTeL FE = 2%.75 e 68.19
KOMATIITE PARAMETERS
FEQ/(EEQeNGO)  CAO/ALZO3 SI02/TIO02 AL20I/[102 FEQX/TIO2 CAQ/TIO2 NA2Q/TIO2  K2O/TIO2
.3038 158,52 18.87 3690 16,48 1.387 1.161
JENSEN CATION AL203 - FEO+FEQD3+TIO2 - RGO
13.3s 17.57 79,04
WUARTZ ~ FELDSPAR RATIOS
uak 17 .00 ORTHOCLASE 11.36 PLAGIOCLASE 98,54
17 00 ORTHOCLASE 36.3%0 ALBITE 63,10
CATION PROPORTIONS Ca 1. 20 FE 17.01 NG 72.79
co 5,84 MG 41,71 81 52.45
81 83.61 AL 3.76 HG 42,63
2MB 73.56 2FE 17.19 S1/5 9.25
ca 57.22 AL 36,43 Na+K 6.76
COORDINATES IN THE SYSTEm PLAGIOCLASE ~ OLIVINE ~ CLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
PRUPORTION OF ANALYSIS IN BASALT [ETR&HEPRON IS 95,65 MOLE PERCENT
BASALT TE TRAKEDRON oL 62.09 CPX 9.59 PLAE 16,91 Qrz
CLINGPYRUXENE PROJECTION 68. 67 04 18.70
QUARTZ PROJECTLON 760.09 10.82 19.09
FLAGIOCLASE PROJECTINN 74.72 11,54 0.0
OLIVINE PROJECTION 9.0 13.28 23.43 OPX+(AQTD
CHAS PROJECTIONS
TETRAHEDRON COORDINATES € 5.a2 " 4454 A 4.65 3
DIOPSIDE PRAJECTION C3A 18.01 " 30,20 8 51.79
ULIVINE PRGJECTION cs 16.27 n 73.06 S 10.47
ENSTATITE PROJECTION H2g S8.81 €383 22.30 A2S3  21.89
WUARTZ PRAJECTION casz  21.7% ns 72,48 cHse2 5.73

LoD oot oteX
00T ool o=
s OO~ [~ =y —

11.42
12.63
6,0
13.74
63.

44.63



HLAGOTHI COMPLEX
SAMPLE NUMBER

ORIGINAL WEIGHT PERCENF OXIDES
s102  AL203  FE203 FEQ HNO MGo CAQD NAZ20 K20 T102
55.58 &.80 .92 @, 32 .31 26,00 6,64 .32 .59 ,22
WEIGHF PERCENT OXIDES RECALCULATED TQ 100 PERCENT
5102 AL203 FE203 FED MNQ nGo CAO NAZO K20 T102
85.79 6.03 .93 8.3% .21 20.087 6.6b .32 .59 ]
CATION PROPORTIONS IN ANALYSIS
) aL E(3) FE(2) N HG ChA NA K TI
50.57 7.29 .63 65.33 J16 27,12 6. 47 .56 .68 .15
CIPW NORM
QTZ COR arR AB AN LC
WEISHT PERCENT  4.6%9 L0090 3.499 2.717 15.432 080
MOLE PERCENT 15.414 000 I 04b 20660 11,026 .0d0
CATION PERCENT  4.223 .000 3% 424 Y] 152107 .000
AC NS K vl wo My
WEICHT PERCENT . 000 000 000 13.929 000 57.932
HOLE PERCENT Jbag 2004 ‘800 12,455 004 3.2
CATION PERCENT . 000 000 060 13651 000 9.3
HT CM L M ™ PF
WEIGHT PERCENT 1,345 L0900 419 000 000 .000
NGLE PERCENT 1.155 J000 L5549 1000 S0 000
CATION PERCENT 1939 000 301 000 000 000
FIC_INDEX = 73,696
NORRCTOYALY = 100523
OLIVINE CONPOSITION
FORSTERITE .000 FAYALITE .gau
ORTHOPYRUXENE COMPUSTTION
ENSTATITE 13 FERROSILITE 22,387
CLINOPYROXENE CORPOSITION
WOLLASTONITE S2.257 ENSTATITE  34.959 FERROSILITE 10.784
FELDSPAR COMPOSITION )
ORTHOCLASE 164 ALRITE 12,550 ANORTHITE 285
PLAGIOLLASE CORPOSITION (PERC AN 35,030
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 10.875
SOLIDIFICATION INDEX (100%MGD/(MGO+FED+FE203+NARO+KR0)) =  b6.334
CRYSTALLYZATION INDEX (ANWME,DE+FO+FO EUIV OF EN) = $7.947
LARSEN INDEX (1/3ST+K)-(CA+HG) = -17.18B6
ALBITE RATL0 (100%(AB+AB EQLY IN NE)/PLAC) = 14,976
IRON RATTO ((FE2=mN) %100/ (FE2+MN+MG)Y) = 35,459
MG NUmEER AS CATIONS MG/CATIONS (FE+MG) = 81,081
OXIDATION RATIO ACCORDING TD LE MAITRE (FEQ/FED+FE203) = L8246
%E=5%2¥13F DRY LIGQUID QF THIS COMPDSITION (AT 1050 DEGY = &.729
TOTAL ALXALIS  3.083 TOTAL FE  30.43 ne 66.54
KOHATIITE PARAMNETERS
FEO/(FEQeHGL)  CAQ/ALZA3  SIQ3/T102 AL2QI/TT0Z FEQe/I102 CAQ/TI02 NA20/T102
L3138 38 350.64 3091 31.58 307,18 1,455
JENSEN CATION AL3D3 ~ FEO+FERNZ+TIOZ - MGO
17.56 17.13 b5.31
QUARTZ = FELDSPAR RATIOS
VAR T 17.71 QRTHOCLASE 13,30 PLAGIOCLASE 68.99
, ARTZ 42784 OR 1HOCL ASE 332.18 ALBITE .98
CATION PROPORTIONS ca 16.409 FE 16.51 “né 67 .40
ca 7 .69 ne 32.23 51 40.08
81 62.17 AL 4,48 nG 33.34
anc 89,86 2FE 17.11 SI/S  13.03
CA a0 .23 Al 33.94 NA+K 5,31

CODRDINATES [N THE SYSTEM PLAGIOCLASE - ULIVINE - CLINOPYROXENE - QUARTZ

PROPORTION OF ANALYSIS IN BASALT TETRAHEORON I8

kASAL T TETRAHEOROGN
CLINOPYROXENE PROJECTION
WUARTZ PRUOJECT ION
PLAGLOCLASE PROJECTION
OLIVINE PROJECTION

CrAS PROJECTIONS
IETRAHEDRON COORDINATES
D{OPSIDE PROJECTION
OLIVINE PRQJECTIUN
ENSTATITE PROJECTION
WUARTZ PROJECTIGN

oL

C3a
cs
H28
CAS2

46.31
54,54
58.54
57 . oo
LB

A7
19.20
14.00
16.9%

26.2

25

PU.26 MOLE PERLENT
(M4 14,33
0.0~

17.

17.

12,

va
64
-]

PLAG

“u

ARS3
Chs2

[—=1-1—1

cCo

cool onelr oSoM

[—X-~1—

oM ool oo

(IN MOLE PERCENT)

.97
.34

— 1 B
o =

.61

QTZ

oPX+(aT2)

w

e oX
-
(=g =

P

o
obIT
falde—

Sol
et

.04
39

-}
.74

.81



HLAGOTHI COMPLEX

SAMPLE NUMKER BG 231
CRIGINAL WEIGHT PERCENT OXIDES
SID2  AL203  FE203 FEQ HNO MED CaQ
56,32 14.96 .91 8.33 17 6.56  10.74
WEIGHT PERCENT QXIDES RECALCULATED FO 108 PERCENT
Sloz acigs FE2ql FEQ MND MG CAQ
.62  14.77 ~ 90 8,12 17 6.48 1061
CATION PROPORTIONS IN ANALYSIS
ST AL FE(3) FE(2) mMn MG cA
51.93  16.26 V63 34 13 9.01 10,6l
CIPW NORM
912 COR DR a
WEIGHT PERCENT 6,862 00N 4,552 16,0
MOLE PERCENT 23.233 .0dao 4,055 13,9
CATION PERCENT  6.406 “DOO 4.587 153
AC NS KS D
VETCHT PERCENT L000 .D0g 000 19,5
HOLE P .00a T J000 17.%
O on PERCENT 000 00D L 000 191
HT CH IL H
WEIGHT PERCENT 1,300 000 594 D
HOLE PERCENT 1.150 e 939 0
CATION PERCENT 552 000 .513 0
MAFIC [NDEX = 42,082
NORM 10TAL = 10G.00%
OLIVINE COMPOSITIGN ]
FORSTERITE doe FAYALITE LBu0
ORTHOPYROXENE COMPQSITION
ENSTATITE $3.753 FERROSILITE 46,247

CLINUPYROXENE COMPOSITION
WOLLASTONITE S0.717

FELDSPAR COMPAOSITION

ENSTATITE 26.491

=<Cp

FERROSILITE 22.792

NAZ2Q K28
2.16 .78
NA20 K20
2.13 72
NA K
3.8B6 .92
AN
4 28.461
[E] 20,811
3 28 .695
wo
& 000 2
g ad o 1
9 600 2
TN
0 000
0 0060
0 DOO

ORTHOCLASE 8,919 ALBITE 35.341 ANQRTRHITE 595.74
PLAGIOCLASE COHPU&ITIDN (PERC AN) 61,200
THORNTAON AND TUTTLE DIFFERENTIATION INDEX ) = 29,457
SOLIDIFYICATION INDEX (Y00xMGO/ (MGOYFEQ+FE20I+NAZO+K20)) = 3%,.190
CRYSTALLIZATION INDEX (AN+MG,DI+FO+FQ EQTV OF EN) = 47.314
CARSEN INDEX (1/3SI+K)-(CA+HME) = -2.882
ALRITE RATIO (100%(AB+AR EQIV IN NLE)/PILAG) = 38.4800
IRON RATIQ ((FE2=8N)®¥1 D/ {FE2+NMN+MGC)) z 62,260
nc NUMEBER AS _CATIONS MC/CATINNS (FE+MG) o = 58.4693
XIDATION RATIO ACCORDING TD LE MALTRE fED/FEU+tE2032 = .B3Y
%ﬁsS£T¥ QF DRY LIRUID OF THIS COMPOSITION (AT 10586 DEG) = 2.642
Turm_ ALKALIS 15.85 TOTAL FE  48.79 HG 35.36
KOMATIITE PARAMETERS
FEDO/ (FEDtHGO) CAQ/AL2G3 SIR2/TINS AL2O3/TIVZ2 FeOx/TID2 CaG/TIN2 N
,97%8 72 1952.22 30,43 24,44 29,03
JENSEN CATION ALR33 - FEO+FE203+TIA2 - mGO
30,01 22.26 27,73
QUARTZ - FELDSPAR RATINS ) ] ~
QUART Z 11 |u ORTHAOLLASE 7,84 PLACINCLASE 84.29
QUARTZ .3 29 ORTHOCLASE 15.45% ALBITE 41,28
CATION PROPORTIONS CA 40 .34 Fi2 25.34 HG
LA 14,83 MG 12,460 51
53 7%.18 AL 1.7V MG
2HMG 47,20 2FE 31,92 81/5
CA 50,22 AL 38,47 NA+K

COORDINATES IN THE SYSTEM PLAGIUCLASE - GLIVINE - CLINOPYROXENE —- QUARTZ
MUOLE PERCENT

PRAPORTION OF ANALYSIS IN RASALT TFETRERHEDRON [35 93,832

BASAL. T TETRAHEDRON oL 16,19 CPX
CLINOPYROXENE PROJECTION 20 .34

QUARTZ PROJECTION 183.44
PLAGLOCLASE PROJECTION 33.14

OLIVINE PROJECTION 0.0

LHAS PROJLCTIONS

1ETRAHEDRON CUOURDINATES ™ 17.24 M
DIOPSIDE PROJECTION C3A 32.13 H
OLIVINE PRUJECYION s 22.88 M
ENSTATITE PROJECTIDN Ma2s iv.B4 £263
WUARYZ PROJECTION CRS2 50 .44 MG

17,
14.
b2,
41,
-y

21

.43
-
28
.03
96

PLAG

mw

A283

cHs2

BT coclr
oeeT LN coell
1= —]

S
OO

See™
[—1=t—

2

4

34.30
72.57
13.05
24.88
11.31

312

R
- n

<

. LIS

o oG ]
I - . - o= . U ot fa ¥
coal oot oScX '

coc
c
&

osel
co=

ceooll cosfm

coc

(IN MOLE PERCENT)

S1.18
4,29

53.28
5.0

42.46

12.49
53.52
14.54
39.09
17.5¢C

Qrz

0P X+(AQT L)

w

ot

=D oG

v ool edeT
ekc

rolis
[X]A]
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HLAGOTHI COMPLEX 313
SAMPLE NUMBER BG 232

ORIGINAL WEIGHT PERCEWNT OXIDES
SIN2  aL203 FE203 HNQ HGOD CAG NAZO K20 1102 P205 CR20
$5.98 123,15 .96 o, &3 7 8.43 9.73 1.89 1.35 A 10 b
MEIGHT PERCENT OXIDES RECALCULATED TO t00 PERCENT )
Sf02  ALA0I  FE203 FEQ HNQ HGO Ao NA2Q K20 T102 P203  CR2Q
55.88 12,13 .96 8.63 V17 B.S2 9. 71 1.89 1.35 57 10
CATION PROPORYIDN IN ANALYSIS
51 FE(3) FE(2) MN HG ca NA K TIL P CR
shy 1332 .87 o 58° A3 11.82 9 70 3. 41 1.60 .47 .08
CTPW NORH
QTZ COR aRr Al AN LG NE
uEIGHT PERCENT  5.845 200 7.964 15,5960 20.646 . 000 000
HOLE PERCENT 19,843 ‘pao 7.114 12,414 15. 134 .000 000
CATION PERCENT  S.445 000 010 17.040 20.775 000 .000
AC NS KS oI Wwo HY aL
WEIGHT PERCENT .000 .0Dp .00 21,961 L000 24.730 L0040
HOLE PERCENT J000 a0 040 19.712 L0006 32,704 Q0
CATION PERCENT L 000 000 L, 000 21,643 1000 24.930 .06
MT cr IL HH T PF RU
WEIGHT PERCENT  1.3%90 .000 1.270 000 . 000 L000 000
MOLE PERCENT 1.234 Jnoe 1.707 L0a0 ‘000 000 Joda
CATION PERCENT  1.008 000 . 937 L00D 800 ‘000 000
MAFIC UNDEX = 49.338
NORM TOTAL = 106.003
OLIVINE COMPOSITION
FORSTERITE Lu00 FAYALLTE L0000
ORTHOP YROXENE COMPOSITION
ENSTATITE 59,801 FERROSILITE 40.199
CLINOPYROXENE COMPOSITIO
WOLLASTONITE 51.130 ENSTATITE  29.231 FERROSILITE 19,649
FELDSPAR COMPOSITION R
RTHOCLASE 17,186 ALREITE 35.809 ANORTHITE  46.323
PLAGIOLLASE LDHPDSITION (PERC AN) S6.400
THORN TON _AND TUTTLE DIFFERENTIATLON INOEX @ 29,770
ROLTDIPICAT 10N INDEX (10D%MCO/(MED+FEQ+FE 203+NA2O+K20)) = 39.914
CRYSTALLIZATION INDEX (AN+HG,DI+F0+F0 EQ{V OF EN) = 44,857
LARSEN INBEX (1/38I+K)—(Ca+Hb) = -X.719%
ALRITE RATI0 (100%(AB+AE EQLV IN NE)/PLAB) = 43.600
TRON RATID ((FE2=HN)#100D/(FEQ+MN+HGE)Y) a §7.100
MG NURBER 6S CATIONS MC/CATIONS (FE+MG) = 63,760
OXIDATION RATIO ACCORDING TD LE MAITRE (FEO/FED+FEZD3) = 823
%%=5§L¥[8F DRY LIRMUID OF THIS COMPUSITION (AT 1050 DEG) = 2.857
TOTAL ALKALIS 15,23 fOTAL FE  44.67 MG 40.10°
KOMATIITE PARAMETERS
FED/(FEQeMGO)  CAO/AL203 SIO02/TIN2 AL203/TT02 FEO®/TI02 CAO/TI02 NA2(Q/TID2 K20/TI02
52740 LB 83.55 18,13 14,18 1453 2,831 2.315%
JENSEN CATION AL203 - FED+FER03+TIAZ - MGO .
40,34 33.8p 35,082
QARTL = CELDSPAR RATING
QUARTY Z 55 QRTHOGLAGE 15.80 PLAGINCLASE 72.61
QUAR17Z 154 ORTHOCLASE 256.7% ALBITE 3,61
CATION PROPURTIONS ta 33.93 FE 24,69 . MG 41.28
Ca 13,18 MG 16.07 51 70.76
s1 73.88 AL 9. 44 nG 16.76
MG 39 .09 2FE 39,29 SI/9 21.42
CA 51.41 AL 35,31 NA+K 13,20
CODRDINATES [N THE SYSTEM PLAGIOCLASE - QLIVINE ™= CLINOPYROXENE ~ QUARTZ (IN MOLE PERCENT)
FROPORTION UF ANALYSIS IN BASALT TETRAMEDRON [3 89, 43 MOLE PERCENT
HASAL T TETRAHEDRON oL 30,81 Cax 29.0% PLAG  42.09 QaTZ
CLINOPYROXENE PROJECTION 27,48 0.0 - 55,45
QUARTZ PROJECTION 33.92 27 .69 48.38
PLAG LOCLASE PROJECTIAN 15,94 41.61 0.6
OLLVLNE PROJECTION 0.0 20.38 . 35,62 OPX*(4GQT2)

ChAS PROJECTIONS

TLTRAHEDRGON CDORDINATES c 16,23 M 20.28 A 11,10 S
DIUPGIDE PROJECTION C3a 30.90 M 18,51 S 53.58
ULIVINE PROJECTION C3 24,87 M a3.41 5 13.72
ENSTATITE PROJECTION M2s 21.7 casd al.2a A253 37 .66

WUARTZ PROJCCTION £asa2 55,99 M5 26,359 cHsa 19.42
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HLAGOTHI COMPLEX 314
SAMPLE NUMBER BG 236

ORIGINAL MEIGHT PERCENT OXIDES
(5102 L3037 FE203 FEQ MNG WG CAO  NAaZ0 K20 TID2  PROS  CR203 TOTA
5.33  6.49 .94  8.30 .21 21,52 5.63 ¥ .23 1 02 .00 99.5
WEICHT FERCENT OXIDES RECALCULATED fQ 100 PERCENT
£203 FEQ MND MEQ CAQ  NA2Q K30  TIgE  P20s  CR203 TOTA
N 8.52 .21 21,89 5.65 .63 .23 17 62 ; 100.0
CATION PROPORTIONS IN ANALYSIS
AL FE(3) FE(2) M MG CA NA K T1 P CR
49 96 6,91 .64 &.42 .18 28.946 5.45 1.10 .28 , 12 .02 .00
CIPW NORNM
QrZz COR OR AR AN LC NE KP
WEIGHY PERCENT 2,851 000 1.364 S.347 14.348 .000 .000 000
MOLE PERCE 9.839 L0040 1.238 4.327 10.518 000 ;000 000
CATION PERCENT 564 . 000 1,335 5.514 13.849% 1000 1000 .000
AC NS KS DI wa HY oL cs
WEIGHT PERCENT . 000 , 000 000 10,890 D00 463,558 L0040 000
MOLE PERCENT 1000 000 J00¢ 10.166 400 62,209 [009 1900
CATION PERCENT .0D0 .000 .000 10.608 .000 4,904 ,000 .000
nY cH 1L Hi ™ PE RU AP
WEIGHT PERCENT  1.374 .000 334 000 .000 .000 000 .048
MOLE PERCENT 1.23¢0 900 J343 000 1000 L1000 .800 029
CATION PERCENT 1582 000 . 231 000 .800 100D .009 . Da1
MAFIC_INDEX = 76.193
NORM TOTAL = 100,002
DLIVINE COMPOSITION
FORSTERITE 000 FAYALITE .00
ORTHOPYROXENE COMPOSITION
ENSTATITE  78.213 FERROSILITE 21.787
CLINOPYROXENE COMPOSITION
WOLLASTONITE 52,307 ENSTATITE  37.302 FERROSILITE 10,391
FELDSPAR COMPOSITION
ORTHOCLASE ,506 TE 25,511 ANORTHITE 47,982
O ACTGEDASE CoRPDSITION (PERE AN 72,713
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 9.562
SOLIDIFICATION INDEX (100#MGO/(rGO+FEQ+FE203+NAZO+K20)) = 67.630
CRYSTALLIZATION INDEX (AN+MG.DI+FO+FQ EQIV OF EN) = 57.849
LARSEN INBEX (1/35I+K)-(CA+H é) = ~18.4408
ALBITE RATIO (100#(AB+AR EQIV INM NE)/PLA&) = 27.287
nG NURBER aS (CATIONS NG/CATTONS (r€r i b4
Oxibation Aarid Adt3RBEeE T IRE (rea/FEDSFERQZ) = 1820
DENSITY OF DRY LIGUID OF THIS CEONeGSTTION (AT LU5G DEC) = 2,738
TOTAL ALKALIS 2,71 TOTAL FE  29.46 e 67.63
KOMATIITE PARAMETERS
FEG/(EE0+HGO)  CAG/AL203 SIQR/TI02 AL2Q3I/IT02 FEQY/TI02 CAQ/TI02 MA20/TIOR K20/T102
.3028 & 335,47 3818 54’98 33,13 37706 1.353
JENSEN CATION AL203 ~ FEQ+FE203+TI02 - _MGQ
. 14.05 16.567 &L7.29
QUARTZ - FELDSPAR RATIOS
UART'Z 11.98 GRTHOCLASE §.73 PLAGIQCLASE 82,30
UAR1Z 29.82 ORTHOELASE 13.28 ALBITE £5° 53
CATION PROPORTIONS cA 13,34 FE 16.37 Hé 70.39
(o1} 6,46 MG 34.33 81 39.22
s b0 .65 AL 4.19 MG 35.16
2MG 71,17 are 16.55 §I/5 12.28
CA 56,83 AL 34.03 NA+K 7.14
COORDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE™ - CLINOPYROXENE - QUARTZ (IN MQLE PERCENT)
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS 97.44 MOLE PERCENT
BASALT TETRAHEDRON oL 49 . %8 CPX 10.89 PLAU 19.87 T2z 19,29
CLINOPYROXENE PROJECTION S46.06 0, 0w 22.30 21.564
WUARTZ PROJECTION &61.89 13.49 24.462 0.0
MLAGIOCLASE PROJECTION 62.33 13.59 0,0 24,07
OLIVINE PROJECTION 0.0 10.09 18.42 0OPX+(4QT2) 7%.49
CHAS PROJECTIONS
TETRAHEDRON COQRDINATES c 7.12 Lal 37.14 A 4,79 ) S0.9%
DIORSIDE PROJECTION C3a 16,45 " 25.50 S 56,08
OLIVINE PROJECTION cs 12.94 " 79. 41 s 7.6%
ENSTATITE PROJECTION M28  22.85 €283 41.09 A283  36.36
QUARTZ PROJECTION CAS2  25.81 ns 65.55 £nse .43
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HLAGOTHI COMPLEX

SAMPLE NUMBER BG 237
ORIGINAL MEIGHT PERCENT OXIDES
$102  AL203F  FE203 FEd MNO HGO CAD NA2D K20
56.03  14.21 1,05 9,49 19 5.3%5  10.74 2.15 .58
WEIGHT PERCENT DXIDES RECALCULATED TO 100 PERCEN
§l02  AL203 FER03 FEQ HND NGO cag NA2D K20
s3.86  13.17 1705 ¥ \ 5033 10071 2014 58
CaTION PROFPORTIONS IN ANALYSIS
ST AL FE(3) FE(2> ®N MG cA e X
52.63 15.73 .75 7,45 15 7.49% 10,81 391 .70
CIPW NORM
QTZ COR OR 4B aN
WEIGHT PERCENT 8,432 000 3,317 18.131 27.324
MALE PERCENT 28.069 ‘0aq 2.927 13,525 19,512
CATION PERCENT ~8.124 . 000 3,455 1?.553 27.806
AC NS XS DI )
WEIGHT PERCENT 000 .0N0 , B00 21.098 D08 18
MOLE PERCENT Jnog J0a0 l0040 17.a12 Je0d 13
CATION PERCENT . 000 L 000 000 207623 " D0D
MT cM L e ™
VEIGHT PERCENT  1.524 .60 652 000 .80
HOLE PERCENT 1.287 naa 1,098 Jgod ‘g0
CATION PERCENT 1.118 ,000 ' 635 - 000 .00
MAFIC INDEX = 42,508
NORM TOTAL = 100.002
OLIVINE TanpaSITION
FORSTERITE ,800 FAYALITE ,000
ORTHOP YROXENE COMPOSITION )
ENS TATTTE ag,198 FERRGSILITE 54.802
CLINGPYROXENE COMPOSITION
WOLLASTONITE S0.13& ENSTATITE  22.538 FERROSILITE 27.327
FELDSPAR COMPOSITION
OR THACLASE ALBITE 37,099 ANORTHITE 55,910
P ACTGELASE CORPOSITION (PERC. AN) 80,113
1HORNTON AND TUTTLE DIFFERENTIATION INDEX .
SOLIDIFICATION [MDEX (1oouncoS{ncu+Fsn+r5303+ua30+xeo>) .

CRYSIALLIZAT!ON INDEX (AN+MG +FO¢FO EQIV OF EN)
LARSEN INDEX (1/38I+K)-=(CA+M &)
ALBITE RATI (100=(AB+AR EQIV IN Nt)/PLAG)

0 4] FE2=MN)=100/¢( E°+H +HG)

TI

R A‘ ATI(ONS HG/C PE

BN H é Nﬁ HA + (FEQ/FEO+FE203)
F DRY LIQUID UF THIS CDﬁPOSITIDN (AT 10350 DEG)

L ALKALIS 14,295 T0TAL Fg 56.36 HG 28.90

o0 | tits

Nuda¥pkyn

WBood  »rald
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WP\ NNOT Lo
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KOMATIITE PARAMETERS

FEGQ/(FEQ+MGD)  CAQ/AL203 SIN2/TI02 AL203/TI02 FEG=/T{02 CAN/TIO2 NAZ
L6610 56 TARTE 3t%58 23,19 53,87 37s
JENSEN CATION AL203 - FEGWFEZ034TIOL - MG
49757 3%.83 23,60
WARTZ - FELDSPAR RATIOS
ARTZ 15.00 QRTHOCLASE 5. PLAGIOCLASE 79.06
EIeRE 28.58 BRIHGELAZE (713 WLRITE b0, 1
CATION PROPORTIONS cA 4l .30 FE 25,95 Mé
cA 15,24 MG 10,56 S1
sl 77. a1 AL 11.57 MG
2MG 36.ad 2FE 33,62 51/5
ca 51.52 Al 37 .49 NA+K

COORDINATES IN THE SYSTEm PLAGIOGCLASE - DLIVINE - CLINOPYROXENE — QUARTZI (IN HOLE

FRUPORTION OF ANALYSIS IN BASALT TETRAHEDRUN IS 94,62 MOLE PERCENT

HASAL. T TE TRAHEDRON oL 14, 80 CH X 21,88 PLAG
CLINORYROXENE PROJECTION i8.73 6.0

QUART . PRUOJECTION 16.94 25.19

PLAGLOCLASE PROJECTION 29 .36 3. 66

OLIVINE PROJECTION 0.0 17.33 )

CHAS PROJLCTIDNS

TETRAHEDRON COORDINATES [ 17 .22 4] 16.60 A
DIDPSIDE VROJECTION £3a 3.9 M 14,06 9
LDLIVINE PROJECTION Cs 22.%4 L4 63.77 E]
ENSTATITE PROJECTION M28 16,40 £2as3 43.29 A253
QUARTZ PROJECTION CAS2 60.1% S 20,61t cHsa2

OGOV HVTI ool
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28 .87
74.20
11.02
25.98

10 .99

S50.07
64,03
£7.87
0.9
39.82

12,21
53,99
13.39
40,30
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HLAGOTHI COMPLEX
SAMPLE NUMBER

2

B 239

ORIGINAL WEIGHT PERCENT OXIDES
5I02 ALZ203 FE203 FEQ

P
<r

o—i o
[ ==}
ob
e

=EaX
o=oT
[~k

Y ool
WINPT cFali
—drs cee

MND HGO ¢a0 NA2() K20 TI02 PR0S  CR203
54,69 11.92 7S 8.60 19 9.75 9,25 2.46 73 . 11 .00
WEICHT PERCENT OXIDES RECALCULATED TOQ 100 PERCENT _ ,
5102 AL203 FE203 FED MNG HGO CAQ NA20 K20 TI0R P205  (R203
85,08 12.01 -9 8.66 $.B2 9,18 3,48 .74 Yy 1 .00
CATION PROPORTIONS IN ANALYSIS
Al FE(3) JE@ N G CA NA TI P CR
s Be 13,07 Y .69 -15 13,51 9. a2 4.43 .87 . 4% .09 .00
CIPW NORM
aTz COR 0R Al AN L& NE
WEIGHT PERGCENT  2.640 . 008 4.344 20,950 19.444 609 000
HOLE PERCENT 5746 000 4,329 17.7289 15.518 000 600
CATION PERCENT  D2.238 . 000 4,331 220176 19,311 1000 L300
AC NS K3 DI Wo HY oL,
WETGHT PERCENT . 060 . 000 B0 21.172 ,000 28.543 000
nOLE PERCENT L000 N 000 30.750 l040 28.738 000
CATION PERCENT . D0d 00D 000 20.763 N YY) 28.753 .000
HT cn IL Hr ™ PE RU
WEIGNT PERCENT  1.39% .000 1.224 000 , 000 L0080 000
WOLE PERCENT 1,336 J000 1.789 (400 L000 10040 080
CATION PERCENT 1,003 L 000 . B9S 080 L 000 .000 000
MAFIC _INDEX = 52,596
NORN TOTAL = 100.003
OLIVING COMPOSITION
FORSTERITE .008 FAYALITE 000
ORTHOPYROXENE COMPOSTTION
) 52.954 FERROSILITE 37.046
CLINOPYROXENE COMPOSITION B
WOLLASTONITE 31.328 ENSTATITE  30.641 FERROSILITE 18,031
FELDGPAR COMPOSITION )
HOCLASE 9, ALEBITE 46.814 ANORTHITE 43,480
P ACIEECARE coNpOSITION (PERC AN) 43153
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 27.942
SOLIDIFICATION INDEX (100#KGD/(MGO*FEG+FE202+NARO+K20)) = 43,352
CRYSTALLIZATION INDEX (AN+HG,DI+FO+F0 EQIV OF EN) = 46.051
LARSEN INDEX {1/3S1+K)—(CA+HE) = -5,909
ALEITE RATTO (100%(ABYAB EQIY IN NE)/PLAG) = E1.047
TRON RATIO ((FED=MN)®10D/{FE2+RN+HNG)) = £3.73p
MG NUMBER 05 CATIONS HG/(CATIONS (FETHG) = 8&.903
OXIDATION RATID ACCORDING LE MAITRE (FED/FED+FE203) = 818
DENSITY OF DRY LIQUID OF THES "COMPOS T TION (AT TOS5 DEG) = 2 630
TOTAL ALKALIS 14,24 TOTAL FE = 42.22 MG 43.54
KOMATIITE PARAMETERS
FEO/(FEQ+MGD)  CAO/AL203 SINR/TIOR AL203/TIO2 FEO=/TI02 CAO/TIOR NARQ/TIOZ K20/TI0R
.4523 58 §5.35 187 63 14,77 1445 57814 1,141
JENSEN CATION AL203 -~ FEO+FE203+T102 - MGQ
38700 23.89 39,30
WUARTZ ~ FELDSPAR RATIOS . .
GuaRTZ ORTHOLLASE 9.14 PLAGIOCLASE 83.27
QUARTZ 134 ORTHOELASE 15,95 ALBITE .00
CATION Paupuarxons CA 30.58 FE 23,59 MG 45,43
CA 12,52 "G 18.3a st 59 .11
51 71.73 AL 9,21 MG 19.06
2MG 53,75 PFE 27.39 51/5 19,85
CA 50.09 AL 35.50 NATK 14,41
COORDINATES IN THE SYSTEf PLAGIOCLASE - OLTUINE ™ GLINOPYROXENE - QUARTZ (IN MOLE PERCENT)
PROPDRTION OF ANALYSIS IN BASALT TETRAHEDRON I8 93,54 MOLE PERCENT
BASAL.T TE TRAHEDRON oL 23,05 CPX 22.20 PLAG 44,46 qrz
CLINGPYROXENE PROJECTION 29.63 6.0 57.14
GUARTZ PROJECTION 25.70 24.74 49.56
PLAGIOCLAGE PROJECTION 41,51 39.94 0.0
OLLVENE PROJECTIDN 6. 20.59 41.23 OPX+(4QTZ)
CHAS PROJECTIONS
TETRAHEDRON COORDINATES C 16.061 n 22, o A 11.10 8
DIUPSIDE PROSECTION C3a 30,86 H 16.37 5 52,77
ULIVINE PROJECTION Cs 2402 o 61.36 5 14,62
ENSTATITE PROJECTION H3 27.%4 Cesd 37,92 A233  34.T4
WUARTZ PROJECTION cASZ2  s52.48 Hs 29.45 CHS2  1B.07
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HLAGOTHL COMPLEX
SANMPLE NUMBER BG 242

ORIGINAL WEICHT PERCENT OXIDES _

S102 ALL203  FE203 FEQ HNQ MGO Ca0 NaZ0 K20
54,75 11,50 .98 0.84 J18 1. 9730 2,10 .98
WEIGHT PERCENT OXIDES RECALGULATED TO {00 PERCENF )
sfoa  AL303 FE203 FEQ HNG MGo CAl NAZ0 K20
55,10 11, L9% 8,89 .18 10.07 $.36 211 .97
CATION PROPORTIONS IN ANALYSIS
81 Al FE(T) FE(2Y  MN MG ca NA
51.01 12,63 .69 6.89 J14 13,90 928 3,79 1.14
CIPW NORH

QrZ COR OR AB AN
WEIGHT PERCENT  3.332 L0040 5.709 17.878 19.240
MOLE PERCENT 11.986 [0 5. 421 14,781 14.992
CATIDN PERCENT  3.07% 000 5.70% 18,964 19,235
ac NS K3 DI Wa
UETGHT PERCENT 080 .00 000 21.586 00D 29
MOLE PERCEN .gaag 200 J060 Bu.676 g0 28
ATION BERCENT . 000 . 300 L 0D0D 21.221 L1000 29
HT cH L Hr ™
WEIGHT PERCENT 1,433 . 060 1.233 000 000
MOLE PERCENT 1.342 000 i.748 0G0 L0040
CATION PERCENT 1,033 L 000 .89y .0ad 000
MAEIC INDEX = %53.054
NORM TOTAL = 100,003
OLIVINE COMPOSITION
FORSTERITE . 000 FAYALITE .000
ORTHUPYROXENE COMPUSITION
STATITE 52,914 FERROSILITE 37.084
CLINOPYROXENE COMPQSITION .
WOLLASTONITE 51.335 ENSTATITE 30,624 FERROSILITE 18.05S1
FELDSPAR COMPOSITION N X
“ORTHOELASE . _ 13, 331 ALBITE 41.74% ANORTHITE 44,924
PLACIOCL AGE COMPDSITION (PERC AN 51.839
YHORNTON AND TUFTLE DIFFERENTIATION INOEX = 26,910
SOLIDIFICATION [NDBEX (100xMGO/(MGO+FEOYFER03+NAZD+K20)) = 33,731
CRYSTALLIZATION INDEX (AN+MG,DI+FO+F0 EQLY OF EN) = 45.451
LARSEN INDEX (1/3SI+K)—(CA+HME) = 6,175
ALBITE RATID (LDU%(AB+AK EQLY IN NE)/PLAG) s 46,166
IRON RATIO ((FE2=tN)#100/(FER+HN+NG) = 53,726
MG NUMBER AS CATIONS MC/CATIONS (FE+M iG> = 86,869
OXIDATION RATIO AGCORDING TO LE MATIRE (FEO/FED+FE203) = .82
gk:s§;¥lgr DRy L TG G T ParC i s Bl oS TrION CAT 1056 DEC) = 2676
TOTAL ALKALIS 13,33 TOTAL FE  42.45 hG 43.92
KOMAT [ITE PARAMETERS
FEO/(FEQENGO)  CAO/AL203  SI02/TLAZ AL203/T102 FEQx/I{02 CAQ/TIOZ NA2
. 4527 BS.55 17.97 15.19 14,53 3.
JENSEN CATION AL203 - FEO+FEPOZ+IIN2 -~ MGy
356.55 33,02 a0.24
QUARTZ ~ EELDSPAR RATIOS
UART 2 URTHAGLASE 12,37 PLAGIOCLASE 80 .43
UARTZ YR ORTHOCLASE 27.32 ALBITE 53,43
CATION PRUPARTIONS ca 30,52 FE 23,97 "G
cA 12.51 MG 18.74 sI
51 21 .62 AL .86 HG
2MG 52.99 IVE 2756 81/5
ca S1.39 AL 34.95 NA+K
COORDINATES IN THE SYSTEM PLAGLOCLASE - OLIVINE™ - ULINOPYROXENE - QUARTZ
PROPURTION OF ANALYSIS IN BASALT TETRAHEDRON IS 92,15 MOLE PERCENT
KASAL.T TETRAHMEDRON (115 24.14 RX 23.02 PLAG
CLINOPYROXENE PROJECTION 31.36 a.0=
RUARTZ PROJECTION 27.24 23.98
PLAGTUCLASE PROJECTION 41,24 35,33
ULLVINE PROJECTION 0. 20,93
ChAS PROJECTIONS
(ETRAHEDRUN COORDINATES C 15.61 M 28,70 A
DLOPSTDE PRAJECTION C2a 34,332 " 16.59 s
OLLVINE PROJECTION CS 23,44 62, 58 g
ENSTATITE PROJECTION "2 26,31 5288 30,93 A2S3
WUARTZ PRAJECTION CAS2 50,79 13 30,57 chs2
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43.71
68.75
19,52
19,45
13.46

(IN MOLE

41,45
53.85
46,78
0.9
37.68

10,61
53.08
13.98
34.74
18.64

317

-
- R

o
(. 4
-0
eln

.98

[—1~F—]

oo

ol ool oo
ee=C ool eccem

e

PERCEN

oPxX+(4

-5
[~14.]
[y
o
-3

0

QATZ

Qr.o)

5

~£=

c—

=P =2l cSceX
LT eotoll o=oW
e+l oce =Cc

11,
14,

19.
41,

vy
=

[=¥d
el



SARPLE AUMEER 66 B4
CR}GINAL Ngégﬂf ;g%ggNT CX;EES e A0 5
S162 AL i ! MGO A NA
$4e25 5.06 l.08 9.73 18 13.3% 13.28 1.5%
WEIGHT PERCENT OXIC&S RcCALCULATED Y0 100 PERCENT
sie2 AL202 £E202 FEC FNC MGC TAC RY. P4
$4e0b Seld 1.09 .18 18 13.4C 13.33 154
CAIICM PzOPDRTIOzé‘I? AN#LZS}g, " c
s N M A
€Qe%9 345 c%b 70%7 el4 Iﬁ-gl 13424 2e3C
CiPw NCRWM
QTZ CCR OR Ad AN
WEIGHT PERCERNT 1758 «COO0 1364 13.139 Bez274
PCLE OSRCENT 64379 «C00 16302 10.94C “4a917
CATICN PERCENT 14630 200 1.365 13.98C §e282
AC NS L &Y Dt WG
WE IGHT PERCENT <000 «C00 «000 47.813 »0CO
YOLE PERCENT +0C0 »Q0C <00 4£4325 »0C0
CATICN PERCENT «000 +COC +000 47.356 +0C0
MY (4,] It H4 TN
WEIGHT PERCENT 1.573 «COC le487 «C0C «0C0
MOLE SPERCEAT 1.481 +CVE 24138 «0GCC <000
CATICN PERCENT 1<«l36 «CUC 1.0692 +00C «0CO
PLEIC INDEX = T7.449
N3PM TOTAL = 100.005
CLIVINE COPPCSITION
FCASTERITE «000 FAYALITE +«00C
CRTHOPYRCXENE COMPCSITION
ENSTAT(TE 674450 FERROSILEITE 32.51C
CLINO? YROXENE COMPCSITIOAN
WOLLASTCNITE 51.423 ENSTATETE 32.65¢C FERRISILEITE
FELDSPAR CCMPBSITICN
ORTHUCYL ASE 54559 AL3ITE 624272 ANQRTHITE
PLAGICCLASE CCMPOSTITIAON (PZRC AN) 32.236
TACKNTEN _AND YLTTLg CIFFERENTIATION INCEX = 16,281
SCLIDIFICATICN [NOEX (lOC”“GG/(HEG‘FEO4FEZUB*NQZC*K20)) = 2%-567
CRYSTALLIZATION INOEX (AMeMGoDI+FQ+«FC EQIVY OF ENJ = «298
LARSEN INDEX (1/3SI+K)-(CA+HMG) »2 -1S.525
ALSITE RATIO (10C=tAL+AB ES]V IN NS)IPLAG) = 47,714
IRSN RATIO ((FE%=MN)*1C0/( S2ZHUN+HGY ) = 63.33;
#G NUMBER AS CATIONS MG/CATICNS (FE+MG) = T8.97
CXTICATION RATI(CQ ACCORDINE TD LE MAITRE (FeQ/FEQ$FE203) = «834
2§=Sg§¥18F ORY LIQUIC QF THIS COMPCSITION (AT 1050 DEL)Y = 24753
TCTAL ALKALIS 6.38 TOTAL Fe 41,43 MG

KOMATIITE PARAVETERS

FEQ/(FEC«PGC)
6649
JENSEN CATION AL2G3 - FEQ+FS203+T102 - MGO
16693 25.91 5615
i T - FAR RAT
cuak éUAR;ELCS A $?§9 CRYHCCLASE 6.0
QUARTZ 10.8C - CRTACCLASE 8.3
CATION PRQPORTIONS 33.35
CA 1é.19
Si 7C.32
2MG 58.%6
CA 75427

CCTRLINATES IN THE SYSTEM PLAGIOCLASE - CLIVINE
PRCPCRTISN Q€ ANALYSIS IN BASALY TETRAFEDRCN (S

BASALT TETRAHECRCN Gt 21.00
CLINOPYROXENE PRCJIECTICN 41437
CUARTZ PPOJECT ION 23.C0
PLAGIOCLASE PRCJECTICN 2£€.50
CLIVINE PRCJECTICN 0.0
CHAS PROJECTIQNS

TETRAHEDRGN CICRTINAT:S ¢ 17.10
CICPSICE PROJECTICN €32 27.C9
ELIVINE PRCJECTICN cs 3C. 72
ENSTATITE PRCJECTION H2S 3¢.23
CUARTZ PROJECTION cas2 27,52

FE
LIt
AL
2FE
AL

- ¢

94
cpx

3.89
25.22
15.83

LINCPYRCXSNE =
¥aLs PERCE
49.24
Ce0
53.93
62.33
46499

PR Y-

27.17
19443
6C.%2
4851
27.94

318
K2Q T192 P205 crR202
22 .79 11 20C
K2C T122 p2CS R2G3
e23 o179 oll ¢ Egc
K TI P CR
27 «55 0% +00
Lc NE
«C0C «0CY
«Ca0 «0CO
« Q¢ «GCO
rY CL
264309 +0C0
284 346 <000
284628 +0C0
7 RY
+COC «CCS
«C00 «JCO
« CGC «000
15,727
304109
Sl.648

CAQ/AL2C3 SIC2/TIO2 AL203/T102 FEQ®/TI02 CAC/TIC2 NA2
2461 69.56 6e53 13472 17.03 le

0
9

/
g

TI02 X20/T102
1 «29£

4b, 84
61,19
25.79
16.02

8.74

SUARTZ (IN MCLE PERCENT)

AT
PLAG

4253
CMS2

21.07 T2
41450

23.C7

C.¢

20405 CPX+(e(CT2)

\A

*

»
=
(Ve

[
w
.

IS
o

.76
2C. 837
4454

8. 69
17.13
€.0

11.¢2
33.10
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SAMPLE NUMBER BG 125
ogggINAL EEIG"T FERGENT oxgoas HND MGO ca0 NA20 K20 TID P2 CR20
195 158 203 20 17 587 1a%8% 1.81 1.82 .4 203 %3
WEIGHT PERCENT OXIDES RECALCULATED TQ 100 PERCENT
sto2’ "aLZgs FE2Q Feg MN NGO cAO NA20 K20 T102 P20S  CR203
31.971 14 94 .71 8.1 17 9.79 10.71 1.81 t.02 .48 .08 ,00
CATION PROPORTIONS IN ANALYSIS
ST AL FE(I) FE(2) MWN MG CA A K TI p CR
47.84 1&.23 63 6.31 .13 13.4% 10.%8 3,23 1.20 .33 .06 .00
CIPM NORM }
QT2 COoR oR A AN LC NE
WEIGHT PERCENT , 000 000 6.016 15,283 29 .656 000 000
NOLE PERCENT .009 <000 5.296 13.927 55.470 .d06 0040
CATION PERCENT . 000 . 000 5,584 16,1491 29.519 1000 000
8% Ng K9 Y Wa HY oL
#gIGHJEPERSENT .d80 200 . 000 18.5652 008 24.735 3.043
A tonE BER YLy -93 -390 998 18:258 899 2% 114 LR E44
HY cM I HM ™ pE RU
WVEIGHT PERCENT  1.319 ., 000 .910 .000 . 000 000 000
MOLE PERCENT 1.3561 040 1.433 .00 Nl 1800 .0080
CATION PERCENT RT3 L 000 564 S 000 000 000 000
MAFIC INDEX 49.847
NORM TOTAL = 100002
OLIVINE COMPOSITION
FORSTERITE  &1.%89 FAYALITE 38,411
ORTHOP YROXENE COMPOSITION
ENSTATITE 63,860 FERROSILITE 34.140
CLINGPYRDXENE COHPOSITION
WOLLASTONITE 51.387 ENSTATITE 31,044 FERROSILITE 17.36%
FELDS8PAR COMPOQSITION
ORT 11,807 ALBITE 29.993 ANORTHITE  $8.199
PLAGIOCLASE COMPOSITION (PERE AN) 85,991
THORNTON AND TUTTLE DIFFERENTIATION IND = 21,300
SOLIDIFICATION INDEX (1DD%MG 0/<nco+Feo+Fsaox+Nazu+«zo>) a 4%5.101
CRYSTALLIZATION INDEX (AN+MG,DI+FO+FO EQIV OF EN) = 55,179
LARSEN INDEX (1/3SI+K)-(CA+ME) = -8.377
ALDITE RATIC (100%(AB+AR EQIV IN NE)/PLAG) = 34.009
IRON RATID (CFE2=HN) %100/ (FE2+MN+HG)) = 53,371
e NUHBLR CAS CATIONS MG/CATIONS (FENG) 2 58,071
OXIDATION RATIO ACCORDING TO LE MAITRE (FEO/FED+FE203) = L 827
%EﬁS%TY gr DRY LIQUID OF THIS COMPOSITION (AT 105¢ DEG) = 2.489
90TaL aLkALIS 13.07 TAGTAL FE  41.64 MG a5, 29
KOMATIITE PARAMETERS )
FED/(FEQ+MGD)  CAD/ALR203 SI02/TIN2 AL203/TID2 FEQx/TI02 CAQ/T102 NA2Q/TIOR K20/TI02
L4790 ] 108.33 3119 18°. 7 22,35 3,971 2,125

EN TI0 AL203 -~ FEO+FE20J+TI02 - MGO
TENS cATION 43.93 lgAbB 36,490

QUARTZ - FELDSPAR RATIOS
QUARTZ A0 ORTHOCLASE 11.8
a ARTZ 00 DRTHDC ASE 29.2
CATION PROPARTI(ONS ca 34.50
A 14.72
ST 68,93
2MG 54.11
CA 50.59

CODRDINATES IN THE SYSTEM PLAGIOCLASE - OLIVINE
PROPORTION OF ANALYSIS IN BASALT TETRAHEDRON IS

BASAIL.T TETRAHEDRON ou 23.87
CLINOPYROXENE PROJECTION 29,77
QUARTZ PROJECTION 235.61
PLAGIOCLASE PROJECTION 47.27
OLIVINE PROJECTION 0.0
CMAS PROJECTIONS

TETRAHEDRON COORDINATES C 16.77
DIOPSIDE PROJECTION C3aA 32.04
OLIVINE PROJECTION cs 26.17
ENSTATITE PROJECTION M2S 32.93
QUARTZ PROJECTION CAs2 55.79

. PLAGIOCLASE 88.19
ALBITE i,75

FE 21. 61 ne 43,89

MG 18.72 sI 66.57

AL 11,69 MG 19.38

2FE  26.64 8I/$  19.24

AL 3g9.92 NA+K  10.38

- CLINOPYROXENE ~ RUARTZ (IN MOLE PERCENT)
?2.24 MOLE PERCENT

CPrX 19.82 PLAG 49 .50 ¥ 4
0.0 61.74
21.27 53.12
1%9.24 0.0
20,52 51,26 OPX+(4QT2)
M 22.82 A 12,335 S
M 16.37 S 51.59
M 956.91 8 16.92
c2s3 34.08 A2S3 32.99
MS 28.49 CH82 15,92
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6 .81
8.50
0.¢

13,49
28.22

48,86



COORDINATES IN THE SYSTEM PLAGIDCLASE - OLIVINE
PROPORTION DF ANALYSIS IN PASALT TETRAHEDRQON IS

BASALT TETRAHEDRON
CLINOPYROXENE PROJECTIDN
QUARTZ PROJECTION
PLAGIOCLASE PROJECTION
OLIVINE PROJECTTION

CHAS PROJECTINNS
TETRAHEDRON COORDINATES
DIOPSIDE PROJECTION
OLIVINE PROJECTION
ENSTATITE PROJECTIDNM
QUARTZ PROJECTION

oL 21.77 cPX
26.65
22.19
51.91
0.0
c 19.55 M
C3A 33.90 M
CcS 29 .83 M
Has 37.22 Cas3
GAS2 61.18 Hs

18,30
0.0
18,65
43.63
21.83

.39
13,
49,
31.
24.

g2
13
M

- CLINQPYROXENE - QUARTZ
91.83 MOLE PERCENT

PLAG
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SANPLE NUMBER  BG 1236
ORIGINAL WEIGHT PERCENT OXIDES
5102 AL203 FE203 FEQ HNO MGD CAQ  N620 K20  TIp2  P203 CR203
s1.72 16,78 .78 6.99 13 9.20 10.63 2,52 1.7 . 39 R4 00
WEIGHT PERCENT OXIDES RECALCULATED TO 100 PERCENT
SID2  AL203 FERQX FEQ MNQ HGO CAQ  NAZO K2Q  TIQ2  P205  CR203
51.06 16.8 .78 7.03 A3 9.26  19.70 2,354 1,15 07 200
CATION PROPORTIONS IN ANALYSIS
g AL FE(3) FE(2) MM NG cA NA K 71 P CR
26.61  18.17 .54 .37 L1 12,60 10,47 4.49 1.34 .27 05 .00
CIP8 NORM
QrZ CaR or AB AN LE NE
WETGHT PERCENT . 000 -000 6.781 21.458 31.313 000 ,00D
MOLE PERCENT . 000 L 000 6.967 18.920 26.023 .0a0 .a00
CATION PERCENT .000 . 000 6.682 227444 30.868 .000 000
ac NS KS DI ¥Q HY oL
WEIGHT PERCENT .000 300 .00 17.266 000 6.842 14,295
MOLE PERCENT ‘oo .000 .ga0 17.709 .00 7.239 20.859
CATION PERCENT .000 .000 .000 16,804 1000 6,868 14.834
o MY cH IL HM ™ PF RU
NETGHT PERCENT  1.133 000 736 000 000 000 000
HOLE PERCENT 10132 ;000 1.136 ‘a0 ;000 000 ‘a0@
CATION PERCENT .85 .000 .539 .000 00D 000 .000
MAFIC _INDEX = 40.449
_ NORM TOTAL = 100,000
OLIVINE COMPQSITION
FORSTERITE = 63.825 FAYALITE  36.175
DRTHOPYROXENE COMPOSITION
ENSTATITE 464,037 FERROSILITE 33.963
CLINOPYROXENE COMPOSTITION
WOLLASTONITE St,529 ENSTATITE  32.009 FERROSILITE 16,462
FELDSPAR COMPOSITION
ORTHG ALBITE 36.032 ANORTHITE  52.581
PLACTOCLASE COMPOSITION (PERE AN) 59.332
THORNTON AND TUTTLE DIFFERENTIATION INDEX = 28,239
SOLIDIFICATION INDEX (1D0&MGO/(MGO+FEDFEER0ItNAZOKRD)) = 24 611
CRYSTALLIZATION INDEX (AN+MG,DI+FO+FG EQIU = 53.524
LARSEN INMDEX (1/3SI+K)-(CA+MG) = -7.823
ALBITE RATIO (100%(AB+AB E@IV IN NE)/PLAG) = 40,643
IRON RATIO ((FE2=HN)#100/(FES+HNYNG)) = 49,921
HG NUNBER AS CATIONS MC/CATIOMS (FE+HG) = 70.120
OXIDATION RATIO ACCORDING TQ LE MAITRE (FEO/FED+FE203) = L8190
DENSITY UF DRY LIQUID OF THIS COMPOSITION (AT 1050 DEG) =  2.668
TOTAL ALKALIS 17.81 TOTAL FE 37,41 MG 44,78
KOMATTITE PARAMETERS
FEO/(FEQHMGO)  CAQ/AL203 SIQ2/TIO2 AL203/T102 FEQR/TI02 CAQ/[102 NA20/TIOZ K20/7102
. 4551 130.35 43,03 19,790 37,26 6. 462 2.923
JEMSEN CATION AL203 - FEQ+FE20I+TIOZ - MEO
49,19 16.71 34.10
QUARTZ - FELDSPAR RATIOS
QUARTZ .80 ORTHOGLASE 11.39 PLAGIOCLASE BY.41
JQuar Tz 100 ORTHOGLAGE 24.01 ALBITE 75.99
CATION PROPORTIONS A . 36.46 FE 15,64 A a3.9¢
cA 15,02 MG 18,09 ST 66,89
£33 68.29 AL 13.30 HG 18. 45
2MG 55. 03 2FE  24.62 51/ 20.35
cA 46,59 AL 40.45 MAMK 12.97

(IN MOLE PERCENT)

58 .06
71.06
992.16

0.0
69.2%9
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CPX+(4CTY)

SAMPLE NUMBER BG lat
CAIGINAL WELGHT PERCENT CX10ES -
$102  AL203  FE2u2 fEC MNC NGO €AC  NA2Q K2C  T1a2
52.76 18435 33 8.40 .26 7.60 234 i) b0l 1.0%
WEIGUT PERCENT UXIDES RECALCULATED TC 100 PERCENT
9 FE N A 82 Kz z
02185 15293 g3 8e63 o2 7.83 2.38 225 o §s 1184
CATION PRUPURTIONS IN aNaLYS1S
FS(3) SEL2) My Mg ca NA K T
Sliz Sh.es 55 6.54 16 1C.34 2:33 lesl Tel4 71
CIPW NCAM
o1z cCcR oR A2 AN Le
WEIGHT PERCENT  1.948 $.85a 35,646 54623 13.655 . CBC
POLE PERCENT 6.648 12.263 22:011 52178 10-Cé4 <coc
CATION PERCENT  1.807 é.567 35,583 7.03¢ 13.5678 < cod
AC NS KS oI wC pY
WE (GNT PER CENT .040 +600 .000 .00¢ .000 32.339
POLE PERCENT 1000 -0040 +300 . 00¢ coco 26814
CATION PER CENT 1000 séoc 15336 <004 2660 320412
nT cH I HM ™ pE
WEIGHT PER CENT .358 .600 1.935 . 008 .000 .CoC
¥OLE PERCENT 1:203 006 7501 100¢ <000 <éoe
CATION PERCENT 5ei scdé 1514 sd0d <000 tcad
PAFIC INCEX = 36,035
NORM FOTAL = 100089
CLIVINE CQMPCSITION
FERSTERITE .000 FAYALITE 4000
CRTHCPYRCXENE COPPCSITION
ENSTATITE 53.63 FEARGSILITE 41,202
CLINGP YROXENE COMPGOSITION
WOLLASTCNITE <000 ENSTATITE .00¢ FERQOSILITE  .00O
FELISPAR CCMPGSITION
ORTHOCLASE 63.740 ALRITE 11.862 ANJRTHITE 24,418
PLAGICCLASE COMPOSITION (PZRC AN) 87.341
THCANTON AND TUTTLE CIFFERENTIATION INCEX s 44,216
SOLIDIFICATION INDEX (10CREGC/ (MGO+FEGSEE203+NA2C+K20)) = 324040
CAYSYALLIZATION INCEX (ARe9C,DIeFQ+FC EQIV OF ENJ = 26.97¢
LARSEN INDEX {1/351+X)=(CA+MG) = ‘32504
SL31TE RATIO (10C3(AB+AR BSIV IN NE)/PLAG) s 22.839
IRON AATIO ({FE2SMN)SLO0/{FE2+MN+HED ) = 3§I312
HG NUMBER AS CATIONS MG/CATICNS (FE=¥G) = 81.738
CXIOATION RATIO ACCOOINC TO LE MAITRE (FEQ/FEC»FE203) = T7%a
CENSITY OF DRY LIGUIG OF THIS COMPCSITION (AT 10350 DEG) = 20405
TCTAL ALKALIS 28.74 TOTAL FE  39.09 MG 32,17
KOMATIITE PARAMETERS
FEQ/(EEQ+MGC)  CAG/AL203 SIC2/T102 AL2C3/TI02 FEQ%#/TICZ CAC/TI02 NA2Q/TIO2
05‘86 nlb 52.2" ld.éé Y 15 2.91 0772
JENSEN CATION AL203 - FECHFE203:4T132 5 MGC
53%d6 26.19 20438
CUARTZ = FELOSPAR RATIOS
uaRT2 3.317 CRYHCCLASE 61.59 PLAGICCLASE 35.C4
QUARTZ 22 SRTHCCLASE 80262 AL3ITE 14-¢8
CATION PROPORT IONS ca 14.42 Fe& 33,74 G 51.86
ca 4,58 G 16485 I 78.47
s1 7¢. 16 AL 14477 "G 15.C6
MG 4T.24 2F¢ 30,75 S1/5  22.¢€1
ca 16,71 L 58,54 NAGK 24435
COCABINATES IN TRE SYSTEW SLAGIGCLASE - CLIVINE - CLINCPYARXSNE = LUARTZ (1N MCLE PERCINT)
PRCPCATION OF ANALYSIS IN 24SALT TSTRAHEIRCN IS 54493 #QLE PERCENY
94SALT TETRAKEZRCN oL 44425 cax «CO PLAG  37.71
CLINCAYRCXENE FRCJIECTICN 44,25 o.c 37,71
CUARTZ PRIJECTION . 52.99 .20 46.01
PLAGIGCLASE FRCJECTICN 71.06 .00 c.0
ALIVINE PRCJIECTION 9.0 .0 36,22
CMAS PROJECTIONS
TETRAHEGRAN COCRCINATES c 12.42 M 19.67 a 12.62
010PSI0E PROJECTION t3a 32,38 " 16412 s 51.50
CLIVINE PRCJECTICN cs 18.33 » 59.24 s 22438
ENSTATITE #RCJECTION M2§ 32.c8 €253 23.71 4253 42.21
CUARTZ PRCJECT 1N CLS2 oeumm S P CHS2  esuss

L2.04
13.04
C.C
28.96
6%.48

43,28



SAPPLE NUMEER oG lo4
322
CRIGINAL WEIGCHT PZACENT CXIDES
sre2 AL 242 FE233 FEC “NC GQ cac NAZC K2C 7102 P2gs CR2G3
51479 13443 157 14.14 «27 €.13 S.i% 2455 eb2 1436 «24 #0C
NEIGHT PERCENT QXICES RgCALCULATPO TC 130 PERCENT
5107 AL 253 FE203 FE PNC NG9 can NA2C K2C 71432 P25S CR2Q72
Sledd 13.34 1.56 14.0 27 5610 Y.L R 2437 5 1.38 224 «GC
CATICN PPJPURTICNS IN ANALYSIS
St At FEL3) FE(2) MN MG €A NA K TI P cR
§3.5% 15.80 L.L2 1121 022 7.24 9,78 4.76 58 1435 19 J0C
CI1OW NCRM
72 A ar Ao AN LC NE
WE IGHT PERCENT 24834 «C0C 24517 21.762 23.443 «L3C +0CO
MOLE PSRCENT Jed49 «C0C 2+8CL 12.83¢ 194125 «COC «0€C0O
CATION PERCENT 2.512 [1375] 2.901 23.733 24148 .CCC «0C0
AC NS XS cl wC rY oL
WE IGHT PERCENT «000 +000 +CDO 16.837 «000 25.C73 «0C0
MOLS PERCENT «0CO +C00 +0C9 loe248 <000 2%.C11 «0CO
CaTION PERCENT +0C0 - 0040 «000 16.51C <000 254 <61 +000
. _ MT M 1L i TN PF RC
W IGHT PFRCENT 20244 « 000 3e366 +0CC «0CJ «C2JC «0Co
MOL= PEICENT 2,219 «QQ0 52333 +0CC «0C0 +LOC +0CD
CATION PBRCENT 1.681 +COC 2,093 +0G3T +0C0 «COC +0CL
YASIC (NCEX 2 49,254
NCRM TCTAL = 10C.C10
CLIVINE COMPCSITION
FORSTERITE «000 FAYALITE +COC
CATHOPYROXENE COMPCSITION
ENSTATITE 3164686 FERRUSILITE 43,314
CLINOPYRDOXENE COPPQOSITICN
WCLLASTCNITE 43.54 ENSTATLTE 1R.S51C FERRCSILITE 31.546
FELDSP AR MPQSETION
ORTHBEL&?E 3,867 AL3ITE 45,21¢ ANURTHM{TE 2,617
PLAGICCLASE COMPCSITICN (9SRC AN} 51.35S
THCRNTON ANO TUTTLE CIFEERENTIATIQON INCEX = 27,213
SCLICIFICATICN INODEX (10CSPGC/ (MCO+FED+FE20I+NA2C+K2C)) = 21,452
CAYSTALLIZATICKN INCEX (AMMGLII+FI+FC EQIY QF EN) = 36.88S
LARSEN INDEX (1/23351+K)~{CA+MG} = . 140
BLRITE RATIO (100=(A2+40 EGIV IN NE)/PLAG) = 48,141
TREN RATIQ {(FE2=MN)ILCO/(EE2«HN+MG)) 2 78,353
MG NUMBER AS CATIONS MG/CATIUNS (FE+#MG) = 38,261
CXIDAT IGN RATIC ACCOADING TO LE MAITRE (FEC/FECeFZ2C2) = «842
EE&S&I¥(8F DRY LIQLIT OF THIS COMPCSITION (AT 1050 DEG) = 2. 748
TCOTAL ALKALIS 12.92 TOTAL FE 65443 MG 21.59
KIMATIITE PARAMETERS
FEQ/(EEC+¥G0) CA0/AL203 SIQ2/TIQ2 AL203/TIQ2 FREQT/TIC2 CACSTIC2 NA20/T102 K20/TIG2
«71520 - ab8 27440 7.11 8.23 heB4s 1.370 254
JENSEN CATION AL2C3 - FES+FE2C3+T132 ~ MGQO
41,76 38.07 20.17
CLARTZ - FELCSPAR RATIOS
QUARTZ S«2¢C CRTHCCLASE Se54 PLAGICCLASE 8S.24
QUARTZ 9.08 ORTHCLLASE 10.35 ALBITE 76,57
CATIIN PRAPCRTICNS CA 32.380 F2 41s59 5 29.%1
CA 14.14 »G 11.C4 SI T4.R)
Sl 7¢.86 ° AL 11.73 G 11.25
2MG 3C.29 2FE 49.19 S$1/5 2C.52
- €A 47.71 AL 33.56 NA+K 12
COZROINATES IN THE SYSTEM PLAGIOCLASE =~ GLIVINE = CLINCPYRCXENE = GQUARTZ (IN MCLZ PEQCENT)
FROPCRTICN CF ANALYSTIS IN 2ASALT TETRALSAREN (S 32.21 MGLZ PERCENT
BASALT TETRAFZOREN oL ZC4 558 c2Xx 17.%0 PLAG 51.68 84
CLINOPYROXENE PRCJECTICN 2c.03 c.2 s2.2)
QUARTZ PRIJOJECTION 22.72 19422 57.43
PLAGIQCLASE PRCJELTICN 42.78 17.23 Sl
CLIVINE PRCUECTIEN C.0 16455 48,05 CPXel4lT)
Cu2s 2PRLJECTICAS
TETRAHEDRON COCREINATES C 1£425 o 1§.21 A 12,81 5
CITPSICE PRQJECTION €34 32.28 [ 15445 S S2.C7
CLIVINE PREJSCTICN cs 22,8 4 594C7 S 17.42
ENSTATITE PRCJSCTICN N2S 25+55 €253 33,40 A253 17.C6
CUARTZ PRDUECTIAN CAS2 2.7 [ 29.31 CHS2 9,38
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SAMPLE NUMBER  BG 208

URIGINAL WEIGHT PERCENT OXIDES
SI AL203 F 203

FEQ nNG MG CAD NA2Q K20  TIgE P20 CR203  TOTA
s.98 1583 .48 13,33 .25 5. 38 8.77  2.43 1.06 1.52 Y X 991
WEIGHT PERCENT OXIDES RECALCULATED TQ 100 PERCENT
$102  AL303 FE203 £0 nya NGO CA NA2Q Keg  Tig2  P205  CR203 T0TA
51,45 13.92 1739 13.23 25 5,42 B.84 2,45 1.97  1.53 16 .00 1008.0
CATION PROPORTIONS IN ANALYSIS
S1 FE(3) FE(2) My HE ca NA K I P CR
@79 5.5 1.37 10,67 20 7,87 8.99  4.51 1.29 .09 13 60
CIPW NORM
arz COR OR AB aN Le NE P
UEIGHT PERCENT . B43 1000 6.316 20.726 23,840 000 000 000
ROLE PERC 3.351 ;a00 &.5609 18.085 {474 .0040 L0048 Ja00
BATION PERCENT .B00 .000 6.471 22541 24,436 L000 000 . 000
ac NS KS DI wa MY oL cs
WEIGHT PERCENT 000 . 900 068 15.945 400 . 26,877 000 000
HOLE PERCENT 060 ‘u0g S400 16.295 .000 27.296 ‘q00 000
CATION PERCENT .000 .00 000 15558 000 24.041 000 L 000
nT CH (L HA ™ PF RU AP
WEICHT PERCENT 2,166 . 000 2,971 000 000 000 000 g
MOLE PERCENT 2235 ‘000 4.583 ‘eao NTL .00 [0040 1272
CATION PERCENT  1.401 .000 2188 .00 .00¢ .000 .000 L3236
MAFIC _INDEX = 282
NORR_TOTAL . = 108004
OLIVINE COMPOSITION
FORSTERITE L0060 FAYALITE ,000
ORTHOPYROXENE COMPUSITION
ENSTATITE 38,712 FERROSILITE 61.289
CLINOPYROXENE COMPOSITION -
WOLLASTONITE 49586 ENSTATITE  19.478 FERROSILITE 30.834
FELDSPAR CONPOSITION
ORTHOCLASE 12,413 ALBITE 40.734 ANORTHITE 46,853
PLAGIOCLASE CORFOBITION (PERG AN G5.493
THORNTON AND TUTTLE DIFFERENFIATION INDEX = 27.485
SOLIDIFICATION INDEX ¢(100%NCD/(MGA+FED+FE203+NARO+K20)) = 22.715
CRYSTALLIZATION INDEX (AN+MG,DI+FO+F( EQIV OF EN) = 37.831
LARSEN INDEX (1/3SI+K)—(Ca+Hb) = 275
ALBITE RATID (100%(AB+AB EQTY IN NE)/PLAG) = 45,8507
Do adie L i : #ik
OXIDATION RATIQ ACLORDIN TEVE WATTRE) (Feo/FEDeFER03) = 1830
DENSITY uF DRY LTHUTD OF THYS COMPGSITION (AT (056 DEC) =  2.732
F0TaL ALKALTS 14.83 TOTAL FE  &2.31 HG 22.86
KOMAT (ITE PARAMETERS
FEO/(FEO+MGD)  CAG/AL203 SI102/TI02 AL203/7I02 FEOX/TL02 CAQ/TID2 NA20/TIO2 K20/TIO02
731a -64 33.54 909 9.65 5.9 1,599 (697
JENSEN CATION AL203 - FEO+FER03+TIO2 - MCO
43017 3586 21.28
WUARTZ - FELDSPAR RATIOS ]
Yar 17 .63 QRTHQCLASE 12.21 PLAGLOCLASE 86.16
R1Z 382 ORTHOCLASE 2285 ALBITE .33
CATION. PROPORTIONS cA 32,38 Fe 40,30 HE 27.54
ca 13.74 "G 11.72 SI 74.54
81 75.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>