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ABSTRACT

The early Proterozoic, Reed Lake Pluton is a steeply dipping, mafi.c-

ultramafic, subvolcanic pluton that is 4 km thick and at least 10 km long; the

pluton is west facing. In cross-section, the pluton has a rectangular appearance.

The pluton comprises a 100 to 300 m thick Lower Mafic Group, 335 to 700 m

thick Mafi.c-Uitramafic Group and 3200 m thick Upper Maflc Group. Original

minerals are largely replaced, but in the Mafic-Ultramafic Group, clinopyroxene

is commonly relict, as are some oxides and rare olivine.

In the Mafic-Ultramafic Group 15 cycles were identified, each of which con-

sists of a lower uitramafic zone and an upper mafic zone; two country rock

septa occur within the group. The 15 ultramafic zones comprise aboú 20To

of the group and range in thickness from 1.3 to 16.3 m. Ultramafic zones consist

largely of olivine clinopyroxenite, olivine websterite, olivine-bearing ciinopyrox-

enite, olivine-bearing websterite and clinopyroxenite, with lesser abundances of

lherzolite, wehrlite, websterite and several gabbroic lithologies. In each zone there

are 1 to 6 layers that range in thickness from 30 cm to 10.2 m. Crystallization

in layers followed the following orders: (1) olivine, clinopyroxene, orthopyrox-

ene, plagioclase; or (2) orthopyroxene, clinopyroxene, piagioclase. Clinopyroxene

probably crystallized at about the same time as olivine. The crystallization se-

quence was controlled by phase equilibria and crystallization kinetics. Magmas

probably crystallized near or at cotectic boundaries, saturated in either olivine

or clinopyroxene.

Variations in minerai abundances, chemistry and texture occur at both layer

and zone scale. Most layers are ungraded or normally graded with respect to

olivine, but some layers have complex olivine/clinopyroxene variations; most iayer

contacts are sharp. In most graded layers, maximum olivine abundance occurs

slightly above to well above the base. Olivine/clinopyroxene trends in most zones

varies from ungraded to normally graded to symmetricaliy graded; in some zones

olivine is absent. Two zones, which are reversely graded, have no olivine in
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the lower part. Clinopyroxene ranges in composition from \ÃIo+s.aEn¿s.2Fs6.6 to

M¡oa2.3Ena3.8Fs1B.e. Correlation between mineral variations and clinopyroxene is

poor and En/Fs in many layers is similar across layer boundaries.

Layers crystallized in situ in a boundary layer at the magma-crystal in-

terface. Smatt currents probably swept across the floor locally and slower, large

scale convection occurred during development of zones. Some crystal settling may

have occurred locally. Ungraded layers formed at a constant rate of accumula-

tion during in situ crystallization with efficient removal of elements across the

boundary layer. Some ungraded layers represent magma that was more evolved

than other layers. Normally graded layers and complexly graded layers probably

formed by similar processes. The height above the base of graded layers at which

oiivine abundance is highest, may be a function of compositional variations and

gradients, fluctuations in temperature and crystallization kinetics. Above the

magma-crystal interface a new pulse of nucleation occurred forming the next

layer. Crystallization in some layers was probably halted by the onset of nu-

cleation in overlying layers. Migration of varying abundances of intercumulus

magma caused re-equilibration of mineral compositions and local deformation at

a few zone contacts.

Cycles formed by repeated infl.ux of fractionated tholeiitic magma that

mixed, to varying degrees, with residual magma or incorporated crystals or other

material that had solidified from underiying zones; three zones formed from at

least 2 batches of magma. Fractionation within zones is dependent on the size

of each batch of magma, time between replenishment of magma batches and the

degree of mixing and convection.
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CHAPTER T.

INTRODUCTION

Mafic-ultramafic plutons comprise a relatively small, but important, part

of greenstone belts, and vary in abundance, habit and age relative to volcanism

and deformation. In the Proterozoic Flin Flon - Snow Lake greenstone belt the

ultramafic to mafic plutons have been subdivided into four tectonic groups: a)

subvolcanic sills, stocks and plugs that appear to be an integral part of an emerg-

ing mafic volcano; b) high level sills within metasedimentary and felsic to inter-

mediate metavolcanic sequences that overlie thick mafic metavolcanic sequences;

c) syntectonic stocks and zones that are spatially associated with, and probably

early phases of, large granitoid complexes; and, d) late tectonic stocks and sheets

that are less deformed and metamorphosed than the surrounding country rocks

(Ayres and Young, 1989). These groups appear to represent a progressive evolu-

tion in the generation and upward movement of basaltic magma in response to

crustal thickening and changes in crust-mantle conditions. The habit, internal

structure and crystallization history of the plutons, in part, reflect these changing

conditions.

The Reed Lake Piuton, the subject of the present study, is a 10 km long and 4

km thick, mafic-uitramafic pluton that has a rectangular appearance in plan view.

The originally horizontal pluton has been tilted to a near vertical orientation and

faces westward. The piuton has been classified as a subvolcanic pluton (Young

and Ayres, 1985; Ayres and Young, 1989). Subvolcanic plutons probably acted as

feeder chambers to volcanism. There were periods of magma withdrawai, during

eruptions, and of replenishment as magma ascended and ponded en route from

the mantle. The continuous process of empiacement and withdrawal of magma

batches would have facilitated fluid dynamic stratification of the magma and

rapid changes in pressure and temperature conditions. Many plutons preserve

the dynamic relationship of magma emplacement and withdrawal in their cyclical

repetition of lithologic types and layers (Brown, 1956; Irvine and Smith, 1967;

Jackson, 1970; Raedeke and McCallum, 1984). The age of a volcano though, is

relatively short compared to the time necessary for crystallization and solidifi-
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cation of a large layered magma chamber. After cessation of volcanism, crystal

fractionation probabiy continued under relatively stable conditions.

In the lower part of the Reed Lake Pluton, 15 distinct ultramafic zones,

commonly separated by thicker gabbro zones, have been identified in a single

stratigraphic section; there are probabiy additional ultramafic zones higher in

the pluton. In this thesis the vertical variations of the 15 ultramafic zones are

documented. Changes in mineralogy, texture, and chemistry within and between

layers that make up zones lead to a better understanding of the crystallization

history of individual zones. Comparison is made between the various zones to

model the evolution of this part of the pluton and to suggest possible models for

the crystallization and emplacement of the whole pluton. Preliminary work has

been done on some of the secondary products developed during recrystallization

and alteration of the pluton.

1.1 Present study

The present study was initiated as part of the Manitoba-Canada Mineral

Development Agreement 1 984- 1989. Twelve mafi c-ultramafi c plutons'were exam-

ined in the Flin Fion-Snow Lake greenstone belt. After a reconnaissance study

of the Reed Lake Pluton it was chosen for more detailed study because

a) the pluton is one of only three that have well developed layering and a section

of ultramafic rocks;

b) clinopyroxene in the ultramafic rocks is preserved making the pluton attrac-

tive for petrologic work;

c) a relatively compiete section of ultramafic rocks is rvell exposed; and

d) recently the pluton has been examined as a possible host for piatinum group

elements.

L.1.1 Method of study

A generai stratigraphic section of the Reed Lake Pluton v¡as measured during

several days of reconnaissance mapping in 1984. Traverses were done across the

center of the pluton by using aerial photographs at a scale of 1:15 840. Several

days were also spent cleaning and examining a section of outcrop that exposes

an interlayered sequence of mafic and ultramafic layers in the lower part of the
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pluton.

In 1987, L.D. Ayres measured a detaiied section through ultramafic and in-

teriayered mafic units in the lower part of the piuton. Over 500 samples were col-

lected of which about 350 were examined petrographically for the present study.

Modal analyses v¡ere compieted on 102 samples, with emphasis on samples that

u/ere processed for geochemistry and samples from better exposed, internally lay-

ered ultramafic zones. \Mhole rock geochemistry was done on 34 samples selected

from the center of most ultramafic layers in the sequence. Microprobe mineral

analyses were obtained on primary clinopyroxene from 100 samples. Primary

oxide grains were analyzed from 16 samples. Random microprobe analyses were

also made of secondary amphibole, chlorite and serpentine to examine the degree

of metamorphism and any compositional correlation between primary phases and

their metamorphic products.

1.1.3 Location and access

The Reed Lake Pluton is about 37 km southwest of the town of Snow Lake

on the west side of Reed Lake (Figure 1). The lower parts of the pluton are

accessible by boat from the Reed Lake Provincial Campground on the north

side of Provincial Trunk Route 39 that connects Provincial Highways 10 and 6.

Access to the upper part of the pluton is more difficult, although some areas are

accessible by canoe from the Grass River. Long traverses by foot are necessary

to reach the northern part of the pluton.

I-.2 Terminology

Mineraiogy, textures and structures in layered intrusions provide informa-

tion about the changing relationship between the magma and crystals during

solidification. Early work on the Skaergaard Intrusion by Wager and Deer (1939)

led to the development of cumulus terminology and the hypothesis that cumulus

crystals accumulated by the process of crystal settling (Wager et al., 1960). More

recent evidence, however, has suggested that crystal settling was not the control-

ling factor in crystaliization of Skaergaard and other intrusions and that other

3



Figure 1-. Geology of the Flin Flon-Snorv Lake Greenstone Belt (FFSN) and

location of the study area. (modified after Bailes, 1971)

processes may be important in development of layering and zoning. Possible

other process include:

a. fluid dynamics and convection (Wager and Brown, 1967; Huppert and

Sparks, 1984; McBirney et al., 1985; Morse, 1986b; Turne¡ and Campbell,

1986; Marsh, 1989);

b. crystai transport and deposition (Wager and Brown, 7967; Irvine, L974;

B¡andeis and Jaupart, 1986; Morse, 1986b);

c. heat flux in the magma chamber (Irvine, 1970; Marsh, 1989);

d. in szfu crystallization adjacent to a lower temperature interface (McBirnel'

and Noyes, 1979) or in a relatively stagnant supercooled boundary layer

(Jackson, 1961; Campbell, 7977; Jaupart and Brandeis, 1986);

e. multiple magma injection, magma displacement and mixing (Brown, i956;

Irvine and Smith, 7967; Campbell, L977; Irvine et a1., 1983; Raedeke and
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McCallum, 1984; Wilson, 1982); and

f. changes in pressure (Cameron, 1980).

In order to adequately refl.ect the changing concepts of crystallization and

still accommodate the widespread use of cumulus terminoiogy, Irvine (1982,

1987b) modified cumulus terminology so that the mechanism of crystal accum-

mulation is no longer part of the definition. This modified terminology, with

certain changes to be discussed later, is used. in this thesis.



CHAPTER, 2

GENERAL GEOLOGY

As exposed, the early Proterozoic, east-trending Fiin Flon-Snow Lake green-

stone belt is about 250 km long and at least 32 km wide; the south part of

the belt is covered by Paleozoic rocks (Figure 1). The belt is bounded on the

north by the Kisseynew Metasedimentary Gneiss Belt. The greenstone belt con-

sists of subaqueous to subaerial, ultramafic to felsic volcanic rocks and associated

sedimentary rocks of the Amisk Group all of which are unconformably overlain

by terrestrial, fluvial-alluvial sedimentary rocks of the Missi Group. The Missi

Group also includes subaerial and subaqueous volcanic rocks in the Snow Lake

area (Gordon and Gall, 1982). These rocks were subsequently intruded by a se-

ries of synvolcanic to post-tectonic ultramafic to mafic plutons and syntectonic

to post-tectonic felsic plutons.

Metamorphism and structure vary in the degree of development across the

belt. In general, metamorphic grade increases northward, across the belt, al-

though the regionai metamorphic pattern is complicated by metamorphic aureoles

associated with large plutons. The lowest metamorphic grade rocks, subgreen-

schist facies, have been identified south of Flin Flon (Bailes and Syme, 1983)'

whereas amphibolite facies occnr at the north edge of the belt, adjacent to the

Kisseynew Gneiss Belt.

Up to 5 stages of folding have been identified in the FIin Flon area (Bailes and

Syme, 1989), including one stage of pre-Missi folding, but only 2 major folding

episodes have been recognized in the Snow Lake area (Bailes et al., 1987' Froese

and Moore, 1980). The main metamorphic event is associated with the fourth

stage of folding in the Flin Flon area and the second stage in the Snow Lake area.

Block faulting occurred throughout the belt, generally during the later stages of

metamorphism and folding. These late faults hamper stratigraphic correlation:

in the Flin Flon area the volcanic stratigraphy cannot be correlated across these

faults.

2.1 Geology of the Reed Lake area

That part of the greenstone belt adjacent to the Reed Lake Pluton is a se-
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quence of mafic to intermediate metavolcanic rocks assigned to the Amisk Group

(Figure 2). Felsic plutonic rocks that locally contain 20 to 80% metavolcanic

xenoiiths are common northwest of the pluton (Figure 2). Ordovician dolomitic

limestone overlies the Precambrian rocks to the south.

2.1.1 Metavolcanic and Associated Metasedimentary Rocks

The metavolcanic rocks comprise an interlayered sequence of mafic to inter-

mediate, massive to locally pillowed flows and intermediate tuff and tuff-breccia

(Rousell, 1970). The intermediate fragmental metavolcanic rocks are restricted to

several islands in Reed Lake. Thin greywacke, argillite, and iron formation units

are localiy intercaiated with the metavolcanic sequence (Rousell, 1970). Several

metavolcanic septa occrlr in the Reed Lake Sill (Rousell, 1970; Ayres and Young,

1e8e)

2.L.2 Mafic Intrusive Rocks

The Reed Lake Pluton is the most southerly exposed pluton in a belt of

mafic plutons that extends from the Paleozoic cover in the south to the Kisseynew

Metasedimentary Gneiss Belt in the north (Figure 1). This belt of mafic intru-

sions may extend under the Ordovician dolomitic limestone to the south (Hosain,

1935). Although occurring in a linear zoÍtej these mafic intrusions may not all be

genetically related. The Josland Lake Gabbros at the north end of the zone are

high level plutons that are interpreted to be related to Missi volcanism (Bailes,

1980), whereas the Reed Lake Pluton is interpreted to be related to Amisk vol-

canism.

The Reed Lake Pluton is a north-trending, subvertical intrusion that youngs

to the west. The pluton is largely conformable as suggested by pillow elonga-

tion directions (Figure 2) and bedding in tuffaceous rocks adjacent to the pluton

(Young and Ayreg, 1985). The piuton is characterized by three north-trending

7
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1970) including the location of the stratigraphic section from Ìbung and Ayres
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aeromagnetic anomalies (Figure 2; GSC, 1983) produced by areas of increased

magnetite abundances; the eastern anomaly corresponds to a sequence of ultra-

mafic units within a dominantly mafic sequence.

2.L.3 Granitoid and Related Rocks

Tonalite and granodiorite, the marginal phases of a large batholith, occur

northwest and west of the Reed Lake Pluton. The granitoid rocks are massive to

well foliated and contain numerous xenolith-rich zones containing between 20 and

80% mafic metavolcanic xenoliths. The granitoid batholith is generally separated

from the Reed Lake pluton by a 1.5 km thick sequence of mafic metavolcanic rocks

that widens to about 2.8 km along the northwest part of the pluton contact;

locally granitoid rocks are in contact with the pluton (Figure 2).

Younger granitoid and mafic dykes crosscut layering in the Reed Lake Pluton.

These dykes are too small to be shown on Figure 2.

2.L.4 Metamorphisrn

The rnafic to intermediate metavolcanic rocks, the metasedimentary rocks

and the mafic plutonic rocks in the Reed Lake area have been metamorphosed

to greenschist facies (Rousell, 1970), metamorphic grade increases to almandine-

amphibolite facies towards the granitoid batholith in the noîthwest. No data

are availabie on possible metamorphic efiects of the Reed Lake Pluton on the

surrounding country rocks.

2.L.5 Structure

Units in the area shown on Figure 2 are largely subvertical and Rousell

(1970) suggested that the metavolcanic rocks have been isoclinally folded and are

steepiy plunging. Rousell (1970) identified at least one shallow north-piunging

open synform in the granitoid rocks northwest of the Reed Lake piuton.

The trend of the metavoicanic-metasedimentary sequence changes across the

I



area, from north-trending to east-trending. Immediately east of the pluton, coun-

try rocks trend northeasterly and young northwesterly. Farther east, however,

near the edge of the area shown in Figure 2, units have an easterly trend and

young northward.

The country rocks have a pronounced foliation that largely parallels, but

locally crosscuts, primary layering; foliation dips are steep. The mafic piutonic

rocks, including the Reed Lake Pluton, dispiay no evidence of this regional fo-

liation. Topographic lineaments are common in the area and Rousell (1970)

identified two major north-trending lineaments that are close to, and largely par-

allel the trend of the pluton; these may be faults. In the Reed Lake Pluton, faults

both parallel and crosscut layering and complicate the stratigraphy.
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CHAPTER 3

GEOLOGY OF THE R,EED LAKE PLUTON

The Reed Lake pluton is a steeply dipping, north-trending, high aspect ratio,

apparently conformable, mafic-ultramafrc intrusion that is about 4 km thick and

at least 10 km long; the pluton is west-facing. Based on mapping by Rousell

(1970), the pluton has a rectangular shape in plan view, but at the south end

the pluton thins abruptly with only part of the pluton extending under Paleozoic

cover (Figure 2). Where the pluton thins, a segment of the pluton extends to

the east under Reed Lake. \Mhere examined, the lower contact is covered by

overburden or Reed Lake, but the upper contact is exposed in places and is

marked by a 15 to 20 cm thick chilled zone.

Young and Ayres (1985) subdivided the pluton into three groups: Lower

Mafic Group, Mafic-Ultramafic Group and Uppe¡ Mafic Group (Table 1). Al-

though the internal stratigraphy of the Mafic-Ultramafic Group is well docu-

mented in the area of this study, further work is needed to refine the stratigraphy

of the other groups, and to define lateral continuity of the stratigraphy in all

groups.

Four mafic to intermediate septa, of probable volcanic origin, two in the

Mafic-Ultramafi.c Group and two in the Upper Mafic Group, have been identifled

(Rousell, 1970; Ayres and Young, 1989). Considering the reconnaissance nature

of much of the stratigraphy, there are probably other unidentified septa. The

septa range in thickness from 30 cm to 150 m (Rousell, 1970; Figure 2); locally

septa bifurcate into two parts separated by uitramafic units. Contacts between

the septá and pluton phases are sharp but irregular, and some irregular ultramafic

patches are randomly distributed in one septum. Two of the septa occur in, and

extend beyond, the thesis area; their maximum extents are unknoti'n.

3.L Lower Mafic Group

The Lower Mafic Group is a 100 to 300 m thick,layered sequence of gabbroic

rocks with rare pegmatoid phases and local pyroxenitic iayers (Tabie 1). Layers

11



UPPER MAFIC

cR.oUP THICKNESS (m)

MAFIC- 335-7oo

ULTR.A'MAFIC

Lo)lilt7Ell MAFIC 1oo - 3oo

Fine- to coa¡se-qtained mclaqab- Zones. 1OO to 7oO m thick. cun-
Éiä. Eå¡ÈiJã"d'õui¡iã dlor-- sist of lavcrs that have uni{orm
it.i r[inriar¡rrthôsitc. and modal aliund¿nccs er are modally
masnetite-bearing or ùlivine- gradcd¡ layers êre 1 mln to-> l: m
beaiing varicties;-local megactys- ihicki in man)¡ Places laye¡ing ¡s
tic qabbro, oÞscutcq oy ¡tcnen'

Table 1. stratigraphy of the Reed Lake sill (from Young and Ayres, 1985).

dip vertically or steepiy to the east. Gabbroic layers range from 5 mm to at

least 21 m thick and are deflned by differences in grain size and mafic mineral

content. Most layers are uniform, but some layers have normal modal grading

with pyroxene-rich bases up to 7 cm thick; rare layers have reverse modal grading.

Layers are locally discontinuous. Layer contacts are sharp, but vary from straight

to irregular.

Medium-grained pyroxenite and feldspathic pyroxenite laminae and layers,

which range in thickness from 1 to 60 cm, appear to increase in abundance up-

wards. Layer contacts between pyroxenitic laminae and iayers and adjacent gab-

broic layers are sharp and straight, but locally appear to be slightly irregular and

some layers may bifurcate. Locally, pyroxenite forms discordant dykes, up to 1.1

m wide, that change trend along strike to become semi-concordant with layering.

Rare pyroxenite xenoliths occur in gabbro near the top of the group.

Clinopyroiene generally ranges in abundance from 0 to 80%, except it py-

roxenitic layers where abundance is 90 to 100%, and varies in grain size from 1

to 3 mm; in pyroxenite layers grain size is about 4 mm. Clinopyroxene is largely

pseudomorphed by actinolite, but there are local cores of relict clinopyroxene.

In most gabbro layers the only other minerais are plagioclase, which is iargely

repiaced by singie crystal albite and clinozoisite, and Fe-Ti oxides. Several layers

72

LITHOLOGY

Olivine pyroxe4i.te and py¡ox-
eniÈe. 6ome Þeridotite, loc¿l
melasabb¡o -to anorthosite ín ul-
tramãfic zones¡ ult¡amafic rocks
typically medium-grained to
cuàrse- g¡.ai[ed;. melagabb¡o to
anorlho-sitc and loc-al pyrcxenite
¡n matlc zones! maltc Eocks a¡e
Iargely- fine.- grained to medium-.
g¡.a¡ned to local Pegmèttllc var¡-
et te5.

Le-ucogabbro to melagabb¡o, lo- Numerous lèye!6 5 m-m -t-o-> 21 h
car Þvtùxentle! meorum-srai'ned thick defined by small differences
to räie conco¡áant pegm"atoid in nodal abund¿nce o¡ grain eize:
phãses, in many plqces layeringìs ob-

BCUled bV tlcnen.

STRUCTURE

Comolexlv lave¡ed seqr¡ence of
¿-t leäst-15 cytles,. mañy of which
change- jn coinpoaition upwards
tro.m ol¡v¡ne. Pyroxenltes ro Py¡ot-
entteE lo EaÞÞ106 aho teucogaÞ-
b¡oÉ: ultrãmafic zone6! whic-h a¡c
uÞ to 15.4 m thick' are commonly
i¡iternallv lèye¡ed a[d ove¡lain bv
mafic zoi¡es.-which a¡e up to 82
m thick¡ coritact6 between lèYers
are straight, sharp and locally
acouredi contact6 Þe¡ween zones
a¡e wavy to irregular,



contain 2 to 10 mm rusty weathering spots that are probably orthopyroxene.

3.2 Mafic-Illtramafic Group

The NÍafic-Ultramafic Group is 335 to 700 m thick; the variations in thickness

of this group and the Lower Mafic Group are due to difficulties in measurement

that are further complicated by post-solidification faults parallel and oblique

to layering. Fifteen ultramafic to mafic cycles were defrned in a 340 m thick

measured section that is about 75% well exposed outcrop (Figure 3; Table 2).

Cycles range from about 3 to 89 m thick; lower ultramafic zones comprise 7.9 to

I})Yoof cycles with the remainder being upper mafic zones (Figure 3). Additional

ultramafic zones, that are part of the Mafic-Uitramafic Group, occur above the

measured section on more widely separated outcrops (pers. comm. L.D. Ayres,

1991), but are not considered in the present thesis. The ultramafic zones are 1.6

to 16.1 m thick and consist largely of pyroxenites and olivine pyroxenites (Table

2). Orthopyroxene-bearing pyroxenites and peridotites, and plagioclase-bearing

pyroxenites and gabbros occuï locally with plagioclase-bearing varieties largely

restricted to the tops of zones. Most zones comprise several layers defined by

modal and textural differences (Table 2). Layers dip 70t10o to the west, and an

igneous lamination is present in some layers. Some ultramafic zones have thin

Iayers of melagabbro, gabbro or leucogabbro.

The mafic zones range in thickness from 0.7 to 82 m (Figure 3) and consist of

melagabbro, gabbro and ieucogabbro with minor pyroxenite, which is generaily

restricted to thin layers, and rare anorthosite (Table 2); there is no mafic zor:'e

in cycle 9. Some pyroxenite occurs as fragments. The zones are uniform to well

layered. Layers and laminae, which are wispy to discrete, are deflned by modal

and/or grain size differences, and they have sharp to gradational contacts; some

layers are modally graded (Table 2).

The base of the group is defined by the first thick ultramafic unit comprising

the uitramafic zone of cycle 1. Contacts between the mafic and ultramafic zones

of a cycle are typically irregular to undulating or less commonly are sharp and
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Figure 3. Stratigraphy of the Mafic-Ultramafic Group subdivided according

to cycles and zones. Thin ultramafic layers in the mafic zones of the \4afic-

Ultramafic Group are not shown. The upper part of the Lower N{afic Group is

also included, but thin ultramafic layes that occur in this group are not shorvn.
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Table 2. Stratigraphic description of the cycles in the Mafic-Ultramafic Group. Atl thicknesses are in metres unless other-
wise stated. Lithologies are listed in order of decreasing abundance and named according to Streckeisen (fSZO).
CYCLE THICKNESS ULTRAMAFIC ZONE

THICKNESS LITEOLOGY

M.A'FIC ZONE

T¡¡ICtCNESS LITITOLOGY STF'UC:cUR.ESTRUCTURÞ

1,4

>17.3

77 .t

7.O Otivineclinopyroxenite,olivine-bearingclinopy-
roxenite, clinopyroxenite, oliviae úebateÌitei
web6tesite, orthopy¡orene- and oliviae-bearing
clinopytoxcnite¡ medium- to coa¡ge-gtained

5.5 to 7 Olivine webgterite, o¡thopy¡oxeae-bearing olivine
clinopyrorenite, oliwinc clinopyrorcnite, lhetzolite,
orthopyrorerc-beating wehtlite, aad gebbtoaorite;
medium- to coarae-g¡aihed

1'6 Oliwine clinopy¡oxe¡ite¡ ¡nediu¡r- tú coa¡se-
gtained¡ locally pegmatitic

3.9 Oliwineclinopyrorenitc,olivine-bcatingclinopy-
roxenite, webste¡ite and melagabbro; mcdium- to
coarse-grained

13.5 C)livine clinopyroxeaitc, clinopyrorenitc. olivi¡re-
beating clinopyroxenitc, olivine web6terite,
weh¡l¡¿c. orthúpyroxe!€-bcaring clinopyrox-
enite, plagioclase-bearing web6te!ite. gabbr<,,
gabbtonorite, leucogabbto and oliwine gabbro;
mediu¡¡¡- to coarse-grained, locally pegmstitíc

2 t.' 7 Oliwine websterite. olivi¡e clinopytoxenitc,
plagioclasc-bearing webste¡ite, oliwine-bearing
clirropyroxenitci mediuh- to coasoe-gtèined

3+ lryebsterite. orthopy¡oxene-bearing clinopyro*enite:
medium-grained

Upper

7.a ()Iivinc-bearingclinopyroxenite,oliwineclilopy-
¡oxenile. clinopyroxenite, orthopyroÌene-bearirrg
clinopyroxenitc, olivine webste¡ite. websterite.
olivine-bearing leucogabbro, o¡thopv¡oxenc-bearing
melagabbro. feldspathic clinopyroxerritei mcdiun¡-
to coarse-grained

Zoue compriees 3 layers that a[e uni{orm o¡ ¡e-
versely gradedi ftom the bè6e tù tl¡e top layerG
ôae 1.6, 1.6 8nd 3.8 m thich; úi¡(oc¡yats èrê mo63
common i¡¡ thc middlc layer; Iocel fine-graircd
gabbro patches near baae of ¡owest layer; some ar-
e¿s h¿we Eode¡ðte¡y developed mine¡al aliguurcnr;
thiû! i¡te¡nal dieco¡tinuous layers of websterite
th¿t hsve 6ha¡p contèct6i laycr co¡tacts ¿re shêtp
and straight¡ lower contact oi zone is sharp and
irregulat and uppet coEtact is ehatp and st¡aitht.

Zone comptises 2 aodally g¡èded lay€i6i the lor€r
layer is 2.o É thick, but Êhe u¡>pel laye¡ va¡iea in
thicknees fsom 3.5 tú 5 E; oitocrysta occù¡ in both
layets; local minerèl alignmeut; diacontinuoùE ¡iabb¡o
Iayer up to 20 cE tl¡ick occurs at the top of t¡¡e
zone; layer cohtect is gtadational; lorer and uppcr
coDtacts o{ zone are ehatp and ettaight.

Zone compriscs one modally g¡aded lèyer; gtaiu size
inc¡eases upwards ¿nd the¡e is pegmatitic oliwine
clinopyrorenite in upper 30 cmi lowe¡ contact ùf
zonc is shatp ènd atraiBht and upper contact is
oharp and irregular; no mine¡al alignment.

Zone comprises 3 layere ihêt eÌe unifo¡m o¡
modally gsadedi from the base to the to¡> lðyer6
atc O.4, 2.3 and 1.3 m thicki layer coñtacts a¡e
sharp; local co¡tinuous and discontinuous intcr-
n¿l l¿ye¡s. 4 tù 30 cm thick. dcfined by grain eize
va¡ièt¡onsi gèbb¡oic phascs ùccu¡ at the tsp of the
nriddle la¡ret: lowe¡ contact is relatiwely sharp. bur
thc upper contact is cove¡ed: no mine¡al alignm€nt.

Zorrc comprises 6la¡rers of which I io unifo¡m and
5 ¿re modêlly graded: layers range in thick¡eos
frotx¡ O.3 lþ 4.7 n. gtain size gradirrg occurs in 3
layets and the lower 2 layers contain o¡koc¡ysts;
sorne layers thin slightly a¡ung 6trikc¡ layer cor.-
ùact6 are sl¡a¡p: internêl leyers of discontinuous
wcbste¡itc occur locally èt tl¡e tla6e of one layer:
gabbto occurs at the tùp of th¡ec layers; lowet
contact of zone is Elrè¡p! wavy and scalloped and
uppe¡ contact is sharp, but highly irregular: ao
nrinc¡al alignment.

Zone comprires 2 modully gtaded layets: v¿riablc
thickless of zonc f¡om ¿bout 2 to 7 m¡ thc ¡ow€r
layer has a thick¡ess that vè¡ie6 from 35 cm !o 2
m and the upper layet ha6 ¿ t!¡icknc6s of 1,65 to
5 m: g¡èdational contact bctwccn laycm; xcnoliths
of fcldspattric pyroxenite occur at basc of upper
layct and locôlly cro6scut ¡aye¡ contact; plagioclase-
bearing phases occù¡ at ll¡e basc of the zonc: lowe¡
ald upper contacts of zone ðrd 6harp and ßtraight;
no mine¡al alignment.

Zone comprises 2 unifo¡n layets¡ layer cont¿ct is
sha¡p¡ zone pinches and swells arrd one ol both
layc¡6 are locêlly ¿bFehti lower contact of zone is
sharp and slightly irregular adjacent t<, vo¡canic
septumi uppe¡ contêct oî zone is 6ha¡p. bu¡ t¡u¡¡-
catcd by owetlying ultrahêfic zo¡re¡ no mineral
align me¡r t.

Zonc comprises 5 layers that è¡e uniform o¡
modally graded; layers range i¡¡ thickness from
O.7 tú 3.1 m¡ laye¡ contacts arc sharp and locally
utrdulato¡yì gabbro ot plagioclase-bearing phaees
occu¡ at lhc túp of 4 la¡rers; inter¡ral layers (4 to
30 crí thick) dcfincd by modêl diffe¡enccs: xcnù-
litl¡s of tãbbto úccur at or ne¿r the base of lower
laycrs aad rapidly decrease in abunda¡¡ce üpw¿rdsi
lower corrtêct of zone is sharp and strêiÊhr ênd
uppcr contècl is sharp and irrcgular: no mine¡al
ali rnrnen t.

> 1().3 Gabbro, leucogobbro, õDd r¿re a¡o¡thositei fitre-
to mêdium-g¡åincd

\

Gabbro, gabbronorite, melagabbto, leucogab-
bro. feldspathic pyroxenite, eoorthoeite; Iocel
plèEioclase-phyric warietiea; fiae-graiaed to. les6
commo¡ly, medium-greincd.

Mclagabbro, leucogabbto, pyroreaite; sedium- to
co¿16ê- Êirained.

Melogabbto, lcucogabbro. pytorcnite, ènd pc¡i-
dotire; fine-greined.

Gabbro, leucogabbro, ano¡tl¡oaite. feldspathic
pyroxenite and pyroxenite; fine-grained.

Gabb¡o and gabbtonotite¡ medium-grained.

Absent

Septum

2+ Gabbro. nrelagabbro. leucogabbro. and feldspathic
pyroxenitc¡ rnedium-graincd.

Zone consists of ã u¡ifo¡m lðye¡ r'ith local inte¡-
mittent wispy snorthosite and leucogabb¡o laroihac:
the top of the zone i6 not exposedi no minc¡al
alignment.

Zone comprises 9 modal layers that are mo6tly
unifo¡m. although 6omc ale modèlly graded and
one is modally laycted; ¡aye¡ contacts are shatp:
[o¡tnèl êBd ¡¿!e ¡evelse modal grading: intermittenl
layers and laminae of leucogabbro. melêg¿bbro and
anorthosile in u¡ifo¡m and modally graded layere:
pyro*enite and fcldspètl¡ic pyrorenite xenoliths in 2
laye¡si nú mine¡al aligabent.

Zo¡e cona¡6ts of a uniform melagabbro overlain by
noamal, modally graded leucogabbro; separated by
a 30 cm thick coaree-¡¡rained pyro*cnite laver; con-
tacts 6harpi in thc lowe¡ 60 cm of ll¡e zonc there
are i¡te¡mittent d¡6cùnt¡nuous leucogabbro laminae
and itre¡;ular pyrorenitc patchcs; magner¡c mêfic
clots i¡ upper p¿rt of zone: ¡¡o qrineral alignment.

Zone is a relêtive¡y unifo¡m fine-grained layer with
it¡termittent discontinüoüs leucogabbro laminae;
modal pyroxene inc¡c¿6es upwards nea¡ tl¡c top of
the zone: local pyroxenite 8nd peridùtitc layers up
ao 30 cm thick in uppeE patt þf zurrci ¡ro nrineral
¿¡ignheút.

Zone is largely uniform except for a modally la¡--
ered i¡tcrval ¿t thc b¿sc; tnodally la:/cred inlerval
charrges upwards ftom pyroxenite to leucugabbro
and lùca¡ ¿northositc: discontinuous inte¡¡¡it¡e¡¡t
gabbro laminae up tc,1 cm thick occu¡ i¡¡ ccntc¡
of zone: inte¡nal lêyer contacts 6Ìrarp: nù mineral
¿lign m en t.

Unifo¡m layer with local, 5 to 30 cm thick, inte¡-
mittc¡¡t ¡¡abbro layets defined by modal or Erairr
sizc changes; 6ome areas of nrine¡al alignmetrt; zone
thins lðterally.

Laye¡cd zone comprising 10 la-'/ers thêt are defiÍed
by watiations in modal abu¡¡dancc and grain sizc:
laye¡s ate rodally layered. modâlly or grain size
graded or unifor¡n: contac¡c are sharp and locally
wèwy: ¡ayers, which are tl¡e¡nsclves modally layercd.
comp¡ise inte¡nal layer6 thèt arc mostly nornrally
g¡êded ¿nd lcÉs comr¡o¡ly ¡ever6ely graded: in-
¿crm¡tlent discontinuous t(¡ contilub.us gabbro.
melagabbtu and leucogabbro latni¡rac and layers oc-
cu¡ i¡r unifo¡m ot gradcd layers; intcrrrittent gabbro
arrd melagabbro ¡êyers arc more comrnon irr lower
layers and leucog¿bbro layers ate more conrmon in
upper layers: local pyroxenitc lenscs in upper layer.
contactE betweerr inte¡Bittent layers and the adja-
cent ¡ock are sh¿rp to ¡(rcally gradational; g laJ¡er€
hawe local to common miner¿l alignnrcnt:
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Table 2 continued
CYCLE THICKNESS ULTRA.MA'FIC ZONE

THICKNESS LITHOLOGY

MAFIC ZONE
TIIICKNESS LITITC)IJOGY STRUCTI'RESTRUCTURE

V/ehrlite. melagabb¡ot¡orite, lhcrzolite. gebbro,
olivine gabbro ¿nd olivine nelagabbro; medium-
to cO¿rae-8¡ained

Ol¡vin€ web6!etitc, oliwine clinopytoreriter lherzo-
lite, clinopytoxenite, oliwine melagobbto; medium-
trèined.

16.1 Oliwineclinopyroxenite.olivine-beatingclirropy-
roxenire. olivine websteritc. o¡thopy¡oxcne-bearing
clinopy¡olcnitc. fe¡dspathic clinopyroxenite;
medium- to coar6e-graincd witl¡ locally pegmatitic
p¿t che6

Zone comprises 3 modally gtaded layers tl¡at frofr
baee to top of zone ð¡c O.5. 1.5 and O.4 m thicki
locally inequigranular with up to 10% coatoe¡
grained pyso¡enc in clinopyroxene matriri layer con-
tacts ê¡e 6hèrpr but one is slightly irregular¡ local
magnetic i¡te¡valß; plagioclase-bea¡inB Phase6 oc-
cu¡ in loúc¡ half of zo¡e and the toP of the uPpe¡
laycr: lower coût8cl of zorre is shatp and irregulat
and upper contact is eharp and straighii no miner¿l
a¡ignment.

Zone comptíees 2 modally gtaded laycrs¡ the lower
layer is 2.t h and the u¡>pc¡ layet 2.O m thick;
grain aize is relatively unifotm, b¡¡t lhe¡e a¡e
coarscr gtained areô6 that have a patchy die-
ttibution oa occut ss discon¡i¡ous layers; local
finct gtained, irtegularly ehapcd, ru6ty weathering
patcÌ¡esì mo6t of lowet layer i6 magnctici layet con-
tact is sh¿¡p and etraight: internal layers defiued by
changes in grain size ¿nd dist¡ibution of oikocrystsi
internal l¿ye¡ cont¿ct6 are relatively shatp: where
Dot intern¿lly laycred oikocryet6 have a patchy dis-
ttibution! lower co¡t¿ct of zo¡e is not expo6ed. but
uppcr coatacl is sharp aad ettaight; ¡o minc¡al
alignment.

Zone comprises 5 laye¡s thaa ôre unifo¡m o¡
modally B¡eded¡ layet thickncas ranges from O.5
ao 1O.2 [ri a grain aize gtaded ¡aycr occuro at lop
of zone and is locally pegmatitic õt the topi layer
contacts ate sharp; slight minerèl alignment in aone
laycro; plagioclase-bearing phaaes occur at top of
zonei local, alightly discordant. fincr grained ul-
t¡¿m¿fic patche6, which ¿re 5 to 20 cm th¡ck ènd
up to 40 cm long. occuD i¡¡ lowet lavers¡ local gab-
bro xenotiths¡ lower contact of zonc is strôight to
w¿vy tú ecalloped and ul)I)er cúntõct is shatp. but
irteguÌat.

Zorrc comptises 3 ¡ayets thêt arc uniform o¡
mudally g¡adedi f¡om base to túp of tl¡e zone
layets are 5.2. 2.9, a¡d 1.5 m thick. respectively;
layer contact6 8¡e sÌ¡arpi internal laye¡s. 3 to 20 cm
thick, defined by watiations in gtairr sizc. oikocr¡rsts,
è¡d modal p¡opottio¡s; internal gabbro lavers occur
in middle of ¡owe6t l¿yer¡ con¿acts between inter¡ral
layers are sharp; lower contact is no! exposed èrd
upper contact is sharp; no mine[al alignment.

Zonc comprises 3 uniform layers ttrat vary in gtain
size; from ba6e to top of the zone layers are 5.7,
3.7, and 3.9 m Éhick; gabbro, ranging from O to
607o, occuts 8a equar¡t to cyliadrical clotÈ up to
60 cm long o¡ as diecontinuous internal layers:
c¡ots occür in patches o¡ .¿¡e distributed relatively
randomly in tto lsyetsí leycl contacts arc shàrl):
los'es co¡tôct oî zone is eharp and st¡aight arrd the
uppcr contèct ia sharp ond itrcgular: no ¡nineral
èlignmcnt.

Zone comprieea 1 layer that is unifor¡n; zone con-
tact6 a¡e sha¡p, but lowe¡ cont¿ct is straight ar¡d
upPer contact is ir¡egula¡i no mincral alißrrment

Zorre comptises ê lowc¡ u¡¡iform lave¡ and ¿¡¡ u¡>per
modally graded la¡rer; laycrs arc 3.{ atrd 1,4 m
thick; gabbro occurs at thc top of thc lowet layer:
lowc¡ contact is coveted. but tl¡e rrpper contact i6
sharp and possibly 6Ìightly irregular: no mineral
alignñent.

Melagabbro. gabbro, pyroxenite; medium-grained
with local coarse-grained patche6.

Gabbro and pyroxenite; medium-gtained.

Gabb¡o. melagabbro. leucogabbro, pyroxenite,
anorthositeî largely medium-grðitredr but some
laycrs are {ine-graincd: rarc co¿t6e-grained laycrs
and lùcal cuarsc-grained pètches.

Gabbr¡r ald ¡çabtrron.rrite: mcdium-graincd.

Gabb¡c, and melagabbrol medium-grained,

Melagabbro. leucogabbro and anorthosite:
nrediu m- qrained.

Melagabbro: fine- tù mediurn-grained.

Zo¡e co¡sists of a lowe¡ uniform layer and an up-
pet rrodally and grain size graded layer in which
pyrorene 6rain size and plagioclase abundance i¡-
c¡eê6es upwêrdsi ¡ocèl patchy coarser-grained areas;
thin discontinuous pyroxenite at túp of zonel well
developêd minetal ali¡¡nment.

U¡ifo¡m l¿ycr thêt contain8 two pyroxehite layers in
lower half; plôgiocla6e-phyric in uppet 50 cmi intcr-
mittent layerE have shatp to gradôtional coûtèctEi
pyroxene grain size inc¡eases upwards i¡ upp€l part
ùf zonei well deweloped nineral alitnment.

11 laye¡s that are modally graded or, hore com-
monly, modally layetcd; layet contacts are sharp;
n¡od¿l lêyera cúmp¡ise uniforh a,o mod¿¡ly gradcd to
6ome g¡ê¡n eizc graded internèl layers and lamina
th¿t ere continuous to discont¡nuous: modal and
grain size grading is botù no¡mal and teversc. but
modal Iayets increasc in plagioclaoe content {roÍr
lowest inte¡nal l¿ye¡ to higheFt internal layer: in-
ternal layet cùntôcts ar€ 6hèrp to gradationalr but
commonly oblique to ¡ayer contacts; patcl¡y, irretíu-
lèt to elongatei texlu¡al and modal v¿¡i¿tions occu¡
in eome layers; intelmittent melagabbro lamina and
la¡rers increasc in abundance in upper layer; local
nrineraì alignment in some layers.

Mùdal ènd gtain sizc layered; cont¿cts a¡e shatp
to gradationali textura¡ layers occur locally and
contain oikoclyst6 or l)atchy textural variations;
Iaycts are commonì¡r discotrti¡uous and discotdant;
local modcrately well developed mine¡al alignment:
local. aagular. S tù 10 cm, pyroxenite xenolitho
¡ea¡ base of zone.

Uniform zone that coûlains seweral melagabbro
and leucogabbro layers: layer contacts ale 6herp tú
locally gtadational¡ no mine¡al al¡gnmcnt.

Modally layered zone comptising scve¡al u¡ifornr
layers; local pyroxcnite arrd melagabbro xenoliths
¡rear base of zone: ¿no¡thositc clots occur in top
la¡rer¡ no mineral alignment.

Unifo¡m layert no mineral alignment.

2.6

62.7 46.6

39.O

Septum

o.7

2.L5

()livinc websterite, olivine clinopyroxenite,
olivine-bcaring clinopyrorenite, clinopyroxeniùc,
oliwine-bearin¡; web6teriter o¡thopyro¡ene-bearing
cliaopytoxenite, melagabbro, gabbro, leucogêbbroi
mediunr- to coarÊe-6¡ai¡¡ed

Clinopyroxenite. gabbro, melagabbto, fetdspêthic
clinopyro*enite, orthopyrorene-bearing clinopytox-
enite; medium- to coarse-grained.

(Jrthopyroxcne-bearilg cliuopyroxenite. webeterite,
feldspathic websterite: nedium- to coa¡se-g¡¿ined.

Lowe¡

lJVebste¡ite. orthopy¡otene-bcaring clinopyroxenite,
melagabbro; medium- to coa¡se-gtainedi except
f(lr mcl¿gat bro which is fine-gtained.
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relatively straight. Irregular zone contacts typically have an appearance of mafrc

blocks enclosed by ultramafic material. Cycle contacts are largely straight to

locally undulatory.

3.3 Upper Mafic Group

The Upper Mafic Group comprises the bulk of the pluton. Based on recon-

naissance work, Young and Ayres (1985) subdivided the group into12 zones that

range in thickness from 100 to 700 m (Table 1). The zones were defined by differ-

ences in texture, mineralogy, and structure. Lithologically, the zones consist of

leucogabbro, gabbro, melagabbro and minor anorthosite; olivine-bearing gabbro

and magnetite-rich gabbro, which has 1 to 70% magnetite, occur locally. The

gabbro varies from megacrystic with up to 75Tor 6-9 mm pyroxene megacrysts to

equigranular with grain size from 1 to 3 mm. Plagioclase-phyric varieties occur

locally.

Internal layering was only observed in one zone where lichen was burned off

the outcrop, but heavy lichen cover may have obscured layering in other zones.

'Where observed, layers range from 1 mm to more than 1 m thick and vary

modally from anorthosite to melagabbro; anorthosite layers are up to 6 cm thick.

Internally,layers are uniform to modally graded and contacts are sharp.

Metamorphic grade increases upward with increasing proximity to the grani-

toid batholith. The original pyroxene is replaced by actinolite in the lower 1.5 km

of the group and by hornblende at higher levels. Occurring with actinolite that

has replaced pyroxene are single crystal albite pseudomorphs after plagioclase

or rare relict bytownite-labradorite grains. The single crystal albite is partly to

completely recrystailized to clinozoisite. Where hornblende replaces pyroxene at

higher levels, the plagioclase is replaced by mosaic plagioclase and clinozoisite.
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CHAPTER 4

MINERALOGY
Primary minerals in the Mafic-Ultramafic Group, in order of decreasing

abundance, include clinopyroxene, olivine, orthopyroxene, plagioclase and oxides.

Primary minerals have undergone minor to complete recrystallization (Table 3),

but clinopyroxene, the oxides and rare olivine are preserved. Primary textures are

generally well preserved by primary minerals and pseudomorphs, except in areas

of more intense recrystallization. Minerals that have been completely recrystal-

lized have been identified from pseudomorphs, but, in many places, identification

of individual precursor minerals from pseudomorphs is dependent on the abun-

dance of the original mineral and its texture. The degree of recrystaliization

increases towards metavolcanic septa.

4.1 Clinopyroxene

Clinopyroxene occurs as colourless to light green, anhedral to less commonly

subhedrai, equant to tabular, cumulus grains with postcumulus overgrowths.

Postcumulus overgrowths are recognized by grain boundary irregularities and

complex interdigitations. In the ultramafic zones of the Mafic-Uitramafic Group,

clinopyroxene ranges in abundance from 2to700% and has a grain size of 0.06 mm

to 8.0 cm; original grains are largely preserved. Clinopyroxene has a relatively

restricted composition within ihe limits Wo*u.r-nr.r, En*".r-o".s1 â,rrd Fsr".r-r., (Fig-

ure 4; Table 7). Optically and chemicaliy, most clinopyroxene grains are unzoned,

although mineral chemical analyses indicate that rare, optically unzoned grains

have lower Mg/(Mg+Fe'+) in the margins than the core; CrrO' is unzoned across

these grains (Figure 5).

There is a large variation in Mg/(MB*Fe'?+) in some clinopyroxene, both

within and between layers; this appears to be a function of variable FerO" values

(Table 7). The anomalousiy high values of ferric iron lead to anomalously high

calculated MS/(MS+Fe'+) values. The high values of ferric iron are considered

to be anomalous because there are wide variations within, and between, layers.

These variations could be caused by very fine-grained incipient alteration that was

not observed optically. Changes in Mg/(MB*Fe'?+) are greater than variations

tð



Table 3. Secondary products from recrystallization of primary minerals.

MINERA.L

Clinopyroxene

PR.ODIICTS OF RECRYSTALLIZ.A'TION

Largely preserved in the ult¡amafi.c rocks, but partly replaced, to varying degrees,
by actinolite * Fe-Ti oxides * chlorite É ca¡bonate i serpentine i sphene, and
in ¡a¡e places quartz, clinozoisite, biotite and smectite; rare magnesio-ho¡nblende
occurs in samples that lack olivine, and t¡emolite occurs in samples containing
abundant olivine. Actinolite occurs as light treen to colourless, optically contin-
uous rims that co¡¡ode inw¿¡d (Figs. 7 and 11), especially along cleavages and
fractures; very fine-grained Fe-Ti oxides are evenl¡' to patchily disseminoted in
actinolite (Fig. f1) and a¡e locally concent¡ated along cleavages and f¡actures
(Fig. f f ). Less commonly actinolite fo¡ms slightly greener multicrystal aggre-
gates of randomly oriented, subhed¡al to euhedral, equant to bladed grains with
sutu¡ed ends and common crosscutting habit (Fig. 14). Optically continuous
actinoiite is locally recrystallized to disseminated fine-grained actinolite that is
concentrated along fra.ctures, cleavages and, less commonly, along grain margins;
in some places coarse-grained actinolite porphyroblasts ctosscut optically con-
tinuous actinolite. Single-crystal and multicrystal actinolite have disaggregated
and/or undulatory extinction in mo¡e defo¡med samples. The degree of recrystal-
lization of chadacrysts in oikocrystic orthopyroxene and of clinopyroxene outside
of the oikoc¡ysts is similar, but matrix clinopyroxene has a mo¡e intense recrystal-
lization nea¡ chlo¡ite-clinozoisite pseudomorphs after orthopyroxene than enclosed
chadacrysts. Recrystallization is mo¡e intense near metavolcanic septa. Chlorite
is highly va¡iable in abundance ranging f¡om 0 to 807o of any one clinopyroxene
grain and is most abundant nea¡ chio¡ite-clinozoisite pseudomorphs. Ca¡bonate
occuÌs mostly in samples with c¡osscutting fractures that also contain carbonate.

Olivine is completely recrystallized except for rare ¡elict co¡es in serpentine aggre-
gates (Fig. 13); in samples with ¡elict olivine a yellou'ish-brown cryptocrysfalline
aggregate of unidentiûed minerals partly replaces olivine. Olivine is generally re-
placed by one of two mineral aggregates that ate dominated by either serpentine or
tremolite; generally, serpentine-rich pseudomorphs weather ¡eddish and t¡emolite-
rich pseudomorphs weathe¡ white. The occu¡¡ence and abundance of serpentine o¡
tremolite is generally proportional to the abundance of the original olivine: with
increasing olivine the abundance of serpentine inc¡eases. Both types have similar
inte¡nal structute generally consisting of a monomine¡alic ¡im of varying width
and a core that consists of a fine-grained aggregate of seve¡al mine¡als (Figs 15, 16
and 17); both types are Iocally monomine¡alic. The serpentine-rich pseudomorphs
consist of a ¡im of radiating light green serpentine that is cored by interpenetrat-
ing serpentine o¡ a multicrystal mat of fine-grained acicular tremolite, serpentine,
ca¡bonate and Fe-Ti oxides (Figs. 15 and 16). Original olivine grains are out-
lined by a mesh-Iike netwo¡k of fine sutures that are enhanced by concentrations
of Fe-Ti oxides and/o¡ c¿rbonate (Figs. 13 and 15); the pseudomorphic outline of
olivine is destroyed with increasing serpentinization (Fig. f+). Serpentine along
the ¡im is c¡osscut by a finer grained serpentine or locally by euhedraì to subhe-
dral porphyroblastic t¡emolite and lesse¡ abundances of ca¡bonate I Fe-Ti oxides.
T¡emolite-¡ich pseudomorphs consist of optically continuous, colourless to light
green tremolite that va¡ies f¡om thin, partial to complete, margins surrounding
co¡es of multicrystal agg¡egates to complete replacement of the original olivine;
olivine that is completely replaced by tremolite occurs where olivine is enclosed
by clinopyroxene. T¡emolite extends out f¡om the margin between clinopyroxene
and olivine, but is commonly in optical continu.it¡' with the actinolite that is re-
placing clinopyroxene. Whe¡e optically continuous t¡emolite is only marginally
developed, the co¡e is a multicrystal aggregate that includes one or more of the
foilowing: (a) chlorite as aggregates of fine-grained ¡andomly oriented grains or
rare optically continuous plates; (b) fine-grained t¡emolite eggregates in which
grains are eithe¡ ¡andomly oriented or parallel (Fig. fZ); (c) radiating eggretates
of serpentine. Fine-grained t¡emolite aggregates a¡e commonly associated rvith
chlorite or serpentine aggregates in the core, but only in ¡a¡e samples do chlo¡ite
and serpentine aggretates after olivine occur together. In serpentine aggregates,
fine-grained t¡emolite occurs as randomly o¡iented multicrystal mats whe¡e in-
dividual grains are commonly difficult to dife¡entiate (Fig. 15), but in chlo¡ite
aggregates fine-grained tremolite grains are much bette¡ defined. Chlo¡ite is more
abundant nea¡ ol adjacent to pseudomorphs after oikocrystic orthopyroxene or
cumulus orthopyroxene, both of which are replaced by chlorite; fine-grained ag-
Bregates of diopside occur locally (Fig. tS). Lesse¡ abundances of carbonate and
Fe-Ti oxides form patches o¡ disseminations in these aggregat€ types.
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Table 3. continued . . .

Orthopyroxene Orthopyroxene is completely replaced by multicrystal aggregates composed of one

of: (f) actinolite * chto¡ite * ca¡bonate * Fe-Ti oxides * serpentine * diopside;
(2) chlorite :b clinozoisite * ca¡bonate I Fe-Ti oxides * diopside A actinolite
* sphene; (3) actinolite t Fe-Ti oxides t carbonate; (4) serpentine * actinolite
* ca¡bonate; and (5) talc * Fe-Ti oxides * ca¡bonate; aggregate 1 occurs ¿f-
ter cumulus grains, aggreg¿tes 2 a;nð. 4 occu¡ afte¡ oikocrysts, and aggregates 3

and 5 occu¡ after disc¡ete postcumulus orthopyroxene, In aggregate 1 chlorite is

mo¡e abundant than actinolite, which in some samples, occuts only in trace abun'
dances. Actinolite occurs as single crystals (Fig. 20), incipiently recrystallized to
multicrystal aggregates of mostly actinolite, chlo¡ite and carbonate; in oikocrysts
actinolite occuts mostly as optically continuous margins that replaces adjacent
clinopyroxene and extends into orthopyroxene, Single crystal actinolite is colou¡-
less to light green and has a common mottled extinction; some extinction patterns
suggest muliicrystal habit of parallei grains with difuse to sharp mutual bound-
aries. Optically continuous actinolite is recrystallized to multicrystal chlorite o¡
t¡emolite that is va.riably dissemin¿ted o¡ concent¡ated along cleavages, f¡actu¡es
or ne&r the margins of pseudomorphs. Chlorite occuts mostly as agglegetes of ran-
domly oriented, multicrystal grains after oikocrysts (Fig. 24) where chlorite grain
size is commonly less than 0.01 mm; chlorite also occurs as a relatively common
constituent of aggregates afte¡ cumulus grains. Whe¡e part of pseìrdomorPhs ¿fter
cumulus grains, chlorite occlrÌs as optically continuous grains occupying most of
the central part of the pseudomorph and is crosscut by finer grained chlorite; opti-
cally, chloríte that replaces cumulus grains has g¡eenish grey interference colours.
Chlo¡ite in pseudomorphs after cumulus grains also occtt¡s iocally as multicrystal
atgregates (Figure L9), similar to chlo¡ite that replaces poikilitic orthopyroxene
(f'lg. 2+); optically, this chlorite has green interference colours; Oikocrysts that
are ¡epleced by serpentine only occur in zone 9. Clinozoisite comprises tlace to
99To of individual oikocrysts within samples and is ¡andomly distributed, patchy
o¡ massive. Clinozoisite that is randomly distributed occurs in pseudomorphs
comprised mostly of chlorite and is associated with clinopyroxene chadacrysts
and clinopyroxene outside of oikoc¡ysts, Clinozoisite thpt has patchy habits oc-

curs adjacent to clinopyroxene chadacrysts, especially in oikocrysts with more
than average abundance of chada,crysts, is more common in cores of oikocrysts
than margins, and mostly occurs in oikocrysts with less abundant chlorite; shape

of the patches va¡ies f¡om ta,bula¡ to irregular. Massive clinozoisite is associated
with ¡andomly distributed carbonate and/or chlo¡ite that is commonly ¡estrìcted
to cross-cutting fractures oÌ occurs in samples that also contain plagioclase.

Plagioclase Plagioclase is completely replaced by single crystal albite and/or clinozoisite plus
Iess common chlorite, a.ctinolite, ca¡bonate and Fe-Ti oxides. Clinozoisite is the
most abund¿nt recrystallization product and albite was obsetved only rarely;
the abundant clinozoisite, which generally occurs as massive replacement, ob-
scures recognition of individual plagioclase pseudornorphs. Chlo¡ite and actino-
Iite, which are spatially associated with adjacent olivine or clinopyroxene' le-
spectively, commonly crosscut clinozoisite aggregates; actinolite most commonly
extends from adjacent clinopyroxene, Chlorite and actinolite a¡e also commonly
concent¡ated adjacent cross-cutting f¡a,ctu¡es, Chlo¡ite abundance in plagioclase

. is a di¡ect function of proximity to oikocrysts, with highest chlorite abundance in
plagioclase adjacent to oikocrysts.

Oxides Partly to completeìy replaced by (a) singie crystal chromite with partial magnetite
rims (Fig. 2?) or (b) multicrystal aggregates, which have fine serrated margins,
of chromite a,nd/or magnetite. G¡ains th¿t occu¡ between siiicate minerals o¡
enclosed in minerals replaced by pseudomorphs have chromite m¿rgins oÌ &re

completely replaced by chromite (Figs 2? and 28); Cr/Fe ratios range from 0.26

to 0.48 in the co¡e to 0.31 to 1.02 in the margin. Oxide grain size also has a

bearing on replacement with smalle¡ grains having a higher degree of replacement
than larger grains in the same sample. Sphene occurs locally along pseudomorph
margins.
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in the ratio of enstatite component to ferrosilite component (En/Fs) (Plate 1;

Table 7). In order to dampen these effects and better analyze clinopyroxene

fractionation En/Fs is used throughout the remainder of this thesis.

Relationships between adjacent ciinopyroxene grains vary from classic cu-

mulus textures (Figure 6, Wager et al., 1960; \Mager and Brown, 1967) to highly

irregular intergrowths (Figure 7). Within the plane of a thin section some clinopy-

roxene grains are discontinuous and comprise several separated segments that

have optical continuity (Figure 8). Boundaries between adjacent clinopyroxene

grains vary from straight to curved (Figure 6) to wavy to iobate or dentate (Fig-

ures 8, 9, and 10) to intergrown (Figure 7).

Straight to curved grain margins are the most common type of margin.

Straight to curved margins occur (a) most commonly along only part of a grain

circumference, but vary widely in proportion relative to other types of grain mar-

gins (Figures 8 and 11); or (b) less commonly along the complete circumference.

Grains that have straight to curved boundaries along the complete circumference

occur as local grains in individual samples or, as in zone 3, the predominant

grain type (Figure 6). Where boundaries are mostly irregular with iocal straight

to curved segments, the apparent straight to curved boundaries may be an arti-

fact of the two dimensional nature of thin sections; these grains may have variable

boundaries in three dimensions.

Intermediate in degree of complexity between gtraight to curved type mar-

gins and intergrown type margins are irregular margins that vary from wavy to

lobate to dentate (Figures 8, 9 and 10). These types of boundaries are the sec-

ond most abundant type of margin; most ciinopyroxene grains have boundaries

that are partly wavy or lobate or dentate and partiy straight to curved. Wavy

margins have systematic or random undulations that generally have an ampli-

tude of about 0.2 mm. Ubiquitous lobate or dentate margins, of which dentate

margins are more common, have relatively low amplitude interdigitations that

parallel (Figure 9c) or crosscut cleavage (Figures 9a, 9b) of the adjacent grain.

Interdigitations generaily penetrate about 0.1 to 0.4 mm, but in some places are

larger. Interdigitations that have larger amplitude vary from thin and elongate to
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Figure 4. Clinopyroxene composition plotted in the pyroxene quadrilaterai.
Data points are the average composition of clinopyroxene from each sample (Ta-
ble 7). The compositional trend of clinopyroxene from other intrusions include:
(1) Bushveld Complex (Atkins, 1969); (2) Jimberlana Complex (Campbell and
Borley, I97a); and (3) Skaergaard Intrusion (Broli'n and \¡incent, 1963). Abbre-
viations are: Di - diopside; Hd - hedenbergite; Fs - ferrosilite; En - enstatite.

" Cl tnopy.^oxenê
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Figure 5. Compositional variation in Mg/(MBfFez+) and weight percent Cr,O.
from a reconnaissance microprobe traverse across a cumulus clinopyroxene grain
from sample 338 (Table 8.1; Appendix B).

mm

Mg/Mg+Fe2+ .

Cr2O3 X

23



Figure 6. Cumulus clinopyroxene with post cumulus overgrowths. Grains have 
straight to curved, concave to convex margins. Clinopyroxenite, zone 3. Field of 
view = 7.5 mm. Plane light 
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Figure 7. Cumulus clinopyroxene with common straight to curved margins, ex
cept for an interpenetrating boundary between two grains in the upper center 
to right side of the photomicrograph. The elongate grey grain in the upper cen
ter of the photomicrograph consists of two parts: an equant part that contains 
discontinuous intergrowths, which parallel cleavage, of an adjacent grain (dark 
grey to black) and a large leaf-shaped apophysis that is largely surrounded by 
the adjacent grain (dark grey to black); the apophysis is elongate, parallel to 
subparallel to cleavage in the darker clinopyroxene. Secondary actinolite oc
curs as optically continuous partial margins (light grey to white) or as randomly 
distributed patches that are optically continuous with the actinolite margins. 
Orthopyroxene-bearing clinopyroxenite, zone 8. Field of view = 8.0 mm. Cr05sed 
nicols. 
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Figure 8. Diagram traced from a magnified thin section of olivine-bearing 
clinopyroxenite. No olivine occurs in this figure. Grain margins on clinopyroxene 
are irregular: dentate to lobate or less commonly straight to curved. Clinopy
roxene is highly irregular and commonly discontinuous within the plane of the 
thin section. Discontinuous segments are optically continuous as exemplified here 
by one clinopyroxene grain that is shaded green. Cleavage traces are plotted as 
straight lines to better differentiate between various grains. 
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Figure 9. Variations in nature of boundaries between cumulus clinopyroxene 
grains traced from magnified thin sections. Cleavage traces are plotted as straight 
lines to better differentiate between various grains. a. Slightly irregular, dentate 
to locally lobate, grain margins between several clinopyroxene grains in clinopy
roxenite. Interdigitations vary in amplitude along the grain margins and tend to 
be only slightly wavy along a part of the margin between two grains in the upper 
left of the diagram. b. Intergrown clinopyroxene grains in clinopyroxenite. Two 
grains on the right center of the diagram are discontinuous in the plane of the 
thin section. Interdigitations are irregular, lobate to dentate and occur randomly 
along grain margins. c. Highly irregular, dentate to locally lobate, grain margin 
between two grains in olivine-bearing clinopyroxenite; no olivine occurs in the 
diagram. One interdigitation extends almost halhvay across the adjacent grain, 
the outer part of which is slightly mottled by secondary actinolite (green). 
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Figure 10. Aggregate of cumulus clinopyroxene adjacent to poikilitic orthopy
roxene containing finer grained cumulus clinopyroxene (left and top right) and a 
pseudomorph after amoeboid olivine (right center, multicrystal aggregate). Grain 
margins between clinopyroxene are straight to curved to locally irregular. The 
irregular margins vary from an undulatory habit to dentate. Olivine-bearing 
clinopyroxenite, zone 11. Field of view = 8.0 mm. Crossed nicols. 
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stubby, relatively equant apophyses (Figure 11). Larger amplitude, thin, eiongate

apophyses commonly parallel cleavage in adjacent grains, but stubby apophyses

do not have a well defined orientation relative to cleavage in adjacent grains.

Intergrown grains are the most complex type of grain margin. Intergrowths

consist of one or more clinopyroxene grains that, in the piane of the thin section,

are partly, or possibly entirely, enclosed by an adjacent clinopyroxene grain (Fig-

ures 7 and 12). In places, differences between intergrowths and irregular types of

grain margins are slight, and the two types appear to be gradational (Figures 9c

and 12b). The enclosed part of a grain is continuous with, or is separated from,

but has the same optic orientation as, an adjacent parent grain. (Figure 7).

Enclosed grains occur as irregular, equant to, more commonly, elongate patches

approximately parallel to cleavage of the adjacent enclosing grain (Figures 7 and

LZa). Secondary actinolite, which is optically continuous, occurs along part of

the boundary between the clinopyroxene grains in an intergrowth (Figure 7).

Intergrowths vary in complexity, both between and within samples. The

abundance of enclosed grains ranges from 0 to 18.3%. The degree to which two

grains are intergrown varies from isolated patches of clinopyroxene comprising

about 7% of. an adjacent grain to patches of ciinopyroxene that extend across,

and comprise more than half of, an adjacent clinopyroxene. Furthermore, clinopy-

roxene that has the same optic orientation as intergrown parts of grains, but is

not enclosed by the adjacent grain can also enclose parts of other grains. There

are 1 to 10 intergrown grains enclosed in any one clinopyroxene grain.

4.2 Olivine

Olivine occurs as 0.07 to 4.6 mm, equant to ovoid to tabular, anhedral to

euhedral, cumulus grains; olivine abundance ranges from 0 to 80%. Except locally

in the upper cycles, olivine is completely replaced by secondary minerals (Table 3;

Figures 13 and 14). In outcrop, olivine occurs as rusty weathering recessed areas,

which are generally smaller than, or the same size as adjacent clinopyroxene,

or as white weathering areas that are smaller than adjacent clinopyroxene; as

the abundance of rusty weathering olivine increases, olivine and clinopyroxene

generally become simiiar in size.

29



't . 
", ' 
\~,,,,, 

I
"

" ". .. 
~"i.: '.' 

Figure 11. Relatively equant cumulus clinopyroxene grains that have relatively 
straight to curved grain margins, except for two grains near the center of the 
photograph that have more complex margins. Along the right side of the large 
clinopyroxene (grey to patchy white grain on left side of photograph, crosscut by 
black to grey fractures) two stubby finger-like apophyses extend into the adjacent 
clinopyroxene. Disseminated white patches in the apophyses and near the mar
gins of the clinopyroxene are optically continuous actinolite that is replacing the 
clinopyroxene. Secondary Fe- Ti oxides occur along clinopyroxene margins or are 
associated with crosscutting fractures. Clinopyroxenite, zone 15. Field of view 
= 9.0 mm. Crossed nicols. 
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frqcture

Figure 12. Intergrown cumulus clinopyroxene grain.s traced from magnified thin
sections. Cleavage traces are plotted as straight lines to better differentiate be-
tween various grains. a. Two intergrown clinopyroxene grains in olivine-bearing
clinopyroxenite; no olivine occurs in this figure. The intergrown part of the grain
forms continuous to discontinuous, mottled elongate patches that extend about
half way across the adjacent grain. Intergrown parts of grains are relatively par-
aliel to cleavage in the adjacent grain. B. Two intergrown ciinopyroxene grains in
clinopyroxenite. The parent grain to the lower left grades into the intergrown part
of the grain as defined by: (1) mottling by patches of an adjacent clinopyroxene
in an intergrown patch that increases in amount towards the adjacent clinopy-
roxene; and (2) the irregular apophyses and isolated patches of intergro'*'n grain
that are elongated reiatively parallel to cleavage in the adjacent grain.
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Figure 13. Relict, cumulus olivine (grey, highly fractured mineral, left to lower 
left side) and clinopyroxene (grey, center, has cleavage). The olivine is largely 
replaced by aggregates of radiating serpentine ("Vhi te to grey). The original tex
ture is preserved by the net pattern that is enhanced by an increased abundance 
of Fe-Ti oxides along pseudomorph margins. Lherzolite, zone 14. Field of view 
= 5.1 mm. Plane light. 
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Figure 14. Serpentine pseudomorphs after cumulus olivine associated with cumu
lus clinopyroxene that is largely replaced by single to multicrystal actinolite plus 
Fe-Ti oxides. Porphyroblastic actinolite (dark grey, center of photograph) from 
the clinopyroxene extends into serpentine pseudomorphs after olivine; Fe- Ti ox
ides are concentrated along grain margins or are patchily to randomly distributed. 
Cumulus chromium spinel is largely enclosed in olivine or occurs between clinopy
roxene and adjacent grains. Olivine clinopyroxenite, zone 4. Field of view = 4.5 
mm. Plane light. 
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Olivine has two habits: a) equant to ovoid to locally tabular, subhedral

to anhedral, cumulus grains between cumulus clinopyroxene (Figure 15); and

b) smaller, equant to ovoid, subhedral to euhedral, cumulus grains that are en-

closed in cumulus ciinopyroxene (Figure 16). Cumulus grains that occur between

clinopyroxene have a grain size of 0.1 to 4.6 mm and relatively straight to curved

margins; curved margins vary from concave to convex. In addition to the common

broad curvature, concave margins are locally wavy or more commonly scalloped

adjacent to clinopyroxene (Figure 15); convex margins only appear to have a

broad curvature. In some layers, olivine texture is more complex and olivine

is irregular to amoeboid (Figures 17 and 18). Although most olivine occurs at

the junction of several clinopyroxene grains, pseudomorphs also occur along grain

margins between two grains; these grains are generally more irregular than olivine

that occurs at the junction of several clinopyroxene. Olivine that occrlrs at the

junction of three or more clinopyroxene commonly has thin fingers projecting out-

ward between adjacent clinopyroxene. Finger length is up to 50% of the diameter

of the parent olivine grain.

Olivine that is enclosed by clinopyroxene is commonly subhedral to locally

euhedral and has relatively polygonal habits (Figure 16). This olivine type ranges

from 0 to 50% of the total olivine, but only exceeds \Yo of the totai olivine in

about 15% of. the layers; grain size ranges from 0.07 to 1.3 mm. Grain margins are

largely straight to siightly curved and 6-sided and 8-sided shape-s are relatively

common.

In zones 3r 41 5r 11, and 13, some olivine, particularly grains between clinopy-

roxene, contain up to 5%, rounded, equant to tabular, fine-grained clinopyroxerre)

which is much smaller than clinopyroxene adjacent to olivine (Figures 16, 17 and

18). The small ciinopyroxene grains most commonly occur near the margins of

the olivine (Figures 17 and 18).

4.3 Orthopyroxene

Orthopyroxene) which ranges in abundance from 0 to 64T0, occurs as a)

cumulus grains with or without postcumulus overgrowths (Figures 19 and 20); b)

discrete postcumulus grains (Figure 21); and c) poikilitic grains (Figures L8,22
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Figure 15. Multigrain aggregate of anhedral to subhedral, cumulus olivine (white 
to light grey) between clinopyroxene (grey). A couple of olivine grains have 
scalloped concave margins adjacent to clinopyroxene. The olivine is replaced 
by multi crystal aggregates of serpentine( white) + tremoli te(grey) + chrornite ± 
magnetite. Serpentine occurs as an outward radiating aggregate of parallel blades 
that is cored by a finer grained aggregate of randomly oriented tremolite and 
serpentine. Chrornite and magnetite are largely concentrated along pseudomorph 
margins, but some grains are randomly distributed. Olivine clinopyroxenite, zone 
5. Field of view = 4.5 mm. Plane light. 
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Figure 16. Two pseudomorphs after euhedral cumulus olivine enclosed by 
clinopyroxene. A fine-grained, rounded cumulus clinopyroxene grain occurs near 
the center of one olivine pseudomorph. The olivine is replaced by a rim of ser
pentine (white) and an aggregate of finer-grained tremolite + serpentine (grey) 
in the core. Magnetite occurs as an irregular aggregate in the core of the pseudo
morph in the center of the photomicrograph or concentrated along the margins of 
the pseudomorph. The enclosing clinopyroxene (grey) is partly recrystallized to 
multi crystal tremolite (white) and Fe-Ti oxides; Fe-Ti oxides occur largely along 
cleavages and fractures. Olivine websterite, zone 4. Field of view = 9.0 mm. 
Plane light. 
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Figure 17. Pseudomorph after anhedral cumulus olivine (white to light grey) 
that occurs between several cumulus clinopyroxene grains (grey). The olivine 
has a resorbed, amoeboid shape. Fine-grained, rounded, cumulus clinopyroxene 
(grey, high relief in olivine) occurs near the margins of the olivine. The fine
grained clinopyroxenes are not optically continuous with clinopyroxene adjacent 
to olivine. Olivine is replaced by optically continuous tremolite (white to light 
grey), the core of which has been recrystallized to an aggregate of fine-grained 
tremolite + carbonate + chlorit.e + Fe-Ti oxides. Porphyroblastic bladed tremo
lite (white crystals, left side of pseudomorph) crosscuts the core of the pseu
domorph. Olivine clinopyroxenite, zone 6. Field of view = 5.0 mm. Crossed 
nicols. 
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Oikocrystic Orthopyroxene Cumulus clinopyroxene 

mm 
r"i----.-----.,.Clinopyroxene chadacrysts Cumulus olivine 
o 1 2 

Figure 18. Diagram traced from a magnified thin section of olivine websterite. 
Irregular to amoeboid, cumulus olivine between cumulus clinopyroxene or en
closed in poikilitic orthopyroxene. Several small clinopyroxene grains occur along 
the margins of the olivine. Poikilitic orthopyroxene that is relatively equant hosts 
largely subhedral, fine-grained clinopyroxene; included clinopyroxene is much 
smaller than clinopyroxene adjacent to the oikocryst. Grain margins between 
the orthopyroxene and clinopyroxene are straight to curved to irregular to lo
bate. 
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and 23). Orthopyroxene ranges from 0.09 to more than 21.0 mm. Orthopyroxene

is completely replaced by one of frve assemblages of secondary minerals that are

dependent, in part, on the type of orthopyroxene that the assemblage is replacing

(Table 3).

Cumulus orthopyroxene occurs as 0.09 to 6.3 mm, anhedral to subhedral,

equant to tabular grains with straight to scalloped to irregular grain margins

where adjacent to clinopyroxene and olivine (Figures 19 and 20). Cumulus grains

range in abundance from 0 to 64% in any one layer, and are either distributed

throughout layers or are concentrated in orthopyroxene-rich laminae. Cumulus

orthopyroxene occurs in about half of the examined zones. Postcumulus over-

growths are recognized by the anhedral shapes and scalloped margins on clinopy-

roxene and oiivine. Although ihe abundance of postcumulus overgrowth was not

determined, it appears to increase in abundance upwards in any one layer.

Discrete postcumulus orthopyroxene is reiatively rare with a maximum abun-

dance of about 3%; grain size is up to 14 mm. It forms irregular interstitial areas

that variably enclose cumulus clinopyroxene that is generally slightly smaller than

clinopyroxene not enclosed in postcumulus orthopyroxene (Figure 21). Clinopy-

roxene that is adjacent to discrete postcumulus orthopyroxen.e commonly has at

least partial crystai form.

Orthopyroxene oikocrysts ranges in abundance from 0 to 50% and have a

much greater distribution than the other orthopyroxene habits; grains are up to

21.0 mm. In outcrop oikocrysts are rounded, equant to tabular, recessed features

(Figure 22) thal" vary in abundance and size within and between layers. Within

a layer the distribution of oikocrysts varies from upward changes in abundance

and size, to an irregular patchy distribution, to a reiatively uniform distribution.

Where oikocrysts are touching, mutual grain boundaries are sharply defined.

Petrographically, oikocrysts are equant to tabular to more irregular shaped

(Figures 18 and 23) and commonly touch where oikocrysts are abundant. Grain

margins with adjacent cumulus clinopyroxene vary from localiy straight to more

commonly irregular; in some oikocrysts the contact has an irregular lobate form

with an amplitude up to 0.5 mm (Figures 18 and 24). In some places, orthopy-
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Figure 19. Chlorite pseudomorphs after cumulus orthopyroxene (light grey), 
which have tabular shapes, associated with cumulus clinopyroxene (dark grey 
to grey, grains have cleavage lines) and diopside + chlorite pseudomorphs af
ter cumulus olivine (dark, fine-grained, multicrystal aggregates, lower center). 
The clinopyroxene has slightly scalloped margins adjacent to the orthopyroxene. 
Olivine websterite, zone 4. Field of view = 9.0 mm. Plane light. 
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Figure 20. Single crystal actinolite pseudomorph after cumulus orthopyroxene 
(light grey) is surrounded by finer-grained cumulus clinopyroxene (grey), which 
is partly recrystallized to multi crystal actinolite (light grey). The boundary be
tween orthopyroxene and adjacent clinopyroxene is smoothly rounded to scal
loped with local reentrants. Websterite, zone 2. Field of view = 4-5 mm. Crossed 
nicols. 
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Figure 21. Optically continuous tremolite pseudomorph after discrete postcumu
Ius orthopyroxene (white) that surrounds cumulus clinopyroxene (light to dark 
grey). Olivine clinopyroxenite, zone 5. Field of view = 9.0 mm. Plane light. 
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Figure 22. Recessed weathering, relatively equant to tabular, orthopyroxene 
oikocrysts from zone 1 adjacent to cumulus clinopyroxene. Pencil for scale. 
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Figure 23. Two equant to tabular poikilitic orthopyroxene oikocrysts (upper 
right and center left) containing finer-grained cumulus clinopyroxene (black, with 
randoI11ly distributed finer-grained clinopyroxene). Olivine websterite, zone 4. 
Field of view = 20.5 mm. Crossed nicols. 
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roxene extends outward from the oikocryst, as relatively long fingers, between

adjacent clinopyroxene (Figure 18). Adjacent to olivine, oikocrysts are commonly

scalloped and enclose olivine to varying degrees.

Oikocrysts are highly poikilitic and contain 3 to 75%,,0.031o 1.7 mm, equant

to tabular and rareiy prismatic, subhedral to anhedral, cumulus clinopyroxene

chadacrysts,0 to 60%,0.03 1o2.4 mm rounded to polygonal, equant to tabular

and iocally irregular, cumulus olivine chadacrysts, and 0 to 2To oxide chadacrysts

(Figures 18 and 24). Clinopyroxene,chadacrysts in each oikocryst are compo-

sitionally uniform, but from sample to sample chadacrysts composition varies

within the limits of \Moou.n-"n., Enn".n-nr., Fsrr.o-r.". Most chadacrysts have an

En/Fs ratio that is similar or higher than clinopyroxene outside of oikocrysts

(Figure 25). Chadacrysts are commonly touching adjacent chadacrysts and are

generally smaller than clinopyroxene outside of oikocrysts (Figure 18). Some in-

cluded clinopyroxenes, though, are coarser grained, more irregular and similar in

size to clinopyroxene outside of the oikocryst (Figure 24); these clinopyroxenes

are probably part of the adjacent cumulate and reflect highly irregular shapes of

both oikocrysts and clinopyroxene outside of the oikocrysts. In some oikocrysts,

fine-grained ciinopyroxene occurs in aggregates of several grains that have irregu-

lar to tabular shapes; these aggregates are similar in size to clinopyroxene outside

of, but adjacent to, the oikocryst.

Where olivine is included in oikocrysts, it is randomly distributed or more

commonly occurs near oikocryst margins. In most oikocrysts olivine chadacrysts

are smaller than cumulus olivine grains in the surrounding rock, but they

are much closer in size to olivine outside of the oikocryst than clinopyroxene

chadacrysts are to clinopyroxene outside of the oikocryst. The ratio of olivine

to clinopyroxene chadacrysts differs from the ratio of olivine to clinopyroxene

outside of oikocrysts (Figure 26).

4.4 Plagioclase

In the ultramafic zones, plagioclase ranges in abundance from 0 to 89% but

is completely replaced, and individual pseudomorphs are poorly defined (Table

3). Grain size ranges from 0.06 to 3.6 mm. Cumulus plagioclase grains have
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Figure 24. Chlorite pseudomorph after poikilitic orthopyroxene (light grey) 
containing fine-grained cumulus clinopyroxene chadacrysts adjacent to coarser
grained· clinopyroxene outside of the oikocryst (top and left of photograph). Grain 
margins between orthopyroxene and adjacent clinopyroxene are relatively irreg
ular, and, in detail, orthopyroxene forms embayments in the clinopyroxene and 
vi ce versa (center of photograph). The orthopyroxene oikocrysts contains numer
ous clinopyroxene grains of two sizes: a) finer-grained chadacrysts with straight 
to curved grain margins; and b) coarser-grained, irregular shaped grains (dark 
grey to black, lower left side). The coarser grained clinopyroxenes in the orthopy
roxene oikocrysts are probably part of the aggregate of clinopyroxene outside of, 
and adjacent to the oikocryst. Olivine-bearing websterite, zone 4. Field of view 
= 7.3 mm. Partial crossed nicols. 
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subhedral to anhedral, equant to prismatic habit; subhedral grains are partiy

enveloped by postcumulus overgrowths of ciinopyroxene. Where cumulus pla-

gioclase is abundant, postcumulus overgrowths are common, but are only rec-

ognized by the lack of postcumulus overgrowths on clinopyroxene. Postcumulus

overgrowths on plagioclase were not observed where plagioclase is less abundant.

Discrete postcumulus plagioclase occurs interstitial to cumulus clinopyroxene

in several zones. Abundance ranges from trace to 22T0.

4.5 Oxides

Oxides consist of chromium spinel which generally ranges in abundance from

0 to 3To, and is most abundant where olivine is abundant. Grain size ranges

from 0.01 to 1.1 mm. Grains are equant to tabular, with common polygonal

margins that have variably rounded corners (Figures 27 and 28). Compositionally,

primary oxides have a Cr/FeTot that ranges from 0.15 to 0.86 and psz+/(Fer+ f
Mg,*) that ranges from 0.84 to 0.97 (Figure 29).

Oxides mostly occur between silicates and are most commonly associated

with olivine. Oxides are locally enclosed in silicates; in terms of abundance,

enclosed oxides are most common in olivine, followed by clinopyroxene, then or-

thopyroxene. Grains occurring along margins of silicate minerals or enclosed in

minerals that are replaced by pseudomorphs are partly to completely recrystal-

lized to chromite * magnetite (Table 3; Figures 27 and 30). Oxides that occur

in orthopyroxene are most common in poikilitic varieties; oxides were only rarely

observed in cumulus grains and no oxides were observed in discrete postcumu-

Ius orthopyroxene. Layers containing cumulus orthopyroxene have less abundant

oxides than other lavers.
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Figure 27. Reflected light photomicrograph of two chromite grains between ser
pentine pseudomorphs after olivine. The chromite grains have cores of chromium 
spinel (grey) surrounded by a margin of chromite that has a crudely polygonal 
outline "(white). Secondary magnetite (white) forms an irregular partial mantle 
on the zoned oxide. To the lower right is a clinopyroxene grain (shows cleavage 
traces) with a margin defined by an increased abundance of magnetite. Olivine 
clinopyroxenite, zone 6. Field of view = 1.5 mm. Plane light. 
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Figure 28. Reflected light photomicrograph of zoned chromium spinel that oc
curs between two clinopyroxene grains (shows cleavage traces). Several smaller 
chromium spinels that are only partly zoned or unzoned are enclosed in clinopy
roxene (grey, center right). A fracture partly filled by magnetite crosscuts clinopy
roxene on the right side of the photograph. The olivine is replaced by multicrystal 
aggregates of serpentine + tremolite + chromite ± magnetite. Olivine clinopy
roxenite, zone 13. Field of view = 1.5 mm. Plane light. 
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Figure 30.. Compositional zoning in a partly replaced oxide grain. Compositional
proflle of (1)Fe,+/(F",+ + Me) and (2) Cr/(Cr+Al). The coie of the grain, which
has not been replaced, is.richer in Mg and Al, .rrd poor.r in Fe and-Cr than the
margins.
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CHAPTER. 5

PETROLOGY OF THE ULTRAM.A.FIC ROCKS

The ultramafic rocks form 15 zones, u'hich range in thickness from 1.6 to

15.4 m, separated by gabbroic rocks (Figure 31). These zones a¡e dominated by

cumulus clinopyroxene with less abundant cumulus olivine; cumulus orthopyrox-

ene and plagioclase occur locally in varying abundances whereas cumulus oxides,

a more ubiquitous phase, are a minor component. Each zone comprises betlveen

1 and 6 layers defined by changes in modal abundance, occurrence or disappear-

ance of cumulus phases, changes in texture from granular to poikilitic, and grain

size (Plate 1). Layers range in thickness from 0.3 to 10.2 m. Except fo¡ local

zones, zones and layers were traced laterally for only 20 to 50 m.

5.1 Layer Types

Forty three layers were defined in the 15 ultramafic zones; additional zones

maJ¡ occur under the covered interval in cvcle 14 (Figure B). These layers have a

combined thickness of 98.8 m. Layers are grouped into 4 types:

1. ungraded layers (18 layers) - abundance of olivine ¡elative to clinop¡,roxene

is constant throughout the layer (Plate 1; Table 4);

2. normally graded iayers (12 layers) - abundance of olivine relative to clinopv-

roxene decreases upwards (Plate 1; Table 4);

3. reversely graded layers (1 layer) - abundance of olivine relative to clinopv-

roxene increases upwards (Plate 1; Table 4); and

4. complexly graded layers (12 layers) - abundance of olivine relative to clinopy-

roxene has a symmetrical or discontinuous trend (plate 1; Table 4).

Layers are designated by number for the zone in which the5, occur and by

letter for each individual layer, starting at 'a' for the basal layer in the zone and

increasing alphabeticallS' ¡pq'¿¡ds (Plate 1, Fig. 31).

5.2 Ungraded layers

There are 18 ungraded layers ranging in thickness from 0.4 ro 10.2 m (Table

a);n of these iayers occur below the upper septum (Figure 31). Laterally, oyer
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{igure 31. Schematic of layer types in the 15 ultràmafic zones of the Mafic-Ultramafic
Group. -Ultramafic zones aie drJwn to scale,- but intervening mafic ;; 
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Table 4. Summar¡' of ultramafic layer tvpes.
LA'YÞN % ()F TH¡CKNESS MÞAN L(.)\,VER UPPEN CU¡úULÄTESTYFE L^ì'ERS (r,) (rrr) C(.,NTÂCTS c()NTAcTs
UNGF..A'DED 42

NORMÂ'L

(r,4 l(, 10.2 2.69

Crl{

.A,ll c.¡ntactñ arc charfr. llrrt cu¡¡.
!3car st .tl¡r: b¡sc. ¡if f t,gcs I atrdI ¿rrC l¡rrl CXf¡(,ñcdi r'l trtc ntnC
çùrtåcts tl¡¡ri clU '!1t f.,rnr tLco¡rtsc o¡ ll¡(: zr¡t¡c.6 ör(: ltl¡¡rnccùnaactß. urntlirrg thr: disa¡r¡rcur.
6t¡cc uf ¡¡l¡¡ßiuclrcc (lryc¡¡ 8tr,
11f, c¡¡d 1!h). uliviric (laycrr
3tl atr<l 9b). ûr ùrth(,py¡(,xqIc
(ltycr 1 5tr|. ur rhc ririrclrarrcc
t¡f ulivi¡¡c (laycrn 5c ¿¡¡<l 15b) r¡¡
ú¡tlrúpvtox¿n(. (loycr ôc). orrrl 3
arc grairr Fizc d\,r¡tåcrr (l¿rvcrs
3t'.3c, trr¡d 5d). Twt, of ¡hc
¡rlratc crrtrtactt'¡¡c <:,,r¡tlri¡rr:rl
wiSh ß.rnirr xizc charr¡cr irr llycrn
9<l urrtl 5r:.

Mr,¡3ly sl¡årtr. cxcct)r ¡try.:¡s lOlìtrn(l ¡{tr. r'l¡ic}¡ a¡ri Ãrrrd¡rti¡¡!tÀl
lrve¡ icvc¡hl qnt arrrl 6a.: rl{rlc(loy a¡r l¡trh.ôlu ¡¡tclcðtsc ¡tr lltc
f,brilr(1.¡itcc of uliv-þrc.. {.rrlrc¡r¡¡6¡r z taVc¡Ë trt tl¡(: Irasc (rf
zotrcß, urrly l¡yc¡ l{h l¡¡¡ ¡¡B'avy cu¡llÀCt: crrt¡rActÉ (¡f (rtl¡c¡
Itryc16 6rË 6trtrißlrt. Pl¡¡rc cun-lôcl! ôrc <lcfi¡¡ciil trv r:i¡l¡cr l¡r)
BJrtrcÈf¡¡r¡cc,rf cu¡n¡ilu¡ oliviìrri
l¡8.ycss ll,. {c.31,.7c. and llh)i
(b) appctrarrcc r¡f curnulux u¡.
3l¡(rfrysù¡.!nc (lavrlr¡ úl¡, ?r:,
sr¡d Ilb): r¡¡ (c) di¡¡fr¡rc¡¡¡or¡cc
of cunrulr¡¡ plrgitcllxr: (lryctr
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distances of about 20 m, thicknesses vary by rp to J0%. In zone 9, layers are

truncated by the o'erlying zone and are laterally discontinuous.

Based on the abundance of olivine relative to clinopyroxene, 3 types of un-

graded layers are defined: a) ctinopyroxene -l-- olivine + plagioclase cumulates

that contain 6 to rTTo olivine (layers 4a, 5a,12a, and 15b) (Tables 5 and 6); b)

clinopyroxene f olivine + plagioclase * orthopyroxene cumuiates that contain

trace to 2% oli'ine (layers 5e, ga, 1lf, and 15a)(Tables 5 and 6); and c) clinopy-

roxene * orthop¡'roxene a plagiociase cumulates that lack olivine (layers ¡ar Za,

3a, 3b, 3c, 5d, 8a, 8b, 8c, gb)(Tables b and 6).

Nine of the 18 ungraded la,yers occur at the base of zones and their basal

contacts s'ill be described later as part of zone contacts. In the other layers,

basal contacts are sharp and straight (Table 4). Phase contacts form the base of
4 layers, grain size contacts the base of 3 layers and modal contacts the base of 2

layers (Table 4). Phase contacts are also combined with grain size and grain size

* textural contacts at the base of lavers 8b and 16b, respectively.

5.2.L Type I ungraded layers

Ungraded layers that contain 6 to 17% olivine are largely olivine ciinopy-

roxenites (layers 4a, 5a, and 12a) or olivine websterites (layer 15b) (Figure 82;

Table 5)' These layers range in thickness from 0.4 to 10.2 m (Table 5). Igneous

lamination, defined by poorly aligned orthopyroxene oikocrysts, occurs in layer

4a, but is absent in the rest of the layers.

Cumulus plagioclase occurs as part of thin discontinuous gabbro layers and

patches just below the middle of layer 4a (Ptate 1). Orthopyroxene oikocrvsrs

occur in layers 4a and 15b, but differ in distribution. In layer 4a there are I0 to
20 cm thick oikocryst-rich layers that alternate rvith oikocryst-poor layers and in
layer 15b, oikocrysts occur throughout.

N{ean grain size of cumulus clinopyroxene, including postcumulus over-

grorvths, is uniform (Figure 31). Clinopyroxene intergrorvths occur in trace abun-

dances in layer 12a, but in layers 4ar 5a, and 1bb intergrowths are more common
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Table 5. Petrologic summary of ungraded layers.
Type Layers Thickneas

CJr

0,4 to 10,2 ClinoÞvroxene: 49-967e,0.1 to B.g mm cumulus 
"ro¡r" 

Çumuìate assemblarc: cpx f ol I plag
with poslcumulus overgrowths; grain eize is ungrãded Largely- olivine clinopyroxenite, except for 20 cm thick,
in all layers. Clinopyroxene is slightly coÀr6êr ir luy.t"di6continuous layere and apparently irrcgular pôtches
4a and 5a than in layers 12a and 15b. Intergrowthe of Sabbro in tÌ¡e lorver part of laycr 4a. Igneous lam-
are in trace abundance in layer 12a. In layeis 4o, õa, ination deffned by elightly aligned oikocryets occure
and 15b, wherc intergrowths are more abundant, ine' only in layer 4a. In the upper part of layer 6a therc
abundance of intergrowths ia greoteet near the top of are- local olivine-rich patches that are up to 5 em thiclr
layere 4a and 5o, and near thc bottom of layer lSb. and 40 cm long; Patches are tabular and havc ¡ounded
Nca¡ the top of layers 4e and 5a, intergrowths have u ends. Long direction of potches is concordatrt çith
symmetrical trend; data are not available for the lo*".l"y.t contactE. Lcucogabbro to gabbro pstches occur
half of layers 4a and 6a, ín layers 5a and lõb'

9l!gi¡-9: I ro l7Yo,0.12 to 2.8 mm cumulus grains;
between 0 and 10% is cncloeed in clinopyroxcne,
O¡thoovroxcne: 0 to 50%, 0,3 to 19.2 mm, oikocrystic
grains that occur in layers 4a and 15b; oikocrysts
hove chadacryst free arcae up to 1,4 mm acrosg. fn
layer 4a, abundance of oikocryete l,aries vertically
and laterolly, with local arcae without oikocryete. No
apparcnt syÊtcmdtic variation occure in abundance of
oikocryats in layer 15b,

Plarioclaee: O to ílVo, 0.00 to 1.15 mm cumulus
graine with postcumulus ovcrgrowths.

Oxideg: O-l.7Vo, 0.03 to 0.38 mm cumulus grains.

Mineralogy Inte¡nal variations



Table 5. Petrologic summary of ungraded layers (continued).
Type Layers Thicknesc

2 4 1.0 to 3.2 Clinopv¡oxenet 6E-LooVo, o.oo to 31 mm, cumulus 9!rngþ!r-9984Þtg8r: cpx { ol :t ptas * opx
gt.ñÑätr p.stcumulus overgrowths. Grain size is Largely olivinc'bearing clinopyroxenite, except in layet
iclatively ttnlfot* in layers g¿ and 16a, but in the ga whe¡e.thcre.is olivine'bcering websteritc. Only in
uppcr hÁlf of laycrs 5e ind 1lf, which occu¡ at the fave¡ 5c. does. clinopyroxcne dcflne a elight igncoue
toi of zoncs, grain eir. in"r."sis upwards to very l¿minatio,n' Ä-aingle patch of gabbro wae obge¡v¿d
eoarse grains, Intcrgrowths a.c moic abundant in t¡. i" layer 15a.. P.lagioclaee'bearing phaees occu¡ in thc
iowcr p-art of laycre 5c and 1õa and abecnt in layer ea.lg1er and middle PartB of laycr 6e and the lower part
In layir l1f, intergrowths û,rc most abundant obðut of laycr^11f; feldapathic clinopyroxenite occurs in thc
thc middle of the-taycr with a secondary moximum uppcr 20 to 80 cm of layers 5e and l6a.
ncar the bage of thc laycr.

Mineralogy

Olivinc: Lr to 2Vo, 0.17 to 2,3 mm cumulus graine
with up Lo 2O7o enclosed in clinopyroxcne in layer 5e
and up lo 5O7o in parts of layer 15a, In layere 9a and
11f, olivine is not included in clinopyroxene,

Orthopyroxene: 0 to 33%, 0.3 to 8.7 mm grains that
vary from oikocrysts throughout layer 9a, diac¡ete
postcumulus grains throughout laycr 11f or cumulue
grains with abundant postcumulus overgrowthe in thc
uppe¡ pa¡t of layer 15e. Opx does not occur in layer
5c.

Plasioclase: O Lo 7.OVo, 0.14 to 3.€ mm, cumulus or
disc¡ete postcumulus grains. Local cumulus phases
occur in the top 30 cm of layer 5e, but arc ¿beent
in other layers. Discrete po6tcumulus grains occur in
layers 5e, llf and 15a.

Oxidcs: O-l,zVo, 0.05 to 0,8 mm cumulus graine.

Inlernal variations



Table 5. Petrologic summary of ungraded layers (continued)
Typ" Layers Thicknegs

10 0.? to 5.7 Clinopvroxcnc: 10-100%, o.1o to 15 mm, cumulus 9!4d++r+E!cEF+?.&Ë: (1) cpx l,plos (l:vttt^ 3a, 3b,
grains with poetcumulua overgrowths. Grain size variesóc'ano uoJi Bnq (2,) cPx + oPx i prat (ta, zat oot

i.o* " dccrcosing upwarde trind (layers 2a, 3a, and Eo, 8b, 8c)'
Bc), to an incrc.iini upwards tr"nd 1loy"." 3c, Ba, Eb) Opx'bcaring_clinopyroxcnites o¡ websterites Òccur ôt
to'a uniform trcnd lloycrs la, sd anà éU1; ir'loy"r 'the base of thc,.layer ond grade upward to webeteritc
3b thc trend in groii Áire i" "y-m.tric, áecrea"i-ng :.. clinopyroxenite in the middle of the layer to over'
to increasing upiarde. Except in layers 5d, 8a anä lying gabbro or gobbronorite at the top, except in
8c, intergroiths are rare; in layers ia and 8c, inter- layer 8b wherc clinopyroxcnites occur at the top of the
gråwth Jburd'". corrclátes påsitivety with ¿bundan". laycr. Gabbro Patches occur in layers 3a, 3c, Eb, and

ãf cumuli¡s orthopyroxcnc, bui in layir õd cumulus 8c'

orthopyroxene is ¿beent.

pflgþg: absent

Orthooyroxcne; 0 to 48%, 0.1 to 25 mm, cumulus
grains with postcumulus overgrowths; in layers 1a and
9b up to 85% occur¡ as oikocryete. Chadacrysts arc
less obundant in oikocrysts from leyer 9b than from
other layers. Cumulus orthopyroxcne occure in laycre
la, 2a, 8a, 8b, and 8c,

Plarioclase: O-9OVot O.L to 1.4 mm cumulua graine
with up to l,Uo digcrete poatcumulus grains.

Oxideg: 0-170, O.O3 to 0.7 mm grains that only occur
in layer la.

Mineralogy

Cpx = clinopyroxene; Ol = olivine; Op* - orthopyroxene; Plag - plagioclase.

Inte¡nal va¡iations



Table 6. Measured modal abundances of the primary minerals in ultramafic
zones including cumulus and postcumulus material (see Appendix A) compiled from
analysis of thin sections and polished slabs. CPX:clinopyroxene; Ol:olivine;
OPX=orthopyroxene ; PLAG-plagioclase; OX:oxides.
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Figure 32 .Detailed_stratigraphic va¡iation in ungraded layers 15b (Type 1), Llf (Typ"
2), and 8b (Type 3).- ModaL abundance of olivine alnd poikititic orthoþ¡'rå*"t 

", 
grain size

and clinopyroxene chemistry of selected oxides and raìios are plotteá io ,..1". tu*,rlrr.
orthopyroxene are plotted qualitatively according to stratigraphic position.
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(Plate 1); intergrowths are most abundant at the base or top of layers (Tabte 5).

In the upper part of layer 5a there are local finer-grained olivine-rich patches

that are up to 5 cm thick and 40 cm iong. Patches a¡e tabular and have rounded

ends; long direction of patches is concordant vi'ith layer contacts.

Mineral chemistry was done on all la.yers, aithough in la¡rer 12a only 1 sample

was analvsed and in layers 4a and 5a only samples from the top 20 to 40To ol,

the layer were analysed. Over the vertical distances that were examined, En/Fs,

Cao, Cr2o3, and Al2os have uniform values (Figure 33, Table 7, Plate 1). In
layers 4a and 15b clinopyroxene chadacrysts are chemically similar to cumulus

clinopyroxene (Tables 7 and 8, Plate 1).

5.2.2 Type 2 ungraded layers

Ungraded lavers that contain trace to 2Yo olivine are largely olivine-bearing

clinopyroxenites. Layers range in thickness from 1.0 to 3.2 rn (Table 5). Igneous

lamination, defi.ned by slight alignment of clinopyroxene, onlv occurs in layer 5e.

Cumu-lus plagioclase occurs only in the top 30 cm of layers 5e and 15a and

cumulus orthopyroxene occurs only in the top part of layer 15a (Table 5). \Mhere

cumulus plagioclase appears in layer 5e, cumulus olivine disappears. Orthopy-

roxene oikocrysts are rare in layer 15a and absent in layer 5e.

In layers that occur at the base of zor,es (layers 9a and 15a) grain size is

uniform, but in layers at the top of zones grain size increases in the upper part

of the layer (layers 5e and iU)(Figures 31 and 32). Ciinopyroxene intergrowths

are absent in layer 9a, but are relatively common in iayers 5e, 11f, and 15a (Piate

1); maximum abundance occurs in the lou,er half of lavers 5e and 15a and in the

middle of layer 11f (Table 5).

Mineral chemistry was not done on samples from laver 9a and only 1 sample

lvas analysed from layer 5e (Table 7). In laver 11f, En/Fs is ungraded and

Cr2O3 is lower at the top of the layer than at the base (Figure 33). In layer

15a, En/Fs and Cr2O3 are unifo¡m throughout most of the layer (Figure B3).

Ai the top of layer 15a where cumulus orthopvroxene and cumulus plagioclase
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Figure 33. Stratigraphic variation
zones in the ltf afic-Ultramafic Group.
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Table 7. Average analyses of several
All analyses and standard deviations

Sample
Layer

sio2
Tio2
AlzO¡
Cr2O3
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe2O3

Total

458 457

15b 15b

51.88
0.14
2.70
0.51
0.19

15.92
2r.87

0.03
0.03
0.27
4.58
1.60

cumulus clinopyroxene from individual samples.
are listed in Table 8.1.

57.97
0.20
2.80
0.47
0.18

15.96
27.87

0.03
0.02
0.20
4.71,

l_.ö4

+Ðô

15b

52.23
0.16
2.69
0.45
0.17

15.99
2L.90

0.03
0.02
0.19
4.94
1.22

453
n¿IÐA

52.23
0.15
2.57
0.43
0.18

15.82
21.96

0.03
0.02
4.22
5.04
1.34

99.93

Si
AI

452
15a

99.66

52.33
0.12
2.73
0.36
0.16

L6.02
21.98

0.04
0.01
0.18
5.02
0.43

99.30

A1

Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2t
Fes+

Total

456
15a

1.915

0.085

0.032
0.004
0.015
0.006
0.876
0.865
0.001
0.001
0.015
0.141
0.045

99.96 99.99

52.43
0.13
2.58
0.32
0.18

15.97
22.r7

0.03
0.02
0.22
4.68
0.67

99.40

1.913 1.927
0.087 0.079

407

L4b

Tetrahedral site : 2

52.67
0.17
2.95
0.42
0.74

76.52
22.00

0.05
0.03
0.19
4.43
0.77

0.034 0.037
0.005 0.004
0.014 0.013
0.005 0.005

0.876 0.876
0.862 0.863
0.001 0.001
0.001 0.001

0.014 0.014
0.145 0.752
0.043 0.034

Octahedral site

L.924 1.933
0.076 0.067

Wo
En
Fs

0.033 0.051
0.004 0.003
0.013 0.011

0.006 0.005
0.869 0.882
0.867 0.866
0.001 0.001
0.001 0.000
0.016 0.013
0.155 0.155
0.037 0.012

2.001

Mg*

En/Fs

44.75

45.32
9.93

86.14

4.56

7.934
0.066

0.046
0.003
0.009
0.006
0.879
0.876
0.001
0.001
0.015
0.145
0.019

2.002

+c.Ðr
45.66
8.83

85.84

5.17

100.35

2.000

44.64
45.37
9.99

85.80

+.Ð4

7.922
0.078

0.049
0.005
0.012
0.004
0.899
0.860
0.001
0.001
0.013
0.135
0.021

2.000

44.82
46.85

8.34

86.94

5.62

2.000

44.72
45.39

9.89

85.02

4.59

2.002

44.83
44.93
10.24

84.86

4.39

67

1 000

45.10
45.94
8.96

85.05

5.13



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
Tio2
AIzOs
Cr2O3
MnO
Meo
CaO
Nio
CoO
Na2O
FeO
FezOs

Total

381

L4b

52.65
0.14
2.80
0.43
0.15

16.36
22.35

0.03
0.01
0.17
4.34
0.90

375
l4b

51.90
0.19
3.08
0.73
0.13

16.39
22.22

0.06
0.01
0.22
3.36
1.38

364
13a

53.27
0.15
2.41
0.38
0.16

16.66
22.57

0.05
0.02
0.16
4.27
0.78

100.76

363
13a

Si

A1

52.67
0.13
2.82
0.75
0.15

16.75
22.79

0.05
0.01
0.19
3.75
1.13

100.33

361
13a

A1

Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe¡+

Total

52.40
0.72
2.96
0.76
0.14

17.00
2r.48

0.03
0.04
0.19
3.89
1.t2

7.923
0.077

0.044
0.004
0.012
0.005
0.891
0.875
0.001
0.000
0.012
0.133
0.025

99.67

356 355
!2c 72c

52.48
0.11
2.91

0.72
0.16

16.33
21.94

0.03
0.02
0.2r
4.24
0.72

1.906
0.094

0.039
0.005
0.021
0.004
0.897
0.874
0.002
0.000
0.016
0.103
0.038

1.999

Tetrahedral site : 2

52.66
0.08
2.69
0.63
0.16

16.38
22.73

0.05
0.02
0.20
4.37
0.16

1.933
0.067

100.59

Octahedral site

0.036
0.004
0.011
0.005
0.903
0.879
0.001
0.001
0.011
0.128
0.021

1.916 1.913
0.084 0.087

100.12

Wo
En
Fs

0.037 0.040
0.004 0.003
0.022 0.022
0.005 0.004
0.908 0.925
0.865 0.840
0.001 0.001
0.000 0.001
0.013 0.013
0.114 0.119
0.031 0.031

2.002

99.26

Mg*

En/Fs

45.36
46.L9

8.45

87.01

5.47

1.931 1.935
0.069 0.065

0.057 0.051
0.003 0.002
0.021 0.018
0.005 0.005
0.896 0.897
0.865 0.871
0.001 0.001
0.001 0.001
0.015 0.014
0.131 0.134
0.003 0.004

1.998 1.998

99.53

45.62
46.82

l.Ðt

89.70

6.18

2.000

45.40
46.64

7.s5

87.58

5.87

2.000

44.98
47.22

7.80

88.85

6.05

1.999

43.77
48.20

8.03

88.60

6.01

68

45.53
47.07

7.46

86.74

6.30

4Ð.Ðð

46.94

7.48

87.00

6.28



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

SiOz
TiOz
Al203
Cr2O3
MnO
Mso
CaO
Nio
CoO
Na2O
FeO
Fe203

Total

354 353
72c l2c

51.61
0.72
2.75
0.67
0.17

16.60
21.92
0.02
0.02
0.20
3.08
2.43

52.56
0.09
2.53

0.35
0.15

16.51
22.25

0.04
0.01
0.16
4.09
0.62

351

Lzb

52.13
0.10
2.68

0.34
0.r7

L5.77
27.96

0.04
0.02
0.26
4.78
0.65

350 349 338
12b 72a l1f

57.52
0.72
2.49
0.39
0.18

76.29
2L.96

0.03
0.02
0.13
3.76
2.52

Si
A1

99.57

51.68
0.11
2.48
0.35
0.16

i6.55
27.77
0.03
0.02
0.72
3.77
2.57

AI
Ti
Cr
Mn
Ms
Ca
Ni
Co
Na
Fez+
Fe3*

Total

1.900
0.100

0.019
0.003
0.020
0.005
0.911
0.865
0.001
0.000
0.014
0.095
0.067

99.35

52.77
0.14
2.59
0.15
0.77

16.05
22.77

0.03
0.03
0.22
4.21
2.73

1.934 L.944
0.066 0.056

336
11f

98.89

Tetrahedral site : 2

52.47
0.15
2.45
0.35
0.i7

16.19
22.18

0.03
0.02
0.20
4.49
7.47

0.044 0.044
0.002 0.002
0.010 0.009
0.005 0.005
0.906 0.872
0.877 0.893
0.001 0.001
0.000 0.001
0.011 0.011
0.726 0.152
0.017 0.010

99.41

Octahedral site

1.906 i.906
0.094 0.094

99.61

Wo
En
Fs

0.015 0.014
0.004 0.003
0.012 0.010
0.006 0.005
0.898 0.910
0.870 0.860
0.001 0.001
0.001 0.001
0.009 0.009
0.116 0.116
0.070 0.071

99.99

2.000

Mg*

En/Fs

44.52

46.89
8.59

90.56

5.46

1.916
0.084

0.028
0.004
0.004
0.005
0.880
0.873
0.001
0.001
0.016
0.129
0.059

100.17

1.999

45.42
46.92

7.66

87.79

6.13

1.924
0.076

0.030
0.004
0.010
0.005
0.885
0.872
0.001
0.001
0.014
0.138
0.041

2.000

46.24
45.13

8.62

85.19

5.24

2.002

44.39
45.82
9.79

88.56

4.68

2.000

43.83
46.38

9.79

88.69

4.74

2.000

44.86
45.22
9.92

87.22

4.56

69

2.001

44.93
45.60

9.48

86.51

4.81



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
TiOz
AizOs
Cr2O3
MnO
Mso
CaO
Nio
CoO
Na2O
FeO
Fe203

Total

335
11f

52.85
0.r4
2.24
0.28
0.19

L6.42
22.00

0.04
0.02
0.19
4.78
1.03

334
11f

52.75
0.17
2.48
0.31
0.16

76.74
22.22

0.02
0.02
0.27
4.73
2.73

332 330 328
1le 11d 11d

52.94
0.13
2.66
0.32
0.17

15.92
22.56

0.04
0.03
0.20
5.01
0.94

5L.79
0.20
2.68
0.38
0.18

75.94
22.r4

0.01
0.01
0.19
4.28
7.74

Si

AI

10e18 100.14

1.936
0.064

0.033
0.004
0.008
0.006
0.897
0.863
0.001
0.000
0.013
0.146
0.028

1.999

44.48
46.24

9.28

52.64
0.16
2.47
0.46
0.18

16.00
22.56

0.04
0.02
0.20
4.53
0.94

100.14

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe¡+

Total

326
11d

1.915
0.085

0.022
0.005
0.009
0.005
0.884
0.874
0.001
0.001
0.015
0.L27
0.059

2.002

44.84
45.36

9.80

87.44

4.63

52.61
0.13
2.50
4.47
0.18

15.87
22.59

0.04
0.02
0.22
4.57
0.83

325
11d

100.91 99.54

Tetrahedral site : 2

52.54
0.L2
2.67
0.44
0.19

15.88
22.60

0.03
0.03
0.19
4.ÐÐ

0.94

I.929
0.071

Octahedral site

0.043
0.004
0.009
0.005
0.865
0.881
0.001
0.001
0.014
0.153
0.026

2.002

1.913 1.931

0.087 0.069

Wo
En
Fs

0.030 0.035
0.006 0.004
0.011 0.013
0.006 0.006
0.878 0.875
0.876 0.886
0.000 0.001
0.000 0.001
0.014 0.014
0.132 0.139
0.048 0.026

2.001 2.000

100.03 100.11

Mg* 86.00

En/Fs 4.97

1.931

0.069

0.039
0.004
0.014
0.006
0.869
0.889
0.001
0.001
0.016
0.140
0.023

2.002

1.928
0.072

0.040
0.003
0.013
0.006
0.868
0.888
0.001
0.001
0.0i4
0.140
0.026

2.000

+0.oÐ

44.82

9.53

84.97

4.70

4Ð.1C

45.26

9.59

86.93

4.72

45.86
45.29
ð.ðb

86.29

5.L2

70

46.73
45.10

8.77

86.12

,f .14

46.06
45.02

8.92

86.11

5.05



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
Tio2
Al203
Cr2O3
MnO
Meo
CaO
Nio
CoO
Na2O
FeO
Fe2O3

Total

324 323
llc l1c

52.87
0.16
2.32
0.15
0.17

16.07
22.5'8

0.05
0.02
0.20
4.57
0.67

57.22
0.17
2.60
0.34
0.18

15.95
22.04

0.06
0.01
0.27
3.56
2.93

327
11c

52.77 52.30
0.17 0.14
2.66 2.78
0.37 0.43
0.17 0.14

16.18 76.47
22.40 2r.25
0.05 0.03
0.03 0.01
0.21 0.20
4.53 4.96
1.05 0.27

319
11c

Si

A1

318
11b

99.81

53.11
0.23
2.45
0.40
0.16

16.05
22.96

0.00
0.07
0.22
4.47
0.15

100.28

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3+

Total

1.942
0.058

0.042
0.004
0.004
0.005
0.880
0.888
0.001
0.000
0.014
0.140
0.0i8

377
11b

99.25

57.76
0.74
2.77
0.47
0.16

76.37
22.75
0.04
0.02
0.27
3.30
2.02

1.900

0.100

0.015
0.005
0.010
0.006
0.882
0.876
0.002
0.000
0.015
0.110
0.082

100.59

316
11b

Tetrahedral site : 2

52.81
0.16
2.82
0.59
0.16

L6.54
21.81

0.08
0.02
0.20
4.72
0.75

7.925
0.075

98.92

Octahedral site

0.039
0.005
0.011
0.005
0.880
0.876
0.001
0.001
0.015
0.138
0.029

2.000

1.934

0.066

Wo
En
Fs

0.055
0.004
0.013
0.005
0.904
0.842
0.001
0.000
0.014
0.153
0.008

1.938 1.908
0.062 0.092

1.996

99.41

Mg*

En/Fs

45.99
45.57

8.84

86.27

C.IÐ

0.045
0.005
0.013
0.005
0.882
0.875
0.001
0.001
0.015
0.151
0.008

2.003

100.65

44.79
45.09
10.72

88.91

4.46

0.028
0.004
0.014
0.005
0.900
0.875
0.001
0.001
0.015
0.102
0.056

1.923

0.077

0.034
0.004
0.017
0.005
0.898
0.851
0.002
0.001
0.014
0.I44
0.021

45.44
45.64

8.92

86.44

5.r2

1.999 2.001

44.04
47.28

8.68

85.53

,5.4Ð

4C.,)C

45.97

8.54

85.38

5.38

2.001

ta1
II

45.75
46.44

8.41

89.82

5.52

1.991

44.35

46.80
8.86

86.18

5.28



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
TiOz
A1203
Cr203
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe2O3

Total

374
lrb

52.46
0.14
2.77
0.56
0.16

16.02
21.83

0.04
0.02
0.22
5.02
0.48

99.74

1.930
0.070

0.050
0.004
0.016
0.005
0.879
0.861
0.001
0.001
0.016
0.154
0.013

313
11b

51.80
0.L4
2.59
0.42
0.15

16.03
22.38

0.04
0.02
0.2r
3.67
1.96

372
11a

52.39
0.13
2.90

0.39
0.17

15.97
22.76

0.05
0.02
0.22
4.68

0.87

311

1la

52.50
0.16
2.77
0.39
0.16

16.33
21.52

0.03
0.02
0.20
5.72
0.80

Si
A1

308
11a

51.83
0.15
2.66

0.52
4.77

15.84
21.77

0.04
0.01
0.21
4.81
L.52

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fes+

Total

306
11a

99.47

,) r.Ðõ
0.74
2.75
0.54
0.18

15.97
21.74

0.04
0.00
0.23
5.00
7.20

98.77

1.919
0.081

0.040
0.004
0.016
0.006
0.886
0.843
0.001
0.000
0.017
0.156
0.034

2.003

43.79
46.03
10.18

85.03

4.52

303
11a

1.914 L.923
0.086 0.077

99.95

Tetrahedral site : 2

52.06
0.16
2.85
0.49
0.20

15.68
21.88

0.05
0.02
0.20
5.26
1ro

10ù13

1.916
0.084

0.039
0.004
0.014
0.006
0.860
0.864
0.001
0.000
0.014
0.161
0.035

1.998

44.86
44.65
70.49

84.23

4.26

0.027 0.048
0.004 0.004
0.012 0.011
0.005 0.005
0.883 0.874
0.886 0.872
0.001 0.001
0.001 0.001
0.015 0.016
0.113 0.L44
0.054 0.024

99.93

Octahedral site

1.927 1.916
0.073 0.084

99.54

Wo
En
Fs

0.044
0.004
0.011
0.005
0.896
0.843
0.001
0.001
0.014
0.158
0.023

1.989

Mg*

En/Fs

45.03
45.97

9.00

85.09

5.11

0.032
0.004
0.015
0.006
0.873
0.865
0.001
0.000
0.015
0.147
0.043

2.001

44.73
45.74

10.13

85.58

4.46

2.001

4b.oc
45.49

8.86

88.65

5.13

2.000

45.44
45.54

9.02

ób.ðb

5.05

2.002

43.81
46.55

9.64

85.07

4.83

72



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
Tio2
A1203
CrzOs
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe2O3

Total

Ðo

9a

51.78
0.74
2.83

0.52
0.19

15.92
21.37

0.03
0.02
0.22
5.06
1.58

246 245
8e 8e

51.00
0.14
2.93
0.38
0.19

15.50
2L.35

0.03
0.02
0.44
3.88
3.27

51.05
0.18
3.02
0.47
0.19

1.f.or
27.27

0.05
0.03
0.42
4.20
3.24

244
8e

57.92
0.15
2.86
0.33
0.20

15.48
27.42
0.04
0.02
0.42
5.01
2.23

Si

A1

241 240
8d 8d

99.66

51.23
0.13
3.01
0.36
0.18

r5.64
21.30

0.02
0.02
0.40
4.77
3.74

99.59

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3*

Total

7.972
0.088

0.035
0.004
0.015
0.006
0.877
0.846
0.001
0.001
0.016
0.156
0.044

99.13

51.01
0.19
3.03
0.43
0.19

15.78
20.99

0.04
0.01
0.39
4.73
3.47

1.896
0.104

0.024
0.004
0.011
0.006
0.859
0.850
0.001
0.001
0.032
0.721
0.091

239
8d

99.57

Tetrahedral site : 2

1.892 1.913 1.896

0.108 0.087 0.104

Octahedral site

0.024 0.037 0.027
0.005 0.004 0.004
0.014 0.010 0.011

0.006 0.006 0.006
0.857 0.850 0.863
0.842 0.845 0.844
0.001 0.001 0.001
0.001 0.001 0.001

0.030 0.030 0.029
0.130 0.154 0.129
0.090 0.062 0.087

5r.25
0.18
3.05
0.37
0.18

15.60
21.75

0.03
0.03
0.40
3.7t
3.54

100.08

Wo
En
Fs

99.66

2.001

Mg*

En/Fs

43.86
45.46

10.68

84.90

4.34

1.888
0.112

0.020
0.005
0.013
0.006
0.871
0.832
0.001
0.000
0.028
0.128
0.097

100.09

2.000

44.17
44.58
11.31

87.65

3.94

1.888
O.LTz

0.020
0.005
0.011
0.006
0.857
0.859
0.001
0.001
0.029
0.114
0.098

2.000

43.74
44.52

11..74

86.83

3.79

,J00

44.08

44.34
11.58

84.66

3.83

2.002

43.75
44.74
11.5i

87.00

3.89

2.001

43.42
45.04

17.94

87.19

3.77

73

2.001

44.42

44.37
77.27

88.26

3.93



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
TiOz
Al203
Cr203
MnO
Meo
CaO
Nio
CoO
Na2O
FeO
Fe203

Total

238

8d

57.43
0.17
3.04
0.32
0.19

15.58
27.62

0.03
4.02
0.41
4.07
3.07

237

8c

57.77
0.14
2.57
0.03
0.19

75.97
2r.46

0.03
0.02
0.36
4.r9
2.75

99.43

1.915
0.085

0.024
0.004
0.001
0.006
0.881
0.851
0.001
0.001
0.026
0.130
0.077

2.002

43.75
45.30
10.95

87.74

4.74

236
8c

52.05
0.14
2.52
0.04
0.20

16.04
27.40

0.03
0.02
0.34
4.56
2.72

100.06

235
8c

53.05
0.13
2.45
0.04
0.22

76.23
27.32

0.03
0.01
0.34
,5.,) r
1.16

Si

AI

234
8b

99.95

53.03
0.15
2.45
0.05
0.19

16.11
27.42
0.04
0.03
0.32
5.68
0.90

AI
Ti
Cr
Mn
Ms
Ca
Ni
Co
Na
Fe2+
Fe3+

Total

1.896
0.104

0.028
0.005
0.009
0.006
0.856
0.854
0.001
0.001
0.029
0.126
0.085

2.000

233
8b

52.84
0.14
2.54
0.11
0.18

15.95
21.53

0.03
0.02
0.34
5.52
1.19

232
8b

Tetrahedrai site : 2

,) r.oÐ
0.12
2.44
0.11
0.20

16.15
21.39

0.03
0.02
0.31
4.02
2.95

1.915
0.085

100.49 100.37

Octahedral site

0.024
0.004
0.001
0.006
0.880
0.844
0.001
0.001
0.024
0.140
0.075

2.000

1.939 7.947
0.061 0.059

\Mo 44.32

En 44.42

Fs 77.26

Mg* 87.77

En/Fs 3.94

0.044 0.047
0.004 0.004
0.001 0.001
0.007 0.006
0.884 0.879
0.835 0.840
0.001 0.001
0.000 0.001

0.024 0.023
0.168 0.774
0.032 0.025

100.39

1.935
0.065

0.045
0.004
0.003
0.006
0.871
0.845
0.001
0.001
0.024
0.169
0.033

99.40

1.911

0.089

0.017
0.003
0.003
0.006
0.891
0.848
0.001
0.001
0.022
0.L25
0.082

43.39
45.24

11.36

86.27

3.98

2.000

43.35
45.90

10.75

ð1.ÐÐ

4.27

2.001

43.66
45.69
10.65

83.48

4.29

2.002

74

43.92
45.27
10.81

83.75

4.79

1.999

43.44
45.65

10.91

87.70

4.78



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
Tio2
Al2o3
Cr203
MnO
Meo
CaO
Nio
CoO
Na2O
FeO
Fe203

Total

237
8a

52.34
0.17
2.67
0.20
0.19

16.33
2t.r3

0.03
0.03
0.34
+. IÐ

2.08

230

8a

52.85
0.16
2.68
0.17
0.19

16.45
21.58

0.02
0.02
0.34
4.60
2.22

2I7
6b

52.65
0.14
2.65
0.49
0.17

76.22
27.78

0.02
0.02
0.34
4.50
1.49

209 208

6b 6a

5r.47
0.13
2.73
0.60
0.17

16.19
27.73

0.05
0.01
0.38
3.01
2.74

Si

AI

100.26

A1

Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3*

Total

52.r4
0.11
2.65
0.54
0.17

16.26
22.t0

0.04
0.02
0.38
3.19
2.49

1.918
0.082

0.033
0.005
0.006
0.006
0.892
0.829
0.001
0.001
0.024
0.146
0.057

101.25

199

6a

52.09
0.16
2.77
0.64
0.21

15.95
21.83

0.03
0.03
0.43
3.80
2.42

1.918
0.082

0.032
0.004
0.005
0.006
0.890
0.839
0.001
0.001
0.024
0.139
0.061

24

t00.47

Tetrahedral site : 2

52.74
0.14
2.35

0.08
0.22

15.69
27.62

0.03
0.02
0.27
5.63
1.69

7.924
0.076

99.20

Octahedral site

1.903 1.911

0.097 0.089

0.038
0.004
0.014
0.005
0.883
0.853
0.001
0.001
0.024
0.137
0.137

100.09

\MO

En
Fs

0.022 0.025
0.004 0.003
0.018 0.016
0.005 0.005
0.893 0.888
0.861 0.868
0.001 0.001
0.000 0.001
0.027 0.027
0.093 0.098
0.076 0.069

100.36 99.80

2.000

Mg*

En/Fs

42.95

46.22
10.83

85.93

4.28

1.908
0.092

0.028
0.004
0.019
0.007
0.871
0.857
0.001
0.001
0.031
0.116
0.067

2.002

43.36
45.99

10.65

86.49

4.32

7.927
0.073

0.029
0.004
0.002
0.007
0.865
0.856
0.001
0.001
0.015
0.173
0.048

2.001

42.33
43.82
13.85

86.57

3.16

,J00

44.66

46.32

9.02

90.57

4.68

2.001

45.02
46.06

8.92

90.06

4.42

2.002

f,f

44.68
45.4r
9.91

88.25

3.64

2.001

43.92
44.38
11.70

83.33

3.79



Table 7. Average analyses of sevêral cumulus clinopyroxene (coniinued)

Sample
Layer

sio2
TiOz
AlzOs
CrzOs
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe203

Total

25

Ð

52.10
0.15
2.34
0.08
0.23

15.82
2t.52

0.02
0.02
0.18
5.61
1.83

30

5e

52.63
0.10
2.23
0.10
0.20

76.20
2I.16
0.03
0.01
0.19
Ð.fÐ
0.38

32

5c

52.10
0.13
2.27
0.11
0.23

76.02
27.49

0.04
0.02
0.20
5.01
2.03

+õ

5c

51.88
0.10
1.97
0.13
0.22

1().10

20.86

0.03
0.02
0.18
4.48
2.20

Si

AI

44
5c

99.89

52.07
0.10
2.36

0.L2
0.20

l_o.+o

22.76
0.02
0.02
0.19
5.34
1.13

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe¡+

Totai

1.924
0.076

0.026
0.004
0.002
0.007
0.871
0.852
0.001
0.001
0.013
0.173
0.051

2.001

43.60
44.58
11.82

83.43

3.77

42

5c

99.12

52.26
0.15
2.37

0.26
0.24

16.02
21.42
0.03
0.01
0.18
5.49
7.27

1.949
0.051

0.047
0.003
0.003
0.006
0.885
0.853
0.001
0.000
0.014
0.178
0.011

40

5b

99.73

Tetrahedral site : 2

52.57
0.14
2.29
0.29
0.23

L5.62
27.5r

0.03
0.04
0.21
6.16
0.35

1.925
0.075

98.83

Octahedral site

0.023
0.003
0.004
0.007
0.882
0.856
0.001
0.001
0.014
0.155
0.055

1.928 7.934
0.072 0.066

99.16

Wo
En
Fs

0.014 0.037
0.003 0.003
0.004 0.004
0.007 0.006
0.928 0.856
0.830 0.882
0.001 0.001
0.001 0.001
0.013 0.014
0.139 0.165
0.062 0.032

99.58

Mg*

En/Fs

L.932
0.068

0.033
0.004
0.008
0.008
0.883
0.848
0.001
0.000
0.013
0.171
0.032

99.38

2.001

44.73
45.78

10.09

83.25

4.54

7.945
0.055

0.046
0.004
0.009
0.007
0.863
0.854
0.001
0.001
0.015
0.191

0.010

2.0012.001

43.79
45.!2
11.10

85.05

4.06

2.002

42.22
47.20
10.58

86.97

4.46

2.001

45.44
44.L0
10.46

83.84

4.22

2.001

fo

43.67
+5.+t
10.87

83.78

4.18

44.36
44.83
10.81

81.88

4.75



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
TiOz
Al203
Cr203
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe2O3

Total

38

5b

51.08
0.77
2.38

0.30
0.25

15.83
27.25

0.03
0.02
0.20
4.67
2.37

98.56

1.910
0.090

0.015
0.005
0.009
0.008
0.883
0.852
0.001
0.001
0.015
0.143
0.070

36

5b

52.27
0.12
2.45
0.38
0.25

IÐ.4Ð
22.00

0.03
0.02
0.23
4.47
2.31

35

5a

51.91
0.15
2.35

0.37
0.24

15.50
2I.79

0.03
0.02
0.29
5.83
r.67

34
Ða

57.28
0.15
2.37
0.39
0.22

75.43
27.40

0.04
0.03
0.23
5.24
1.87

Si

AI

33

5a

52.02
0.16
2.33

0.44
0.24

75.52
21.30

0.03
0.01
0.23
6.03
1.05

A1

Ti
'Cr
Mn
Mg
Ca
Ni
Co
Na
Fez+
Fe3*

Total

L4

4c

98.80 99.65

52.02
0.2r
2.92
0.28
0.27

16.09
20.77
0.02
0.03
0.23
6.58
1.52

L.972
0.088

0.020
0.003
0.011
0.008
0.863
0.872
0.001
0.001
0.017
0.140
0.067

2.001

44.72
44.26
11.02

86.08

4.02

110
4b

Tetrahedral site : 2

51.85
0.20
3.00
0.44
0.22

15.70
21.05

0.02
0.03
0.27
5.74
2.07

7.923
0.077

98.59

Octahedral site

0.026
0.004
0.011
0.007
0.870
0.840
0.001
0.001
0.015
0.181
0.047

L.920 1.932
0.080 0.068

99.35

Wo
En
Fs

0.022 0.034
0.004 0.004
0.012 0.013
0.007 0.008
0.861 0.859
0.859 0.848
0.001 0.001
0.001 0.000
0.017 0.017
0.163 0.189
0.054 0.028

100.30

2.002

Mg*

En/Fs

43.56
45.74
11.30

86.06

3.99

L.9L2
0.088

0.039
0.006
0.008
0.006
0.879
0.801
0.001
0.001
0.016
0.199
4.044

100.59

.2.003 2.001

1.904
0.096

0.034
0.006
0.013
0.007
0.859
0.828
0.001
0.000
0.019
0.176
0.057

43.79
44.73
12.08

82.78

3.70

44.79
44.29
7I.52

84.08

3.84

2.001 1.999

43.89
44.46
11.65

81.97

3.82

4L.51.
45.59
12.90

81.53

3.53

77

2.001

42.97
44.58
L2,45

83.00

3.58



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2
Tio2
Al203
Cr2O3
MnO
Mso
CaO
Nio
CoO
Na2 O
FeO
Fe203

Total

11

4b

52.07
0.22
2.75
0.51
0.22

IÐ.O+

21.69

0.03
0.01
0.27
Ð. t+
1.69

100.48

1.913
0.087

0.032
0.006
0.015
0.007
0.851
0.854
0.001
0.000
0.019
0.168
0.047

2.000

44.37

44.79
11.50

83.54

3.84

109
4b

ÐL.I I
0.18
3.04
0.48
0.25

75.42
27.33

0.03
0.01
0.28
5.70
2.08

I
4b

51.70
0.17
2.92
0.50
0.20

15.48
27.76
0.03
0.02
0.26
5.08
1.81

8

4a

51.19
0.r4
2.79

0.53
0.22

15.48
2r.35

0.04
0.û2
0.30
4.76
2.04

Si
AI

o

4a

50.75
0.14
2.81
0.45
0.24

75.47
21.77

0.03
0.01
0.27
4.63
2.80

A1

Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fez+
Fe3+

Total

Ð

4a

100.57

51.33
0.15
2.90
0.44
0.22

15.39
21.10

0.03
0.02
0.26
5.60
7.54

702
3c

1.903
0.097

99.93

Tetrahedral site : 2

52.45
0.20
2.51

0.72
0.17

16.61
2I.43

0.03
0.02
0.23
4.58
2.80

0.035
0.005
0.014
0.008
0.845
0.840
0.001
0.000
0.020
0.175

0.058

2.001

43.61
43.87

12.57

82.84

3.51

1.908

0.092

98.87

Octahedral site

1.909 1.897
0.091 0.103

0.035
0.005
0.015
0.006
0.852
0.861
0.001
0.001
0.019
0.157
0.050

2.002

98.78

Wo
En
Fs

0.031 0.021
0.004 0.004
0.016 0.013
0.007 0.008
0.860 0.862
0.853 0.848
0.001 0.001
0.001 0.000
0.021 0.019
0.149 0.145
0.057 0.079

98.98

Mg*

En/Fs

1.913

0.087

0.041
0.004
0.013
0.007
0.855
0.843
0.001
0.001
0.019
0.175
0.043

101.15

1.908
0.092

0.016
0.005
0.003
0.005
0.901
0.835
0.001
0.001
0.016
0.139
0.077

44.70
44.24
11.06

84.44

4.00

2.000

44.29
44.OÐ

11.06

85.23

4.04

2.000

43.67
44.39
11.95

85.60

3.71

2.002

43.84
44.46

7I.70

83.01

3.80

78

1.999

42.67
46.04

1r.29

86.63

4.08



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

sio2 52.64
Tio2 0.16
Al2 03 2.32
Cr2O3 0.08
MnO 0.19
MeO 16.35
CaO 27.44
Nio 0.03
CoO 0.02
Na2O 0.23
FeO 5.20
Fe2O3 2.58

Total 101.25

467

3c

468

3c

52.40
0.20
2.67

0.09
0.18

16.54
27.47

0.02
0.03

0.24
4.62
3.59

101.93

1.897
0.103

0.008
0.005
0.003
0.006
0.893
0.830
0.001
0.00i
0.017
0.140
0.098

2.002

42.20
45.40
12.40

86.45

3.66

469

3c

52.59
0.27
2.35
0.06
0.19

16.43
2I.53

0.03
0.03
0.23
4.92
3.31

471

3b

5r.52
0.27
2.77
0.15
0.15

15.96
22.26

0.02
0.02
0.23
3.60
3.14

Si

AI

472

3b

AI
Ti4+
Cr3*
Mn2*
Mg
Ca
Ni
Co
Na
Fe2*
Fe3+

Total

52.48
0.r7
2.38
0.07
0.15

16.21
22.97

0.04
0.02
0.22
3.47
2.86

7.977
0.083

0.017
0.004
0.002
0.006
0.888
0.837
0.001
0.001
0.016
0.158
0.071

473
3b

52.57
0.19
2.60
0.08
0.17

76.24
22.87

0.04
0.04
0.22
3.49
3.35

101.88 100.03 100.98 101.79

Tetrahedral site : 2

474

3b

51.59
0.16
2.76

0.09
0.i4

16.11
22.53

0.03
0.02
0.21
3.10
3.30

1.906
0.094

Octahedral site

0.010
0.006
0.002
0.006
0.888
0.836
0.001
0.001
0.016
0.149
0.090

2.005

42.46
45.10
72.44

85.63

3.63

1.897 1.911
0.103 0.089

wb
En
Fs

0.017 0.013
0.006 0.005
0.005 0.002
0.005 0.005
0.877 0.880
0.877 0.894
0.001 0.001
0.001 0.001
0.016 0.016
0.712 0.106
0.086 0.078

2.003 2.0012.001

Mg*

En/Fs

42.70
45.31
11.99

84.89

3.78

1.900
0.100

100.05

0.011
0.005
0.002
0.005
0.886
0.894
0.001
0.001
0.016
0.106
0.091

2.001

1.896
0.104

0.016
0.004
0.003
0.005
0.883
0.887
0.001
0.001
0.015
0.095
0.091

2.000

44.87

44.87

10.38

88.68

4.32

+Ð.Ð+

44.83

9.63

89.25

4.66

79

44.60
45.72
10.28

89.24

4.39

45.24
45.02

9.74

90.26

4.62



Table 7. Average analyses of several cumulus clinopyroxene (continued)

Sample
Layer

si02
Tio2
Al203
Cr2Og
Meo
CaO
MnO
Nio
CoO
Na2O
FeO
Fe203

Total

476

3a

52.52
0.23
2.27

0.14
ro.cc
2I.79

0.15
0.03
0.01
0.22
4.43
3.L2

478
3a

52.49
0.22
2.77
0.14

76.46
22.06

0.15
0.03
0.02
0.27
4.23
3.15

101.46

481

3a

52.56
0.18
2.27
0.11

16.00
27.17
0.22
0.02
0.02
0.24
6.10
2.26

Si

A1

485
2a

101.64

52.96
0.28
2.23

0.2L
76.72
2L.26

0.16
0.03
0.01
0.25
5.2r
7.49

At(oct)
Ti4+
Cr3*
Mg
Ca
Mn2*
Ni
Co
Na
Fe2+
Fes+

Total

486
2a

1.904
0.096

52.33
0.19
2.69
0.19

i6.11
21.38

0.23
0.03
0.01
0.24
5.29
2.98

101.67

0.005
0.005
0.004
0.896
0.865
0.005
0.002
0.001
0.016
0.111
0.093

1.908

0.092

0.006
0.006
0.004
0.896
0.848
0.004
0.001
0.000
0.015
0.135
0.085

Tetrahed¡al site : 2

101.10

7.922 1.933
0.078 0.067

Octohedral site

0.019 0.028
0.005 0.006
0.003 0.006
0.872 0.908
0.827 0.831
0.007 0.005
0.001 0.001
0.001 0.000
0.017 0.018
0.187 0.158
0.063 0.040

100.81

Wo
En
Fs

Mg*

En/Fs

2.001

43.90
45.49
10.61

89.02

4.29

1.900
0.100

2.003

0.015
0.005
0.006
0.872
0.834
0.007
0.001
0.000
0.017
0.159

0.084

2.000

42.66
44.60
72.74

84.57

3.50

43.07
45.52
77.4L

86.92

3.99

2.002

42.37
44.67
12.96

82.34

3.45

2.001

42.77
46.73
10.50

85.18

4.45

80



Table 8. Average analyses of several clinopyroxene chadacrysts from individual sam-

ples. All analyses and standard deviations are listed in Table B'2.

Sample
Layer

sio2 52.03
Tio2 0.17
AI2 03 2.53

CrzOs 0.51
MnO 0.26
MSO 16.15

CaO 2L.63
Nio 0.01

CoO 0.03
Na2O 0.22
FeO 4.58
FezOg 1.35

458
15b

455
15b

52.53
0.13
2.60
0.45
0.20

r5.94
21.92
0.04
0.02
0.18
Ð.ó I

0.67

453
15a

52.44 52.52

0.18 0.t2
2.64 2.55

0.43 0.32
0.15 0.17

15.52 16.19

22.76 21.77
0.03 0.03
0.04 0.02
0.21 0.27

5.66 5.00
0.65 0.52

456
15a

Total

407

14b

Si
A1

99.48 100.06 100.11 99.42

52.90 51.70
0.18 0.13

2.76 3.04
0.47 0.82

0.L2 0.14
16.47 16.40

22.77 22.02
0.03 0.06

0.07 0.02
0.18 0.22
3.87 3.29
7.04 1.68

375
14b

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3+

Total

r.927
0.079

0.031
0.005
0.015
0.008
0.889
0.856
0.000
0.001
0.016
0.742
0.038

2.001

44.28
45.99
9.73

318
11b

1.930
0.070

0.043
0.004
0.013
0.006
0.873
0.863
0.001
0.001
0.013
0.165
0.019

53.20 51.83

0.18 0.r2
2.49 2.52

0.41 0.44

0.18 0.15
16.51 76.46

22.20 22.23
0.04 0.03

0.04 0.02

0.23 0.22
4.6L 3.08
0.83 2.24

3L7
11b

Tetrahedral site : 2

1.930
0.070

1.936 1.927 1.903

0.064 0.079 0.097

100.86 99.52 100.92 99.33

0.044
0.005
0.013
0.005
0.851
0.874
0.001
0.001

0.015
0.174
0.018

Octahedral site

\MO

En
Fs

0.047 0.039 0.035
0.003 0.005 0.004
0.009 0.013 0.024
0.005 0.004 0.004
0.890 0.892 0.900
0.860 0.886 0.868

0.001 0.001 0.002
0.001 0.002 0.001

0.015 0.013 0.016
0.1"54 0.118 0.101

0.015 0.029 0.047

Mg* 86.23

En/Fs 4.73

2.001 2.001 2.000

7.932 r.9L2
0.068 0.088

44.87

45.33
9.87

84.10

4.59

0.039
0.005
0.012
0.006
0.894
0.864
0.001
0.001
0.016
0.140
0.023

45.47 44.70

44.28 46.26
10.25 9.04

83.02 85.25

4.32 5.r2

81

0.022
0.003
0.013
0.005
0.905
0.879
0.001
0.001
0.016
0.095
0.062

2.0022.002 2.002

45.93 45.21

46.24 46.88
7.83 7.92

88.32 89.91

5.91 5.92

2.00i

44.84 45.77

46.39 46.57

8.77 8.32

86.46 90.50

5.29 5.59



Table 8. Average analyses of clinopyroxene chadacrysts (continued)

Sample
Layer

sio2
Tio2
AlzOs
C12O3

MnO
Meo
CaO
Nio
CoO
Na2O
FeO
Fe203

Total

316
11b

52.62
0.13
2.64
0.56
0.13

16.58
21.90

0.05
0.04
0.22
4.22
7.20

374
11b

52.51 52.77
0.14 0.14
2.67 2.37
0.53 0.46

0.17 0.16
i6.03 16.35
27.96 22.37

0.05 0.06
0.04 0.04
0.24 0.19
4.87 3.60

0.69 2.00

313
11b

372
11a

52.84 52.L2
0.14 0.13
2.60 2.70

0.37 0.58
0.18 0.23

16.84 17.75
20.78 19.16

0.02 0.05

0.03 0.01
0.20 0.22
5.55 6.05
0.55 1.29

306
Ila

Si

AI

100.29 99.90 99.79 100.10 99.69

303 56

1la 9a

AI
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3*

Total

1.922 7.929
0.078 0.071

0.036 0.045
0.004 0.004
0.016 0.015
0.004 0.005
0.903 0.878
0.857 0.864
0.001 0.001

0.001 0.001

0.016 0.017
0.129 0.150
0.033 0.019

52.70
0.16
2.54
0.42
0.19

16.28
27.26

0.07
0.01
0.19
5.79
0.47

5L.22 50.88
0.18 0.18
2.95 2.88
0.59 0.37
0.19 0.23

75.77 15.42
21.84 21.33
0.01 0.05
0.03 0.02
0.23 0.45
4.05 3.84
2.45 3.31

246
8f

Tetrahedral site : 2

1.917 1.934 1.919

0.083 0.066 0.081

Octahedral site

0.020 0.046 0.036
0.004 0.004 0.004
0.013 0.011 0.017
0.005 0.006 0.007
0.897 0.919 0.941
0.879 0.815 0.756
0.002 0.001 0.001

0.001 0.001 0.000
0.014 0.014 0.016
0.111 0.170 0.186
0.055 0.015 0.036

2.001 2.002 2.000

Wo
En
Fs

100.08 99.52

2.000 1.999

1.934
0.066

0.044
0.004
0.012
0.006
0.891
0.836
0.002
0.000
0.014
0.178
0.013

Mg*

En/Fs

44.50
46.88

8.62

87.50

õ.++

1.896 1.896

0.104 0.104

0.025 0.022
0.005 0.005
0.017 0.011
0.006 0.007
0.870 0.857
0.866 0.852
0.000 0.001

0.001 0.001

0.017 0.033
0.125 0.120
0.068 0.093

98.95

45.09 45.15
45.82 46.07

9.08 8.78

85.41 88.99

5.05 5.25

42.34 39.25
47.74 48.86
9.92 11.89

84.39 83.50

4.81 4.77

2.000 2.000 2.002

43.45
46.37

70.24

83.35

5.52

82

44.75 44.77
44.96 44.43
10.29 11.40

87.44 87.72

4.37 3.90



Table g. Average analyses of clinopyroxene chadacrysts (continued)

Sample
Layer

SiOz 51.14
Tioz 0.16

AI2OB 2.59

CrzOs 0.40

MnO 0.20

MSO 75.57

CaO 21.77

Nio 0.01

CoO 0.05

NazO 0.43

FeO 3.43

Fe2O3 3.26

245
ð1

241 240 239

8e 8e 8e

51.10
0.2L
3.2r
0.39
0.17

15.59
21.33

0.03
0.01
0.41
4.10
3.15

57.25
0.17
2.9r
0.39
0.20

15.36
22.02

0.02
0.02
0.43
3.64
3.45

99.87Total

51.37
0.18
2.96

0.39
0.16

L5.92
21.38

0.07
0.02
0.39
3.80
3.38

2tL
6b

Si

AI

99.0i

1.902
0.098

0.016
0.004
0.012
0.006
0.864
0.868
0.000
0.001
0.031
0.107
0.091

53.36
0.10
i.86
0.48
0.15

15.85
23.44

0.06
0.03
0.28
4.71
1.16

209 208

6b 6a

Ai
Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3*

Total

99.70

51.17
0.12
2.76

0.72
0.18

76.20
21.73

0.05
0.01
0.42
2.43
3.32

1.889
0.111

0.029
0.006
0.011
0.005
0.859
0.845
0.001
0.000
0.029
0.727
0.088

2.000

52.09
0.14
2.72
0.64
0.18

16.21
22.20

0.02
0.03
0.40
3.03
2.64

100.29

1.906
0.094

0.023
0.004
0.019
0.006
0.884
0.870
0.001
0.001
0.028
0.093
0.073

Tetrahedral site : 2

1.893
0.107

100.02

Octahedral site

0.020
0.005
0.011
0.006
0.846
0.872
0.001
0.001
0.031
0.113
0.096

1.892 7.944
0.108 0.056

100.88

Wo 44.83

En 44.63

Fs 10.54

Mg* 88.98

En/Fs 4.23

0.020 0.024
0.005 0.003
0.011 0.014
0.005 0.005
0.874 0.861

0.844 0.915
0.002 0.002
0.001 0.001

0.028 0.020
0.117 0.125
0.094 0.032

99.10

2.000

1.894
0.106

0.014
0.003
0.021
0.006
0.894
0.862
0.001
0.000
0.030
0.075
0.092

1.998

43.92
44.65
71.43

87.72

3.91

2.002

45.71

43.77
1"7.L2

88.22

3.94

,J01

43.64
45.19
17.17

88.19

4.05

2.002

47.27

44.43

8.36

87.32

5.31

44.69
46.35

8.97

92.26

c.r I

83

2.002

+Ð.L I

45.90
8.93

90.48

5.14



Table 8. Average analyses of clinopyroxene chadacrysts (continued)

Sample
Layer

sio2
Tio2
AlzOs
Cr2O3
MnO
Meo
CaO
Nio
CoO
Na2 O
FeO
Fe2O3

Total

199

6a

51.35
0.72
2.79

0.58
0.19

15.67
22.05

0.02
0.02
0.4i
3.23
2.91

99.34

110
4b

5r.74
4.27
2.96
0.41
0.22

15.59
21.78

0.03
0.04
0.27
4.86
2.48

I1
4b

51.99
0.19
2.71
u.,f Ð

0.20
15.38
27.82

0.03
0.01
0.28
5.46
1.51

109
4b

Si

AI

51.82
0.17
3.05
0.52
0.20

15.18
21.80

0.01
0.02
0.31
5.50
2.02

o

4b

A1

Ti
Cr
Mn
Mg
Ca
Ni
Co
Na
Fe2*
Fe3*

Total

1.901
0.099

0.023
0.003
0.017
0.006
0.865
0.870
0.001
0.001
0.029
0.100
0.081

100.59

51.83
0.20
2.83

0.51
0.2r

l_ð.+1

22.07
0.03
0.01
0.27
5.02
1.78

R

4a

1.899
0.101

0.027
0.006
0.012
0.007
0.853
0.857
0.001
0.001
0.019
0.149
0.069

51.48
0.L2
2.56

0.51
0.20

15.65
27.91

0.01
0.01
0.29
4.77
2.54

100.13

Tetrahedral site : 2

1.917
0.083

100.59

Octahedral site

0.035
0.005
0.016
0.006
0.845
0.862
0.001
0.000
0.020
0.168
0.042

1.904
0.096

Wo
En
Fs

100.11

2.001

0.036
0.005
0.015
0.006
0.832
0.858
0.000
0.001
0.022
0.169
0.056

Mg*

En/Fs

1.910
0.090

0.033
0.006
0.015
0.007
0.847
0.869
0.001
0.000
0.019
0.155
0.049

2.001

45.41

44.89
9.70

89.64

4.63

99.44

1.908
0.092

0.020
0.003
0.015
0.006
0.865
0.870
0.000
0.000
0.021
0.129
0.071

2.001

44.29
44.08
11.63

85.13

3.79

2.000

44.83
43.94
77.23

83.42

3.91

2.000

44.66
43.31
12.02

83.12

3.60

45.10
43.95
10.95

84.53

4.01

2.000

84

44.82
44.56
10.61

87.02

4.20



occur, En/Fs is lovi'er than at the base and Cr2O3 is higher (Plate 1); CaO and

Ai2Os are uniform. Chemistry of cumulus clinopyroxene is similar to chemist¡v

of clinopyroxene chadacrysts (Tables 7 and 8).

6.2.3 Type 3 ungraded layers

Ungraded layers, in which olivine is absent, consist largely of websterites (8b)

or orthopyroxene-bearing clinopyroxenites (7a, 2a,, 8a, and 8c) or clinopyroxenites

(3a, 3b, 3c, 5d and 9b). Layers range in thickness from 0.2 to 5.2 m (Table 5).

No layers have an igneous lamination.

Cumulus orthopyroxene with postcumulus overgrowths occurs in half of type

3 uniform iayers. Orthopyroxene abundance decreases upu'ards (laver 8c), in-

creases upwards (layers 2a and 8a), or has a symmetric trend of increasing up-

w'ards to a maximum abundance abouf 25% above the base and then decreasing

upwards (layers 1a and 8b) . Cumulus plagioclase occurs in 5 layers, but varies

in distribution. Plagioclaseoccurs at the top of layers 7a,2a and 8a, in the upper

part of layer 3a and at the base of layer 8b. Of the layers that contain cumul.us

plagiociase oniy layer 3a does not contain cumulus orthopyroxene (Figure 31).

Poikilitic orthopyroxene oikocrysts only occur in layers 1a and 9b. Oikocrysts

have a uniform abundance in layer 9b, but there is insufficient data in layer la to
determine trends. Discrete postcumulus plagioclase occurs throughout layer 3c

and discrete postcumulus orthopyroxene occurs over a thin interval in the lower

part of the layer 3c and throughout layer 5d (Table 5).

Grain size of clinopyroxene varies from layer to layer. Grain size decreases

upwards (layers 2ar 3a, and 8c), increases uprvards (layers 3c, 8a, and 8b), has a

symmetric decreasing to increasing upwards trend (Iayer 3b), or is uniform (la.yers

1a' 5d and 9b) (Figure 31; Table 5). Clinopyroxene intergrowths are rare, except

in lavers 5d, 8a and 8c (Table 5); in layers 8a and 8c, intergrorvth abundance

correlates correlate positively with abundance of cumulus orthopyroxene (Plate

1t.

Mineral chemistry was d.one on 7 of the 10 layers, but in layers 2a and

ðb



3a, clinopyroxene analyses lvere obtained from only selected parts of layers. In

the remaining S layers, En/Fs, Cr203, Al203 and CaO generally have uniform

values throughout layers (Figure 33), but there are local variations in some oxides

in three layers. These variations include: (a) in layer 3b, lower CaO and higher

Cr203 and Al203 in the sample at the top of the layer than lower in.the layer; (b)

in layer 3c, a slight decrease in Al2O3 where discrete postcumulus orthopyroxene

occurs; and (c) in layer 8b, slightly lower Cr2O3 in the lorn'er part of the layer than

at the top of the layer (Table 5). No chemistry was collected on clinopyroxene

chadacrysts.

5.3 Normally graded layers

The 12 normally graded layers range in thickness from 0.3 to 5.0 m (Table 4);

8 of these layers occur above the upper septum (Figure 31). Based on variations

in abundance of olivine relative to clinopyroxene, 3 types of normally graded lay-

ers are defined: (1) normaily graded from base to top with either relativeiy smail

variations in oiivine/clinopyroxene (layers 5b, and 12b), or large variations in

olivine/clinopyroxene and olivine abundance decreasing to near zero in the upper

part of the layer (layers 7b,7c, and 11e); (2) reversely graded lower part and nor-

mally graded middle and upper parts (layers 11a, 11b, 11d, 13a, and 14b); and

(3) ungraded lower and middle part that abruptly changes to a normally graded

upper part (layers 4c and 10b) (Plate 1; Table 9). The rate of upward decrease

in olivine abundance is variable from layer to layer and includes both continuous

and discontinuous changes. Except for clinopyroxene * olivine cumulates that

are restricted to layers that have an ungraded lower and middle part and a nor-

mally graded upper part, layers consist of clinopyroxene * oiivine + plagioclase

* orthopyroxene cumulates (Tables 4 and 9). In contrast to ungraded layers,

normally graded layers have a generally higher olivine content, orthopyroxene

occurs in a lou'er proportion of layers, and more than half of normally graded

layers occur above the upper septum.

Two of the 12 lavers occur at the base of zones and their basal contacts will be

86



È
-

oo



oooo



æ



described later as part of zone contacts. The basal contacts of the other 10 layers

are sharp, except for layers 10b and 14b, where basal contacts are gradational over

several centimeters (Table 4). Contacts at the base of most layers are straight,

but layer 14b has a wavy basal contact. Contacts are either phase contacts (6

layers; Table 4) or modal contacts (4 layers; Figure 34 and Tabie 4); several of

these contacts are combined with textural and grain size changes (Table 4).

5.3.1 Typ" 1 normally graded layers

Olivine clinopyroxenites predominate in layers that are normally graded from

base to top. Olivine abundance is about L2% al the base of layers 5b and 12b,

but ranges from 41 to 53To at the base of layers lb, 7c, and 1le (Plate 1; Table

9). At the top of all layers olivine ranges from 0 to 4To. In layers 5b and 12b

the upward decrease in olivine content is relatively continuous, in contrast to the

discontinuous trends and abrupt decreases in olivine in layers 1b, 7c, and 11e.

No layers have an igneous lamination.

Cumulus orthopyroxene occurs in layers 1b, 5b and 7c (Figure 31). In layers

lb and 7c cumulus orthopyroxene occurs throughout the layer and is normally

graded in terms of abundance; in layer 1b the abundance of orthopyroxene de-

creases abruptly at the same stratigraphic height as a similarly abrupt decrease

in olivine (Plate 1). In layer 7c the abundance of orthopyroxeneis highest at the

base and correlates less strongly with olivine than in layer 1b. At the base of

layer 5b there is a thin zone of olivine websterite that grades upward into olivine

clinopyroxenite (Table 9).

Cumulus piagioclase occurs in layers 7c, 11e, and 12b. Olivine websterite at

the base of layer 7c grades upward into melagabbros (Table 9). In layers lle and

12b, olivine clinopyroxenites grade upward into melagabbro (layer 11e; Figure

34) or olivine melagabbro and gabbro (la¡'¿r 12b; Table 9).

Orthopyroxene oikocrysts are absent. Discrete postcumulus orthopyroxene

occurs oniy at the top of layer 1le. Grain size of cumulus clinopyroxene, including

postcumulus overgrorvths, is relatively constant in most layers (Figure 31). In
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Figure 34. Normally graded layer, lIe, grades from basal wehrlite (fine-grained, 
light grey) to olivine clinopyroxenite (coarse-grained, grey) to thin gabbro lamina 
(fine-grained, light grey) at top. Olivine abundance decreases abruptly between 
the wehrlite and olivine clinopyroxenite. Basal modal contact and upper phase 
contact of the layer are sharp. Stratigraphic top is to the top of the photograph. 
Pencil for scale. 
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layer 12b though, grain size increases upü,ards and correlates with dec¡easing

olivine abundance (Piate 1). Clinopyroxene intergrowths occur in layer 11e, where

intergrowths are most abundant at the top, layer 12b, where intergro.rvths are

most abundant at the base, and layer 5b, where intergrou'ths are most abundant

near the base (Table g).

Ciinopyroxene chemistry was done on samples in the lower half of layers 5b

and 12b. No mineral chemistry was done on samples in layers 1b and 7c and

only one sample rvas analyzed in layer 11e. En/Fs, Cr2O3, Al2O3, and CaO

are uniform, except in layer 12b where En/Fs is slightly higher in the middle of

the layer than at the base (Figure 33; Table 7). No chemistry rnas collected on

clinopyroxene chadacrysts.

5.3.2 Type 2 normally graded layers

Layers that have a reversely graded lower part and a normally graded upper

part consist of largely olivine clinopyroxenites. At the base of layers, olivine

abundance ranges from 8 to 70T0, but only at the base of layer 11d is there more

than 16% olivine (Table 9, Figure 35). Otivine increases in abundance over the

lower 4 to 29To of layers, but decreases throughout the remainder of the layers

(Figure 35); maximum abundance of olivine is between 8 and 20% higher than

the abundance at the base of the layer. Olivine abundance ranges between 0 and

70% at tops of layers. No layers have an igneous lamination.

Cumulus orthopyroxene only occurs as part of several discontinuous, olivine

websterite laminae in the lower 20 cm of layer llb (Table 9; Figures 35 and 36).

The amount of clinopyroxene in these laminae is greater than in adjacent olivine

clinopyroxenite.

Cumulus plagioclase occurs in discontinuous sublayers of gabbro at the top

of layers 11b and 14b (Figure 37; Table 9). In layer 14b gabbro is discontinuous;it

occurs in the measured section, but is absent 25 m south (Figure 35); underlying

olivine clinopyroxenites are 4 to 4.5 m thick where the modaily layered gabbros

occur, but are about 5 m thick where modally layered gabbros are absent.
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Figure 35. Detailed stratigraphic variation in three Type 2 normall5. graded layers. Modal
abundance of olivine, clinopyroxen", _rld poikilitic orthopy.o*"n. oikoä5.rt.. g.ui¡ size andclinopyroxene chemistry of selected oxides and ratios u." piãtt"d to scale. c"*l]T". pr"gioclase
are plotted qualitativel¡' according to stratigraphic locatiån.
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Figure 36. Thin, irregular, discontinuous laminae of finer grained websterite in 
olivine clinopyroxenite near the base of layer 11 b. Laminae have wispy ends and 
relatively sharp curving contacts. Below the websterite lamina in the lower half 
of the photograph there is a sharp modal + grain size contact between layers 11a 
and 11b. Stratigraphic top is to the top of the photograph. Pencil for scale. 
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Figure 37. Sharp curving contact between layers 11 b and lIe (extends across 
the upper part of the photograph above the pencil). Thin gabbroic laminae at 
the top of normally graded layer lIb (fine-grained, light grey band) is directly 
underlain along the left side of the photograph by a fine-grained lamina of gabbro 
that is absent in the center of the photograph. Stratigraphic top is to the top of 
the photograph. Pencil for scale. 
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Orthopyroxene oikocrysts vary in distribution and abundance from layer to

layer. Oikocrysts occur throughout layer 11a, and throughout most of layer 11b,

except for thin intervals at the base and top; oikocrysts are absent in layers 11d

and 13a. In layer 14b oikocrysts occur in trace to rare abundances.

AII 5 layers have similar grain size in their lower half, but in layers 11a,

11d, and 13a, grain size increases abruptly in the upper part of the layer (Figure

31; Table 9); the magnitude of the grain size increase varies from layer to layer.

Clinopyroxene intergrowths occur in trace abundances, except in layers 11a and

11b (Table 9).

Mineral chemistry was done for all layers. Most layers have relatively uniform

trends in En/Fs, CaO and 412 OB, except for layer 11a, where there is a progressive

upward increase in En/Fs (Figure 33). Cr203, on the other hand, is generally

higher in clinopyroxene from the lower parts of layers than the upper parts of

layers (Table 7, Figures 33 and 35); the exception is layer 11b where Cr2O3

increases towards the middle of the laver and has about the same values at the

base and top of layer llb (Plate 1).

In layers 11a, 11b, and 14b clinopyroxene chadacrysts were analysed (Table

8, Plate 1). Chadacrysts have similar values of En/Fs and Cr2Os as cumulus

clinopyroxene, except at the base of layer lla where Cr2O3 is iower in chadacrysts

than in adjacent cumulus clinopyroxene (Plate 1).

5.3.3 Type 3 normally graded layers

These layers consist of olivine clinopyroxenites (layer 4c) or olivine web-

sterites (layer 10b) that are ungraded in the lower or middle part, but in the

upper part, there is an abrupt change to normal grading (Tabte 9, Plate 1). The

abundance of olivine is constant, throughout most of these layers, ranging from

18 to 20%; in the upper 75 to 20Y0, olivine abundance rapidly decreases to 0 (Ta-

bles 6 and 9). Both layers a¡e at the top of zones and overlie compiexly graded

Iayers. Igneous lamination, defined by parallel orthopyroxene oikocrysts, only

occurs in layer 10b.
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Cumulus orthopyroxene and cumulus plagiclase are absent in both layers.

Poikilitic orthopyroxene oikocrysts onl1' occur in layer 10b (Figure 31) and have

a relatively uniform distribution, but decrease in size upwards (Table g). Discrete

postcumulus orthopyroxene occurs in layer 4c (Plate 1).

Although clinopyroxene grain size is relatively similar and ungraded in both

layers (Figure 31), the abundance of clinopyroxene intergrowths is greater in layer

4c than layer 10b (Table 9).

\4ineral chernistry was not done for layer 10b and only 1 sample was analysed

in layer 4c (Table 7).

5.4 Reversely Graded Layer

Layer 15c, which occurs at the top of the observed section, is the only re-

versely graded layer. Layer thickness is 3.8 m (Table 4), but about 50% of the

layer is covered by overburden. Layer 15c consists of a 60 cm thick websterite

unit at the base, a2.7 m thick olivine clinopyroxenite middle part, and a 50 cm

thick olivine websterite unit at the top. Olivine ranges from 0% at the base to

22Yo at the top (Plate 1). Several, finer grained, discontinuous olivine-rich layers,

u'hich end abruptly, occur in the upper half of layer 15c. The basal contact is a

sharp phase contact (Table a).

Mean grain size of clinopyroxene is reiatively uniform across the layer (Figure

31). Clinopyroxene intergrowths occur in trace abundances. Any changes that
occur are within error limits.

No mineral chemistry was done on samples from this layer.

5.5 Complexly Graded Layers

There are 12 complexly graded layers ranging in thickness from 0.6 to 3.2

m (Tabìe 4). Three complex layers var¡r ]¿1".ally, over distances of rip'to 25

m, in thickness by 16 to 70V0, but the thickness of the other layers is reiatively

uniform. Based on the abundance of olivine relative to clinopyroxene, 2 la¡rer

types are defined: (1) symmetrical distribution with a reversely graded lower

part and a normally graded upper part (layers 5c, 6b, za, zb, gd, and 14a);
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and (2) more variable distribution across layers, but u'ith broad symmetrical

trends and local discontinuities (layers 4b, 6a, 8e, 10a, 11c, and 12c); trends

are normal to reverse graded, reverse to normal graded, or repeated reverse to

normal graded. In contrast to other types of layers. complexly graded layers have

a mean thickness that is thinner (Table 4), layers are more widely distributed,

cumulus orthopyroxene is limited, and orthopyroxene oikocrysts are more widely

distributed. The maximum abundance of olivine occurs over 35% above the

base of type 2 complexly graded layers, but below 30% above the base of type 2

normally graded layers.

Four of the 12 layers form the base of zones and their basal contacts will

be described later as part of zone contacts. Contacts at the base of the other

complexly graded layers are either phase contacts (layers 7b, 8d, 8e, 11c, and 12c)

(Figure 38, Table 4), in combination with textural contact (layer 7b) or modal

contact (layer 11c), or are modal contacts (layers 4b, 5c, and 6b) (Figure 39).

5.5.1 Typ" 1 Complexly graded layers

Olivine/clinopyroxene has a symmetrical trend in 6 layers. Abundance of

olivine changes gradually across layers 5c, 6b and 8d, but the change is more

abrupt in layers 7a,7b, and 14a (Plate 1). Layers are largely olivine clinopyrox-

enites (layer 5c), olivine websterites (layers 6b, 7b, 8d and 14a) or feldspathic

olivine clinopyroxenites (layer 7a). Igneous lamination, defined by slight align-

ment of clinopyroxene, occurs in layer 5c.

The three layers in which olivine abundance changes gradually (5c, 6b and

8d), cumulus orthopyroxene is absent, and oikocrysts occur in layers 6b and

8d (Figure 31; Table 10). Layer 8d is the only one of these three layers that

contains cumu-lus plagioclase; plagioclase occurs at the top of the layer where

olivine/clinopyroxene is uniform in abundance. Clinopyroxene grain size is uni-

form and the abundance of clinopyroxene intergrowths is lorn', except in iayer

5c where maximum abundance of intergrowths is slightly above the base and

correlate r,r'ith maximum abundance of olivine and the occurrence of discrete
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Figure 38. Sharp, straight phase contact at the base of layer 8d. vVhite weath
ering lamina containing cumulus plagioclase occurs at the top of layer 8c (light 
coloured band in the center of the photograph). Stratigraphic top is to the top 
of the photograph. Pencil for scale. 
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Figure 39. Relatively sharp, but subtle, basal modal contact (marked by pencil) 
between olivine websterite (layer 6b) and underlying olivine websterite (layer 6a). 
Note mottled appearance in layer 6a (below the pencil) and the lack of mottling 
in layer6b. In layer 6a the mottled appearance is due to weathering of poikilitic 
orthopyroxene oikocrysts, but in layer 6b poikilitic orthopyroxene oikocrysts do 
not produce mottled areas. Stratigraphic top is to the top of the photograph. 
Pencil for scale. 
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postcumulus orthopyroxene (Table 10).

In contrast to layers where olivine abundance changes gradually, olivine

abundance in layers 7a, 7b, and 14a, changes abruptly and is higher; layers

7a and 7b also contain cumulus orthopyroxene. Cumulus orthopyroxene in iayer

7b occurs in a basal feldspathic websterite sublayer and an olivine websterite

sublayer near the middle of layer 7b (Table 10; Ptate 1). Cumulus piagioclase

occurs throughout layer 7a, in the lower half of layer 7b, but is absent in layer 14a

(Table 10). Orthopyroxene oikocrysts occur in layers 7b and 14a and generally in-

crease in abundance and size upwards. In layer 7b oikocrysts occur with cumulus

orthopyroxene in both thin sublayers, and elseu'here in the layer. Clinopyrox-

ene grain size is relatively uniform, except in the lolver part of layer 14a, where

clinopyroxene is coarser (Figure 31). There are also local patchy variations in

grain size in the lower part of layer 7a; in outcrop, patches of differing grain size

have a mixed appearance. Clinopyroxene intergrowths are absent.

Olivine-rich patches locally occur between oikocrysts in lherzolite from layer

7b. In outcrop, the patches have the same colour and weathering characteristics

as oikocrysts, but they are irreguiarly shaped and larger than oikocrysts.

Mineral chemistry was done on all iayers u'ith gradually changing olivine

abundance, but no mineral chemistry was collected from samples in layers with

abruptly changing olivine abundance. In layers with gradually changing olivine

abundance, no samples were analyzed from the upper half of iayer 8d and only

2 samples from layer 6b were analysed (Table 7). En/Fs, Cao, and Al2o3 are

relatively uniform, except in layer 6b where En/Fs is higher in the lower part of

the layer than the upper part (Figure 33). Cr203 is higher in the lower reversely

graded part of layers 5c and 6b than in the upper normally graded part (Figures

33 and 40). In layer 8d, though, Cr203 is slightly lower at the base and uniform

throughout the remainder of the lower half.

Chadacrysts were analysed in layers 6b and 8d (Tabte 8). Compared to

cumulus clinopyroxene, chadacrysts have similar En/Fs and Cr2O3, except in
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Table 10. Petrologic summary of complexly graded layers.
Typ" Layers Thickness

H

tJ

0,6 to 2.1 Clinopyroxene: L5-99Vor 0,13 to 13.2 mm cumulus
grains with poetcumulua ovcrgrowths; grain eize and
intcrgrowths in clinopyroxenc are relatively uniform,
although grain size in the lowe¡ 20 to 40 cm of layer
l4o ie alightly coarser than the reet of laycr 14a. In-
tcrgrowths o¡c more abundont slightly above the base
of layer 5c wherc olivine ie mo¡e abundant, but no
variation¡ occur in other layers; intergrowtha are
abgent in layere with mo¡e pronounced changes in
olivine / clinopyroren e.

Olivine: 0 to 80%, 0,12 to 6,3 mm, cumulus gtaine;
includca tp to 2Vo th¿t is cnclosed in clinopyroxene.
Thc meximum abundance of olivine occure 36 lo 8?yo
sbovc thc baee of layera.

Orthopyroxcncz O to 63.5Vo,0.09 to 20 mm graine
comprieing both cumulua (layer ?b) and oikocryatic
graina (layere 6b, ?b, 8d and l4a). Cumulus grains
rarely cxceed 5 mm, but oikocryets arc up to 20 mm,
exccpt in layer 8d whcre maximum sizc is about 14
mm,
Plasioclagc: LO to 89Vo,0.08 to 1.1 mm cumulug
grairie that occu¡ in thin gabbroic laycre in layer 8d,
throughout layer 7a and in the lowcr half of layer ?b.

9¡¡dgg: O-L.6%, 0.01 to_ 0.8 mm cumulue graine .

Míneralogy Inte¡nal va¡iations

Cumulatc assemblaree: (1) cpx { ot (layers 6c, 6b,
and 14a); and (2) cpx { ol * plae * opx (layers ?a,
7b, 8d)
Olivine/clinopyrorcene hae a aymmetric variation with
a revcrsèly graded lower part and normally gradcd up-
per part. Two aubtypee can be defined on thc bê6le
of naturc of traneition from rcvcrgc to normal grading
and degrce of variation in olivinc/clinopyroxcnc. In
subtype 1 layere 6c, 8b, and 8d thc reversc to no¡mal
traneition ia gradual and maximum olivinc abundancc
is 12 to 14% and occur6 bctwecn 36 and 43Vo ¿oove
the baee of loycrs; in laycr 8d thc eymmetríc varaition
ia topped by a uniform trend. In eubtype 2 layers ?a,
7b and 14a the trsnsition from rcvereely gradcd to
normally gradcd is morc p¡onounccd than in aubtype 1

and there ia grcatcr variation in olivinc/clinopyrolcne,
Olivine abundonce hoe a maximum of 61 to 60Vo,
which occur¡ 36 lo 67Vo above the baec of the leyer.
Layere that contain only eumulue clinopyroxene end
cumulus olivínc are L.? to 2,0 m thick and layets that
elao contein cumulug plagioclaee o¡ cumulug olthopy-
¡o*ene erc 0,6 to 2.1 m thick. A wcak igncoue lemi.
nation dcfined by clinopyroxene öccura in layer õc. No
gabbroic patchea.



Table 10. Petrologic summary of complexly graded layers (continued).
Type Layers Thickness

1,0 to 3.2 Clinopvroxene: lÐ-lOOTs,0.1 to 1€ mm, cumulus gra¡¡sCgmulate aseembla¡e: cpx .¡. ol * plag
with postcumulus overgrowths, Grain size is relatively Three general trends arc defincd that vary in degree
uniform. Abundance of intergrowthe is unifo¡m on¿ 

- from place to placc: (a) limited aymmetric, .orui"o
low in layers 8e and mogt of layer 11c; intcrgrowths to normal groding; near the top of each laycr therc is
increaee abruptly in the olivine-rich sublayerl ¡t"r- a relatively thin, olivinc-rich sublayer (layers 8e and
growths are obsent in layer 6a. In other iayers trcnds 11c); olivine has a maxi¡num abundance of 2gfto thal
ote symmetrical (layers 4b and 10a), increaee upwards ::lut".82V0 above the base of layer 8e and 23% about
(-layer 11c) or arc rnorc abundant ií the lower io mid- ïUo abovc the baee of layer 11c; local gabbro patches
dle part (layer 12c); where distribution is symmetrical, occ_ur in layer 8e; (b) the lowc¡ 10 to 20 cm ¡s nor.
intergrowths arê more obundont in the center of lay- mally groded, but abruptly changee to rcvê¡scly gradêd
crg. over most (layer 12c) or only a thin part of (layer
otivine: o-50%, 0.1 to 4..5 mm cumulus sraine with*! ,ttil.#.ìii,""t",in 

tå:;.,";;:ir".rïT,î:,ffi1.,r1î,irr"l:
lo lTo of the olivine encloeed in clinopyrãxenc' MBx' in laycrs 10a and 12c olivinc ha¡ a maximum abun-imum olivirie abundance occure I ro 92vo above the Jr;;. ;i iã1i-ioz and occurs I or g2vo above thcbaec of loyers' baee of loycrs, rcspcctively; and (c) doublc eymmetric,
Qrthopvrox.çnc: o lo 4oVo,3 to 20 mm poikilitic reversc to normal grading with hìgÎer olivinc contente
oikocryeta (layere 4b, 6a, Ec, and 12c) and no cu- occurring at two levelg in thc layci; (layera 4b and
mulue grains. Oikocryata in layer 8e range in gizc from6a); in layers 4b and 0a, olivine hae a maximum obun-
1.3 to 6.6 mm, but in othe¡ layers are up to 20 mm, dance of 12 or 6OVo that occu¡s 26 o¡ ETVo above the
Digcrete postcumulue orthopyroxene only occurs ¡n 1¡. base of layers, rcspectively, A wcak igneoue lamination
lowc¡ half of laycr 11c. Orthopyroxene ie abecnt in deflned by clinopyroxenc occure in layer 4b. In tayer'
layer 10a. 6a thcrc a¡c eevcral ult¡amafic patches that rangc in
pr¿sioçlas.c.: o ro Bevo, o;t. to 2.2 mm cumulus ,,,*", :i:;l:Tr'l""J, ti"ìrt""î"liÌ:iì:iîi;:" irrelular
occu¡ in 30 to 40 cm thich gabbroic sections at thc
top of layere 4b, 8e, and 1tc, Cumulue plagioclase
occu¡B at the base of laycr lOa, but.ie abeent in loycrs
6a and 12c.

Oxideg: O-27o, O.Ol !o O.? mm cumulue graine ,

Mineralogy

Cpx = clinopyroxene; OI = olivine; Opx = orthopyroxene; Plag = plagioclase.

Inlernal variations



Figure 40' Detailed stratigraphic variation -diasraT_of_type I complexly graded layer 5c, andType 2 complexly graded tãy*l 11c, r2c,-and le. uoaal"Jun*ã.r,." of olivine, clinopyroxeneand poikilitic orthoovroxene.oikocrj,st",'g."io."ir.,-;ã Ji;;;..*.ne chemistry of serecredoxides and rat'ios aie plotted to scl.le. 
' õu-ulrr. itugiã4"."-ãi.a o.tt opyro*"o" are plottedqualitatively according to stratigraphic location.
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layer 6b, where, in the upper sample, En/Fs is higher in chadacrysts tþan cumulus

clinopvroxene and, in the Lower sampie, Cr203 is higher in chadacrysts than

cumulus clinopyroxene (Tables Z and 8).

5.6.2 Typ" 2 Complexly graded layers

The 6 other complexly graded layers have discontinuous trends that include:

(1)timited symmetric' reverse to normal grading with a thin olivine-rich sublayer

in the upper 40 cm of layers (layers 8e and 11c)(Table r0); (z) a thin normally
graded olivine-poor part at the base that is overlain in turn by a reversely graded

part and then by either an ungraded (layer 10a) or a normally graded upper part
(layer l2c)(Table 10); or (3) reversely graded lower part overlain by a normaily
graded part rvith this pattern repeated upwards (layer 4b and 6a)(Table 10).

Igneous lamination, defined by slight alignment to clinopyroxene, only occurs in
layer 4b.

Layers 8e and 11c, which have limited symmetric grading with an olivine-rich
sublayer in the upper part of the layer, vary from olivine-bearing clinopyroxenites

(layer 11c) and olivine-bearing websterites (layer 8e) in the lower part of layers

to olivine gabbro (layer 11c), gabbro (layer 11c), and olivine gabbronorite (layer

8e) in the upper part. Cumulus orthopyroxene is absent, but cumulus plagioclase

occurs at the top of both layers (Figure 40; Table 10). Orthopyroxene oikocrysts

only occur in layer 8e (Figures 31 and 40). Discrete postcumulus orthopyroxene

occurs in the lower part of layer 11c, but none occurs in layer ge.

Clinopyroxene grain size is reiatively uniform, but is slightty coarser in the

middle of laver 11c than at the top or bottom of the layer (Fiugre 81). Clinopy-
roxene intergrowths are rare in layer 8e and generally low in abundance in layer
11c, except for an abrupt increase in the olivine-rich sublayer (Table 10).

Layers 10a and 12c, u'hich have a normally graded olivine-poor part at the
base overiain by a reversely graded middle part, are mostly olivine clinopyroxen-

ites' Orthopyroxene is absent and cumulus plagioclase only occurs at the base

of layer 10a (Table 10). Clinopyroxene has relatively uniform grain size in layer

105



10a, but in layer 12c, grain size is slightly coarser just above the base (Figure

31). The abundance of clinopyroxene intergrowths is relatively low and correlates

rvith grain size (Table 10).

Layers 4b and 6a, u'hich have a repeated, symmetrical, reversely to normally

graded trend, are olivine websterites. Cumuius orthopyroxene is absent and cu-

mulus plagioclase only occurs at the top of layer 4b (Table 10); olivine is rare

rvhere cumulus plagioclase occurs. In layer 4b, orthopyroxene oikocrysts are most

abundant at the base and decrease upwards, but in layer 6a oikocrysts are absent

nea¡ the base, and are abundant and uniformly distributed throughout the re-

mainder of the layer. Associated with cumulus plagioclase is an abrupt decrease

in clinopyroxene grain size; where cumulus plagioclase is absent clinopyroxene

grain size is relatively uniform. Ciinopyroxene intergrowths are relatively abun-

dant in iayer 4b, but are absent in layer 6a; intergrowths are most abundant in

the middle of layer ab (Table 10).

Several rusty weathering, irregular to angular, ultramafic patches occur in

layer 6a (Figure 41); larger patches parallel layering (Table i0).

Mineral chemistry was done on most layers except layer 10a, but samples

from layer 6a are restricted to the upper half of the layer. In layers having limited

symmetric variation (layers 8e and 11c) there is a marked difference in trends. In

layer 8e, En/Fs is uniform, but in layer 11c, En/Fs has a symmetric, decreasing

upwards to increasing upwards trend; the change in trend occurs at about the

olivine-rich sublayer (Figure 40). AI2OB is less abundant in the lowest sample

in iayer 8e, although relatively uniform above, but in layer 11c Al2Os decreases

uprvard, except above the stratigraphic interval r,r'he¡e olivine occurs, at which

point Al2O3 increases (Figure 40). Cr2O3 follows a similar trend to AI2O3 in

both lavers. Clinopyroxene chadacrysts were only analysed in two samples from

Iayer 8e. Compared to cumulus ciinopyroxene, chadacrysts have similar Cr2O3,

but En/Fs in chadacrysts is higher in the lower sample than the upper sample

(Plate 1, Tables 7 and 8).
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Figure 41. Slightly discordant, fine-grained patches of rusty weathering ultra
mafic material enclosed by poikilitic olivine clinopyroxenite, layer 6a. Strati 
graphic top is to the top of the photograph. Pencil for scale. 
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Clinopyroxene anaiyses lÃrere obtained from only one of the layers that have

a thin, normally graded lower part overlain by a reversely graded middle part In

the lor¡'er part of layer 12c, En/Fs is relatively constant except for an olivine-poor

sample in the lower part of the layer which has lower En/Fs (Figure 40). Cr203 is

low at the base, but is relatively uniform elsewhere. AI2OB and CaO are uniform.

In layers with a repeated pattern of reverse to normal grading, all oxides

and ratios have relatively uniform trend (Figure 33). In layer 4b though, one

analysis has much lower En/Fs than adjacent sampies (Table 7). Clinopyrox-

ene chadacr¡'sts have slightly higher values of En/Fs and Cr203 than cumulus

clinopvroxene outside of oikocrysts.

5.6 Discrete ultramafic occurrences

In addition to the ultramafic zones, clinopyroxene -l- olivine cumul.ates occur

AS:

f. irregular, elongate patches along the upper contact of the upper septum

(Figure 42); thickness ranges from 0 to 1.3 m; and

2. rare patches, up to 1m across, enclosed in the upper septum (Figure 42).

Enclosed in these clinopyroxene * olivine cumulates are up to 20T0,0.5 to

40 cm long, equant to ovoid to irregular serpentinite clots that contain up to 70%

magnetite. Larger clots are ovoid to irregular lyith rounded corners and smaller

clots are equant with rounded corners.

5.7 Discrete gabbro occumences

Plagioclase-bearing gabbroic material that is not obviously related to cumu-

lus processes occurs in 8 layers. This gabbroic material occurs as: (a) randomly

distributed to locally isolated, rounded, equant to elongate to irregular, fine- to

medium-grained patches, or (b) clusters of rounded, equant to ovoid to cylindri-

cai, medium-grained clots.

Patches, which occur in coarser-grained olivine websterite, olivine clinopy-

roxenite and websterite in layers 8a, 8b, 8c, 8e, 10a, and 11b, range in abundance

from ra¡e to 70% of a layer and have a diameter of 2 to 20 mm. Patches are
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Figure 42. Detailed outcrop map of zone 9 truncated by overlying ultramafic zone of cycle 10. 
Both ultramafic zones of cycles 9 and 10 have variable thickness along strike; con tact of cycle 
9 and the septum is locally irregular. A large mafic xenolith occurs at the base of cycle 11 in 
the south part of the outcrop. 
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medium-grained leucogabbro, gabbro and melagabbro, and some patches contain

up to 5%, fine-grained olivine. At the top of layers 8a, 8c and 11b and the base of

layer 10a, there are gabbroic layers that are similar in grain size to the patches.

Internaliy, most patches are uniform, but some are modally layered.

Contacts of the patches u'ith the adjacent ultramafic cumulates are sharp; in

layer 8a there is a 4 cm u'ide, black weathering rim on one patch, but similar rims

were not observed elsewhere. Elongate patches are largely concordant, but in the

lower three layers ofzone 8, layer contacts end abruptly adjacent to patches. Near

the top of layer 11b, a 10 cm thick section of ultramafic cumulates that contains

20Tc gabbro patches occurs directly belou' a sequence of gabbro, melagabbro and

olivine gabbro. The gabbro, melagabbro and olivine gabbro layer varies from 1

cm to severaf cm in thickness along strike; patches are more abundant where the

gabbroic layer thins.

Clots, which occur in layers 3a and 3c, range in abundance from 10 to 60%.

Equant clots have a diameter of about 0.4 to 3.5 cm and ovoid to cylindrical

clots are 9 to 60 cm long and 0.8 to 1.5 cm wide. Clots of similar shape tend to

occur in the same area, particularly in the lower part of layers, so that equant

clots occur in some areas, ovoid clots occur in others and cylindrical clots in

still other areas. In general, clots increase in size and abundance up\Mards in

each layer. Clots consist of medium- to coarse-grained leucogabbro, gabbro,

melagabbro and feldspathic pyroxenite; some clots contain up to 5% fi,ner grained

orthopyroxene. Contacts with adjacent clinopyroxenite are sharp, although in

layer 3c some coarser-grained clots have a grain size similar to that of adjacent

clinopyroxenite and vague boundaries. Some coarser-grained clots in layer 3c,

appear to form part of a discontinuous gabbroic layer.

5.8 Mineral variations in zones

Of the 13 zones that comprise 2 or more layers, variation in

oli'r'ine/clinopyroxene defines 4 different zonal trends. There are insufficient data

in zone 5 to adequately define trends and the lack of data in the lower part of
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zor¡e 4 makes identification of trends less reliable than in other zones. Based on

the mean oiivine to clinopyroxene ratio of each layer, rvhich was calculated by

measuring the area right of the trend line for each layer on Plate 1 and dividing

by layer thickness (Figure 42), zones are divided into:

1. ungraded trend (zones 3, 4, 9, and 10): mean olivine abundance is reiatively

constant across zones (Figure 43; Table 11);

2. normally graded trend (zones 61 7, lr,, and 14): mean olivine abundance

decreases upward; in zone 11 there is a discontinuity at the top of layer 11c

with a repetition in the trend in layers 11d to 11f (Figure 43; Table i1);

3. reversely graded trend (zones 1 and 8): olivine occurs in the upper part of

zones, but is absent in the lower part (Figure 43; Table 11); and

4. complexly graded trend (zones 12 and 15): mean olivine abundance is either

reversely graded in the lower part of zones and ungraded in the upper part

(zone 15) or normally graded in lower parts of zones and reversely graded in

the upper part (zone 12) (Figure 43; Table 11).

5.8.1 Zones that have ungraded trends

Zones that have ungraded trend consist of either 2 (zone 10) or 3 layers

(zones 3 and 4); zones 4 and 10 contain olivine and oiivine is absent in zone 3

(Plate 1). Cumulus plagioclase occurs as part of thin gabbroic layers in the lower

haif of zones 3 and 4 and at the base of zone 10; cumulus plagioclase only occurs

at the top of 1 layer, which is in zone 4, and does not occur at the tops of zones.

Cumulus orthopyroxene does not occur in any of these zones and oikocrysrs

occur in zones that contain olivine (zones 4 and 10). Oikocrysts decrease in

abundance upwards in zone 4 and increase in abundance upwards in zone 10.

Mineral chemistry was only collected fo¡ zone 3 and the upper 2f 3 of. zone

4 (Figures 33 and 43). There is no similarity in mineral chemistry variations in

zones 3 and 4 (Tabie 11; Figure 43).

5.8.2 Zones that have normally graded trends

Zones that have normaliy graded trends comprise either 2 layers (zones 6 and
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Table 11. Summary of ultramafic zones.
ZONE # ()F M¡NERAL MINERALTYPE zONES VART]q.TIONS CHEMTSTRY
tJNGR.¡\DTD

H
ts

NORMA.L

()lívinc/clirronvroxc¡rc ir ungraded, but thcrc is
nù pit¡(.rgrèphic. deta.fu¡ the l¡rwcr ¡rsrt úf zonc
åå"o'å"I"åR J" rûP"tl,l "liìr"'SL,?,,,i19rT3åt'T" 

i1,r,o",,,.
(Jr!hoDvtüxcne oik(rcrvßts è¡c comntorr in zoneF 4! 9
and 1O-. In zon_g 4 ùikúcrvstß dccrcese in atrr¡ndanceupwardc, but oikocsysts aic more al¡undani i; ìä;-uppe¡ part of zonc6 9 ¿nd 1O, Cumulr¡s plaqiocla¡c
o c.curs. i¡¡ m-ûB t- u n ßrad cd zon es, 5ä-Täïä-ä-ãìã-¡¡rbutroni plÀgio-cl66c occu¡s in the hiddlc Dart úfll¡c lowe¡ layqr in zo¡¡cs 3 and 4 and at tl¡è basc ofzúnc lOi plagiùclasc is abcent in zonc g.

Olivi¡¡c/cli¡roov¡ore¡re dccrcasc¡ upwô¡ds, bur rhc
atnount of <lcc¡easc vsrics frunr zonc ¡o zone¡ intú¡¡e 11, therc is 8n ¡b¡upt di¡continuirv at-tliJcontact bêtwccn the lowc; l¡alf of thc zãnc llav-
c¡s 11ð-c) thc uppcr half ùf rhe zonc ltave¡ì ¡.'1d-
f). C.umulrre ortl¡opv¡oxcne only occutd iñ zoncs
7 and 11: it¡ bo¡l¡ zone¡ cu¡nulus o¡thoDv¡oxencoccu¡6 tow¿¡da thc middlc of tl¡e zone.'trur i¡ abu¡¡-dânt in zonc 7 and ¡arc in zonc 11: in rhc middlápårt o{ zonc 7. cumulùs or¡huÞv¡ox¿¡rc uccu¡s intwo aublryers a€Þs¡¡iêd by oliïìne cli¡oovrox¿n-itc. ()¡!ho?vroxénc oikoc¡Vsts occu¡ in àfl z"ncs
Fu-t_yalie8.¡n dis!ributiün and .abu¡rdarrçc. ¡n zoneso ôno y orx(rctyal6 a¡c mo¡c âbu¡¡dant in tltc uD:pe¡ pqrt of the zonc than tl¡ê lowct Dèrt¡ in zohe¡11 and 14 oikocry6t6 dcc¡easc in abuñd¡ncc uo-
lvards ônd èrc absent in thc uppcr half of thi zonc.C)ikocrysts (,nlv ùccr¡¡ in the ûiiãdle til,ei of zorã-'-/. !t!¡!4utu6 rtag¡oclêac occu¡6 Àt t!¡c top of zotrca
5. 7. Bnd 1{r bur in zùne 14 plasiocl¿se occurs in
À- Fðbbro aublcyer th¡t ic discbnt'inuou¡. Plarit,cl¡¡eatßu.occu¡t th¡ùughout tl¡c lrrwc¡ l¡alf of zonè ?.Fla&¡oc¡aae ûccu!6 at thc toÞ <¡f thrcc lavcre in zonc11. but. not 6t tl¡e top of rlic zonc. No þlagioclaecoccuta ¡n zone u.

REVERSE

COMPLEX

Ir{incral cùcmi8try w6-a not donc utr zoneß 9 and 10,
þuf t¡c¡dß, End ðbqr¡dqnccs a¡c diffcrent in z.o¡¡c6J anq {. ¡n zÚne 4 yÀltre6 À¡c rclEtivclv uníIiriiri.b.ur in zone 3 En1Fo, AI2O31 ¿na Caçi"t¡ivc tiãide
l_1.-1- lJ9 alnrmcr¡ic ir¡c¡cssing upwerds ro decteanìngupwå¡Oai çr?Ui dcc¡caaea uÞwè¡da in Zone 4 ènd ió
ui¡ifo¡m in z-<,nc- 3.

Olivine is Bbacnt in thc lowe¡ half, but oc-
cu¡s in thc upÞer hslf of zonc6 1 end B.Cumr¡lr¡s (rrthò-py¡o!ç¡e gccu¡s í¡¡ both zoncs, bur
i!9_4jF_!lib!,tiott diffcrs from rhat .of oJivinc is (harcumu¡ua o¡tnúp!¿roxenc tl ta¡ore abundant And dùet
¡rð q¡ë¡¡¡uullu¡ ¡tom ¡¡la¡ -o¡ ol¡vrnc tB tnètcumu¡ua o¡rnúp!¿roxenc tl ta¡ore abundant And dùe6nol vè¡y rtpwarda in zrrnc I compsrcd ro zonc B¡ izottc E cuñuluF (rrthùÞvrúrcnc is- lee¡ abundan¡ sn(dccreèac6 upwarda, CÌilrop¡rroxcnc oikocrvsts occu¡
¡n pat!o of zonc I tl¡at du trot cuntsin olivi¡rc ¿ndoccu¡ .ir¡ RÉrtr of zonc I tl¡ãt do contein olivi¡re,Uumulur I'laErocla6e OCcu!6 at thc túb of lavers ir¡Cumulu¡ Þliqiotlaiè- Jcã'"" at ìi,c-ì;t-äf l;i;;i'i"
bù¡h zorrc8. -crccpa l8yêr 8b where plagioclaec <,c-bo¡h zo¡rcs. crcc¡rt loyct 8b where plÁcioclètc <,c-cura at tl¡c ba6e 8nd laycr 1b whcre pìagioclaec incuta al
sbBcnt,

Mirrgral chcmistty wè6 t¡ot donc i¡r zonc ? and thctehrc inlsuff¡cicnt d¡,ta.tu dcfir¡c (tcnd6 ¡rr zahe 14. ¡nzorrc u. ¡t¡¡ncral cl¡ctu¡atty ¡6 unifortlr! but i¡t zunc 11jthc¡c is (1) arr upward¡ incrca¡c irr'Ðn/Fo in the
lowe¡ p¿¡¡ of zonci (2) an abrupt i¡rcreasc iD èt thc
contêcl beawect¡ thc lowc¡ l¡Àlf of zone 11 flaverr
a-c) and -thc uJrpcr lralf (layera c-f) an<t (!J fpwar<fsdecic¿se ¡n C¡,Ò3. in- rhì u-pper hátf o¡ àict ?r;¿3
l¡84 a lúwc¡.vÊluc in leycr 11c rclatiwe to ovcrlyiirgåno undc¡tyrnß ¡èyct6.

Olivinc/clinooy¡oxcne l¡as a rymmct¡ic normally
g¡odcd to acvcricly gra<lcd trcnd in zunc 12. brrr ir¡zot¡c 15 lhc_ l(rwc¡ pÀrt io normally gradcd Àr¡d theuPpcr pa¡r i6 unßrðded, Cumulus oitltoDvroxcne
ir -¡catricred tù aunc rg ;Iich 3l-.-;;î;çi;-:-o¡¡¡¡o.Dyaoxene ú¡k(rcrvnla.tl¡ðt hève À 6ytnmctric re_
ve-¡acly ß¡adcd tú- r¡o¡mally g¡adcd di¡¡ribution¡ ra¡eo¡koc¡yrtr uccur in zonc 12.- Cu¡nulus Plagi<¡clasc
uccu¡a ôt tl¡c top of laycre 126 and lsb only.

lo zúnc 8¡ in
abundan¡ sr¡d

occu¡

No minc¡al chcmiatry was collccted in ronc l. butin ¿onc a. En/Fs. C'rc()r ¿nd Al¡C)r dectea*c uo-
werd¡ ir¡.thc iowc.t pÁrt -of thc zoïcl bur thc¡e ii anaorup¡ qrscúñt¡nu¡ty õt tlte contacl trctwecn lsve¡s8c 6nd 8d. Cr2C)3 and ÂþOg are highcr in låycrs
8d-e thèn in la-ycr-e 8a-c, çar¡ ¡s un¡to¡mr

Minc¡al chcir¡ßt¡y w8r not collcctcd for ahc uooc¡l¡ê¡f of zor¡c 15.'Itr ahc lowe¡ Þê¡t of l¡otl¡ zohägc¡inopyrorcnc cl¡ctn¡rtry i¡ unifo¡m. In thc upoc¡para of zonc 12, En/Fh ¿¡¡d C¡¡Oe arc hichei'th¡n
in thc lowcr pÀrt, but CeO ¿nd A'12Q3 arã un¡form
acrosß thc zone,



14), 3 layers (zone 7) or 6 layers (zone 11). The trend of olivine/clinopvroxene

in zone 11 is repeated with a discontinuity between layers 11c and 11d (Figure

a3). In zones 11 and 14, which are thicker than other zones, cumulus plagioclase

occurs at the top of some layers (Table 11).

Cumu.lus orthopyroxene occurs in the lower half of zone 11 and locally

throughoul zone 7, but not in other zones. Oikocrysts decrease upwa"rds (zones

14, 11), increase upwards (zones 6) or have a maximum abundance in the middle

of the zone (zone 7) (Table 13); in the upper half of zone 11 oikocrysts are absent

as they are in the upper and lower parts of zone 7.

Mineral chemistry was not done for zone 7 and is insufficient in zone 14 to

define trends (Table 7). En/Fs, AI2OB and CaO are uniform in zone 6 the lower

part of zone 11 and the upper part of zone 11 (Figure 43). Cr2O3 is also uniform

except in the upper half of zone 11, where Cr203 decrease upwards (Figure 43).

5.8.3 Zones that have reversely graded trends

Zones that have reversely graded trends comprise 2 layers (zone 1) or 5 layers

(zone 8) (Figure 31). Olivine is absent or only occurs in trace abundances in the

lower 60 fo 70% of both zones. Both zones underlie septa, but are separated from

the septa by mafic zones of different thickness (Figure 31).

Cumulus orthopyroxene has a similar trend in both zones, but is more abun-

dant in zone t than in zone 8 (Figure 43); cumulus orthopyroxene is absent in

the top half of zone 8 (Plate 1). Cumulus plagioclase occurs in all layers except

the top layer of zone L. Except in layer 8b, plagioclase generally occurs at the

top of layers (Table 11).

Although both zones have oikocrysts, oikocryst distribution is different. Or-

thopyroxene oikocrysts occur in the lower 60% of. zone 1 and the upper half of

zone 8 (Figure 43).

No mineral chemistry was collected in zone 1 and therefore no comparisons

between zones can be be made. In zone 8, there is an abrupt discontinuity in

trends of Cr2O3 and Al2O3 at the boundary betu'een layers 8c and 8d from lower
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values to much higher values (Figure 43). En/Fs in zone 8 decreases upwards

and CaO is uniform.

5.8.4 Zones that have complexly graded trends

Complexly graded zones comprise 3 layers and define two trends:

1. olivine/clinopyroxene is reversely graded in the lower part and ungraded in

the upper part (zone 15) (Plate 1).

2. olivine/clinopyroxene is normally graded in the lower part and reversely

graded in the upper part (zone 12) (Plate 1).

Comparison of zones 12 and 15 indicate fern' similarites. Cumulus orthopy-

roxene is absent and oikocrysts are rare in zone 72. In zone 15 cumulus orthopy-

roxene occurs in local sublayers and oikocrysts are abundant in the center and

upper parts of the zorle. Cumulus plagioclase occurs in both zones, but varies in

distribution (Table 11); cumuius plagioclase occurs at the top of one layer from

each zone (Plate 1).

Comparison of minerai chemistry between zone 12 and the lower half of zone

15 indicates that in the lower half of both zones, En/Fs, Cr203, Al203, and CaO

have uniform trends (Figure 43). In zone 12, En/Fs and Cr2O3 are higher in the

upper part of the zone than in the lower part (Figure 43).

5.9 Zone contacts

The lower and upper contacts of ultramafic zones are sharp, although lower

contacts to zones 1,4, and 6 are not exposed; lower contacts to zones 2 and 9 are

vvith septa and the lower contact of zone 10 is with an ultramafic zone. Along

the section line, contacts between ultramafic zones and mafic zones of underlying

cycles are (a) straight, (b) wavy, or (c) irregular. Between the ultramafic zones

and the mafic zones there are 5 straight contacts, 3 wavy contacts and 1 irregular

contact. All contacts appear relativel-v concordant, except at the base of zone 10

(Figure 42).

Contacts that are wavy occur at the base of zones 5, Z, and 11. Wavy

contacts have amplitudes up to 10 centimetres. Contacts 9 and 10 are also wavy,
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but do not overlie mafic zones; zone g directly overlies the upper septum and its

form is probabiy controiled by waviness of the top surface of the septum and zone

10.

At the base of zone 15, the contact is irregular. Commonly, gabbroic material

extends upwards for several tens of centimetres into the ultramafic rocks. Fine-

grained, equant to ovoid, gabbro patches, 5 to 20 cm long occur in the lower 60

cm of the lowest ultramafic layer; ovoid patches parallel layer contacts. Patches

were not found associated with other types of contacts.

The contact at the base of zone 10 is discordant to, and cuts across, zone

9 (Figure  2). No mafic zone occurs in cycle 9 and zone 10 is in di¡ect contact

rvith the ultramaflc rocks of zone 9. The thickness of zone 9 also varies markedlv

along strike and in zone 9 is locally absent.

Contacts between ultramafic zones and overlying mafic zones of the same

cycle are (a) straight or (b) irregular. There are 8 straight contacts and 7 irregular

contacts. Irregular contacts are characterized by: (1) centimetre to metre scale

discordant relationships, with fingers of clinopyroxenite extending upward into

the mafic zorLe; (b) angular blocks of gabbro that are partly detached from the

overlying gabbro and hang down into the ultramafic zone; and/or (c) angular

to rounded, blocks of pyroxenite that are enclosed in the basal part of overlying

mafic zones. The degree to which any one of these features has developed varies

from zone to zone.

Upper contacts of zones 1, 2, 8, and 13 are slightly irreguiar with convex-

upward, clinopyroxenite fingers that extend upward as much as 30 cm into mafic

zones. Centimetre-sized pieces of clinopyroxenite, which are angular to rounded

and vary in shape from equant to elongate to irregular, occur in the lower part

of overlying mafic zones (Figure 44).

Upper contacts of the three thickest zones, zones 3, 5 and 11, are highiy

irregular. Medium- to coarse-grained clinopyroxenite, with grain size up to 5

cm, occurs as fingers that extend upward as much as 50 cm into the mafic zoîe.
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Figure 44. Sharp, wavy contact between olivine clinopyroxenite and overlying 
gabbro at the top of the ultramafic zone, cycle 13. Small contorted fragment of 
pyroxenite (coarse-grained, dark grey) occurs in gabbro. Stratigraphic top is to 
the top of the photograph. Pencil for scale. 
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In the fingers, clinopyroxene grain size increases upwards. Layers in the loli,er

parts of mafic zones are truncated, but are not folded or otherwise disturbed.

Discrete gabbro blocks that are up to 50x100 cm in size occur in the upper part

of ultramafic zone 11 (Figure 45). Larger gabbroic septa, 15 to 50 cm thick and

more than 5 m iong, are partly detached from the mafic zone by semiconcordant

clinopyroxenite fingers (Figure 45).

5.10 Geochemistry

Thirty-one samples were analyzed for major and trace element geochemistry.

Most samples were selected from the center of an ultramafic layer. In several lay-

ers two samples were selected because of: a) rapidly changing modal abundance

of olivine in the center of layers; or b) patchy distribution of poikilitic orthopy-

roxene oikocrysts in the center of layers. AII analyses are iisted in Table 12 and

have been recaiculated on a volatile-free basis to detemine molecular norms (Ta-

ble 13). The amount of Fe2O3 and FeO was not determined and total Fe is listed

as FeO*. The recalculated data have been compiled into Plate 1.

For sample preparation, weathered surfaces were cleaned and large fractures

cut out to iimit alteration affects. Sampies were crushed and pulverized in the

Department of Geological Sciences, at the University of Manitoba using a steel

jau' crusher and an agate swing mill. About 3 g of powder per sample vrias

analyzed on a Phillips PW1410-AMP x-ray fl.uorescence spectrometer for major

elements and the trace elements Ba, CrrZr, Sr, Rb, Y, Nb, Zn, Ni, and V at the

University of ottawa. Standards used we¡e PCC-I, MRG-I, UB-N and DR-N.

Trace element dataless than 10 ppmis reported as <10. PzOu, Zr, Rb, y, and

Nb are below detection limits and are not listed.

Four samples were analyzed for Pt, Pd, and Au (Table 13). Ten grams of

sample r¡¡ere prepared by fire assay and analyzed using ICP at Acme Analytical

Labs in Vancouver, 8.C..

Twenty-six of the 42 layers were geochemically analyzed; no samples were

analvzed from zones 1, 21 9, and 10. Data are too sparse to determine upward
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Figure 45'-Irre-8ular contact between_the mafi.c zone (ruled pattern) and ultra-
Tf" zone (hatched pattern)-of cycle 11; overburden isìot patterned. Relatively
1H". s?lbro rvedges, partly'detaãhed fråm ove.iyi"g *"n r^ ron" uy ,*Jloncor_dant clinopyroxenite 

{ngers, h_.og down into the ultramafic zorre. Arrow showsdirection of stratisraphic tops-(r) ãld. straight ti".r i-i represent layering strike.
prawing from phãtographs i"tìí obhque to outcrop surface; no corrections haveDeen made.
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Table 11. Major and t¡ace element geochemistry from selected ultramafic layers.

Somple
Loyer
Lirhology

SiO2
TiO2
á,12O3
FcO'
MaO
Mso
CôO
Na2O
I(zO

LOt
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Table 12' Normalized major element geochemisiry and normative abundances.

Sample
Layer
Lithology

SiO2
TiO2
Al203
FeO*
MnO
Mso
CaO
Na2O
IKzo
Ms#

No¡malized Major element analyses (weight percent oxide)

472
3b
1

467
3c
1c

52.05
0.22
2.38
7.14
0.15

1 5.70
21.9 0
o.n:

?9.66

s1-48
4¿
2

51.88 49.77
o.22 0.18
2.46 4.00
8.98 9.90
0.18 0.22

15.50 18.18
20.11 1?.16
0.61 0.60
0.01

75.46 ?6.59

flmenite
Orthoclase
Âlbite
.A,no¡thite
Diopside
Hypersthene
Oüvine
Nepheline
Tot¿l

(Volatile free)

08
4a
2

10
4b
2

49.70 51.06 50.73 51.6s
0.17 0.18 0.18 0.1?
4.79 3.5s 2.24 2.2r
9.?0 8.86 10.?8 9.83
0.22 0.22 0.24 0.23

77.76 16.94 17.61 1?.53
17.18 18.53 77.75 18.03o.n: o.u: o.n: 0.3s

0.30

1.93
4.44

82.86

9.42
r.25

I 00.00

33 34 40
5¿ 5a 5b
1a 1a L¿

0-30
0.06
5.45
3.93

76.37
0.90

L2-99

0.25

5.30
8.0I

60.55
o.32

25.49

Sample
Layer
Lithology

?6.54

Molecular Norms

77-3t

0.23 0.25 0.25

SiO2
TiO2
Al2O3
FeO*
MnO
Mgo
C¿O
Na2O
Kzo
Ms#

44
ðc
1d

5L.42 51.72
0.17 0.14
2.18 2.50
9.72 7.49
o.23 0.19

77.44 17.43
18.17 20.23
0.67 0.35

76.1; 8o.s;

4-25 5.76
10.76 6.6I
58.58 67.27
2.90 1.54

23.28 18.49

No¡malized Major element analyses (weight percent oxide)
(Volatile free)

22la
7b
3

74.43

30
5e
1b

?6.06

233

1c

44.93 51.19
0.08 0.18
1.33 5.68

17.04 6.93
0.22 0.22

31.71 14.88
3.98 19.9E
0.72 0.91

- 0.03

76.83 79.28

199
6a
1a

53.23 46.52
0.13 0.11
2.s4 2.03
7.85 14.93
0.20 0.27

17.16 27.29
16.34 8.40
o.u1 o.n:

79.57 ?6.51

4.27 3.11 5.95 3.10
3.92 4.42 2.91 5.18

66.70 67.40 68.98 ?5.04
4.83 10.82 3.32 1.?3

20.02 14.01 18.61 14.?6

0.23 0.23 0.19

241
8e
2

Ilmenite o.1r o.2s o.2z o.2o o.mO¡thoclase 0.1? O.l2.A.lbire 6.13 4.49 4.17 4.28 2.as 4.oz 1.84 B.s6Àno¡thire 0.98 11.18 B.2o s.s7 5.86 4.tB 6.48 16.86Diopslde 14.6? 69.83 66.15 S1.S9 69.49 60.55 61.80 65.09Ilypersthene 12.18 6.89 Z.8g 4.SB 8.19Olivine. 66.54 L2.4g 19.60 83.96 Ls.T4 26.56 Zt.4B t4.Szr\epnellne 2.75 1.64 0.ls

308
1la
1a

s0.30 49.15 51.b0
0.17 0.15 0.18
4.33 2.t5 2.7r
8.92 11.38 7.54
0.18 0.22 0.16

76.73 22.38 18.19
18.58 14.09 19.00o.t: o.n: o.r:

311
1la
1a

0.18 0.1s

4.83 3.97
4.49 3.34

6E.95 29.39
11.18 11.76
10.36 51.38

315
r1b
1a
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76.97 77.80

316
11b
1d

50.42 50,74
0.16 0.15
2.37 2.78
8.85 8.02
0.17 0.16

21.14 20.63
16.52 17.30
0.46 o.r1

322 326
l1c lld
lb3

Molecular Norms

I 1.1.3

50.52
0.15
6.E0
6.75
0.17

75.23
19.95
0.43
0.02

80.0880.97

ti"'.i";ül'liJ^'j:-':J-1i::Ï1,'-",-1':?it":s..cri:"-Py:oxcuite; 1c'opx-beerins

330
11d
1b

44.65
0.08
2.33

16.53
0.19

31.58
4.96
o.rr_

77.29

332
11e
1a

51.84 51.90
0.17 0.16
2.49 2.3?
7.79 8.10
0.18 0.18

1?.66 18.51
19.20 17.85
0.66 0.92

0.20 0.23 0.22

3.50 5.83 8.09
7.25 3.77 2.29

17.80 ?1.96 6?.5s
10.97 1.08 1.52
67.28 17.L2 20.33
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Table 12. (continued)

Sample
Layer
Lithology

SiO2
.l.iô^

Al2O3
FeO"
MnO
ir{gO

Na2 O
Kzo
Ms#

No¡malized Major element analyses (weight percent oxide)
(Volatile free)

336
r1f

1

349
72a

JZ.JO

0.23
¿.to
6. 79
0. 18

16.82
20.65
o'u1

81.5 3

12b

50.32 52.03
0.72 0.14
2.08 2.47
9.24 7 .39
0.19 0.19

2r.32 17.32
16.21 20.70
0.51 0.34

- 0.01

E0.43 80.68

Ilmenite
O¡thoclase
,4.1bite
-A.northite
Diopside
Hypersthene
Olivine
Nepheline

354
!2c

356
72c
1a

50.49 47.77
0.12 0.10
2.34 2.18
8.05 70.72
0.18 0.19

21.06 26.41
77.12 L2.77o.ul o.t:

82.34 81.44

0.3 2

Total 100.00 100.00 100.00 r.00.00 100.00 100.00 100.00 100.00 100.00 r00.00

s.49 4.46
3.07 3.30

78.37 60.01
0. 1 5 4.77

1 2.6 1 27 .97

363
13a
1a

Lithologies: l.clinopyroxenite; 1a-..olivine Clinopyroxenite; -1b-.ol-bcaring Clinopyroxenite; r".opf5llÇClinopyroxenite; ld.opx-bearing olivine clinopyroxenite;2.ólivine Virebsteiite; B.Wehrlite. Feo+=total Fe

0.1 6

380
14b
ao

49.94 50.34 51.99
0.11 0.14 0.17
2.32 3.35 2.73
8.10 7.90 7.55
0.17 0.14 0.19

22.96 20.64 17.20
75.92 t7 .O2 I 9.8 0o.n: o.n: o.r:

variations ac¡oss layers or zones. Most analyses are hypersthene-normative, but
not qua¡tz-normative (Tabie 13). values of Au, pt, and pd are lovr, (Table 13)

5.11 Petrologic variations i'the Mafic-ultramafic Group
\4lhen olivine/clinopyroxene is averaged for each zone, there is an appar-

ent symmetrical stratigraphic variation relative to the lower and upper septa.

Olivine/clinop-Yroxene increases upwards from zone 2 through zone 6, but is lower
in zones 7 and 8 (Figure 46). Above the upper septum olivine/clinopvroxene
follorts a simiia¡ trend b5' generally increasing upt'ards through zone 14, but
decreasing in zone 15 (Figure 46).

Cumu-lus orthopYroxene and poikiiitic orthopyroxene appear to have a ran-
dom distribution relative to the lou,er and upper septa. Cumulus orthopyroxene
occurs immediately belorv the lorver septum; betr¡,een the septa, it is most abun-

722

0.19 0.16 0.13 0.1 5 0.19 0.23 0.20 0.22
0.0 6
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Figure 46. Average olivine
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dant in zone 71 above the upper septum, it occurs in several widely scattered

layers (Plate 1; Figures 3i and 43). Orthopyroxene oikocrysts are more widely

scattered than cumulus orthopyroxen (Figure 43). Cumulus plagioclase does not

correlate u'ith changing modai ratios or abundances of other cumulus phases.

Generally, En/Fs and cr203 in clinopyroxene are higher above the upper

septum than between the septa. (Figure 43, Table z). Between the septa En/Fs
and Cr2O3 in clinopyroxene do not cor¡elate with variations in oiivine abundance;

cr2o3 is highest in zone 6. Above the upper septum, En/Fs and cr2o3 appear

to correlate with variations in olivine abundance. Both En/Fs and Cr2O3 ar€

highest in zone 13; whole rock Mgf is highest where En/Fs is highest (plate 1).

Oxide chemistry was done on grains from various stratigraphic locations,

but the lack of oxides in many samples prohibits determination of upward trends.

Generally Mg/(Mg+F"2+) and Cr/(Cr+Al) in oxide grains mimics values from

clinopyroxene chemistry (Ptate 1).
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CHAPTER 6
DISCUSSION

Layering in ultramafic rocks has iong been recognized as a reflection of frac-

tionation processes, but few detailed layer by layer studies exist (Irvine, 1g20,

7974, 1987a; Raedeke and McCallum, 1984). Furthermore, most studies have

focussed on large intrusive bodies in which relatively thick sections of ultramafic

rocks form the lower part of the intrusion (e.g. Bushveld, Stiliu,ater, Muskox

and Jimberlana); models developed for crystallization in magma chambers have

generally come from study of these intrusions. At Reed Lake, ultramafic rocks

occur in thin, repeated zones, each comprising several layers, within a domi-

nantiy gabbroic sequence. Many studies have been made of other smaller mafic-

ultramafic intrusions in Precambrian volcano-sedimentary belts (Watkinson and

Irvine, 1964; MacRae, 1969; James and Hawke, 1984; and Anhaeusser, 1gg5;),

but most have focussed on overail fractionation trends and relationship with ad-

jacent volcanic sequences; few studies have examined layering in detail (Scoates

et a1.,1986)

The Reed Lake Pluton is a well layered body ihat comprises three major

groups. Only vertical variations u¡ere examined and only cursory examination

was made to mafic zones, thereby restricting discussion to vertical changes. Re-

connaissance mapping north and south of the section line suggests that there are

lateral variations.

6.1 Recognition of pseudomorphs

In the Mafic-Ultramafic Group, clinopyroxene is largely preserved., but most

other silicate minerais are replaced by secondary minerals. Traces of relict olivine

were found in the upper part of the group. Precursor minerais were identified bv

pseudomorph shape and products of recrystalli zation.

6.1.1 Olivine vs. Orthopyroxene

Pseudomorphs after olivine and orthopyroxene can normalty be distinguished

by differences in shape and mineralogy. Pseudomorphs after olivine are Rener-
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ally composed dominantly of serpentine, whereas pseudomorphs after orthopy-

roxene are dominantly actinolite and chlorite (Table 3). Some pseudomorphs

after olivine, however, are composed of tremolite + chlorite + Fe-Ti oxides +

carbonate, and the distinction between these pseudomorphs and pseudomorphs

after orthopyroxene, or possibly after pigeonite, is more difficult. Pigeonite is

an unlikely primary phase because the high Mg/Fe of the clinopyroxene is in-
compatible rvith primary crystallization of pigeonite (Hess, 794I; Fleet, lg14).

Even if pigeonite did cryst allize, it should have inverted to orthopyroxene during
cooling. The problem is thus the distinction between pseudomorphs after oiivine

and orthopyroxene.

In the uitramafic zones, pseudomorphs that consist of tremolite + chlorite

+ Fe-Ti oxides + carbonate, were identified as replacements of oiivine by one or

more of the following:

1. pseudomorphs are anhedral to euhedral, equant to ovoid grains (Figure iZ);

2. tremolite + chlorite is restricted to pseudomorphs in samples that also contain

abundant oikocrystic orthopyroxene, now replaced by actinolite * chlorite,

and/or where olivine abundance is relatively low compared to the abundance

of clinopyroxene;

3. in one sample, pseudomorphs of similar size, shape and internai distribution
of secondary minerals only differ because chlorite occurs in some pseudo-

morphs and serpentine in others (Table J); and

4. chlorite occurs largely as a multicrystal mat that is surrounded by optically

continuous tremolite or crosscut by multicrystal tremolite (Table B).

In the Reed Lake Pluton, the replacement of olivine by tremolite * chlorite

appears to be a function of the abundance of clinopyroxene or orthopyroxene rel-

ative to the abundance of original olivine. Pseudomorphs that contain abundant

tremolite and/or chlorite occur in samples where the abundance of these pseudo-

morphs is relatively low. Tremolite is most abundant in samples with abundant

clinopyroxene and chlorite is most abundant in samples where the abundance
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of orthop¡¡roxene oikocrysts is high. The occurrence of different pseudomorph

assemblages after olivine in the same sample probably reflects local variations in

alteration and replacement of olivine. In other intrusions. tremolite * chlorite is

a common replacement product of olivine, but is ascribed to higher degrees of

recrystalliza,tion than occurs at Reed Lake (Williams, I}TI; Raudsepp, lg7g).

Chlorite-bearing pseudomorphs after olivine were further distinguished from

chlorite-bearing pseudomorphs after orthopyroxene by:

1. chlorite occurs in aggregatès of randomly oriented grains in the core of pseu-

domorphs after olivine, but in pseudomorphs after orthopyroxene chlorite

occurs largely as single crystals that probably reflect cleavage directions of

the original orthopyroxene; and

2. many pseudomorphs of chlorite after olivine contain an a.ggregate of fine-

grained tremolite similar to aggregates that occur in the core of serpentine

pseudomorphs after olivine (cf. Figures 15 and 17); similar aggregates were

not observed in pseudomorphs identified as replacements of orthopyroxene.

In rare pseudomorphs that were identified as replacements of olivine, chlorite

occurs as single crystals much like chlorite pseudomorphs after orthopyroxene. In

these pseudomorphs there are margins of single crystal tremolite, and multicrystal

tremoiite occurs in the core in a similar manner as in other pseudomorphs after

olivine.

6.L.2. Clinozoisite in orthopyroxene oikocrysts

Other than the probiem of distinguishing some pseudomorphs after olivine

from pseudomorphs after orthopyroxene, the only other problem in recognition

of primary minerals is the occurrence of clinozoisite in some pseudomorphs after

orthopyroxene oikocrysts. Although clinozoisite is a common replacement prod-

uct of plagioclase, both in the Reed Lake Pluton and elsewhere. clinozoisite has

not been reported as a replacement product of orthopyroxene.

In the Mafic-Ultramafic Group clinozoisite in oikocrysts has the following

characteristics:
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1. clinozoisite grains are randomly distributed, occur in multigrain aggregates

that are irregular or tabular in shape, or occur as massive replacement (Table

3);

2' clinozoisite is most abundant in areas of more intense recrystallization or in

stratigraphic intervals that also contain plagioclase;

3. clinozoisite most commonly occurs adjacent to chadacrysts of clinopyroxene

or in the marginal part of oikocrysts, adjacent to cumulus clinopyroxene

outside of the oikocryst (Table 3); and

4' clinozoisite varies from trace to gg% of oikocrysts, both on the scale of indi-

vidual pseudomorphs and among pseudomorphs from a sample; the remain-

der of these oikocrysts consists of chlorite and in some pseudomorphs lesser

abundances of carbonate.

Massive replacement of oikocrysts by clinozoisite in samples where cumulus

clinopyroxene has only been partly replaced suggests that some oikocrysts may

have originally been plagioclase rather than orthopyroxene. However, the r,r'ide

variation in abundance of clinozoisite in oikocrysts, both between and within

samples, and the similarity in habit of oikocrysts replaced by clinozoisite with

oikocrysts that are mostly to completely replaced by chlorite suggests that these

pseudomorphs are after orthopyroxene rather than replacement of plagioclase

oikocrysts.

The problem is then the reason for the occurrence of ciinozoisite in these

oikocrysts. In some samples clinozoisite has a patchy, tabular habit and could

be pseudomorphs after chadacrysts of plagioclase within orthopyroxene. These

tabular patches of clinozoisite occur in the center of oikocrysts, occur adjacent

to ciinopyroxene chadacrysts, and occur locally in areas where pseudomorphs af-

ter cumulus plagioclase occur outside of the oikocrysts. On the other hand, the

association of clinozoisite patches with ciinopyroxene chadacrysts and the irreg-

ular habits of many aggregates of clínozoisite (Table 3), suggest that clinozoisite

development may have been due to local variations possibly related to submi-
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croscopic alteration of clinopyroxene. \Mhether the clinozoisite occurs because of

replacement of original plagioclase chadacrysts or by variations in replacement of

the clinopyroxene is unknown.

6.2 Composition of the magma

In most plutons, original magma composition can be determined from anal-

yses of chilled border phases or calculated from a representative suite of chemical

analyses that are weighted relative to stratigraphic height. In the Reed Lake Plu-

ton, crystallization initially produced layered gabbros of the Lower Mafic Group.

Analyses of chilled margin phases, if available, would not give the composition of

the magma from which the ultramafic zones crystallized.

In the Reed Lake Pluton, no olivine was analyzed, but in a suite of 15 olivine

clinopyroxenites that contain only olivine and ciinopyroxene, and in which olivine

abundance ranges from 0.6 to 65.5Y0, forsterite contents were calculated from the

difference between bulk composition and clinopyroxene composition. Caiculated

olivine compositions range from Fo* to Fou, (Table 14; Figure 47).

Olivine has a wide range in calculated forsterite content compared to the

reiatively restricted range in 100Mgz+ l(Mg2+ + Fe2+) of clinopyroxenes (Table

7, Figure 47). There are several possible reasons for this large variation in Fo.

1. Olivine and clinopyroxene compositions may have been modified by inter-

cumulus fluid. Clinopyroxene comprises both cumulus and postcumulus

components and clinopyroxenes that were originally in equilibrium with the

magma may have been compositionally modified during postcumulus crys-

tallization. Postcumulus modification of clinopyroxene compositions may

have resulted in a wide range of calculated olivine compositions that also

would not be in equilibrium with the magma;

2. Where olivine content is less lhan gYo, olivine has been replaced by tremolite

rather than serpentine. The replacement by tremolite may not have been

isochemical; and

3. Where olivine is abundant, the degree of error in modal calculations is smailer
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Table 14. Chemical composition of olivine calculated from clinopyroxene chemistry and whole
rock chemical composition in samples consisting only of olivine and clinopyroxene. Calculated
i00Mg/(Mg*Fe) for magmas from which olivine accumulated are listed below the forsterite
contenf,

Sample
Layer
Olivine(%)

sio2
Mso
FeO
Total

ST

Mg
Fe2*
Total

Fo,

100Ms/(Mg*Fe)

363
13a
¿+

38.86 34.40 38.87
42.7 6 44.48 40.68
18.38 2t.72 20.45

100.00 100.00 100.00

0.99 0.90 1.00
1.63 1.74 0.44
0.39 0.46 1.56

3.01 3.10 3.00

80.6 79.0 78.0

55.5 53.0 52.7

356
'J.2e

36.7

354
72c

25.3

Sample
Layer
Olivine(%)

351
12b
aa

sio2
Mso
FeO
TotaI

tt
Mg
F.2*
Total

Fo

1ooMs/(Mg*Fe)

38.40 35.65
38.65 40.77
22.96 23.58

100.00 100.00

1.00 0.94
1.50 1.60
0.50 0.52

3.00 3.06

r Ð.u ¡ Ð.5

47.4 48.0

349
L2a
1t).o

31.1 308 199
lLa 11a 6a
7 .7h 2t .2 3 8.0

336
I r1
0.5

40.42 38.24 38.40
34.73 37.98 38.65
24.85 23.78 22.96

100.00 100.00 100.00

1.05 1.00 1.00
1.35 1.48 1.50
0.54 0.52 0.50

2.94 3.000 3.000

77.4 74.0 75.0

42.8 46.1 47.4

36.62 37.49 37.79
37.19 34.72 39.84
2 6.19 27 .7I 22.37

100.00 100.00 100.00

0.97 1.00 0.98
7.47 1 .56 1 .5 5

0.58 0.44 0.49
3.02 3.00 3.02

77.7 69.0 76.0

43.2 40.0 48.7

330
r1e
4.3

than where olivine is less abundant. In addition, there is less clinopyroxene in

olivine-rich samples and, therefore, less possible compositional modification

due to postcumulus crystallization. Hence, olivine compositions are more

iikely to be in equilibrium with the magma from which they crystallized in

olivine-rich samples than in samples that have low olivine contents.

The amount of olivine at vvhich equilibrium calculations would be acceptable

is unknown, but the replacement of olivine by serpentine rather than tremoiite

in samples with more than 20To olivine suggests a minimum of 20% oiivine.

Mgz+/(Mg2+ + Fe2+) of the magma at the level where ultramafic lay-

130

326
11d

6 5.6

30 40
5e 5b
11 AÀ

36.49 36.49
30.36 30.36
33.16 33.16

100.00 100.00

1.00 1.00
7.24 1.24
0.76 0.76

3.00 3.00

62.0 62.0
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Figure 47. Clinopyroxene and calculated olivine compositions in the pyroxene
quadrilateral. Tie lines join mineral in the same sample. Chiiled margin phases

(^) are plotted for (1) \Mhite Lake sill (Bailes and Syme, 1989); (2) Benn Lake
pluton (Bailes and Syme, 1989); (3) Josiand Lake intrusion (Bailes, 1980); ( )
Garrison intrusion (MacRae, 1969); (5) Primary MORB (Langmuir et a1.,7977);
and (6) Muskox intrusion (Smith and Kapp, 1963).
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ers accumulated was determined using rela,tionòhips developed by Duke (1976).

Forsterite contents in olivine from samples with more than 20% olivine sug-

gest equilibrium with magmas that had 100Mg2+ l(Mg2+ + Fe2+) ranging from

56 to 46 (Duke, 1976). In samples with less than 20% olivine calculated

100Mgz+/(Mgz+ + Fe2+) is as iow as 32 (Table 14). In samples containing sim-

ilar abundances of olivine, the 100Mgz+ l(Mgz+ + Fez+) of the magma increases

uprvards across the Mafic-Ultramafic Group (Tabte 1 ). The change uprvards

from more fractionated compositions to less fractionated compositions is also

suggested by upward changes in clinopyroxene chemistry.

Compositions that would be in equilibrium with olivine from Reed Lake are

found in chilled margins of tholeiitic intrusions in the west half of the Flin Flon-

Snow Lake greenstone belt such as: (a) IMhite lake sill (Baites and Syme, 1g8g;

Figure 47), which has a 100Mgz+/(Mgz+ + Fe2+) : 50.8; (b) Benn Lake pluton

(Bailes and Syme, 1989), which has a 100Mgz+/(Mgz+ t Fez+) : 5A.2; and (c)

the Josland Lake intrusion, which occurs north of the Reed Lake Pluton and

has a 100Mgz+/(Mgz+ * Fez+) : 54.2 (Figure 46; Bailes, i980). None of these

intrusions have ultramafic components.

Two other magma compositions are plotted in Figure 47 for compari-

son. MORB that is considered to be primary by Langmuir eú aI., (L977) has

100Mgz+/(Mgz+ + Fe2+) : 66 to 72 and the chilted margin of the Muskox

Intrusion has 100M92+ l(Me2+ + Fe2+) : 66 (Smith and Kapp, 1963). The

100Mgz+/(i\tIgz+ + Fe2+) of both of these magmas suggest that the Reed Lake

magma \Mas more evolved.

The ultramafrc layers probably accumulated from a tholeiitic basaltic magma

because:

a. calculated magma compositions have low 100Mg2+ l(Mg2+ + Fe2+), similar

to the chilled margins of several iholeiitic intrusions in the Flin Flon-Snou,

Lake greenstone belt; and

b. clinopyroxene compositions have low Ti, and low Ca * Na (Leterrier et aI.,
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1e82).

6.3 Emplacement of the ultramafic zones

The most prominent feature of the Mafic-Ultramafi,c Group is the 15 cycles

(Table 2)' In most cycles, the thickness of the mafic zone ranges from aboú 15%

to 3 times the thickness of the ultramafic zone; in 40% of the cycles the mafic

zone is thinner than the ultramafic zorte, but in other cycles it is thicker (Table

2; Figure 31). Exceptions are cycle g where the mafic zone is missing and cycle

14' where the mafic zone is 12 times thicker that the ultramafic zorLe. A large

part of cycle 14 is covered by overbu¡den and additional ultramafic zones mav be

present.

Cyclic variation probably developed because of influx of nerv batches of less

evolved, magma into the chamber (Brown, 1956; Irvine and Smith,rg67; Dunham

and \[¡adsworth, 1978; Scoates, 1990). In the Reed Lake Pluton evidence that

supports the formation of each cycle from individual batches of magma are:

1. abrupt upward change from mafic zones that contain abundant plagioclase

to ultramafic zones, many of which contain olivine (Brown, 1g56; Irvine,

1970; Wilson, 1982; Raedeke and McCallum, 1g8a);

2. occurrence'of all ultramafic zones well above the base of the pluton (Figure

3);

3. highly variable thickness of overlying mafic zones compared to ultramafic

zones (Table 2; Figure 3); thickness of zones is independent of stratigraphic

location;

4. scouring of zone 9 at the base of zone 10 (Brown, 1g56; Dunham and

Wadsworth, 1978; Renner and Palacz,,7g87);

5' olivine/clinopyroxene increases upward from zone 2 through zone 6, but is
lorn'er in zones 7 and 8; above the upper septum, olivine/clinopyroxene follows

a similar trend of generally increasing upward, but decreasing in zone 15; and

6. septa occur at the base of zones 2 and g.

The septa could be either rafted slices of country rock that were transported
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to their present iocation or in siúz septa split off the roof of the chamber by

successive injections of magma. The occurrence of septa well above the base of

the pluton and at cycle boundaries support the interpretation that septa are in

siúu slices of country rock. However, if septa are in situ,, they would divide the

Mafic-Ultramafic Group into three thin magma chambers; zone 1 would have

crystallized at the roof of the lot'er chamber and cycles 2 to 8 in a thin, chamber.

Layering or convection is unlikely to develop in chambers this thin and therefore

the septa are more likely to be rafted slices.

Besides the development of new cycles characterized by an abrupt change

from crystallization of abundant piagiociase to crystallization by of olivine, there

are also less pronounced discontinuities between layers in zones 1, 8 and 11. These

discontinuities are characterized by:

1. crystallization sequence changes upwards from orthopyroxene, clinopyrox-

ene, plagioclase to olivine, clinopyroxene, orthopyroxene, plagioclase (zone

1);

2. olivine is rare or absent in the lower part of zones, but in the upper part,

there is an abrupt change to higher olivine abundances (zones 1, 8 and 11;

Figure 46); and

3. CrrO, and AlrO, in clinopyroxene increase abruptl¡' at about the same

stratigraphic level as modal changes including disappearance of plagioclase

(zones 8 and 11; Plate 1).

Discontinuities within zones may have developed because of addition of small

magma batches in much the same manner as batches of magma that formed new

cycies. The difference between development of internal discontinuities within

zones and development of new zones is a function of the time at which new

magma was injected. Internai discontinuities represent injection of new magma

before cumulus plagiociase became a major crystallizing phase, whereas new zones

represent injection of magma after plagioclase became a major cumulus phase.

6.4 Evidence of magma movement
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In the Reed Lake Pluton the following characteristics suggest that there was

movement of magma at varying times during crystallization, but the nature of

the movement varied from place to place:

f . igneous lamination occurs in several ultramafic layers and is defi,ned by align-

ment of (a) cumulus clinopyroxene (layers 4a, 5c, and 5e); or (b) orthopy-

roxene oikocrysts (layers 6a and 10b) (Hess, 1960; Irvine, 1987a);

2. thin discontinuous laminae and layers of websterite occur near the base of

several layers and thin discontinuous olivine-rich layers occllr in the upper

part of rare layers; the layers and laminae have different modai proportions

than adjacent parts of layers, and in places, have different mineral phases

(e.g. orthopyroxene in websterite near the base of layer 11b) (Irvine, 1980a;

Figures 34 and 35);

3. thin discontinuous layers of gabbro occur in a couple of uniform layers in the

lower parts of zones and in the upper parts of rare normally graded layers

(McBirney and Noyes,7979; Irvine, 1980a; Plate 1);

4. the base of some layers, expecially those at the base of zones, are wavy or

concave (Irvine, 1987a); gabbro xenoliths occur at the base of layer 15a;

5. zone 9 is truncated by zone 10 and is locally absent (Figure 42); and

6. some gabbro in the mafic zones has an igneous lamination.

Igneous lamination throughout layers and wavy or concave contacts at the

base of layers may have been produced by magma flow in the chamber (Hess,

1960; Wager and Brown, 1967; Irvine, 1980a, 1987a). Igneous lamination was

observed in only four zones, although igneous lamination of clinopyroxene in

other zones could have been obscured by postcumulus overgrowths. The paucity

of igneous lamination in ultramafic layers suggests that magma flow during crys-

tal accumulation was relatively lveali and varied in intensity from zone to zoÍLe.

However, igneous lamination in the mafic zones suggests that magma flow may

have occurred periodically throughout crystal accumulation.

Although magma flow appears to have been relatively u,eak, scouring of zone
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9 by zone 10 is evidence of turbulent flow (Martin et a\.r 1987). However, igneous

lamination is absent in zone 10 suggesting that magma flor,r' slowed rapidly, prob-

ably with the onset of crystaliization (McBirney, 1g85; Marsh, 1g8g).

Thin discontinuous olivine-rich and websterite layers and iaminae that occur

in the lower parts of layers are concave upward. The concave upward form and

lack of lateral continuity suggest that these layers were produced by small density

currents scouring out shallow depressions and depositing crystals. Small density

currents couid have originated by slumping of crystals off chamber walls (Irvine,

1980a). In the Mafic-Ultramafic Group, however, these layers occur at least B

km from the sides of the pluton in the present plane of exposure. Long lateral

transport by small density currents to deposit crystals in such thin discontinuous

layers and lamine is unlikely. More likely, once the area had been scoured, small

packets of crystals detached from above and were deposited on the floor of the

chamber (Brandeis and Jaupart, 1986; Morse, 1986b).

6.5 Crystallization

Crystallization of subalkaline basaltic magmas at los' pressure have been

modelled by Irvine ( 1 970) in the system olivine-clinopyroxene-plagioclase-quartz.

Based on liquidus relations, Irvine (1970) defined 18 possible crystallization orders

and their associated cumulate assemblages.

Ultramafic layers at Reed Lake consist mostly of olivine, clinopyroxene, or-

thopyroxene and plagioclase. Olivine and clinopyroxene are cumulus phases, but

the amount of postcumulus overgrowth on clinopyroxene is unknown. Olivine

occurs in 34 layers and clinopyroxene occurs in all layers. Orthopyroxene crystal-

lized as cumulus grains in 12 iayers, oikocrysts in 19 layers, and discrete postcu-

mulus phases in 8 layers and plagioclase crystallized as cumulus in 21 layers and

discrete postcumulus phases in 3 layers.

6.5.1 Crystallization of orthopyroxene oikocrysts

Many of the features obse¡ved in oikocrysts from the Reed Lake Pluton are

similar to those observed from other intrusions. Orthopyroxene oikocrysts in the
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Reed Lake Pluton have the following characteristics:

1. most grains are tabular and commonly rounded (Figures 22 and zB);

2. abundance and distribution of oikocrysts varies markedly from layer to layer

and zone to zone (Plate 1);

3. chadacrysts of clinopyroxene and olivine in oikocrysts are smaller than

clinopyroxene and olivine outside of oikocrysts (Figures 18 and 2B);

4' the size difference between olivine chadacrysts and cumulus olivine is less

than that between clinopyroxene chadacrysts and cumulus clinopyroxene;

5' the volume ratio of olivine to clinopyroxene chadacrysts in oikocrysts is com-

monly different than the ratio of olivine to clinopyroxene in enclosing cumu-

lates (Figure 26);

6. chadacrysts of olivine are absent in some oikocrysts from samples that also

contain cumulus olivine (Figure 26);

7. in several layers oikocrysts are aligned parallel to layer contacts; and

8' oikocryst grain margins vary from straight to lobate adjacent to cumulus

clinopyroxene (Figures 18 and 24).

Oikocrysts in other intrusions are interpreted to have formed by (l) in situ

crystallization from trapped liquid under conditions of rapid accumulation (Jack-

son, 1961; Morse, 1986a; Campbell, 1987), (2) in situ crystallization at the

magma-crystal interface (Barnes, 1986; Mathison, lgSZ); or (J) crystallization

above the magma-crystal interface.

Rounded shape, varied distribution, abundant chadacrysts smaller than en-

closing cumulate minerals, and a lower abundance of olivine chadacrysts in

oikocrysts than in enclosing cumulates are characteristics of oikocrysts that are

thoughi to have formed from trapped liquid (Brown, 1g56; Jackson, 1961; Camp-

bell' 1977). At Reed Lake, however, the uniform size of chadacrysts through-

out oikocrysts, pius the abrupt increase in grain size between clinopyroxene

chadacrysts and clinopyroxene outside of oikocrysts suggest that oikocrysts did

not crystallize from trapped liquid. In the in situ crystallization model differ-
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ences in abundance of oiivine in oikocrysts relative to ihe abundance outside

of oikocrysts are interpreted to be due to variable resorption of olivine (Jack-

son, 1961)' In such oikocryst, however, there is commonly an increase in size of

olivine chadacrysts from centre to margin. In Reed Lake oikocrysts, olivine is

generally most abundant near the margins, but there is no change in grain size

of olivine chadacrysts. The lack of chadacryst size variations suggest that other

crystailization models should be investigated.

Chadacrysts of similar sizes to chadacrysts in Reed Lake occur in some intru-

sions where oikocrysts are interpreted to have formed by in situ crystallization at

the magma crystal interface (Mathison, 198?). In these intrusions, chadacrysts

are less evolved than cumulus minerals outside of oikocrysts (Barnes, 1986) and

have an elongate habit which is interpreted to represent supercooled crystai-

lization. Such features are not found at Reed Lake, where the cornposition of

most clinopyroxene chadacrysts is similar to clinopyroxene outside of oikocrysts

(Figure 25) and chadacrysts are generaliy equant, closely packed and commonly

touching. This is further evidence against in situ crystallization.

In several layers oikocrysts define an igneous lamination suggesting that

oikocrysts and the enclosed chadacrysts nucleated elsewhere and were deposited

in their present position. The proportion of olivine to clinopyroxene chadacrysts

is commonly different than the proportion of cumulus olivine to cumulus clinopy-

roxene adjacent to the oikocrysts; this also suggests that the chadacrysts nu-

cleated elsewhere. The large size of the oikocrysts relative to cumulus olivine

and clinopyroxene suggests that oikocrysts may have settled gravitationally after

crystallization above the magma-crystal interface.

Nucleation of chadacrysts above the magma-crystal interface suggests that

chadacrysts formed by homogenous nucleation, r,uhich wouid require a relatively

high degree of supercooling (Campbell, 1978, 1g8T). However, the equant habit

and closely packed character of the chadacrysts do not support chadacryst crys-

tallization in supercooled conditions. Instead, chadacrysts have shapes that in-

138



dicate a high degree of textural equilibrium (Hunter, 1987). Chadacrysts with

equant habits ma¡' also form in relatively thick boundary layers (Martin et a\.,,

1987). The origin of the chadacrysts is problematic, but it is probably a complex

relationship between local crystallization conditions, the crystallization kinetics

of olivine and clinopyroxene chadacrysts, and the crystallization of the orthopy-

roxene oikocryst.

Although oikocrysts probably formed at a location away from their site of de-

position, there was minor crystallization aftei incorporation in layers. Postcumu-

lus overgrowths of orthopyroxene on oikocrysts is suggested by finger-like projec-

tions between adjacent cumulus clinopyroxene. In other places though, irregular

to lobate margins adjacent to clinopyroxene suggest reaction with intercumulus

liquid (Figure 18).

6.6.2 Crystallization of plagioclase

Plagioclase occurs as cumulus grains in half of the layers and as discrete

postcumulus phases in 3 isolated layers, each of which occurs at the top of a

zorre. Cumulus plagioclase occurs at the top of 15 layers, in the lower part of

2 layers, at the base of 3 layers and throughout 1 layer: cumulus plagioclase

at the top of layers occurs in feldspathic pyroxenites or layered sequences of

melagabbro to leucogabbro; cumulus plagioclase in the lower parts of layers oc-

curs in discontinuous gabbro and melagabbro layers that are compositionally

distinct form enclosing ultramafic rocks; and cumulus plagioclase at the base or

throughout layers is disseminated in relatively low abundances. As in other in-

trusions, cumulus plagioclase at the top of layers or cycles (MacRae, 1969; Irvine,

1970; Scoates, 1990) is a normal product of phase equilibria of tholeiitic systems.

The abundance of piagioclase varies from the top of one layer to another; these

differences are probably related to the differences in initial composition of the

liquid from which the layers accumulated and the degree to which crystalliza-

tion proceeded. At Reed Lake, plagioclase is also absent from numerous layers;

crystallization in these layers is less complete and was probably halted prior to
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plagiociase crystaliization by the onset of crystallization in the overlying layer

(Irvine, 7970, 1979).

Plagioclase that occurs in other parts of iayers is more difficutt to reconcile

with fractionation processes. Where cumulus plagioclase occurs at the base of

layers there is (a) cumulus plagioclase at the top of underlying layers and (b) a
lower abundance of olivine than higher in the layer where plagioclase is absent.

The iower abundance of olivine at the base of the layers suggests that the magma

from which these minerals accumulated was more fractionated than magma that

produced higher parts of the layers. This inverse relationship may have been

caused by mixing of magma with crystals, including plagioclase, and magma

from the underlying layer.

Plagioclase in the lower parts of layers occurs in discontinuous gabbroic

layers and laminae. These layers and laminae probably formed by deposition

from magmatic currents; this suggests that some plagiociase nucleated elsewhere

and was transported to its present location. Where plagioclase occurs occurs

throughout a layer, the relationship of cumulus plagioclase to crystallization is

uncertain.

6.5.3 Crystallization sequence

In the ultramafic layers 8 crystallization sequences have been defined (Table

15). In 4 of these crystallization sequences the first mineral to crystallize was

olivine, in 4 other sequences the first crystallizing mineral was clinopyroxene.

These sequences give rise to numerous complicated lithologic orders that are not

easily related to crystal accumu-iation by fractional. crystallization.

Chromite, which is not included in the crystallization sequences and is not

always present, crystallized with, or prior to, olivine. Even though whole rock

chemistry suggests abundant Cr in the system (Table 12), the lack of chromite in

parts of the ultramafic zones indicates that most Cr was incorporated in clinoov-

roxene and orthopyroxene (Irvine, 7967; Wilson, 1gB2).

6.5.3.1 Crystallization sequenee 1
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Table 15. Crystallization sequences in the ultramafic layers. Crystallization sequences that
were observed are listed by þlt"t. Complete crystallizatior, 

""q,r"rr""s, 
as defi.neá by Irvine

(1970, 1979) are listed in bold by number. No petrographic daìa were collected on layer 5d.
and the crystallization sequence could not be confirmed. Therefore layers only total to 42.

Crystallization Sequences # of layers

Ol, cpx, opx, plag

a, Ol, cpx, opx, pleg

b. Ol, cpx, opx

c. Ol, cpx, pleg

d. Ol, cpx

Cpx, opx, plag

a, Cpx, opx, plag

b. Cpx, opx

c. Cpx, plag

d. Cpx

The dominant crystallization sequence 1 is olivine, clinopyroxene, orthopy-

roxene, plagioclase; cumulus orthopyroxene is uncommon. The sequence is based

on the following textural criteria:

1. olivine that is smaller than olivine outside of clinopyroxene is enclosed in

clinopyroxene; and

2. olivine in oikocrysts is closer in size to cumulus olivine than are clinopyroxene

chadacrysts to cumulus clinopyroxene.

In thoieiitic magmas olivine will generally crystallize before clinopyroxene

(Irvine, 7970; Kushiro, 1972), possibly producing olivine cumu-lates, but in iay-

ers at Reed Lake dunitic cumulates are absent at the base. Thus, at Reed Lake,

either olivine accumulation was inefficient or crystallization of olivine and clinopy-

roxene occurred at about the same time. The low abundance of olivine in the

Mafic-Ultramafic Group suggests that minerals accumulated from a magma at,

or near' the cotectic (Irvine, 1970; 1979). Also, the textures indicate that, al-

though olivine probably nucleated first, clinopyroxene began to nucleate before

olivine had completely crystallized. Stight va¡iations in the time and rates of

crystallization of either olivine or clinopyroxene \ryould affect the order of crvstal-
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lization (Kirkpatrick, 1983; Brandeis and Jaupart, 1987). Therefore, lithoiogic

orders in these layers may be controiled not only by phase equilibria, but also by

nucleation and diffusion (Brandeis and Jaupart, 1987).

6.5.3.2 Crystallization sequence 2

The crystallization order clinopyroxene, orthopyroxene, plagioclase occurs in

8 layers. In contrast to crystallization order 1, orthopyroxene more commonly

occurs as a cumulus phase than as oikocrysts. The temporal relationship between

crystallization of clinopyroxene and orthopyroxene is not well defined, because

both minerals are commonly anhed¡al when adjacent to each other (Figure 20).

However, there i5 some evidence that ciinopyroxene crystallized prior to orthopy-

roxene:

1. orthopyroxene does not always occur at the base of layers and is reversely

graded in some parts of layers; and

2. in some layers orthopyroxene is scalloped adjacent to clinopyroxene.

6.6 Postcumulus crystallization

In most layered intrusions the amount of postcumulus material ranges from

about 25% to 60% (Wager and Brown, 7967; Hess, ig60; Morse, 1g6g; Irvine,

1970; Campbell, 7977). In these intrusions postcumulus material comprises dis-

crete postcumulus phases, postcumulus overgrowths on cumulus minerals, and

poikilitic grains (Jackson, 1971). The abundance of postcumulus material was not

determined in the Reed Lake Pluton because of (a) the lack of zoning in clinopy-

roxene grains, and (b) the irregular habit of many clinopyroxene and oiivine

grains. Furthermore, poikilitic orthopyroxene at Reed Lake is not considered to

represent postcumulus crystallization.

6.6.1 Development of intergrowths in clinopyroxene

Except for the Fox River Sill (Scoates, 1990), intergrowths in clinopyroxene,

like those observed in the Reed Lake Pluton, have not been documented from

other layered intrusions. In other intrusions most cumulus minerals, including

postcumulus overgrowths, cumulates have straight to curved grain boundaries
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(\Mager and Brown, 1967) suggesting an approach to textural equilibrium

(Hunter, 1987).

In the Mafic-Ultramafic Group highly interdigitated boundaries between ad-

jacent clinopyroxene grade into complex intergrowths that have the following

characteristics:

f . individual grains are intergrown with between 2 and 10 other grains;

2. intergrowths vary from isolated patches of clinopyroxene enclosed in a resi-

dent grain to patches that extend completely across resident grains (Figure

72);

3. the abundance of enclosed grains ranges from 0 to 78.3% of samples, but

they can comprise more than half of any one grain in the plane of a thin

section (Plate 1);

4. in samples containing intergrowths, cumulus clinopyroxene grain margins

are commonly highly irregular; the greater the degree of interdigitation the

greater the abundance of intergrowths; and

5. distribution and abundance of intergrowths varies from layer to layer and

zone to zoîei in 6 zones no intergrowths were observed (Plate 1).

Intergrowths occur throughout the Mafic-Ultramafic Group, but there is no

apparent relationship between occurrence or abundance of intergrowths and the

crystallization sequence or distribution of layer types; this suggests that inter-

growths were not formed during cumulus stages. Rather, intergrowth abundance

appears to vary relative to zone or layer boundaries (Plate 1); this suggests that

intergror,r'ths are constrained by such boundaries. The marginal nature of most

intergrowths and the association r¡¡ith layers and zones, suggest that intergrovsths

formed by postcumulus processes (Scoates, 1990). Since intergrowths are appar-

ently postcumulus, the wide variation in abundance of intergrowths suggests that

the amount of postcumulus growth varied from layer to layer.

Theoretically, grain ripening during postcumulus processes should lead to

reiativeiy straight to curved grain margins (Hunter, 1987). Such textural equi-
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librium occurs under relatively stable conditions where intercumulus liquid can

migrate through the crystal pile (Sparks eú a/., 1985). The iack of textural equi-

librium in the Reed Lake Pluton suggests that conditions for migration of in-

tercumulus liquid may have been different than those in most other intrusions.

Development of intergrorvths at Reed Lake may be related to the relative thinness

of ultramafic zones and the development of numerous cyclic units, both of which

are related to rates of accumulation and replenishment of magma.

6.6.2 Clinopyroxene chemistry

The ratio of Fe to Mg in mafic minerals has been used in many intrusions

to document upwards variations in fractionation (Irvine, 7979; \Milson, 7972;

Raedeke and McCallum, 1984). Clinopyroxenes r¡/ere analyzed in layers through-

out the Mafic-LTltramafic Group for major and trace elements (Table 7). Four

chemical parameters are used to help document upward trends in iayers. These

parameters are: (1) En/Fs,(2) CrrOr, (3) Al2Os, and (4) CaO.

In the Reed Lake Pluton, clinopyroxene chemistry has the foliowing charac-

teristics:

1. En/Fs and CrrO, are uniform throughout both cumulus and postcumulus

parts of most clinopyroxene grains (Figure 5);

2. E;nlFs is relatively uniform throughout most layers, but locally increases up-

wards, decreases upwards or has a symmetric trend; these trends commonly

do not correlate with variations in the abundance of cumulus minerals lPlate

1t:

3. in many layers En/Fs in samples directly below layer contacts is similar to

En/Fs in samples directly above layer contacts (Plate 1);

4' there is a greater standard deviation in En/Fs from samples near some layer

contacts than in samples that occur in the middte part of layers (Plate 1);

5. CrrO, and Al, O, are positively correlated and are more variable than En/Fs

across layers, but they also have a poor correlation with abundances of cumu-

lus minerals; values directly below and above most layer contacts are similar
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(Plate 1); and

6. CaO is relativeiy uniform throughout all layers (Figure 33).

There are two problems in interpretation of clinopyroxene chemistry. First

is the compositional homogeneity of individuai clinopyroxene grains and the sec-

ond is the lack of variation in clinopyroxene chemistry across many layers; both

problems are probably intimately related.

The lack of chemical zoning in clinopyroxene suggests continual equilibra-

tion of crystals with the magma either by (u) primary adcumulus grori'th during

relatively slow crystal accumulation which allowed for continual interchange of

interstitial magma between crystals interstices that had accumulated and magma

above the crystals (Wager, 1963; Campbell, 1987), or (b) re-equilibration of crys-

tals with intercumulus magma as magma is removed upward out of the pile of

accumulated crystais (Irvine, 1980a; Tait, 1985; Kerr and Tait, 1985; Petersen,

1987). The lack of discrete postcumulus phases, the cumulus nature of orthopy-

roxene oikocrysts, and the many, ungraded layers indicate that accumulation

was relatively slow compared to crystallization (Hess, 1960; Morse, 1986a). The

high abundance of clinopyroxene in many layers and common postcumulus over-

growths on clinopyroxene suggest that the lack of chemical zoning is probably

caused'by re-equilibration of crystals with intercumulus magma.

The truncation oî. zone 9 by zone 10 to a depth of at least 2 m suggests that

intercumulus liquid ï/as present to a depth of at least 2 m in the crystal pile. The

common clinopyroxene intergrowths suggest abundant postcumulus growth and

relatively high porosities. Although this crystal mush, consisting of crystals and

intercumulus liquid, would still be permeabie to the magma-crystal interface, the

high porosities and thickness of the crystal mush are not compatible with primary

adcumulus growth (Campbell, 1987).

The uniform trends in En/Fs of clinopyroxene across most iayers at Reed

Lake suggest that fractionation trends ¡ecorded by the accumulation of crystals

are either too small to be obvious or \¡/ere altered after the accumulation of crys-
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tals. The similar En/Fs or CrrO, values on either side of layer contacts and

the greater variation in clinopyroxene composition in samples near layer contacts

than in the middle part of layers support abundant intercumulus migration. Con-

sidering the upward decrease in olivine relative to clinopyroxene in about 40% of

Iayers and the occurrence of plagioclase at the top of many layers at Reed Lake,

the uniform trends are probably a function of postcumulus processes.

Although correlation of En/Fs and CrrO, in clinopyroxene with the pro-

portion of cumulus minerals is generally poor, there are layers in which CrrO,

is better co¡related with mineral proportions than En/Fs suggesting that varia-

tion result from fractionation. However, variations in CrrO, could be caused by

re-equilibration r,r'ith varying amounts of intercumulus liquid (Raedeke and Mc-

Callum, 1984). Furthermore, locai occurrences of oxides may be responsible for

some of the variation in CrrO, in ciinopyroxene; the correlation between oxide

abundances and CrrO, in clinopyroxene was not examined.

It is thus concluded that clinopyroxene chemistry cannot be used to docu-

ment fractionation trends during cumulus growth because of postcumulus modi-

fication. The degree of postcumulus modification probably varied from place to

place.

6.7 Layer developrnent

There are 43 layers in the ultramafic zones at Reed Lake, ali of which crys-

tallized from a tholeiitic basalt magma; 34 layers record the crystallization se-

quence olivine, clinopyroxene, orthopyroxene, plagioclase, and 8 layers record

the sequence clinopyroxene, orthopyroxene, plagioclase. Poikilitic orthopyroxene

oikocrysts that occur in many layers apparently crystallized above the magma-

crystal interface, probably settling to their present location and, in some layers,

being transported by relatively weak magmatic flow. Currents operated dur-

ing different stages of crystai accumulation and may have operated, at diflering

degrees, throughout the deposition of the Mafic-Ultramafic Group. However,

magma flow and crystal settling were not the main mechanisms for crystal accu-
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mulation because:

1' Clinopyroxene and olivine are the most abundant minerals in the ultramafic

layers, but grains are generally equant to tabular and lack an igneous lami-

nationt and

2. Grain size of cumulus clinopyroxene could not be determined so that the

contribution of crystal settling to the accumulation of these minerals is un-

known.

In situ crystallization was probably the dominant process for accumulation

of cr¡'5f¿]5 in laYers.

In situ crystallization occurs in a boundary layer at the magma-crystal in-

terface. Crystais nucleate and accumulate in the boundary layer according to

the degree of supercooling, ease of nucleation of the different mineral types, and

rates of diffusion or transport of elements (Jaupart and Brandeis, 1986; Morse,

1986a; Campbell, 1987; Martin et a\.r 1987).

6.7,L Ungraded Layers

Eighteen layers have limited variations in oiivine/clinopyroxene across layers

and have been defined as ungraded. Based on olivine abundance, three subtypes

were defined: 1) 4layers with more than 4To olivine,2) 4layers with trace to 2To

olivine, and 3) 10 layers that lack olivine. Ungraded iayers have the follou,ing

characteristics:

1. cumu-lus plagioclase is found in all subtypes, but the highest incidence of

occurrence is in layers that lack olivine; cumulus plagioclase is most common

at the top of layers (5 layers), but also occurs in the middle part of layers (2

layers) or at the base (1 layer) (Plate 1);

2. cumulus orthopyroxene occuïs only in half of the layers that lack oiivine and

in 1 layer with trace to 2% olivine; in iayers that lack olivine, orthopyroxene

increases upwards in 2 lavers, decreases upwards in 2 layers, and has a sym-

metric upwards increasing to decreasing trend in 1 iayer; in the layer with

trace to 2To orivinq orthopyro.xene only occurs at the top (Plate 1);
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3. orthopyroxene oikocrysts occur in all subtvpes, but in only 5 layers (Figure

31); oikocrysts are uniformily distributed or form sublavers; and

4. in most layers clinopyroxene grain size is uniform, but in some layers that lack

olivine, grain size decreases upwards, increases upwards or has a symmetric

trend of upwards decreasing to increasing grain size (Plate 1).

Formation of ungraded layers is attributed to a constant rate of accumulation

during in situ crystallization (Hess, 1960; McBirney and Noyes,IgTg). During iz

situ crystallization, there must be efficient movement of elements across boundary

iayers. Residual, more evolved magma that is produced by crystaliization will

be transported out of the boundary layer and continually swept away and mixed

with the magma above the boundary layer. In dealing u,ith in situ formation of

ungraded layers, there are three problems to be resolved.

1. There are five layers that lack olivine, but instead contain cumulus or-

thopyroxene. In these layers the distribution of orthopyroxene is much the same

as the distribution of olivine in graded layers. The distribution of orthopyroxene

may have been produced by the same pïocesses that produced the distribution of

oiivine in graded }ayers; these layers wiil be discussed later in conjunction with

layers that are graded.

2. Olivine occurs in 8 layers that are ungraded and must have accumulated

at the same rate as clinopyroxene. The lack of variation in olivine/clinopyroxene

across these layers suggest ihat the composition of the boundary layer in which

these minerals crystallized remained constant throughout the formation of ihe

layer' Lighter, more evoived liquid produced by crystallization would have been

¡emoved and replaced by homogenous liquid from above. Olivine nucleated first

and was followed by clinopyroxçne in an upward advancing boundary iayer at the

magma-crystal interface (Campbell, 1987; Brandeis and Jaupart, 1987). Differ-

ences in time of nucleation between olivine and clinopyroxene was relatively small

or these two minerals may have nucleated simultaneousiy. Olivine and clinopy-

roxene continued to nucleate throughout the iayer in equal proportions with littte
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or no downrvard crystal transport. Nucleation would be followed by a proionged

period of crystal grorvth rvhereby olivine and clinopyroxene would ha.ve increased

in size (Brandeis et a1.,1984), but u'ere unable to move dou,nward. The degree

of crystallization would have been controlled by an intimate balance between

chemical diffusion and removai of iatent heat (Brandeis and Jaupart, 1g87). Or-

thopyroxene oikocrysts would have been able to settle or be transported to the

growing crystal pile with the distribution of oikocrysts being related to the rate

of supply of oikocrysts and the rate of upward growth of the magma-crystal in-

terface. Furthermore, small crystal-laden packets could have locaily penetrated

the boundary layer and spread out to deposit crystals in thin layers of gabbro

(Brandeis and Jaupart, 1986).

3. In 5 layers clinopyroxene is the only ferromagnesian cumulus phase, al-

though one of these layers contains orthopyroxene oikocrysts and another contains

cumulus plagioclase. Three of these iayers occur in zone 3 and are defined by

differences in grain size. Because the present size of clinopyroxene is probably

the result of postcumulus overgrolvths, primary differences, if any, between layers

are uncertain. The lack of olivine and the lack of orthopyroxene, except in one

layer, suggest that the magma \Mas more evolved than that from which other

layers crystallized and was not saturated in olivine or less commonly saturated

in orthopyroxene

6.7.2 Normally graded layers

Twelve laYers have upwards decreasing olivine/clinopyroxene acïoss layers

and have been defined as normally graded. Based on olivine/clinopyroxene

variations, three subtypes were defined: 1) 5 layers with upwards decreasing

olivine/clinopyroxene throughout the layer, 2) 5 iayers with a reversely graded

lower part and a normally graded middle and upper part, and 3) 2 layers with

an ungraded lower and middle part and a normally graded uppeï part. The rate

of upward decrease is variable from layer to layer and inciudes both continuous

and discontinuous changes.
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6.7.2.L Formation of normally graded layers with upwards decreasing

olivine/clinopyroxene throughout the layer

In the Reed Lake pluton mineral variations in normally graded layers with

upwards decreasing olivine/clinopyroxene throughout the iayer follow general

fractionation trends observed in many intrusions (Irvine, 1970; McBirney and

Noyes, L979; Wilson, 7982; Raedeke and McCallum, 1984; Conrad and Naslund;

1989). In the Reed Lake Pluton these layers have the following characteristics:

1. cumulus plagioclase occurs at the top of 3layers, but is absent in the other

2 layers;

2. cumulus orthopyroxene occurs throughout 2 layers and its distribution cor-

relates positively with olivine; cumulus orthopyroxene also occurs as thin

discontinuous layers near the base of another layer; cumulus orthopyroxene

is absent in 2 of the 3 layers that contain cumulus plagioclase;

3. orthopyroxene oikocrysts are absent; and

4. grain size is uniform in three layers, but increases upwards or has a symmetric

trend of increasing uprn'ards to decreasing upwards in the other two layers.

The maximum abundance of olivine at the base of layers suggests tha"t grains

nucleated at the magma-crystal interface adjacent to existing crystals with a

minimal degree of undercooling (McBirney and Noyes, Lg79; Campbeil, 1987;

Martin et a\.r 1987). In normally graded layers with the maximum abundance

of olivine at the base, cumulus piagioclase occurs at the top of layers and cumu-

lus orthopyroxene mimics the distribution of olivine (Plate 1); orthopyroxene in

some ungraded layers has a similar distribution as olivine suggesting that both

crystallized by a similar process. Plagioclase at the top of layers suggest miner-

als accumulated by following general fractionation trends. The boundary layer

from which these minerals accumulated acted as a closed evolving system, so

that changes in boundar¡' l¿t"t composition are reflected u'ithin the layer itself

(McBirney and Noyes,1979; Martin et a1.,1987). The boundary layer from which

minerals accumulated to form ungraded layers, on other hand, was continually
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homogenized by interchange with overlying magma. Fluctuations in nucleation

and diffusion during formation of these normally graded la.yers are suggested by

both continuous and discontinuous grading in these layers. In the two thinnest

layers, which have a lower olivine-rich hatf and an upper olivine-poor half, oiivine

probably accumulated in a boundary layer where there were large compositional

gradients and efficient diffusion of elements during crystallization (McBirney and

Noyes, 1979).

6.7.2.2 Formation of normally graded layers with reversely graded

lower part and normally graded upper part

The occurrence of the maximum abundance of olivine some distance above

the base of iayers in large layered intrusions is rarely documented. In the Mafic-

Ultramafic Group, these layers have the following characteristics:

1. cumulus plagioclase occurs only as part of discontinuous gabbro layers at the

top of 2 layers;

2. cumulus orthopyroxene only occurs as part of discontinuous websterite layers

near the base of 1 layer;

3. orthopyroxene oikocrysts occur throughout 3 layers, but are absent in the

other 2 layers; and

4. grain size of clinopyroxene is uniform or is coarser at the top of the layer

than in the middle or lorver parts of the layer.

In these layers two features have to be explained: (a) the upper, nor-

mally graded part, and (b) the lower, reversely graded part. The uppgr graded

part probably accumulated in a similar manner as the accumulation of nor-

mally graded layers with upwards decreasing olivine/ciinopyroxene throughout

the layer. Cumulus plagioclase occurs at the top of some layers; this suggests

that efficient diffusion of elements occurred within the upper part of the bound-

ary layer as more evolved magma was expelled from crystallizing ferromagnesian

minerais and transported to the top of the boundary zone where saturation oc-

curred. The iack of plagioclase at the top of other layers indicates that magma
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in some layers did noi evolve to the same extent before onset of nucleation that

resulted in the overlying layer.

In normally graded layers with a reversely graded lower part the maximum

abundance of olivine above the base of the layer could have been produced bV (u)

nucleation and transport of olivine to its present position, or (b) crystailization

at the present iocation with little or no movement after nucleation. In these

layers there is some evidence of magma flow and transport of crystals but, crys-

tallization of olivine well above the magma-crystal interface and crystallization

of clinopyroxene closer to the interface is difficult to reconcile with known or

inferred magma properties.

The other possibility is olivine crystailization at its present iocation stightly

above the magma crystal interface with littie or no downward movement of olivine

by gravitional settling or magma flow. High degrees of undercooling are necessary

to nucleate minerals above the base of layers (Brandeis and Jaupart, 1987). In the

Mafic-Ultramafic Group some layers with reversely graded lower parts occu¡ at

the base of zones, but most overlie layers that probably stilt contained intercum-

ulus magma; this suggests that the amount of undercooling at the magma-crystal

interface was probably minimal.

The occurrence of maximum olivine abundances above the base of the layer

is problematic, but does not appear to be related to thermal gradients and nu-

cleation kinetics (Brandeis and Jaupart, 1986). At the magma-crystal interface,

the degree of supercooling is largely dominated by compositional gradients rather

than thermal gradients (Martin et aL,7987). Therefore, the distribution of olivine

in the layers at Reed Lake are probably controlled by compositional gradients.

Two possible mechanisms are:

1. Higher concentrations of incompatible elements at the magma-crystal inter-

face and a local temperature increase cause supersaturated crystallization

above the magma-crystal interface and nucleation of olivine above the base

of the layer; and

752



2. Af magma compositions close to the cotectic the density gradient in the

boundary layer may give an upward increase in N{g/(MB*Fe) causing nucle-

ation of olivine above the base of the layer.

More data are needed before these two models for the origin of the maximum

accumulation of olivine above the base of the layer can be determined

Mineral differences produced by either model could be further enhanced

by abundant intercumulus migration across layer contacts; the degree to which

Iayers are reversely graded would then be related, either partly or totally, to the

amount of intercumuius migration and the onset of crystallization in the overlying

layer. Abundant migration of more evolved intercumulus magma mixing rn'ith less

evoh'ed magma of the overlying boundary layer could enhance reverse grading at

the base of the iayer (\Milson, 1982).

As discussed earlier, thin discontinuous websterite layers near the base of

one layer probably formed by deposition from small crystal * liquid packets

that crystallized elewhere (Brandeis and Jaupart, 1986; Morse, 1986a); these

layers occur belorv the maximum concentration of olivine (Plate 1). If olivine

crystallized above the magma-crystal interface, these packets probably would not

have penetrated the zone of olivine crystallization to be deposited below this zone

unless the packets moved downward soon after crystallization was initiated in the

boundary layer and penetrated the zone of maximum olivine crystallization before

olivine formed a rigid crystal network. Furthermore, oikocrysts occur throughout

three layers and aiso indicate downrvard transport; some oikocrysts occur below

the zone of maximum olivine abundance. These features suggest that, aithough

olivine may have crystallized above the magma-crystal interface, crystallization

more likely occurred at the interface with crystals accumulated upwards under

differing degrees on nucleation of olivine and clinopyroxene.

Orthopyroxene in one ungraded layer has a similar distribution as olivine in

type 2 normally graded layers. Orthopyroxene is difficuit to nucleate (Lindsley,

1983); this suggests that orthopyroxene needs to be strongly supersaturated for
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nucleation to occur and its nucleation probably occurs after clinopyroxene. A

deia¡' in nucleation is compatible with a maximum concentration of orthopvroxene

above the base of these layers.

6.7.3 Reversely graded layer

Olivine/clinopyroxene increases upwards across only one layer and has been

defined as reversely graded. This layer has the follou'ing characteristics:

1. cumulus orthopyroxene occurs in two sublayers; one at the base of the layer

and one at the top;

2. orthopyroxene oikocrysts occur at the base of one layer and decrease in

abundance upwards; cumulus plagioclase is absent;

3. grain size is relatively uniform across the layer.

The occumence of reversely graded layers in other intrusions has been only

rarely documented (Wager and Brown,Ig6T; Morse, 1969; Parsons, 1979; Irvine,

1980a). Where observed, reversely graded layers in other intrusions have been

interpreted to have formed by:

1. density currents and reverse sorting of grain size (Irvine, 1980a); or

2. in situ crystallization during complex interaction of crystal nucleation and

growth related to supercooling in the magma (Parsons, 1979).

At Reed Lake there is little evidence for deposition from density currents

and the primary grain size distribution is obscured by postcumulus overgrou'ths.

Furthermore the model developed by Parsons (1979) is specific to the syenitic

magma and minerals that crystailized from that magma in the Klokken Intrusion.

Considering how other layer types are thought to have formed, the one re-

versely graded iayer probably formedby ín siúz crystallization, but the reason for

the large abundance of olivine at the top of the layer is unknown. The cumulus

orthopyroxene at both the base and top of the layer indicate complex changes in

magma composition that may have enhanced differences in nucleation and diffu-

sion. More data are necessary before the origin of this layer can be determined.

6.7.4 Complexly graded layers
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Trvelve layers that have generaily symmetric trends in olivine/clinopyroxene

have been defined as complexly graded. Two subtypes were defined: 1) 6 layers

that have a reversely graded lower part and a normally graded upper part, and

2) 6 layers that have broad symmetric trends with iocal discontinuities (Table

10).

Compiexly graded layers are characteriøed by:

1. cumulus plagioclase occrlrs in both subtypes, but has a higher incidence of

occurrence in subtype 2; in subtype 1 cumulus plagioclase occurs at the top

of layers, the base of layers, and throughout layers, but in subtype 2 occurs

at the top of most iayers except for one layer where it occurs at the base;

2. cumulus orthopyroxene is absent in subtype 2, and only occurs in 1 layer of

subtype 1 where is is conflned to trvo sublayers, one at the base and one in

the middle of the layer;

3. orthopyroxene oikocrysts occur in three layers of subtype 1 and two layers

of subtype 2; oikocrysts are uniformly distributed, decrease in abundance

upwards, or are locally absent in a layer; and

4. in most layers clinopyroxene grain size is relatively uniform, but it is coarser

at the top of one layer where plagioclase occurs, and nea¡ the lower or mid-

dle part of two other layers; in one layer where cumulus plagioclase occurs

throughout, there are local patchy variations in grain size.

Complexly graded layers have a generaliy similar distribution of olivine and

clinopyroxene as type 2 normally graded layers and probably developed by similar

ptocesses related to compositional gradients in a lower boundary layer. The major

differences between complexly graded layers and type 2 normally graded layers

are (a) maximum oiivine abundance occurs higher in complexly graded layers and

(b) the distribution of olivine in at least 6 of the complexly graded layers is less

symmetric than in type 2 normally graded layers. Aithough, in general, these

processes may acconnt for the reversely graded to normally graded distribution

of olivine, complexly graded iayers that have a less symmetric distribution have
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three features that are difficult to reconcile with the proposed model. These are:

1. thin olivine-rich sublayers at or near the top of a couple of layers directly

below where cumulus plagioclase occurs;

2. repeated pattern of reverse to normal grading; and

3. occurrence of cumulus plagioclase throughout one layer and in the lower part

of the overlying layer.

If crystallization was entirelJ, in situ, then the occurrence of thin oiivine-

rich sublayers near the top of layers indicates a change from crystallization of

relatively small amounts of olivine to large abundances. Intermittent layers of

this type in other intrusions have been interpreted to be related to occasional

variations in the continual accumulation of crystals by in situ ctyshallization

(McBirney and Noyes,1979; Brandeis and Jaupart, 1986); these variations may

have been caused by temperature changes related to cotectic crystallization and

changing liquid compositions (Brandeis eú a1.,,7984). The olivine-rich sublayers

in the Reed Lake complexly graded layers occur directly belor¡, the appearance

of cumulus plagioclase; this suggests that crystallization of plagioclase may have

been initiaied by sudden increase in olivine crystallization that in turn led to en-

richment of more evolved components in the immediately overlying magma and

depletion of iess evolved components. Aithough the occurrence of thin sublayers

near the top of the iayers can be accounted for by local variations in crystal ac-

cumulation, the reason for such large abundances of olivine is difficult to explain.

Hou'ever, some crystallization may have occurred above the magma-crystal inter-

face and these sublayers may have been deposited by magma flow (Irvine, 1980a).

Olivine may have crystallized elsewhere and have been deposited by these cur-

rents in relatively large abundances prior to accumulation of cumulus plagioclase.

The sublayers lack mineral alignment suggesting that olivine may have accumu-

lated in situ. The iateral extent of these sublayers are unknown and more data

is needed before a conclusion can be reached on their genesis.

A repeated reversely graded to normally graded pattern occurs in a couple
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of layers, both of u'hich contain orthopyroxene oikocrysts; cumu-lus plagioclase

only occurs at the top of one of these layers (Table 10). Both layers also show

evidence of magma flow (Table 10). In terms of mineralogy, these layers are not

much different from other layers, but the occurrence of magma flow, which was

only rarely documented occurs in other layer types, suggests some relationship

between magma flow and the repeated pattern of reverse to normal grading with

two levels of maximum olivine abundance in one layer.

Cumulus plagioclase occurs throughout layer 7a and in the lower half of layer

7b. Plagioclase at the base of other layers probably represents accidental incor-

poration of plagioclase from the underlying layer. The occurrence of plagioclase

throughout layer 7a, however, was not likely caused by accidental incorporation

because plagioclase would have to have been evenly mixed throughout the whole

iayer and into the overiying iayer. Ilowever, in situ crystallization of plagioclase

in these layers also appears unlikely considering the large variation in olivine and

orthopyroxene abundances. Unusual conditions must have existed for accumula-

tion of plagioclase throughout one layer and half of the other.

In summary, complexly graded layer types have different patterns of olivine

abundance. The olivine maxima occur at (a) levels higher than in normally

graded layers, (b) more than once in a layer, and (c) in thin intervals well above

the base of a layer. The complexly graded layers probably formed in much the

same manner as type 2 normally graded layers, although other variables such as

local variation in accumulation rates were superimposed on this process.

6.7.5 Sequences of layers

At Reed Lake the layers apparently formed by in situ crystallization in a

lower boundary layer. Magma composition was close to a cotectic and, variations

in nucleation and diffusion, as magma composition fluctuated, produced the ob-

served variations in the abundance and distribution of olivine/clinopyroxene, and,

in some layers, orthopyroxene/clinopyroxene. Orthopyroxene oikocrysts crystal-

lized above the magma-crystal interface and rvere transported by magma flor,r,
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or by crystal settling to the magma-crystal interface. Plagioclase occurs near

the top of most layers, apparently the normal consequence of magma evolution,

but it is also locally found in thin layers deposited by crystal f tiquid packets.

Some cumulus orthopyroxene rvas also deposited in thin layers by crystal * liquid
packets. Plagioclase at the base of layers probably represents mixing of magma

with underlying plagioclase-bearing layers.

The ultramafic zones comprise four different types of layers defined by vari-

ation in olivine/clinopyroxene. These layers are combined to form sequences of

layers in the 13 zones that comprise more than 1 layer. In addition, there are

also three zones that rvere probably formed from more than one batch of magma.

Based on the distribution of layers, 3 different types of sequences are defined:

1. 5 zones that consist of a single type of layer, either uniform or complex;

2. 5 zones in which more than half of the layers are the same type, either

uniform or normally graded and the other layers are different types; and

3. 4 zones that comprise 2 or 3 layers, of which 1 layer is always normally

graded and another layer is always complexly graded; ungraded layers only

occur at the base.

Although, there are three different types of layer sequences, in most zones

more than half of the layers are of a single type; this suggests that conditions were

relatively constant throughout the accumulation of most layers in these zones.

Changes that do occur between layer types may be caused by local fluctuations in

conditions or by a progressive change in conditions of accumulation. In zones that

consist of completely different layer types, layer types that have similar patterns

suggest that there were local fluctuations in conditions or gradual, progressive

changes in conditions. In these zones, Iayer types generally follow a regular

pattern; this indicates that conditions probably changed in a gradual, progressive

manner.

6.8 lrregular zone contaets

Two types of irregular contacts were defined at the top of ultramafic zones:
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(1) highly irregular contacts with clinopyroxenite fingers that extend upward

into the overlying mafic zor'e and (2) slightly irregular convex uprvard contacts.

Highiy irreguiar contacts occur at the top of ungraded layers at the top of the

three thickest zones. These contacts have the following characteristics:

1. clinopyroxenite occurs in thin fingers that penetrate upwards into the over-

lying mafic zone;

2. clinopyroxene is coarse-grained and grain size increases markedly upwards;

3. layers in the lower parts of mafic zones are truncated, but not folded or

otherwise disturbed; and

4. partly detached mafic septa are semiconcordant with clinopyroxenite fingers.

The upward penetration of the clinopyroxenite fingers and the truncation

of layers in the lower parts of mafic zones without any deformation suggest that

fi.ngers penetration occurred after the overlying zone was solid enough to fracture

and they therefore represent postcumulus processes. The coarse grain size of the

clinopyroxene suggests continual upward migration of intercumulus liquid and

growth of crystals. The overlying mafic zone would not have been completely

solidified because the underlying ultramafic zone'was still partiy liquid.

Zone contacts that are slightly irreguiar and convex uprn'ard occur at the

top of 4 zones. These contacts differ from the highly irregular contacts because

ultramafic layers penetrated only short distances into the overlying mafic zone

and smail deformed fragments of clinop¡'roxenite occur in the overlying mafic

z,one. The small fragments of deformed clinopyroxenite and the concave nature

of the contact suggest that the ultramafic zone was scoured by the overlying mafic

zone However, the lack of mineral alignment in three of the four zones (Table 3)

suggests that magma flow for a reiatively short time.

6.9 Development of cycles

Each of ihe 15 cycles that have been identified in the Mafic-Ultramafic Group

is thought to have formed from a separate batch of magma.

The Mafic-Ultramafic Group has the following characteristics:
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1. between the two septa, oiivine increases in abundance upwards to a maximum

in zone 6 before decreasing; above the upper septum olivine abundance has

a similar pattern (Figure 45); and

2. there is a general upwards change to less evolved compositions, generally

foilowing the pattern of olivine distribution; the most Mg-rich compositions

occur in zone 13.

These changes in composition suggest that successive magma batches ini-

tially tapped progressively lower into the source to u'ithdraw progressively less

evoived magma. At some point, marked by the change toward more evolved com-

positions in zone 7, magma batches tapped a more evolved source. This pattern

was then repeated in the upper part of the group. The change in the mean abun-

dance of olivine from zones from progressively increasing upwards to progressively

decreasing upwards may be rèlated to the rate of magma replenishment in the

Mafic-Ultramafic Group and the rate of fractionation in the source.
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CHAPTER 7

CONCLUSIONS

Uitramafic layers comprise about 20% of the Mafic-Ultramafic Group of the

Reed Lake Pluton. They occur in at least 15 zones, ranging in thickness from 0.3

to 15.3 m and consist of between 1 and 6 lavers. A number of conclusions can be

made from this study.

1. Calculated olivine compositions, crystallization sequences, and clinopyroxene

chemistry suggest that ultramafic layers formed from a subalkaline tholeiitic

magma. Low abundances of olivine and low forsterite contents also suggest

that the magma had undergone some fractionation prior to emplacement.

2. Cycles consist of a lower ultramafic zone and an upper mafic zoÍre) except

for cycle 9 in which the mafic zone is absent. Most cycles probably represent

a separate batch of magma that tapped progressively lower into the source

magma chamber. Discontinuities in olivine abundance, clinopyroxene chem-

istry and crystallization sequences suggest that zones 1,8 and 11 probably

formed from at least two magma batches.

3. Clinopyroxene grains have a uniform composition and En/Fs and Cr203 in

clinopyroxene correlates poorly with mineral variations. Original clinopyrox-

ene compositions have probably been modified by intercumulus migration.

4. Crystallization followed the.order olivine, clinopyroxene, orthopyroxene, pla-

gioclase in 34 iayers and clinopyroxene, orthopyroxene, plagioclase in 8 lay-

ers. Olivine and clinopyroxene crystallized at about the same time.

5. Based on olivine/clinopyroxene the 43 layers in the grorlp can be subdivided

into 12 normally graded layers, 18 uniform layers, 12 complexly graded layers,

and 1 reversely graded layer. Four layers that are defined as uniform are

graded with respect to orthopyroxene.
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6. Layers crystallized in situ, although orthopyroxene oikocrysts crystallized

above the magma-crystal interface and may have undergone some crystal

settling. Convection occurred as small scale currents and possibly as larger

scale convection, but varied in degree from zone to zone and layer to layer.

Small crystal * liquid packets locally penetrated the boundary layer to de-

posit crystals.

7. Postcumulus crystallization is common, but abundances of the different min-

eral phases ïvas not determined. Depth of the crystal mush would have been

at ieast 2 m in some places. Migration of intercumulus liquid contributed to

deformation of contacts at the top of zones 3, 5 and 11.

8. Ungraded layers formed by accumulation of constant proportions of olivine

and clinopyroxene from a homogenized boundary layer. Some ungraded

layers that lack olivine crystallized from magma that was more evolved than

other layers that contain olivine.

9. Graded layers, either complexly or normally graded, formed by in situ crys-

tallization at the magma-crystal interface. The distribution of olivine and

clinopyroxene r,vere probably controlled by compositional gradients. Local

variations in thermal gradients may be superitnposed on the compositional

gradients.

10. Sequences of layers in zones indicate that conditions at which layers form

were relativeiy constant throughout the accumulation of the zone or changes

were gradual and progressive.
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A.ppendix A

Petrographic Data

Petrographic data listed in this appendix includes: (1) modal analyses of thin

sections, ultramafic rocks; (2) modal analyses of thin sections, mafic rocks; (3)

modal analyses of rock slabs, ultramafic rocks; and (4) grain size of clinopyroxene.

Modal analyses were done on 102 samples from the ultramafic zones in the

Mafic-Ultramafic Group. Samples were selected from most zones, but a large pro-

portion of the samples were from zones 5 and 11, which are the two zones that

are best exposed and are well iayered. Analyses were done to maintain a maxi-

mum standard deviation of 2.5 (Chayes, 1956). Samples that were geochemically

analysed were modally analysed to maintain a maximum standard deviation of

<2 (Chayes, 1956); these samples are marked by an asterisk in Table 4.1.

Several samples also contain gabbroic clots, xenoliths and layers that was

included in the modal analyses. This data has been separated from analyses of

ultramafic rocks and listed in Table A'.2. Standard deviation on gabbroic material

was not determined, but is much higher than that determined for ultramafic rocks.

Twelve large samples that were modally analysed were also cut into slabs

and polished. These polished slabs were used to determine the modal abundance

of orthopyroxene oikocrysts, which, being very coa se grained, were not amenable

to modal analysis from thin section. Smaller samples were not slabbed, but the

abundance of orthopyroxene oikocrysts was estimated from outcrop. Modal data

determined from thin secttions ïvere adjusted for oikocryst abundance.

Mean grain size of clinopyroxene from 70 ultramafic rocks was calculated by

measuring maximum grain dimensions and dimensior'is normal to this direction

(generally the minimum dimension). Data are listed in Table 4.4. Measurements

were done in an area of about 2.5 crn2 from one edge of each thin section. Samples

that are very cìoarse-grained were analysed in a 5 cm2 area from polished slabs

(Jackson,1961).
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Sample
Layer

Clinopyroxene {
altelation I'roductÉ
clinopytoxene
actinolit e

+chlo¡ite
{Fe-Ti oxides

-single crystal
-oxide du6Èed

-multicrystal
-oxide du6ted
- serp entine
-cerbonête

chlo rit e
!-e- r'r o*¡qea
ephene
epidote/clinozoisite
carbon¿t e
eerpen tine
-¡e-'ll Oxlde6

-amphibole
- carbo¡ate

cryptocrystalline - undefined

Olivine
altoration products

tre m olit e
-Eingle c¡y5Êal

-oxide dusted
-multicryêtêl

-olide dusted
-cêrbonate

serp en t in e
-oxide dusted
-amphibole

chlo¡ite
carb on at e
Fe-Ti oxides
sphene
bíotite
undefined yellow brown ègg¡egate
clinopy¡oxene
cryptocrystalli¡re - undefined

Orthopyroxene
alteralion products

amphibole
-single crystal Ê¡emolite
-multicrystal t¡emolite
-multitwinned

chlorite
Fe-Ti oxides
clinozoisite
Be¡p entine
caIbonate
clinopyroxene

Plagioclaee
alto¡ation products

clinozoisit e

chlo¡ite
amphibolc
carb onète
Fe-Ti oxides

O xides

Table A..1 Modal analyses

RL46O

-tbc

46.1

41,O
40.7

RL459 RL458+
tÒc tðD

fI.s l2.f

69.4 50.3
4.4 0.5

o.1
o.2

14.3

3.5 0,3
4'O

o.6

o'4

1A.A

F.L457* RL455
15b 15b

0.3
o.7

a2.3 79.1

53.a 55,8
16 'a

1 S.8

RL453
fða

o,2

4,6

o.4
7,6 5.1

t7.z 16.E

,1
o.2
o,5

L2.O 4.5

eø.f

84.8
72.O

o,2

u.ú

5.4

7.O

0.4

TotaI

t4.T 1(),4

0.5 0.7

L3.4 10.0
o.1

0.9

9.O

o.2
o.1

o.2

1,1 0.2
o.2 0.1

o.1

0.1

o,ó õ.1

o,2

0,5
o.3 4.6

10 0.0 10 0.0

s.2

o.9

100.0 10 0.0
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SampIe

Layer

Clinopyroxone {
altoraÉion producte
clinopyroxene
actinolite

+chlo¡ite
+r'e- r'r oxlde

-single crystal
-oxide dusted

- rnulticryetal
-oxide du6ted
-aerp ent¡ne
-ca¡b on¿t e

chlorite
Fe-Ti oxides
sphene
epidote / clinozoieite
carbonête
BerPentine

-¡e- l l Oxlde6

-amphibole
-ca¡b onate

cryptoc¡ystalline - undefined

Olivine
altèrêÉion products

tremolite
-eingle cryotal

-oxide dueted
- mult ic¡y6tal

-oxide duated
-carbonat e

se¡pentine
-oxide dusted
-amphibole

chlo¡ite
cè¡bonate
Fe-Ti oxidcs
sphene
biotite
undefined yellow brown agg¡egate
clinopyroxene
cryl)toc¡y6talline - undefined

O¡thot)ytor€n€
altê¡ation producte

amphibole
-single crystal t¡emolite
-multicryetal t¡emolite
-multitwinned

chlorite
!e- r'r oÌ10es
clinozoisite
serpentine
ca!b onatc
clinopyroxene

Plagioclaae
alte¡ation products

clinozoisite
chlo¡ite
amphibole
cã¡bonate
¡ e-'I l O*ldes

Oxides

Table 4.1 Modal analyses (coniinued)

RL452x RL407
15a 14b

e 9.2 7 S.g

ao,2 6a,a
6,2 16,8
10

4.5

7.4
L.4

0.6 0.1

0.3 0.4

o.8 6.1

0.6
0,3 3.5

0.3 0,2

RL381
l+o

RL380* RL379
14b 14b

9r.3

72,4
14,1

84.9 EE.E

60.3 57.7
24,6

0.3

RL377
14b

4.2

8,3

o.1

0.5
o,1

86,õ

73,7
IU.I

o,2 0,7
o'1

E.f

4,7

0.4

o.9

o,2

r3.E 13.8

4.9 5.O

5.1 0.8
t¡

o.2
2,2 7.O

L,3 1.0

Total

0,1
1,1

1 1.6

LO,4

I 1.6

a.2

1,9

o,2

3.1

o.?

o.2

2.1

o.3

o.9

tr

100.0 100.0

2.9

2.4

10 0.0

O.1 t¡

10 0.0

772

10 0.0

o.1

100.0



Sample
Layer

Clinopyroxone f
alte¡ation produets
clinopyroxene
actinolit e

+ chlorire
{Fe-Ti oxide

-single crystal
-oxide dueted

-mult icrystal
-oxide dusted
-Be¡pentine
-Ca¡bon¿te

chlo¡ite
Fe-Ti oxides
sphene
epid o È e / c lin ozo is i t e
carbonaÉe
serpentine

-Fe-Ti oxides
-amphibole
- ca¡b onate

cryptocrystalline - undefined

Oliwinè
alte¡ation products

t¡emolite
-single crystal

-oxide dusted
-multic¡yat¿l

-oxide dusted
-caIboñate

6e¡pentine
-oxide dueted
-amphibole

chlotit e
c arb onat e
Fe-Ti oxides
sphenc
biotite
undefined yellow brown agg¡egat€
clinopytoxene
c¡yptocryÊtalline - undefined

Ortl¡oI'yrox€ne
Elt€ration producte

amphibole
-siagle crystal t¡emolite
-multic¡ystal tremolite
-multitwinned

c h lo¡it e
Fe-Ti oxides
clinozoisite
Eerpen tine
cè¡bon¿t e
clinopyroxene

Plagioclaee
alto¡ation products

clinozoisite
chlo ri É e
anphibole
carbonète
Fe-Ti oxides

Oxide

Table .A'.1 Modal analyses (continued)

RL375b RL374
14b 74a

Ì2,4 3A,4

61,9
3,4

RL372
'J.4a

24.2

o.2
3.9

RL370 RL364 RL363*
!4a 13a 13a

44.4 91.3

to E

48.4

1E.6 34,A

2.O

10.7

o.6

o,3

f 6.f

5 2.9

oo.6

0.1

1.4
o.4

o.2
0,4

ez.t a.7

7,O

8.O 26.e

o.2

7.8

Total

o.2

o.4

24.O

0.4

19.E

7.2 ().4

100.0 100.0

2.9
o,7

o.1

t.4

10 0.0

o.2

100.0 100.0

773

o.4

1 00.0



SampIe

Layer

Clinopyroxone {
alte¡ation products
clinopyroxene
act inolíte

{chlorite
{Fe-Ti oxides

-single cryetal
-oxide dusted

- multicryst al
-oxide dusted
- selp en t ine
-cèrbonate

chlo¡it e
!e-Il Olldes

sphene
epidot e/ clinozoioit e
ca¡bonate
ae¡pentine

-Fe-Ti oxidee
-amphibole
-cèrbonate

c¡yptocrystalline - undefined

Oliwino
alteration p!oduct6

t ¡emoli t e

-single cryetal
. -oxide drioted

-multicry6tal
-oride dusted
-cêrbonate

ae¡pentiûe
-oxide dusted
-amphibole

c h lorit e
ca¡borate
¡e- I r O*tOeÊ
ephene
biotite
undefined yellow brown ôgg¡egate
clinopyroxene
cryptocry6talline - undefined

Orthopyroxone
alte¡ation prodúcta

amphibole
-single c¡ystèl t¡emolite
-hultic¡y6t¿l tremolite
-multitwinned

chlo¡it e
¡e-ll O*lde6

clinozoisit e
6erpentine
cê¡bon¿t e
clínopyroxene

Plagioclase
alteration ¡rroducts

clinozoisite
chlorite
amphibole
carbonat e
¡e- I r oxrdes

Oxide

Table .A'.1 Modal analyses (continued)

RL362 RL356x
13a l2c

67.4 61,3

45,2 42.4
5.9

o.1

t¡

0,6

ñt

o,1 0,1

32,2 S€.7

o,4

1.O

30.9 33.4

o,2 1,0

RL355 RL354x
L2c L2c

6 0.8 't 4.7

49.7 54.7

RL351 RL35O

rzb 12b

4,6

ge.z a7,4

?a,o 6'7,7

3,7 6.2

o,2

3S.2 2t.S

o.2 0.1

24.2
o.1

o.1

o,4 0,3

o,2 0.1

o.3
o.7
2.O
o.7

o,7 0.1
4,7 0.4

3,0 4.5
0.1

0.1

o.2

4.7 12.ø

1.3 0.1
o.1

11.0
o.1

o.1

0.1 0,2

0,1

o.t

Total

o.5

0.1

o.4

o.4 1.4

100.0 10 0.0 10 0.0 100.0

774

o.1

10 0.0 10 0.0



Sample RL349*
Layer 1.2a

Clinopyroxene { 63.4
alteration Irroducts
clinopyroxene 52.7
actinolite

+chlo¡ite
{Fe-Ti oxide

-single cryotal O.2
-oxide dusted O.3

-multicryEtal 3.1
-oxide dusted 5.9
-6erpentine
-ca¡bonate

chlo¡it c
Fe-Ti oxides 1O.3
ephene
epidote/ clinozoisit e
carbonate
Betpentine 4.9

-Fe-Ti oxides O,9
-ca¡bonate
-amphibole

cryptocryEtalline - undefined O.1

Olivine 10,€
alta¡ation ¡>roducts

t remolit e
-single c¡y6tal

-oxide dusted
-multic¡yÊtal 3.0

-oxide du¡ted O,1
-ca¡bonate

gerpentine 13,6
-oxide dusted 0.1
-amphibole

chlo¡it e
caDbonate O.4
Fe-:|i oxides O.5
sphene
bioÉiÈe
undefined yellow brown agg¡egate
clinopyroxene
cryptocryBtalline - undefined

Orthopyloxene
alt€ration l'roduct6

amphibole
-single c¡y8tal tremolite
-multicrystal tremolite
-multitwinned

chlo¡it e
Fe-Ti oxideo
clin ozoisit e
6erpentine
cê¡bonate
clinopyroxene

Plagioclaøo
êlÉè¡ation products

clinozoisit e
chlo rit e
amphibole
cè¡b onate
Fe-Ti oxides

Oxides

Table .â,.1 Modal analyses (continued)

RL338
1Lf

99. S

64.4

RL337 RL336*
l1f r.1f

ø9,9 99.õ

64.9 75,7

5. O O,2

22.7 5.3
2.7

0.5

1.1

o.6

ñ1

10,3
1.O

RL335 RL334
l1f 11f

9E.1 98.9

78,5 76.6

5.3 13.0
2.9 0.6

o,5
no
o,2

1,3 0.65

Total

1.0

t.7

o.7

o.3

0.3
0.1

o.4

0.1

100.0 100.0

o.9 0.4

o.6
0.3 0.1

0.1

10 0.0 1 00.0

775

o.4

o,2

10 0.0 10 0.0



Sample
Layer

Clinopyroxene {
alteration products
clinopyroxene
actinolite

+chlor¡te
{Fe-Ti oxide

-single crystal
-oxide dusted

-multic¡y6tal
-oxide dusted
-aerPent ine
-cêrbonate

chlorite
Fe-Ti oxides
sphene
epidote / clinozoisit e
carbonate
serp entine

-Fe Ti oxides
-anphibole
-carbonate

cryptoc¡y6t¿¡line - undefined

Olivine
alteration products

t rem olit e
-single crystal

-oxide dusted
-multic¡y6tal

-oride dusted
- c a¡b oIat e

ac¡p en tine
-oride dusted
-amphibole

ch lo ¡it e
carb onate
Fe-Ti oxides
6phene
biotite
undefined yellow brown agg¡egate
clinopyroxene
cryptoc¡yÊtèlline - undefined

Orttropyroxone
alteration producta

amphibole
-Bingle cryÊt¿l t¡emolite
-multicryst¿l tremolite
-multiÊwinned

chlo¡ite
¡-e- r'¡ o*roea
clinozoisite
6erp en t in e
carbonat e
clinopyroxene

Plagioclaee
alte¡ation productr

clinozoisit e
chlo ri Ë e
amphibole
carbonate
¡e- Il Oxldeß

Oxide¡

Table .A'.1 Modal analyses (continued)

RL333
11f

RL332b RL332a*
lLe 11e

99.0

68.0

L7.9

0.1

o.2

o,1

o.1

ss,z a1.2

79.r AL.2

4,5
o,5

10.6
1.1

RL331
11d

RL330x RL329
11d l1d

13.4

10.6
10

o.7
o.2
2.O

õ a.€

0.1

21.4

o.2

o.5

3,O

0,4

o.1
L.7
o.a
o.4

1,9 0,6

o.E o.1

o.2 2,3

0.6 3.3
n1
o.7
9.6
o.1

o.1
añ
ît

96.6 81.9

67.4 54.3

7,O
7,7

I,J
1t

o.5
0.9
o,4

o.7
0.1

47.4

o.1

7.7

o.s

o.3

Total

1.1 t,2

4.S 1t.1

3.2

o.1
1,4 O.7
o.2
o.1 0.1

o,a

o.4 1.3
0.1 0.3

100.0 100.0 100.0 L00.0

176

o.2

100.0 10 0.0



Sample RL326*
Layer 1ld

Clinopyroxeno { 34.S
alteration producúr
clinopyroxene 1,4.L
actinolite

+chlorite
fFe-Ti oxides

-aingle c¡yßtal
-oxide duated

-multicrystal 9.9
-oxide duated
-serpentine
- ca¡bon¿Ée

chlorite
Fe-Ti oxides 2.A
sphene
ep idot e / clin ozoieit e
cã¡bonête O.2
aerpentine 7.3

-Fe-Ti oxides
-amphibole
-carbonat e

ctyptocrystalline - undefined

Olivino eã.4
ãlt€ration ¡rroducts

t¡emolite 0,6
-single cryetal

-oxide dusted
-mult icryatal

-oxide dusted
- ca¡b onate

serpentine 54.7
-oxide dusted
-amphibole

chlorite
ca¡bonate 1,.2
Fe-Ti oxides 9.1
sphene
undefined yellow brown èggregate
clinopyroxene
c¡yptocrystalline - undefined

Orthopyroxene
alteration products

amphibole
-Eingle cry6tal tremolite
-multicryBtèl t¡emolite
-multitwinned

chlo¡ite
¡e-Il O*lOe6

clinozoieite
se¡pent ine
ca¡bonat e

clinopyroxene

Plagioclaee
alte¡ation products

cli¡¡ozoisite
chlo¡ite
amphibole
carbonate
Fe-Ti oxides

Oxides O.1

Table .A'.1 Modal analyses (continued)

RL325
_t rCl

RL324a RL323b P"L322*
.|'tc Ltc l.Ic

49.3

18.8

T9.9 97,ó gÉ.f

58.4 69,2 79.8

o.3

3,0
1.4

6,3

10.6 7.a
o.1

0.3

o.2 0.1
3.0

RL321
1 l-c

oo.6

0.1

94.õ

7A,4

1.8

ø,7 2.6 g,A

o,5

5.4 2.O 2.4

Total

o,2 0.a

2.5 0.1 0.6

o.1
o,1

o.6

0,1

0.4

7.,6

o.2

o.1

1 00.0

1(). r

o.1

3.8
3,8

100.0 100.0 10 0.0

777

10 0.0 10 0.0



Sample
Layer

Clinopyroxene {
alteration ploductÉ
clinopyroxene
actinolite

+chlorite
*Fe-Ti oxidee

-single crystal
-oxide du6ted

-mulÈic¡ystal
-oxide dusted
-serpentine
-ca¡bonate

chlorit e
¡e- I l OÌlde6

sphene
epido te / clinozoisite
ca¡b onate
se¡pentine

-¡ e- r'I O*rdeÉ
-amphíbole
-c¿rbonate

cryptocry6talline - undefined

Olivine
alte¡ation producùs

tremolit e
-sintle cry6tal

-oxide dusted
-multic¡ystal

-oxide dusted
-carbonate

selp entine
-oxide dueted
-amphibole

chlo¡ite
cð¡bon¿te
!e- I l O*lde6

aphene
biotite
undefined yellow btown mète¡ial
elinopyroxene
cryptocry6tall¡ne - undefined

Orthopyroxone
alteration I'loduct6

amphibole
-single crystal t¡emolite
-multicryBtal tremolite
-multitwinned

chlorite
Fe-Ti oxides
clinozoisit e
serpenÈine
cè¡bonate
clinopyroxene

Pla6ioclase
alteration, producta

clinozoislte
ch lo¡it e
amphibole
ca¡bonate
fe- I l OXldeB

Oxido¡

Table .A'.1 Modal analyses (continued)

RL31e RL318d
-t-tc .tl r)

sa,Ì ao.o

67.3 61.8

4.6

11.5
4.9

RL317 RL316x RL315x
1lb t_tD r-tb

76.6 t2.3 Aõ.3

61.7 62,L 48.5
0.6

7.4 2.7
o.5 L.2
0.9 4,4 8.9

4,5 L3.2

u.ú
2.2 3.3 3.3

o.4
3,3 2.4
L.4 2.O

r.v r.u r.Þ

9.f 16.7 14.7

7,4 0.1
1.1 2.O

1.3 2.2

o.5 0.4
LL.7 9.O

L.7 0.1 0.1
o.6

o.3 0,3

o.a
0.6 0.1

r4.7 1.9

o'2

L4.5 1,5

a.a

2.O

o.3
1.O

2.O 0.3

o.8 f .1,

o.4 3.4

o.2 2.3

0.1

o.1

o,6

2,4

0.8
1-.4

0.1
0.1

0.1

RL314
11b

79,l

o,3

o.4

o,4
4,6

1.1

77.4

TotaI

I 2.9

6,3
o.7

13.3

o.2

o.6

2.6

o.1

10 0.0 1 00.0 10 0.0

o.1 ().1

10 0.0

178

10 0.0 100.0



Sample
Layer

Clinopy¡ox€n€ +
alteration producte
clinopyroxene
actinolite

+chlorite
{Fe-Ti orides

-single c¡y6tal
-oxide dusted

- m ulticly6tal
-oxide düÊted
-serpen t in e

- carb on at e
chlo¡ite
Fe-Ti oxides
ephene
epidote/clinozoisite
cê¡bonête
ae¡pentine

-Fe-Ti oxides
-amphibole
-carboDate

cryptoclysÉèlline - undefined

Olivine
àltèraÉion producte

t¡emoliÉ e

-sing¡e cryst¿l
-oxide du6ted

-mult¡crys tal
-oxide du6ted
-c¿¡bon¿te

aerp en t in e

-oxide'dueted
-amphibole
- cè¡bon ¿te

chloriùe
ca¡b onate
Fe-Ti oxides
s pl¡en e
biotite
undefined yellow brown aggreg¿te
cr¡rytoc¡yBÉalline - undefined

Orthopyroxene
alteration producÉs

¿mphibole
-single cryetal t¡emolite
-multicrystal tremolite
-multitwinned

chlo¡iúe
!e- I t O*lde6

clinozoisiÉe
eerpentine
catbonate
clinopyroxene

Plagioclase
alteration products

clinozoisit e
chlorite
amphibole
ca¡bonafe
!e-'I1 O*ìdes

Oxides

Table A'.1 Modal analyses (continued)

RL320 RL313 RL312 RL311*
rtÞ ltÞ lta tta

ro.2 91.9 98.O ø2.2

61,6 52,O 47.3 64.6

1.O 11.s 0,6 0.a
2.O 0,3 5.3
1.1 25.O 5,2 3.3
2.9 0.2 3,7 11.9
o.2

o.5 0.1 0,5
2.4 1,1 0.8 3.9

0.3
2.5 0,2
2.9 0,3

0.6

ts,1 a,f o.1 f.f

2.9 5.4 0.1 2,6
0.1 0.2
3.6 2.2 1.6
o.2 0.1

o,7

o.3

RL310 RL308a*
114 tt&

74.e 74.8

5 5.6 59,4
o,2
0.1

1.6 0,4
1.6 0.1
4.L 1.8
5.8 4.O

u.ú
o.3 0,2
o.4 0,2

3.4

0.1
1.3

Total

0.1 0.1

1E.2 27 .2

1,O
6.7 0.3

,1

4.6
1.0

o.7
o,1

1.9

o.1
o.1

8.1

o.2
0.1

20,r
0.1

o.1 ().1 0.2

100.0 100.0 10 0:0 10 0.0

L79

o,1 0.2

1 00.0 100.0



Sample
Layer

Clinopyroxon€ +
alte¡afion ¡r¡oducta
clinopyroxene
actinolite

+chlorite
{Fe-Ti oxides

-single cryetal
-oxide du6ted

-mu¡t¡c¡ystal
-oxide dusted
- aerpen Éine
-ca¡bonate

chlo¡ite
Fe-Ti oxides
6phene
epidote/ clinozoisite
carbonat e
Éerl)e¡tine
-Fe-Ti oxidea

-amphibole
-c¿¡bonèÉe

cryptocDystalline - u¡defincd

Olivine
alte¡âtion ploducts

tremolite
-6ingle cry6tèl

-oxide dueted
-multicrJ¡6tal

-oride dusted
-c¿¡bonate

seIpent¡ne
-oride dusted
-amphibole

chloEite
calbonate
Fe-Ti oxides
sphene
biot¡te
undefined yellow brown aggregate
clinopy roxene
cryptoc¡ystêlline - undefined

Orthopyroxene
alteration productE

amphibole
-single crystal tremolite
-multic¡ystal t¡emolite
-multitwinned

chlorite
Fe-Ti oxides
clinozoisite
aerpentine
carbonète
clinopyroxene

Plagioclaee
alte¡ation products

clinozoieiÈe
chlorite
anphibole
ca¡bonate
I e-'f ¡ o*rdes

Oxidee

Table -4,.1 Modal analyses (continued)

RL3O4 RL3O3

l1a 11a

79.3

52.9

T2,ø

49.9
o.5

3,4

o.2

20.4

0.4
o.7

4.3

RL55
10b

42.7

42,4
77,7

RL54
10b

o.2

€ 3.O

5 5,9
6.9

RL78
10a

20.f

o.1

o,7

1a.a
o.1
o.3

o.4

6 0,9

54,4
6.8

o.9
tr

o,5

RL74
-IUã

aE.õ

29.8
54.6

7 e.7

4,8
2.4

10.9

o,5

o.7

7.O

o.5

0.1

tt.2

3.4

6.4

Total

o.2
1.1

11.6

1.0
0,3 0.2

74.6

'''t.4
3,0

14,O
o.1

o.4

19.3

1,0

o.1 ().8

10 0.0

o.1
2.3

27.4

o.7

100.0

16.9
o.1

100.0

o.6

100.0

180

o.2

100.0 1 00.0



Sample

Layer

Clino¡rl¡¡oxcn€ +
altoratioa producte
clinopyroxene
actinolit e

+ch¡orite
{Fe-Ti oxides

-eingle crystal
-oxide dusted

-multic¡ystõl
-oxide dusted
-serp entine
-ca¡bolate

chlo¡ite
¡ e- r'r o*roeÊ
sphene
epidotc / clinozoiaite
carbonðte
6erpent ine

-Fe-Ti oxides
-amphibole
- carbon¿te

ctyptocryet¿Iline - undefined

Olivine
alte¡ation producta

t remolit e

-single c¡ystal
-oxide dusted

-mult ic!y6tal
-oxide dusted
- carb on ¿È e

serpentine
-oxide dusted
-anphibole

ch lo ¡it e
c¿rbon¿te
Fe-Ti oxides
sphene
biotite
undefined yellow brown ègg¡egat€
clinopyroxene
clyptocry6talline - u¡defined

Orthopyroxene
alte¡ation products

amphibole
-single crystal t¡emolite
-multic¡y6tal tremolite
-multitwinned

ch¡o rit e
Fe-Ti oxides
clinozoisite
serp entine
ca¡bonate
clinopyroxene

Plagioclaee
alto¡ation products

clinozoisit e
chlorit e

amphibole
ca¡b o nèt e
!e- A l O*ldes

Oxide¡

Table .A'.1 Modal analyses (continued)

RL71 RL245
98f

7().õ a3,9

37.6 69.8
4,8 9,2

15,4

RL241* RL239
8e 8e

0.6
7.O 0.1

t¡
5.6

as.o ao.g

70.0 68.A
7.9

o.1

RL235 RL233x
8c 8b

94.4 98.3

a.?

ô1

o.7
0.1

to

t,Ð u.Ð
o.1 0.1

o.1

a.ó 8.6 a.E

8,3

0,1

28,3 9.6

3,7 0.1

1,3

22,4
0,5 0.2

Total

o.5 0.4
o.1 0,2
3,2

o.1

4.3 10.3

0.3 0.6

7.5 A.4

o,4 1.O

o.1 0.3

1,.2 0.1

100.0

1.€ 1.6

0,9
o.7
ño

100.0

o.5
o.1

o.1

10 0.0 1 00.0

i81

1.0 0.0

o.t

10 0.0



SampIe

Layer

Clinopyroxono {
altoration producte
-clin opy¡oxene
¿ctinolite

{chlorite
{Fe-Ti oxides

-single crystal
-oxide dusted

-mult ic¡yBtal
-oxide dusted
-Ee¡pentine
- caIb onêt e

chlo¡ite
Fe-Ti oxides
ephene
epidote/ clinózoi6it e
carbonate
eerpentiae

-Fe-Ti o*ides
-amphibole
-carbonate

cryptocly6talline - undefined

Olivino
alteration producte

t¡emolit e
-single crystal

-oxide dusted
-multicrystal

-oxide dusted
- c a¡b onat e

Be¡p er I ine
-oxide dusted
-anphibole

chlo¡ite
carb o nat e
Fe-Ti oxides
sphene
b¡otitc
undefined yellow brown agg¡egate
clinopyroxene
c¡yptocrystêlline - undefined

Orthopyroxene
alteration ¡rroducts

amphibole
-single cryetal tremolite
-mu¡ticry6tal t¡emolite
. multitwinned

ch lo¡it e
!e-lt o*toe6
clinozoisite
6erP ent in e
carb onêt e
clinopyroxene

Plagioclaae
alt€ration products

clinozoisite
chlo¡íÉe
amphibole
carbonate
Fe-Ti oxides

Oxides

Table .A..1 Modal analyses (continued)

RL231 &L224
8a 7c

9 3.2 f e,r

73.3 58,1
L7.2 16.0

RL221b*
to

1.9
tr 0.1

o.2 0.5

46.4

RL218 RL21O

7a 6b

2.6

tr

6.O

64.2

1,O

f 4.4 76.0

60,5 69.5
L2,4 4,4

RL2O8

6a

s.E

o.5 0.4

0.1

82.1

g.f 12.3

4,8 9.7

6.8 6.0

J.I

o.6
2.6

0.3

7.4.2

õ.ù

1.0

o.2

Total

46,6

o,2

3,3
ño

0.1

o.4

1 õ.9

L3.4

o.3

tr

o.2

0.1

o.õ !7.7

o.5

10 0.0

1.0
o,2

1 õ.9

2t
,e
o.8

0.1

o.1 0.4 1.1

100.0

3().9

1.3

o.4

100.0 10 0.0

r82

1 00.0 1 00.0



Sample
Layer

Clinopyrorene f
alte¡ation producte
clinopyroxene
act inolit e

+ch¡orite
{Fe-Ti oxides

-6ingle cryst¿l
-oxide dusted

- muìticryst al
-oxide duated
-aerpen tine
-ca¡bonate

chlorite
Fe-Ti oxides
sphene
epidote/clinozoieit e
carbon¿te
serp en tine

-Fe-Ti oxides
-amphibole
-ca¡bonate

cryptoc¡yst¿lline - undefined

Olivine
alte¡ation producte

t remolit e
-6ing¡e c¡y6tal
-multicrystal

-oxide dusted
-ca¡bonate

6e¡pentine
-oxíde dusted
-amphibole

chlorit e
carbonate
Fe-Ti oxides
sphene
b¡oÈite
undefined yellow brown aggregête
clinopyroxene
c¡yptoc¡y6talline - undefined

Orthopyroxene
alte¡ation F|¡oductE

amphibole
-single cryetal t¡emolite
-nulticryetal t¡emolite
-multitwinned

chlorite
Fe-Ti oxides
clinozoisit e
Êe¡pent ine
carbonate
clinopyroxene

Plagioclaeo
alte¡ation ¡lroduct6

clinozoisite
chlorite
amphibole
cè¡bonate
Fe-Ti oxidcs

Oxides

Table A..1 Modal analyses (continued)

RL199bx RL197
6¿ 6a

eo.2

0.3

4.4
27.4

a.o

6,5

6,O

s E.o

3.5

33.2

44.4

F-L24

I a.ø

57.8
16.A

RL25

r 7.9

60.7
14,9

RL26

5,4

o.2
0.4

93,4

29.4
57.4

RL28

34.9

11. O

94.7

11,I
73.4

no
o,2 0.a

Total

õ.4

4,2

6.O

4.9

4.8

1.4 O,E

100.0

ø.o

6.4

I 6.3

a.7

o.1

1 00.0

Ì.s
r.ð
4,0

tr

100.0 10 0.0

183
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Sample
Layer

Clinolryloxonê +
alte¡ation producte
clinopyioxene
¿ctinolite

f chlorit e

fFe-Ti oxides
-aingle cryetal

-oxide duÉted
-multic¡ystal

-oxide dueted
-Be rP en t ine
-ca¡bonate

c h lolit e
¡e-Il OXlOes
ephene
epido te / clinozoisite
carbonÐte
6e¡p ent ine
-Fe-Ti oxidee

-amphibole
-carbonête

c¡yptoc¡ystêlline - undefined

Oliwi¡e
alteration ¡rroducta

t remolit e

-6ing¡e cly6t¿l
-oxide duBted

-multicry6 t al
-oxide dueted
-ca¡bon¿te

6 e¡p en t ine
-oxide dusted
-amphibole

chlo¡ite
c¿lbonête
Fe-Ti orides
sphene
biotit e

undefined yellow brown aggregate
clinopyroxene
cryptocrystalline - undefined

Orthopyroxono
alte¡atioh l'loductE

arnphibole
-single crysÉal t¡emolite
-¡nultic¡yatal t¡emolite
-multitwinned

chlorite
Fe-Ti oxides
clinozoisite
serp ent ine
c¿¡bonate
clinopyroxene

Plagioclaee
ålte¡ation producte

clinozoisite
chl o¡it e
amphibole
carb onaú e
Fe-Ti o*ides

Oxides

Table .A'.1 Modal analyses (continued)

RL47 RL3OX

5e 5e

s2,4

47.7
44.2

96.1

67.9

15.4

13.9

RL45
5c

g4.s

75.4
13.O

RL44*
5c

o.1

84.2

63,2

ÈL42 RL40*
õc ÒD

90. e

67.0

2.6
3.9
L.7

o.2
4.4

u.ð

1.O

o.6

0.4

s2,E

73.7

6.1

2.3

1.E

o.7

14.2

3.0

4,7
o.2

TotaI

2.4

tr

o,4
o.1

8.S

o.2
t¡ 3,O

o.3

f,4

0.4

o.2

7.O

5.4

o.1

1.€

o,1

tr

o.9

o.3

0,1

10 0.0

o.2

100.0

1.6

10 0.0

tÌ

100.0

184
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10 0.0
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Sample
Layer

Clinopyroxene {
alte¡ation products
clinopyroxene
actinolite

{chlorite
{Fe-Ti oxide

-single cryatal
-oxide dusted

-mulÈicry6Éal
-oxide dustèd
-se¡pentine
-caib on¿t e

chlo¡it e
!e- I ¡ OXldes
aphene
epidote / clinozoiaite
ca¡b onat e
serp entine

-Fe-Ti oxide
-amphibole
-carb onat e

cryptocryBtalline - undefined

Olivine
alte¡ation producta

tlemolit e
-single c¡y6Éal

-oxide dusted
-multic¡yst¿l

-oxide dusted
-ca¡bonate

aerpentine
-o*ide du6ted
-amphibole

chlo ¡i t e
carb onat e
Fe-Ti oxides
6phe¡e
biotite
undefined yellow btown aggrcgate
clinopyroxene
cryptoc¡ystèlline - undefined

Orthopyroxeno
alto¡ation products

èmphibole
-6ingle cryetal Èremolite
-mu¡tic¡ysúal t¡emolite
-multitwinned

chlorit e
Fe-Ti oxides
clinozoisite
ae¡p€nt ine
carbonate
{amphib ole

clinopyroxene

Plagioclaao
Èlt€ratioh products

clinozoisit e
chlorite
amphibole
ca¡bonate
!e-¡l O*ldeE

Oxidea

Table A'.1 Modal ar¡alyses (continued)

RL39
JO

92,9

69,0

RL37
5b

9(),4

68.7
79.7

RL35a RL34* RL33*
5a 5a 5a

93.4

73.3

91.4

64.5

7.1

3.9

93.1

66.4

3,4

6,0

RL14
4c

o.5

1.4

9.€

9.5

E 8.2

45,4

Ió.Y

o.1

o.1

1r.o

2.4
7.7

o.2

0.1

o.6

3,4

u.ð

8.2

o.1

0.1

Total

o.2

4.4

2,4

o,2

0.1

o.3
o.2
o.2

10 0.0 100.0

o,r

o.1

100.0

o.2
o.4
o.1

100.0

185

o,6
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Sample

Layer

Clinopyroxene {
altoration t'roduct6
clinopyroxene
actinolit e

{chlorite
-|Fe-Ti oxide

-eingle crystal
-oxide duated

- multicryeÈal
-oxide dusted
- ae¡pen tine
-carbon¿te

chlo¡ite
! e- I-1 OXtdeE
sphene
epidote/clinozoieite
carbonate
eerp entine

-¡e-It oxroe6
-amphibole
- c aIb on¿t e

cryptocryslalline - undefined

Olivine
alteration productE

t¡emolit e
-single crysÈal

-oxide dusted
-multicrystal

-oxide du6ted
-carbonaúe

serpentine
-oxide dueted
- anphibole

chlo¡it e
c¿¡bonate
¡e-lt OXldeS

sphene
biotite
undefined yellow brown ôg6¡egate
clinopyroxene
cryptocrystalline - undefined

Orthopyroxene
alte¡ation producte

amphibole
-single crystal t¡emolite
-multicrystal tremolite
-multitwinned

chloriÈe
!e-Il O*ldeS

clinozoigite
serpentine
ca¡bonate
{amphib ole

clinopyroxene

Plagioclaee
alte¡ation product6

clinozoisite
chlo!ite
amphib ole
carbon¿te
¡e- I l OlrdeS

Oxides

Table .A'.1 Modal analyses (continued)

RLlOX
4b

af .7

o.?

RL11 RL11O

4b 4b

a a.o

ao.2
o.2

o,7

o.6
o.4
o.1

4 3,9

72,6
o.1

RLO9

4b

aE.7

74,?
o,2

RLOS*
4a

o.5

ó.4

2.O

3,1
0.1

70.2

4.5

0.9

0,1

0.1

a.E

4.L

RLO6

4a

4.ø

4.6

74.4

0.1

0.1

8.1 3.0

6.0

TotaI

7,2

11.9

9.8

8.5

o.a

o.l

0,1

20.9 1.2,4

1.6

10 0.0

6,0

o,2 0.2

1 00.0 100.0

o.1

100.0

186
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Sample
Layer

Clinopyroxene {
alteration productr
clinopyroxene
ac Èir¡olite

{chlorite
{Fe-Ti oxide

-6inglc crystal
-oxide dusted

-multic¡ystal
-oxide duated
-eetpent ine
- ca¡b o nat e

ch lorit e
le- ¡ ¡ OXldeÃ

sphene
epidote / clinozoisit e
cê¡bon¿te
ae¡p en tine

-Fe-Ti oxides
-amphibole
- ca¡bonat e

cryptocrystalline - undefined

Oliwine
alt€!ation product6

t¡emolit e
-single crystal

-o*ide dusted
-multicrystal

-oxide dusted
-ca[bonate

se¡p entine
-oxide dusted
-amphibole

chlorit e
cèrbonèle
Fe-Ti oxidea
sphene
biotiÉe
undefined yellow brown agg¡egate
clinopy¡oxene
c¡yptocryst¿lline - undefined

Orttrop¡¡roxene
alte¡qtion productr

amphibole
-aingle crystal t¡emolite
-multicrystal tremolite
-hultitwinned

chlo¡ite
¡ e--¡-l OxldeÊ
clinozoisite
se¡p entine
carbonate
clinopyroxene

Plagioclaoe
alteration I'roduct6

clin ozoisite
c hlo¡i t e
amphibole
ca¡bonate
Fe-Ti oxides

Oxides

Table .A'.1 Modal analyses (continued)

RLO5

4a

RL467* RL468
3c 3c

a1.o

44,7

32.2

96.9

57,4

20.6

8.4

o.6

100.0 100.0

94,4 A7.9
5.6 L2.1

RL47r P"L472* &L474
3b 3b 3b

7.A

1()0.(} too.o

49.4 95,O

o.1

o.1

to.2

4.L

Total

7.7

o.5

o,4

o,2
o.6

t.2

t.l

o.2o.6

L00.0 10 0.0 100.0 100.0

187

100.0 100.0



Sample
Layer

Clinopyroxene f
alte¡ation Irroduct6
clinopyroxene

aecondary
èct in o lit e

+chlorite
+!e- I r oxroe

-single cryatêl
-oxide dusted

-multicryetal
-oxide duBted
-6erPentine
-ca¡bonat e

chlo¡it e
¡-e- I l OXloes
aphene
epidote /clinozoisite
carbonat e
6e¡pentine

-Fe-Ti oxides
-amphibole
-carb onatc

cryptocrystalline - undefined

Olivine
alte¡ation products

t re molit e
-single cryetal

-oxide dusted
- multicryEtèl

-oxide dusted
-c¿lbonêt e

ae¡pent ine
-oxide dusted
-amphibole

chlo¡it e
carbonate
Fe-Ti oxides
sphene
bioÈite
undefined yellow brown aggregate
clinopyroxene
cryptocrystalline - undefined

OrthoI'y¡or€ne
alte¡ation ¡r¡oduct6

amphibole
-single cry6tal t¡emolite
-multic¡ystal t¡emolite
-multitwinned

chlo¡it e
Fe-Ti o*ides
clinozoiait c
se¡penÈine
carb oÍ¿te
clinopyroxene

Plagioclaae
alte¡ation ¡rroduct6

clinozoisite
chlo¡ite
amphibole
carb onate
¡-e- r'¡ o*roes

Oxideo

Table A'.1 Modal analyses (continued)

RL476
3a

100,o

I7.8

L2,2

RL481 RL485 RL485
3a 2a 2a

10().o

76,O

94,4

47,t

46.6

sf ,7

10.E

LL.7

Total

õ.6 2.9

100.0 100.0 100.0 l.00.0

188



SÁ.MPLE

458
aco
453

447
375

317
3t4
310
303

110
11
o

Table ,A'.2 Modal analyses of polished rock slabs

CLINOPYROXENE OLIVINE

72.0
83.3
I3.7

6 9.9
6 8.5

Cycle 15

11.9
9.5
2.3

Cycle 14
+.Ð
18.3

Cycle 11

7.2
20.0
11.1
13.5

Cycle 4
¿1..)

3.3

70.3
72.7
¡ õ.õ
73.2

I ö.U
82.3 *

78.0

OIKOCRYSTS

16.1
a1

3.0

25.6
L3.2

22.5
6.3

t ó.ç
12.3

20.8

18.7

189



SampIe
Cycle

Metagabbrol

Clinopyroxeno $
alteration productr
magmètic
g¡ênülê¡

secondary
¿c tinolite

-f!-e-¡t ox¡oc6
-6intle cry6tal

-oxide du6ted
-multicrys tal

-oxide dueted
Fe-Ti oxides

Plagioclaae f
altoration producte

clinozoisite
chlorite
amphibole
t e- I IOX¡des
muscovitc
single ctystal albite

Table .A..3 Modal analyses of included rnetagabbro

F.l¿322
l1c

16.0

86.9

32.4

2.4

64.1

5L.4
õ.r
4,7

RL321

Total2

Sample
Cycle

17.8

42,4

o.a

9,4

o,8

6T.A

52.3

RL312

Metagabbrol

Clinopyroxone {
alt€tation I'¡oductÈ
magmatic
granular

6econdary
ac tinolit e

fFe-Ti oxides
-single crystal

-oxide dusÉed
-mültic¡ystal

-o*ide dusted
Fe- I l OXIOeS

Plagioclaee {
alteration ¡rroductË

clinozoisite
cÌ¡ lo rit e
amphibole
Fe-Ti oxides
muscovite
single crystal albite

t2.3

a4.7

56.0

o.5

5.O

31.7

3L,2

RIJ235
8b

100.0

RI,468
L

6.8

ao.2

20.t

RL233
8a

100.o

F'1,476

62.9

4 5,4

7,L

10.4

2 6.8

4,0

74.2

64.6

7.L

Total2

Te.7

74.4

2.3

RIJ481

1 00.0

63. E

39.7

24.1-

o.6

10.õ

1.. Abundance of metagabbro material included
the whole rock.
2. Total modal composition of the metagabbro

4f .l

45,8

1.3

47,3

RIJ485
2

10 0.0

L6.7

23.3

100.o

4s.ø

28,9

100.o

É2.7

47.3

100. o

43.4

40,0

3.4

1.0 0.o

in ultramafic cumulate as a percentage of

material only.

10 0.0 10 0.0 100.0
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SAMPLE

400
457

Table .A'.4 Mean grain size of clinopyroxene in rnrn

40?
375

364

GR,AIN SIZE

1.30
0.98

l..38
o.72

0.31

U.OI
2.25
0.89

7.40
2.32
L.4A
0.86
2,O2
1.06
l.lu
1.08
2.L2
r.20
L.24

0.95

1.31
2.35
2.34

0.59

0.e1

ð.bu
1.54

1.63
r.oa

!.34
L.77
1.53

1.72
1.11
L.73
1.01
2.OO

356
351
349

338
334
330
326
322
319
316
315
3t2
310
304

54

SAMPLE GRÄIN SIZE

Cycle 15
+ov
452

Cycle 14
380

Cycle 13

342

Cycle 12
354
350

Cycle 11
336
333
Õ¿v
325
321
317
314
320
311
308
303

Cycle 1O-

78

Cycle I
245
237
231

o.75
o.e8

L.23

224

2LO

39
34

o.66

1.04

2.60
2.5ø
1.04
1 .10
2.L2
L,r4
1.13
L.O2
1.38
1.08
r.25

o.E8

0.90
1.53

t4
ø
E

102
4e9
472
476
48L

Cycle 7

Cycle 6

199

Cycle 5
30
44
40
öa
33

Cycle 4
1L0
I

Cycle 3

23e
233

0,62

2.46
r.ðõ
|.70
r..45
L.ø2

L.7L
L.44

L.e2
2.!5
L.82
L.20

448

474
478

191



Appendix B
Mineral Chemistry

Electron microprobe mineral analyses were collected on 101 samples repre-

senting a stratigraphic section through 15 cycles of the Mafic-Ultramafic Group.

Minerals analysed 'were: clinopyroxenes, oxides, amphiboles, chlorites, and ser-

pentines. Samples r¡vere prepared by the author in the thin section labs of the

Department of Geological Sciences, University of Manitoba. Samples were ex-

amined in both transmitted and reflected light. Points were picked from scalà

drawings that were made for various parts of each polished section.

Analyses were done using an automated Cameca SX50 electron microprobe

in the microbeam facilities of the Department of Geological Sciences, University

of Manitoba. Analyses u¡ere done under the supervision of Ron Chapman. Wave-

length Dispersive Spectrometry (WDS) was used for quantitative analyses. An

accelerating potential of 15 keV was used, along with a beam current of 20 nA

and a rastered 1 ¡z beam; effective beam diameter is about 2 p,. Counts for each

element were collected for 20 seconds. Data was collected by three spectrometers

simultaneously. All data was then manipulated for matrix corrections (ZAF)

using an internal program (\MDSACQ) to the RSM-11 work station. Mineral

analyses were recalculated to cation abundances using the program MINCÁ,L.

Detection limits of the minor and trace elements are listed in Tabte 8.1.

Major elements Si, Ca, Fe, and Al are not listed. Limits are given for element

abundance and oxide abundance to 3a.

Pyroxenes

The structural formulae for clinopyroxenes were calculated on the basis of

4 cations and normalized to 6 anions (Morimolo et.øL., 1988); Fe2O3 content

was determined from stoichiometry. Cation abundances were recalculated to

Mg/(Fe2+ + MS) ratios (Irvine, 1979). Wo-En-Fs ratios (Tables 7 and 8) were

also calculated where the Ca component is reported as Wo, the Mg component

is reported as En, and Fs is defined by Fe2+ * F"¡+ * Mn (Deer, Howie and

Zussman, i966). En/Fs was also calculated to adjust for spurious FezOs results.

Anaiyses totaling less than 98% and more than 101% were discarded. Exam-

792



Element Spectrometer Standard Percent L.L.D.

Table 8.1 Detection Limits of Minor and Trace Elements

Na
V

Mn
Ti
Co
Cr

TAP
LIF
LIF
LIF
LIF
LIF
PET
TAP
LIF

Mg
Ni

L.L.D.:Iower limit of detection; fluoreib=fluo¡eibeckite; arfed:a¡fvedsonite

ination of the beam area in samples that have poor totals suggests that there may

have been slight changes in the operating system and collection during the run
or the area of analysis may be contain submicroscopic incipient recrystallization

to amphiboies.

Oxides

Oxides are normalized on the basis of the unit cell containing 24 cations

and 32 anions. Many analyses for oxides do not tota.l correctly in stoichometric

calculations of cation abundances, and oxide totals are commonly low. Low totals
were caused by drift in the chromite standard, which had to be recollected twice

during the analysis period; correction factors were applied to improve data.

Amphiboles

Amphiboles rryere examined in a number of samples to determine relation-
ships between clinopyroxene and its recrystallization products. All analyses are

of good quality. Determination of mineral formula by electrom microprobe is
hampered by the inability of the probe to distinguish between O and (OH), or

Fe2* and Fe3*. Mineral formulas were calcuiated using the program AMPHIBOL
assuming 23(O) and 13 cations exciuding Ca, Na, K (Robinson et al., 1gg2).

Chlorites and Serpentines

Chlorites were examined in 8 samples from 6 cycles. Although chlorites tend

to volatize during analysis, and data were collected using the same method as

used for clinopyroxenes. Larger beam diameters are preferrable. This method

193

albite
VPzOz
fluoreib
pyrope

cobaltite
chromite

arfed
olivine

8.50
22.65

1.08

0.30
2L.63
31.18

0.27
0.22

Oxide

0.025
0.069
0.041
0.056
0.081
0.064
0.049
0.021
0.042

L.L.D.
Element

0.019
0.047
0.032
0.034
0.065
0.044
0.034
0.013
0.034

Minerals

Cpx,Amph
Ox

Cpx,Amph,Ox
Cpx,Amph,Ox

cp*
Cpx,Chl,Serp

Ox
Cpx,Chl,Serp



was used because of ease in programing the probe and difficulty in getting good

polish over larger areas. Similar problems occur with serpentines, but polishing

vüas more effective.

Chiorites were normalized to 74 O exciuding HzO because of common octa-

hedral vacancies found in trioctahedral chlorites (Bailey, 1988). Serpentines were

also normalized to t4 O excluding HzO.
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Sample S¡O2 TiO2 Al2O3 Cr203 MnO MgO C¿O NiO CoO Na2O FeO Fe2O3 Total

458 52.08
458 5L.72
458 52.07
458 52.04
458 51-.55
458 50.76
458 5I.92
458 5L.7e
458 5t.7A
458 52.02
45E 52.09
45E 52.80
avg(12) 51.88
etdev 0.45

45 5 52.75
4,5 5 52.34
465 51.50
4 5 5 52.32
455 52.43
455 52.47
455 51.95
4 5 5 52.90
455 5L.7ø
455 5r.e7
455 52.18
455 52.45
455 52,44
4 5 5 52.23
45 5 52 .28
455 51.80
455 51.70
455 51.e5
455 52.89
avg(19) 52.23
stdev 0,39

453 51.86
453 52.05
453 52.16
453 51 .88
45 3 52.2L
453 52.02
453 52.35
453 53,L2
453 52.t2
453 52.34
453 52.42
453 52.25
avg(12) 52.23
stdev O.32

462 52.8e
452 52.55
452 52.34
452 52.LL
452 52.74
452 52.OL
452 52.38
452 52.4r
452 52.08
452 52.L7
452 52.08
4t2 52.40
avg(12) 52.33
stdev O.22

46A 52.76
456 52.24

Table 8.2: Chernical composition of' clinopyroxene

0.17 2.76
o.27 2.78
o.23 2.83
0.2 5 2.øO
0.14 2.79
0.09 2.55
0.11 2.7E
0.o9 2.83

0.1 1 2.ø9
u,rt ¿,oo
0. L 0 2.41
0.14 2.70
0.o0 0.13

0.13 2.42
o.L4 2.57
0.11 2.60
0.13 2.7e
0.18 2.57
o.23 2,74
0.14 2.ø3
0.13 2.50
0.07 2.78
0.14 2.81
0.1 5 2.77
o.22 z.AL
0.1e z.at
0.15 2.43
0.17 2.7L
0.16 2.A4
o.24 2.72
o.zL 2.82
0.11 2.L5
0.16 2.69
0.o4 0.16

0.10 2.7L
0.1 1 2.44
0.19 2.6L
0.13 2.5e
o.L7 2.54
o.Lz 2.ø5
o.20 2.54
o.L4 L.67
o.22 2.72
o.Lz 2.42
o.t4 2.67
0.13 2.63
0.1 5 2.5I
0.o4 0.30

0.11 2.71
0.10 2.78
0.18 2.74
0.13 2.ø7
0.0 2 2.71
0.14 2.72
0.1e 2.72
0.10 2.74

0.13 2.8L
0.11 2.79
0.10 2,63
o.I2 2.73
0.04 0.05

0.18 2.52
0.09 2.48

\Meight percent oxides

Cycle 15
0.5 7 0.2 0 rø.4! 20.ø2
o.46 0.18 1 5,86 22.O1
0.53 0.20 15.67 22.29
0.51 0.13 1 5 .69 22 .7 4
0.49 0.22 1 5.96 2r .øA
0.95 0.25 r5.a2 20.81
0.56 0.20 Lø.O7 2L,22
0.49 0.20 15.86 22.O3
0.50 0.18 1 5.91 2L .A6
o.32 0.18 16.04 22.t4
0.48 0.22 15.89 22.OA
o.54 0.18 16.00 22.30
o.51 0.19 L5 .ø2 2L .A7
0.0 7 0.03 0.2L 0.6 5

0.48 0.25 16.06 2L.A7
0.48 0.1? 16.04 22.06
0.40 0.21 15.98 21.7E
o.37 0.22 15.78 2t.Sr
o.44 0.17 16.15 2t.AL
o.5e o,2L r5.77 2L.e9
0.52 0.15 16.11 2t .5A
0.48 0.24 15.E5 22.4L
0.43 0.21 15 .86 22 .29
o.46 0.19 Le.r7 2t.47
o.4e 0.1 5 1 5 .6E 22 .2e
o.42 0.13 15.08 22.L3
0.53 0.14 1 6.00 20.49
o.47 0.21 15.58 22.52
o.4a o.20 15.98 2L.75
0.51 0.r2 15. ?8 22.27
o.43 0.19 1e.r. O 22.22
0.43 0.14 L5.67 22.16
o.23 0.00 16.E8 2L.37
o.45 0.17 15.09 2t.øO
0.07 0.o5 0,32 0.40

o.42 0.25 15.38 22.48
o.47 0.19 L5.7L 21.89
o.44 0.1r. 10.02 2L.54
0.37 0.20 L5.79 21.89
o.47 0.18 15.82 22.L7
0.38 0.16 L5.TL 22.O2
o.45 0.16 16.93 19.51
0.45 0.20 15.88 23.53
0.48 0.20 15.48 22.Oø
0.35 0.r7 15. ?5 22 .17
o.42 0.1? 15.75 22.OL
0.43 0.1e 15.59 22.25
0.43 0.18 1 5 .82 2L .96
o.04 0.03 0.3 7 0.8 7

0.36 0.19 15.66 22.53
0.40 0.17 15.66 22.37
o.39 0.r.5 te.77 20.60
0.43 0.L6 15.78 22.28
0.28 0.13 15.54 22.72
0.35 0.1S 16,43 2L.25
0.34 0.17 16.11 2L.57
o.32 0.15 16. ?3 2L .48
0.3€ 0.11 t6.20 2L.96
0.34 0.21 15.87 22.r7
0.39 0.15 1A,26 2L .46
0.3E 0.19 L5 .76 22 .20
0.36 0.16 L6.O2 21 .89
0.04 0.03 0.36 0.õ9

o.21. 0.1? 16.36 2t.78
0.37 0.18 16.18 2L.78
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0.00 0.00
0.03 0.10
0.00 0,00
0.00 0.04
0.13 0.o2
0.01 0.02
0.05 0.o0
0.00 0.02
0.01 0.01
0.05 0.05
0.05 0.01
0.00 0.02
0.03 0.03
0.04 0.03

0.01 0.00
0.03 0.03
0,0 7 0;0 5

0.01 0.00
0,07 0.06
0.03 0.o0
0.04 0.06
0.00 0.05
0.0? 0.04
0.03 0.00
0.00 0.00
o.04 0.00
0.00 0.02
0.00 0.oo
0,02 0.00
0.00 0.00
0.00 0.03
0,02 0.03
0.07 0.04
0.03 0.o2
o.03 0.02

0.02 0.03
0.04 0.o2
0.02 0.02
0.06 0.00
0.03 0.00
0.06 0.00
0.03 0.05
0.06 0.03
0.03 0.01
0.00 0.03
0.00 0.00
0.03 0.08
0.03 0.02
o.02 0.o2

0.00 0.01
0.05 0.03
0.06 0.00
0.00 0.04
0.06 0.00
0.06 0.03
0.06 0.03
0.05 0.o2
0.03 0.01
0.05 0.00
0.00 0.00
0.05 0.00
0.04 0.o1
0.02 0.01

0.00 0.01
0.00 0.07

0.19 5.71
0.20 3.59
o.22 4.70
o.22 4.20
0.19 4.3ø
o.37 4.3L
o.20 5.27
o.20 4.40
o.t7 4.ø3
0.18 4.27
o.20 4.63
0.19 4.BA
o.21 4.5I
0.05 0.51

0.18 4.77
o.20 4.73
0.1E 4.L6
o.27 5.31
0.18 5.41
o.22 5.44
0.19 4.81
0.18 5.32
0.20 3.95
o.2L 4.7q
o,20 4.98
0.21 5.55
0.18 6.31
o.zL 4.E1
o.L7 5 .34
0.18 4.50
0.16 3.94
o.22 4.81
0.1 9 4.96
0.19 4.54
0.02 0.57

o.24 4.51
o.22 5.05

o.22 4.7L
0.25 4.65
0.15 5,22
0.1.8 6.56
0.21 3.96
o.23 5.39
o.25 4.49
0.25 5.24
0.25 4.EE
o.22 5.O4
0.03 0.o0

0.18 5.10
0.23 4.98

0.20 4.o6
0.19 4.52
o.L7 4.72
0.19 5.35
0.15 5.36
o.17 5.20
0.18 4.7 5

o.L7 4.99
0.20 5.08
0.18 5.O2
o.o2 0.30

0.19 5.O0
0.21 4.ø4

L.Oz 55.73
1.90 9e.77
L.4L LOO.24
1.45 99.87
2.L2 99.62
3.05 98.52
r.25 ø5.57
L.44 99.35
1 .60 ø9.47
1.00 99.S5
1.31 99.59
0.95 100.51
1.00 99.e6
0.54 0.46

r.34 99.85
0.88 99.08
2.28 99.33
0.64 99.89
0.00 9e.67
o.47 100.1e
1.6E 99.84
o.72 LOO.77
2.59 100.28
L.øL 99.84
1.30 100.19
0.68 100.30
0.61 100.52
L.25 LOO.27
0.8? 99.95
t.44 99.60
2.05 99.79
L.37 9S.83
1.48 100.2E
r.22 99.99
0.e4 0.35

1.59 99.59
1.09 99.32
1.43 99.97
1.80 ø5.A4
1.90 100.39
1.43 99.91
o.g7 99.94
1.45 100.61
0.85 99.80
1.36 e9.85
1.1 5 100.21
L.4L 100.12
L.34 ee.93
o.30 0.34

0.o0 99.53
0.00 99.32
0.50 9s.44
0.36 98.83
o.76 Se.o7
0.86 98.S8
0.45 9e.55
0.00 99.01
0.41 9e.98
o.70 9e.38
o.77 99.17
0.39 99.38
0.43 99.30
0.30 0.30

0.00 99.18
0.50 98.76



Sample SiO2 TiO2 Al203 Cr2Os MnO MgO

Table 8.2: Chernical composition of clinopyroxene (continued)

456 52.7e 0,13
456 t2.O4 0.72
4le 52.4L O.11
45e 52.04 0.11
454 52.A7 0.11
454 52.58 0.18
456 52.L7 0.13
avg(e) 52.43 0.13
stdev 0.30 0.03

457 52.03 0.r.6
467 51 .90 0.22
4t7 52.10 0.27
457 52.L9 0,27
457 52.35 0.19
457 51.85 0.19
457 51.?1 0.06
457 51.56 0.19
457 tL.e7 0.22
avg(e) 51.97 0.20
stdev O,23 O.Oo

407 52.29 0.25
407 53.42 0.14
407 52.ø5 0.09
407 52.22 0.15
407 52,33 0.24
407 52.55 0.13
407 5 2.83 0.18
407 52.58 0.15
407 52.A4 0,2I
407 52.88 0.19
407 52.52 0.14
407 52.93 0.16
avg(12) 52.67 0.1?
stdev O ,32 0,04

381 52.65 0.L2
3E 1 t2.40 0.1e
381 52.64 o.Oe
381 53.12 0.18
381 52.ø9 0.18
381 52.47 0.10
3E1 52.75 0.18
381 52.83 0.15
381 52.37 0.14
381 5r.80 0.0e
381 53.37 0.13
avg(11) 52.65 o.L4
stdev O.39 O,04

375 51.88 0.L7
375 52.11 0.L7
375 51.49 0.20
375 5L.72 0.1€
375 5L.72 0,24
375 5r .77 0.t7
375 52.64 0.20
375 52.00 0.18
375 51.7E O,25
avg(9) 51.90 o.19
stdev 0.31 O.03

3e4 54,26 0.01
364 53.00 0.17
3ø4 53.2e 0.06
364 53.32 0.14
364 53.20 0.15

2.33 0.33
2.78 0.31
2.ø9 0.35
2.58 0.27
2.78 0.33
2.29 0.35
2.77 0.35
2.58 0.32
0.18 0.05

2.42 0.42
2.E0 0.52
2.AA 0.48
2.41 0.52
2.72 0.4E
2.72 0.44
2,eø 0.55
2.7s O.50
2.81 0.36
2.80 0.47
0.05 0.06

3.O4 0.46
z.eo 0.42
2.e4 0.44
3.09 0.49
2.9ø O.40
2.98 0.50
2.95 0.38
2.9e O.38
2.45 0.44
2.9L 0.36
2.42 0.41
2.gg 0.34
2.95 0.42
0.0? 0.05

3.01 0.41
2.83 0.46
2.82 0.3E
2.e4 0.49
2.97 0.39
2.94 0.40
2.98 0.44
3.01 0.45
2.øt o.47
2.ø7 0.37
L.78 0.40
2.80 0.43
0.34 0.04

3.20 0.75
3.09 0.74
3.23 0.E3
3. L 8 0.70
3.15 0.87
3.09 0.77
2.4e 0.32
3.08 0.60
3.24 0.86
3.08 0.73
o.23 0.16

7.21 0.72
2.5t O.42
1.51 0.28
2.55 0.3e
2.6L 0.40

VVeight percent oxides

0.19 16.1 1

0.1 7 15 .94
o.I7 15.8 7
0.20 15.93
o.L? L5.73
0.19 15.94
0.1E L5.7L
0.18 15.97
0.01 0.20

0.20 16.76
0.17 16.13
0.17 L5.7L
0.19 15.60
0.19 LA.2ø
o.L7 15.e5
0.18 t5.7L
o.77 15.95
0.15 15.61
0.18 15.96
o.01 0.36

CaO NiO CoO Na2O FeO Fe2O3 Oxsum

2r.gL 0.04 0.00
22.73 0.O7 0.01
22.34 0.03 0.O2
22.r4 0.03 0.00
22.37 0.01 0.01
22.45 0.01 0.04
22.48 0.07 0.04
22.L? 0.03 0.02
0.29 0.03 0.o2

20.20 0.05 0.00
21.6L 0.03 0.0r.
22.45 0.O2 0.04
22.37 0,00 0.00
20.s8 0.06 0.02
22.1O 0.01 0.o€
22.38 0.11 0,04
22.O8 0.00 0.00
22.64 0.00 0.o2
2L.87 0.O3 0.O2
o.7a 0.o3 0.02

0.19 5 .34
o.20 4.43
o.24 4.56
o.23 4.30
o.22 5.23
o.23 4.33
o.24 4.33
o.22 4.ø8
o.o2 0.38

o.17 5.60
0.20 4.79
0.20 4.65
o.2t 5 .05
0.1 7 5 .88
0.20 4.2e
o.24 3.80
o.20 4.o4
o.22 4.30
0.20 4.7r
0.02 0.66

0.16 4.44
0.18 5.O2
0.18 4.45
0.20 4.15
o.27 4.24
o.22 4.20
0.19 4.43
o.r7 4.43
0.00 t.77
0.19 4,77
o.20 3.5 5
0.16 4.89
0.19 4.43
0.05 0.42

0.18 4.21
0.18 3.90
o.19 4.t2
0.16 4.94
0.18 4.e7
0.18 4.60
0.20 4.75
0.18 4.74
0.20 3.95
0.1E 3.50
0.03 3.9e
0.17 4.34
0.05 0.46

o.22 3.79
0.1e 4.24
o.24 2.42
o.zL 3.49
o.27 2.93
o.23 3.09
0.17 3.O2
o.23 3.04
0.04 4.82
o.22 3.36
0.o€ 0.65

0.04 4.33
o.L7 4.t2
0.05 3.2L
0.19 4.44
0.18 4.50

Cycle 14
0.14 16.54 2L.64 0.00 0.06
0.14 10.80 21.86 0.04 0.05
o.L2 L4.94 2L.37 0.04 0.00
0.15 16.18 22.25 0.04 0.00
0.15 7ø.44 21.8e 0.09 0.07
o.t7 te.20 22.38 0.o5 0.00
0.14 16.48 22.25 0.01 0.O2
0.13 tø.43 22.Oø 0.11 0.00
0.16 10.58 2L.93 0.10 0.O4
0.14 18.50 2L.94 0.08 0.05
0.11 L4.47 22.60 0.06 0.00
o.08 10.68 2L.7e O,O2 0.00
o.14 LA.52 22.OO 0.05 0.03
0.02 0.2r o.32 0.03 0.03

0.19 \5.92 23.OL 0.00 0.00
0.11 L4.42 22.42 0.00 0.02
0.1E L6,34 22.4L 0.01 0.03
0.16 76.44 22.21 0.00 0.00
0.13 Lø.42 27.91 0.03 0.00
0.14 10.20 22.17 0.00 0.01
o.13 16.8 2 21 .40 0.O5 0.O2
o.I4 L7.2e 20.85 0.11 0.04
0.18 16.16 22.53 0.0 5 0.00
0.13 16.10 22.50 0.O7 0.00
0.1€ 15.87 24.45 0.05 0.02
0.15 10.36 22.3í 0.03 0.01
0.02 0.38 0.87 0.03 0.01

o.14 LA.4ø 2r.76 0.O5 0.01
0,11 L4.42 2L.8ø 0.08 0.06
o.14 LA.r4 22.53 0.08 0.00
o.o9 16.28 22.LL 0.10 0.03
0.13 16.5 5 22.Or 0.09 0.00
0.16 14.22 22.46 0.0e 0.00
0.11 16.64 23.O7 0.06 0.04
0.14 L6.44 22.47 0.O0 0.00
0.11 L6.32 21.80 0.O0 0.01
o.13 16.39 22.22 0.0e 0.01
0.02 0.15 0.40 0.o4 0.02

0.15 L4.24 24.L2 0.05 0.03
0.14 76.82 22.22 0.05 0.02
0.15 rø.42 24.Lt 0.01 0.00
0.15 19.78 22.24 0,00 0.05
o.L7 17.44 2!.20 0.03 0.00
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o,zt 99,54
o.g7 99.L7
0,90 99.69
1.55 99.39
0.00 ø9.77
1.1? 99.96
0.70 99.17
o.a7 99.40
0.51 0.35

1.52 99.S3
1.28 e9.72
1.60 100.57
0.84 100.05
0.94 700.24
1.EO 99.78
2,34 99.9E
2.21 99.69
1.31 99.65
r,54 99.96
o.49 0.28

0.73 99.94
0.35 101.33
o.69 100.17
1.05 99.96
1.01 99.99
0.90 100.28
1.02 100.88
o.7r 100.r 7
0.00 100.32
0.31 100.32
1,44 100.32
0.oo 100,04
o.77 100.3 5

0.43 0.30

0.55 100.20
L.26 100.2 0
1 .15 100.37
0.16 100.54
0.45 100.21
0.60 99.81
o.77 100.4e
1 .33 101 .0e
t.L2 100.08
2.Oe 59.77
0.57 100.82
0.s0 100.33
0.51 0.38

1 .19 ee.62
o.57 99.01
1.95 99.€5
L.28 99.44
1.99 99.95
1.55 99.59
t,rz 9s.79
L.62 99.82
0,00 9e.25
1.38 øø.e7
0.61 0.20

0.00 100.56
0.88 100.52
L.34 100.46
0.57 100.79
0.90 100.68



Sample SiOz TiO2 Al2O3 Cr203 MnO MgO CaO NiO CoO Na2O FeO Fe203 Oxsum

364 53.45
3ø4 53.73
3ø4 53.35
364 52.59
364 53.01
364 53.10
364 52.75
3ø4 52.83
364 53.05
avg(14) 53.21
stdev 0.41

363 53.01
863 52.44
363 52.76
3e3 52.A4
363 52.40
363 52.44
363 53.08
3€3 52.82
363 52.76
363 5 2.88
363 52.77
363 5t.97
363 52.52
evg(r+) 62.67
stdev 0.29

361 52.5e
361 52.42
361 52.40
361 62.25
361 52.05
361 52.53
3€1 52.65
361 52.26
3e 1 52.04
361 52.7A
avg(ro) 52.4o
stdev 0.24

356 52.7A
356 52.31
3 5 0 52.37
3 5 6 52.ø4
356 51.96
356 53.26
35€ 52.L2
356 52.O7
356 52.11
356 t2.28
avg(10) t2.48
stdev 0.40

óÐo o¿.av
355 53.01
úoD o¿.4 L

355 52.88
3 5 5 52.57
óao oz.uo
óoo oz.Þr
3 5 5 t2.4r
355 53.05
355 52.75
avg( 11 ) 52.66
stdev 0.28

354 51.72
354 5t.4L

Table E}.2 Chernical composition of clinopyroxene (continued)

0.1? 2.50
0.11 2 .62
0.16 z.tg
o.zL 2.63
o.21 2.AO
0.19 2.53
o.72 2.65
0.15 z.Ae
o.21 2.74
0.15 2.47
0.06 0.44

o.23 2.47
0.13 2 .81
o.Lz 2.47
o.09 2.76
0.18 2.94
o.14 2.93
o.07 2.85
0.05 2.94
0.13 2.94
o.zL 2.95
0.13 2.25
0.10 2.84
0.10 2.e7
o.13 2.42
0.05 0.19

0.16 2.83
0.10 3.00
0.09 2.89
o.10 z.gt
o.Lz 2.93
0.11 2.ø2
0.10 2.94
o.zt 2.97
0.15 3.08
0.09 3.L2
o.I2 2.94
0.o4 0.08

o.Lz 2.91
0.15 2.9ø
0.13 z.gL
0.10 2.49
o.11 2 .8e
0,10 2.75
o.o2 3.01
0.2 0 2.86
0.10 2.90
0.11 3.01
0.11 2.9L
0.04 0.07

0.06 2.58
0.07 2.55
0.07 2.6E
0.18 2.70
o.t2 2.73
0.0 5 2.70
0.0 7 2.87
0.09 2.80
0.09 2.e5
0.04 2.e6
0.08 2.69
0.04 0.09

0.11 2.O9
0.14 2.e4

Weight percent oxides

0.41 0.18 L7.52 20.62
0.33 0.16 16.3e 22.41
o.42 0.L2 16.33 22.AL
0.51 0.L7 76.97 22.07
0.40 0.16 16.43 22.83
o.42 0.20 77.LO 27.Ae
0.46 0.15 t6.44 22.AA
o.42 0.15 L6.22 23.L5
0.44 0.r7 Le.17 23.49
0.38 0.16 16.66 22.57
0.09 0.o2 0.43 0.96

o.o2 0.L7 16.34 22.94
0.69 0.11 14.47 22.e4
0.80 0.1 5 16.5 9 22.5ø
0.70 0.15 16.82 22.tø
0.85 0.13 16.15 22.94
0.E1 0.15 Lø.49 22.54
o.72 0.16 77 .7 4 20 .32
o.74 0.15 17.32 20.9e
0.79 0.13 16.77 2L.95
0.8 7 0.14 16.E2 22 .29
0.5 5 0.20 16.5 3 23.33
0.83 0.16 17.55 21..24
o.77 0.15 16.31 22 .tø
o.75 0.15 L6.75 22.Lø
0.09 0.o2 0.48 0.83

o.70 0.16 1e.30 22.52
o.77 0.14 10.71 22.24
0.79 0.r2 17.01 2L.43
o.7l 0.14 16.41 22.35
0.E4 0.18 t7.te 20.t7
o.7 4 0.1 1 1E. 02 te.A7
o.73 0.18 16.55 22.LO
o.7L O.L2 17.0e 2L.6A
0.76 0.10 Lê.87 2L.AO
0.83 0.L2 L7.4A 20.65
o.7a 0.14 17.00 2L,+8
0.04 0.03 0.52 0.89

Cycle t2
0.63 0.21 16.66 21.O4
o.72 0.14 Lø.23 2L.9L
0.80 0.20 16.59 21.81
0.E0 0.14 16.13 22.e2
o.67 0.15 16.10 22.LB
o.77 0.1 5 1s . e4 22.7 4
0.69 0.14 L5.7e 22.61
0.58 0.17 16.91 27.42
o.77 0.17 15.88 22.47
0.75 0.15 77.0L 20.59
o.72 0.16 16.33 2L.54
0.07 0.02 0.41 0.70

0.68 0.16 16.05 22.74
o.62 0.19 16.36 22,70
0.61 0.L4 7e.L4 22.73
o.57 0.14 16.09 22.33
o.64 0.1 5 16.46 22.O2
0.61 0.19 16.50 2L.8e
o.7e 0.11 L4.72 21.49
o.ø2 0.15 1ø.24 zL.gø
o.67 0.14 17.28 20.4L
0.5? o.L7 L5.ø4 22.s3
0.63 0. r.6 16.38 22.L3
0.05 0.02 0.38 0.72

0.64 0.L3 16.66 2L.t7
0.57 0.1 7 77 .O2 2r.37
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0.06 0.01
0.05 0.01
0.04 0.03
0.05 0.o0
o.o2 0.o2
0.10 0.00
0.07 0.01
0.11 0.01
0.03 0.0 5

0.05 0.o2
0.03 0.o2

0.05 0.00
0.0 2 0.00
0.00 0.o0
0.04 0.00
0.03 0.00
0.11 0.00
0.06 0.o0
0.07 0.05
0.01 0.01
0.08 0.00
0.08 0.03
o.04 0.00
0.03 0.00
0.05 0.01
o.o3 0.01

0.01 0.00
0.o0 0.09
0.03 0.01
0.00 0.09
0.o9 0.09
0.04 0.o2
0.04 0.03
0.o5 0.00
o.o2 0.03
0.00 0.02
0.03 0.04
o.o3 0.04

0.00 0.01
0.08 0.03
o.00 0.o1
o.o2 0.o4
0.04 0.00
0.05 0.05
0.09 0.o2
o.o1 0.00
0.01 0.00
0.01 0.04
0.03 0.02
o.03 0.o2

o.o3 0.oo
0.04 0.06
o.o2 0.03
0.04 0.03
0.02 0,01
0.03 0.01
0.05 0.o0
0.07 0.o0
o.L2 0,00
0.05 0.00
0.05 0.o2
0.03 0.o2

0.00 0.03
0.04 0.00

0.18 5.37
o.77 4.O7
0.20 4.53
o.L7 3.5 7
o.20 3.95
0.16 4.77
0.18 3.54
0.23 3.44
o.1E 3.60
0.16 4.2L
0.05 0.59

0.19 4.01
0.19 3.54
0.18 3.77
o.23 3.67
0.20 3.59
0.19 3.48
0.19 4.7e
o.20 4.32
0.18 4.35
o.20 s.77
0.11 3.08
0.19 2.6e
o.2L 3.79
o.19 3.75
0.03 0.t2
o.20 4.06
0.21 3.33
0,20 3.91
o.23 3.42
0.18 4.05
0.1 7 4.4L
0.1e 4.L4
0.r.9 3.48
0.10 3.51
0.17 4.83
0.19 3.89
0.02 0.42

0.20 4.85
o.22 4.38
0.20 4.L2
o.22 4.72
o.22 3.83
0.20 3.95
0.1E 4.13
0.19 4.44
o.24 3.99
0.19 4.56
o.2L 4.24
0.0 2 0.30

0.2 0 4.00
0.19 4.O7
0.23 3.98
0.le 4.24
o.22 4.25
0.20 3.?0
0.1 7 4.70
0.1e 4.42
U. I ò à.Uð
o.22 4.L2
0.2 0 4.37
0.o2 0.38

o.21 3.51
0.20 2.7A

0.11 100.58
0.00 100.85
0.39 100.97
1.56 100.51
0.89 100.72
1.15 100.99
1.54 100.?8
1.00 101.00
1.19 101.3E
0.78 100.?6
0.5 5 0.24

o.70 100.93
L.r2 100.13
1 .11 100.91
L.28 100.?4
L.27 100.68
r.r4 100.44
o.63 100.03
o.97 100.5 9
0.66 100.62
0.90 101.17
1.13 100.18
2.46 100.48
0.81 LOO.22
1.13 100.59
o.54 0.30

o.32 99.91
1.51 100.51
1.20 100.08
1.20 99.81
1 .40 99.60
r..53 100.4?
0.66 r.00.31
1 .66 100.39
1.09 99.61
o.40 100.41
L,L2 100.12
o.45 0.33

0.00 9e.41
0.o0 99.13
0.10 99.24
0.14 99.85
0.84 99.02
0.00 99.96
0.10 98.94
0.00 99.75
0.00 98.04
0.00 98.70
o.r2 99.2A
o.25 0.44

o.44 99.60
0.31 100.17
o.57 99.91
0.00 99.47
0.60 99.79
o.72 98.65
o.o0 99.55
0.00 98.98
0.00 99.a4
0.16 99.61
0.16 99.53
o.27 0.42

2.O8 9e.35
3.18 9e.52



Sample SiO2 TiOz Al2O3 ,Cr2Os MnO MgO CaO NiO CoO Na2O FeO Fe203 Oxsum

35 4 52.02 0.13
354 51 .46 0.L2
354 51.94 0.06
354 .57.24 0.16
354 51.14 0.77
354 51.55 0.15
354 51.59 0.14
354 57.2e O.11
354 51.e4 0.10
354 5L.74 0.04
3s4 5L.92 0.0?
354 5L.72 0.14
354 5L.32 0.L2
354 51.93 0.15
354 51.58 0.14
3 5 4 57 .74 0.13
avg(re) sl.61 o.L2
stdev 0.21 0.03

353 52.90 0.O9
353 53.52 0.08
353 52.8L 0.01
353 52.93 0.08
353 52.25 0.05
353 52.27 0.0e
353 52.00 0.04
353 62.72 0.10
353 52.t4 0.L2
353 52.36 0.03
353 52.L3 0.L2
353 51.84 0.01
353 t2.28 0.09
353 52.L2 0.15
353 52.6ø 0.00
353 52.51 0.15
353 52.34 0.06
353 52.49 0.15
353 52.5ø 0.09
353 52.50 0.09
353 t2.25 0.09
353 53.40 0.11
353 t2.37 0.L2
353 52.28 0.15
353 52.72 0,O9
353 52.A3 0.04
353 t2.34 0.04
353 52.55 0.14
353 52.89 0.16
35 3 52.20 0.14
353 52.90 0.11
353 52.45 0.0E
353 52.ee 0.15
avg(33) 52.56 0.0e
stdev 0.35 0.04

351 52.38 0.14
351 52.77 0.05
351 51.87 0.06
3 51 52.71 0.08
351 53.18 0.0E
3 51 52.32 0.09
351 53.12 0.03
35L 52.31 0.12
351 52.32 0.06
351 52.28 0.11
351 52.e8 0.09
351 52.4L 0.09
351 52.00 0.13
351 52.44 0.08

Table 8.2 Chernical composition of clinopyroxene (continued)

2.78 0.72
2.78 0.66
2.75 0.72
2 .75 0.64
2.76 0.7E
2.78 0.78
2 .76 0.71
2.7L 0.66
2.80 0.04
2.s5 0.44
2.øt 0.04
2.E0 0.66
2.84 0.63
2.78 0.70
2.7L 0.68
2.62 0.5 7
2.75 0.ø7
0.08 0.06

2.O4 0.L2
1.46 0.16
2.56 0.41
z.øo 0.50
2.4e O.37
2.ø5 0.30
2.63 0.37
2.59 0.44
2.57 0.30
2.5ø O.33
2.52 0.45
2.44 0.32
2.54 O.35
2.57 0.33
2.55 0.32
2.ø4 0.35
2.44 0.36
2.ø5 0.34
2.e2 0.38
2.60 0.37
2.85 0.29
7.e2 0.36
2.45 0.52
2.60 0.34
2.68 0.36
2.6L 0.36
2.59 0.31
2.e5 0.30
2.68 0.38
2.63 0.32
2.65 0.39
2.65 0.37
2.59 0.38
2.53 0.35
0.25 0.07

2.38 0.36
2 .30 0.24
2.34 0.31
2.43 0.31
2.10 0.24
2.47 0.31
L .42 0.16
2.3t 0.34
2.3L 0.40
2.10 0,26
2.39 0.33
2.50 0,30
2.t4 0,34
1.E3 0.30

Weight percent oxides

o.L2 L7 .4r 2 0.56
0.20 L6.44 2r.gr
0.19 16.89 21.50
0.14 16.95 21.68
0.14 16.37 22.20
0.13 10.31 22.57
0.13 ta.L7 22.t2
o.22 t6.74 22.OO
0.19 LA.24 22.55
0¡11 L6.LT 22.14
o.22 L6.24 23.Oø
0.2 0 16.28 22 .4A
0.27 70.44 22.22
o.27 16.32 22.rO
0.13 L7 .42 20.O2
0.13 L6.47 22.OO
o.L7 16.60 2L.92
0.04 0.42 0.72

0.13 L5.7e 23.70
0.15 16.34 23.78
o.r7 17.75 2f.08
0.14 16.8 2 2L.6s
0.17 1€.5 2 22.OL
0.11 16.53 22.OL
0.1e ]-6.29 22.54
0.10 L8.2L 22.ø!
o.t7 1g,16 22.7ø
o.LT 16.43 22.32
o.L7 10.54 2L.gO
0.12 16.54 22.tO
0.16 16.52 2L.A9
0.15 Le.47 2L.AA
0.14 ra.7 4 2L.35
0.14 16.t4 22.24
0.14 16.40 22.63
o.L2 16.14 22.97
o.L7 10.36 22.29
0.13 t6.37 22.52
0.09 L6.74 2L.78
0.11 16.83 23.03
0.15 16.37 22.A9
0,18 rø.24 22.36
0.18 16.L7 22.73
0.11 16.45 22.3L
0.L7 L6.57 2L.e5
0.L5 16.€5 22.27
o.20 17.50 20.66
0.1e 16.18 22.42
0.1E L7 ,22 2L.22
o.L2 16.85 2L.97
0.11 16.34 22,34
0.15 16.51 22.25
0.03 0.34 0.e6

0.24 15 .E6 22 .40
0.20 17.L5 20.15
0.15 15.70 22.53
o.L7 15.98 22.18
0.14 15.39 23.62
0.14 L5.74 22.43
0.16 15.83 23.44
0.17 L5.73 22.35
0.15 L5.72 22.Ar
0.15 15.e2 23.r-1
0.16 15.67 22.50
0.17 15.76 22.55
o.23 15.63 22.40
0.20 15.8E 22.33

i98

o.00 0.00
0.00 0.03
o.o2 0.01
0.00 0.01
0.o0 0.00
0.06 0.02
0.01 0,o7
0.06 0.00
0.00 0.00
0.03 0.04
0.05 0.00
0.02 0.04
0.01 0.00
0.00 0.02
0.06 0.00
0.06 0.oo
o.o2 0.o2
0.0 2 0.o2

0.01 0.03
o.05 0.00
0.01 0.00
0.00 0.o2
0.o0 0.04
0.0E 0.oo
0.04 0.03
0.05 0,00
0.01 0.03
0.03 0.04
0.06 0.05
o.01 0.00
o,00 0.00
o.o2 0.00
0.00 0.06
0.03 0.00
0.01 0.03
0.05 0.o2
0.06 0.01
0.05 0.o0
0.00 0.04
0.05 0.00
0.08 0.00
0,09 0.01
o.01 0.00
0.04 0.01
0.0€ 0.04
0.03 0.00
0.06 0.o0
0.00 0.o0
0.04 0.03
o.72 0.00
0.03 0.00
0.04 0.01
0.03 0.02

0.03 0.06
0.04 0.06
o.o2 0.o4
0.03 0.oo
0.06 0.00
0.09 0.o0
0.0€ o.00
o.04 0.00
o.o3 0.03
0.06 0.o2
o.05 0.08
0.08 0.03
0.00 0.05
o.o2 0.00

0.16 4.LL
o.2L 3.09
0.10 3.58
0.20 2 .38
0. 19 2.49
o.22 2.50
0.1€ 3.22
0.20 2.79
o.2L 2.47
o.2L 3.60
0.18 2.5t
o.22 2.90
o.22 2.49
o.22 3.01
0.18 3.75
o.77 3.50
o.20 3.08
o.o2 0.54

0.06 4.47
o.o2 4.05
0.10 4.ag
0.13 4.86
0.14 4.05
o.l7 3.91
0.1? 4.01
0.16 4.4L
0.19 3.91
0.17 3.7.6
o.2L 3.68
0.19 3.22
0.19 4.09
0.15 4.2ø
0.16 4.7 4
o.77 4.O2
0.18 3.46
0.19 3.67
0.19 4.72
0.10 3.94
0.16 3.98
o.17 3.53
0.16 3.25
0.20 3.88
0.18 4.18
0.18 4.10
o.19 3.47
0.15 3.91
0.15 4.93
0.18 3.74
o.18 4.42
0.19 3.57
o.77 4.57
0.16 4.Oe
0.o4 0.42

0.18 4.66
u.lb 5.lb
o.15 4.36
0.13 4.89
0.1õ 4.83
0.1e 4.9L
0.04 4.5 5
0.19 4.e3
0.18 4.42
o.72 4.4L
0.10 5.r.0
0.13 4.92
0.r.6 4.75
o.r7 4.e4

L.74 gg.75
2.76 gg.A7
2.27 100.0e
3.29 59.44
2 .59 9e.03
2.57 99.73
1 .95 99.44
3.69 99.84
2.53 99.7ø
1 .61 59.2A
2.27 9e.84
2.20 99.66
2.93 99.43
1.86 99.90
2.32 99.19
1.90 9e.29
2.43 9e.57
0.5 5 0.27

o.14 9e.44
0.00 e9.61
o.67 ø9.72
0.15 99.93
0.96 99.05
o.77 9E.83
0.99 99.90
o.13 ø9.49
0.63 99,45
0.89 99.0e
1 .41 99.24
L.52 9E.51
o.81 98.e0
o.79 98.8?
0.00 s8.7 5

0.41 99.20
1.05 99.16
o.85 99.63
0.04 98.89
0.90 e9.63
1.08 99.L5
0.34 99.85
t.20 99.40
0.60 98.93
0.37 99.68
o.47 59.32
1 .1 1 59.26
0.60 99.40
o.35 øø.A7
0.8e 9e.08
0.52 99.80
L.42 e9.83
0.00 se.7L
o.a2 99.35
0.43 0.38

0.64 99.33
o.40 e9.34
0.73 98.27
0.00 98.91
0.00 99.81
0.33 98.99
0.00 99.01
0.18 98.67
0.5 5 e8.97
0.65 98.90
0.00 99.19
0.5 5 øe .48
o.ø7 98.90
0.61 98.85



sample sio2 Tio2 Al2o3 cr203 Mno Mso cao Nio coo Na2o Feo Fe203 oxsum
351 52.33 0.10
3 51 52.19 0.13
351 52.31 0.00
351 52.At 0.02
avg(18) 52.r3 0.10
stdev 0.33 0.04

350 50.89 0.18
350 5'J..67 0,O3
350 5L.82 0.05
350 5r..09 0.09
350 51.16 0.06
350 51.91 0.06
350 51.64 0.14
350 51.46 0.20
350 52.09 0.L7
350 51.58 0.09
350 51.18 0.13
3ã0 51..79 0.29
avg(12) 51.52 0.12
stdev 0,35 0.O7

34e 51.29 0.15
349 5L.ø2 o.O9
349 51.46 0.09
349 51.30 0.11
349 51.64 0.02
349 52.03 0.20
349 51.68 0.O3
s4g 51.84 0.04
s4e 51.53 0.10
349 52.LO 0.16
349 51.73 0.15
344 51.92 0.1 1

349 51.89 0.13
34s 51.50 0.15
avg(1a) 51.68 0.11
stdev O,Z4 0.05

338 52.L5 0.14
338 52.22 0.11
338 52.64 0.16
338 51.9e 0.11
338 51.66 0.11
338 52 .49 0.14
338 53.34 0.14
338 53.10 0.10
338 52.00 0.13
338 51.66 0.18
338 52.26 0.10
338 52.27 0.16
338 52.11 0.06
338 52.65 0,25
338 52.72 0.22
338 52.41. o.OE
338 5t .77 0.r4
338 5L.76 0.t2
338 52.9A 0.18
338 52.13 0.15
338 51.88 0.r4
338 52.t4 0.13
338 52.43 0.11
338 52.32 0.18
338 5 2.88 0.O2
338 52.23 0.10
338 52.L2 0.20
338 51.94 0.13

Table 8.2 Chernical composition of clinopyroxene (continued)

2,35 0.35
2.39 0.31
2.48 0.2 5
2.AO 0.31
2,6A 0.34
0.2E 0.05

2.48 0.36
2.43 0.40
¿.4 | u.90
2 .50 0.44
2.51 0.36
2.54 0.39
2.49 0.40
2.44 0.37
2.45 0.3€
2.45 0.46
z.lL 0.36
2.55 O.37
2.4ø 0.3S
0.04 0.04

2.50 0.34
2.43 0.20
2.47 0.3 5
2.44 0.3 L

2.5L 0.43
2.47 0.33
2.40 0.43
2 .52 0.36
2 .4e 0.3E
2.46 0.35
2.55 0.34
2.46 0.32
2.4e 0.33
2.56 0.40
2.44 0.35
0.04 0.04

2.22 0.1E
2.28 0.16
2,L7 0.12
2.32 0.13
2.30 0.13
2.L5 0.1€
2.L8 0.15
7.54 0.10
2.30 0.15
2.38 0.19
2.L2 0.15
2.43 0.13
2.44 0.14
2.36 0.15
2.50 0.13
2.62 0.14
2.42 0.IZ
2.96 0.14
2.Oø 0.19
2.40 0.13
2.5L 0.13
2.4e 0.14
2.32 0.13
2.44 0.14
L.Ag 0.1 5
2.3A 0.1e
2.38 0.L4
2.27 0.17

\üeight percent oxides

o.18 15.78 22.31
0.20 15.66 22.47
0.1? 15.58 22.54
0.15 1 5 .34 22 .A3
o.L7 t5 .77 21 .9A
0.03 0.3 7 0.70

0.22 10.09 2r .5L
0.18 16.?0 2L.28
0.11 16.31 2L.A4
0.16 16.40 21.88
0.L5 10.58 21.18
o.2L L6.O7 2\.94
o.Lz 15.91 22.58
0.20 15.e9 22.3A
o.20 Le.25 22.O4
0.19 16.18 22.23
o.L7 t6.27 22.LO
0.15 7A.O7 22.55
0.18 7ø.2ø 2L.9e
0.o3 0.25 0.44

0.13 16,33 22.20
0.15 L4.07 22.70
o.L2 i6.00 22.34
0.18 16.06 22.81
o.16 re.o2 22.45
o.17 L7.7A 19.41
0.17 16.?9 2L.54
0.14 16.02 22.43
0,16 L4.72 22.72
0.16 L7.O7 20.sø
0.14 16.5 3 2L.9L
o.27 17.61 19.69
0.15 L6.32 22.4L
0.16 16.95 2L.tg
0.16 16.55 2L.77
0.02 0.58 1.06

Cycle 11
0.L7 L6.26 22.78
o.77 L6.44 2L.45
0.14 15.65 23,20
0,20 L5.72 22.63
o.L7 15 .80 22.3L
0.20 16.13 22.35
0.15 15.e0 22.77
o.t7 1 5.88 23.5L
o.L7 15.80 22.70
0.15 15.84 22.7A
0.19 16.01 22 .59
o.20 15.95 22.L5
o.77 L6.27 22.OA
0.14 16.4A 2L.49
0.18 16.03 22.7ø
0.18 1S.98 20 .44
0.1 7 16.4 5 2L .70
0.18 r 6.13 22.23
0.1 5 15 .89 22.øA
0.15 15.72 23.O5
o.t7 16.09 22.46
0.18 16.68 27 .4A
0.1? 15.91 22.60
0.16 1 5 .88 22 .At
o.L7 16.00 23.7e
o,2L 16.13 22.97
o.2L 15.81 23.3L
0.18 1 5.46 23.ø4
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0.03 0.00
0.00 0.00
o.o2 0.00
0.01 0.02
o.o4 o.o2
0.02 0.03

0.0s 0.00
0.01 0.01
0.01 0.o2
o.o2 0.o2
0.00 0.00
0.05 0.07
0.03 0.03
0.03 0.01
0.06 0.00
0.05 0.00
0.00 0.o4
o.03 0.04
0.03 0.o2
0.03 0.o2

o.08 0.o1
o.05 0.03
0.03 0.02
0.01 0.03
o.o2 0.05
0.03 0.00
0.04 0.oo
0.01 0.00
0.05 0.o2
0.03 0.o0
0.92 0.04
0.06 0.o2
0.00 0.o0
0.06 0.03
o.03 0.02
o.o2 0.0 2

o.o2 0.03
0.04 0.00
0.05 0.00
0.00 0.00
0.03 0.00
0.00 0.o2
0.00 0.00
0.06 0.06
0.00 0.00
0.00 0.04
0.07 0.05
0.04 0.06
0.03 0.o0
0.04 0.07
0.05 0.09
0.00 0.03
0.04 0.05
0.04 0.01
0.00 0.o2
0.03 0.04
o.o2 0.06
0.04 0.07
0.08 0.01
0.02 0.00
0.00 0.00
0.06 0.02
0.06 0.00
0.00 0.02

o.17 4.9e
0.14 5.00
o.13 5.14
0.2 0 5.26
o.2a 4.7A
0.03 0.3?

0.14 2.7I
0.13 4.01
0.13 4.25
0.13 3.14
0.13 3.82
o.L4 4.43
o.L2 3.83
o.14 3.68
o.13 4.4L
0.13 3.63
0.13 3,22
0.11 3.96
0.13 3.76
o.01 0.49

0.12 3.L7
o.Lo . s.42
0.11 3.83
0.13 2.80
0.10 3.7e
o.11 5.1e
0.11 3.e1
0.14 3.96
0.19 2 .A4
0.12 4.45
0.12 3.74
o.11 4.80
0.L4 3.60
0.14 3.4s
o.L2 3.77
0.02 0.05

0.17 4.11
0.15 4.88
0.18 4.48
o.77 4.30
0.20 a.cz
o.15 4.ø2
o.27 5.30
o.06 4.03
0.17 4.L2
0.1E 3.52
0.13 4.2L
0.19 4.ø9
0.20 3.98
0.19 5.16
0.15 3.81

0.15 3.99
0.16 3.83
o.24 4.50
0.19 3.85
0.15 3.81
o.12 4.88
0.15 4.50
0.18 4.47
0.0e 3.73
o.L7 3.82
0.18 3,39
0.18 3.38

o.l2 99.11
0,23 98.72
o.01 9E.63
0.14 99.49
o.05 98.89
o.27 0.36

3.77 99.11
2.A7 59.72
L.79 99.25
3.35 99.27
2.69 98.64
L,av vv.ot
2.28 99.63
2.30 9e.20
L,g2 100.07
2.44 99.42
2.92 99.03
2.06 100.01
2.12 e9.41
0.60 0.40

3.11 99.43
2.27 9e.22
2.2A ge.O4
3.35 eø.tz
2.2e ee.4a
1.98 99.47
2.e4 99.53
1.98 95.45
3. O9 9e.7 5
2.28 100.13
2.5L ge.77
2.øe 100.00
2.35 99.85
3.13 99.76
2.57 99.61
0.43 0.28

2.38 100.01
7.t7 99.48
r.47 100.2 6
2.2ø 99.83
2.46 99.16
l.ø2 I 00.03
0.66 100.81
o.96 100.17
1 .98 99.52
2.50 ø9.42
1 .83 99.70
L.ø4 99.91
2.50 99.98
1.84 100.83
2.38 LOO.42
0.90 99.45
2.ø8 99.€8
2.52 100.08
1.3e 100.54
2.24 100.1 1

2.75 100.1€
L.92 100.64
L.79 100.2€
L.7 5 100.14
1.81 100.30
2.70 100.48
2.67 rOO.47
2.47 99.84



Sample SiO2 TiO2 Al2O3 Cr203 MnO À{gO CaO NiO CoO Na2O FeO Fe203 Oxsum

338 5L.92
338 52.47
avs(31) 52.Ll
stdev O.41,

336 52.66
336 52.L9
336 52.A3
336 52.04
330 52.33
330 62.4ø
33€ tL.74
336 t2.43
336 t2.53
336 5 2.81
336 52.24
336 52.83
33e 52.32
330 52.3L
avg(14) 52.47
stdev 0.26

33 5 52.67
3S5 52.81
33 5 5 3.15
33 5 52.54
335 52.L2
335 52.44
335 52.43
335 53.19
335 53.48
335 52.9ø
335 53.5E
av6(11) 52.85
stdev O.44

334 52.05
334 62.5e
334 51.58
334 5 2.60
334 52.4A
334 52.L9
334 52.18
334 52.2L
334 51 .55
334 51.71
334 52.44
334 52.0E
334 52.26
av g( 13 ) 52.15
stdev 0.34

332 52.76
332 5 2.85
332 53.50
332 s3.58
332 52.85
332 52.58
332 52.57
332 53.47
332 52.52
332 52.25
av g( 10 ) 52.e4
stdev 0.43

330 51.04
330 52.01
330 52.12
330 51.27
330 51.87
330 5L.72

Table 8.2 Chernical cornposition of clinopyroxene (continued)

0.05 2.75
0.16 2.39
0.14 2.54
0.05 0.20

0.11 2.L8
0.15 2.2t
0.10 2.32
0.10 2.22
0.17 2.25
0.18 2 .27
0.14 2.32
0.18 2.27
o.Lz 2.32
0.10 z.ra
0.2 0 2.25
o.Lz 2.L8
o.t2 2.L7
0.19 2.28
0.15 2.45
0.03 0.05

0.13 2.22
0.12 2.29
0.10 2.32
0.13 2.2ø
0.09 2.3t
0.19 2.34
0.13 2.23
0.21 2.1¿i
0.18 2.L3
0.14 2.L5
0.13 2.24
0.14 2 .24
0.04 0.08

o.10 2.36
0.2 5 2.47
0.2 5 2.5r
o.Lz 2.38
o.1E 2.O5
0.09 2.4s
o.2r 2,44
0.20 2.35
0.16 2.4L
0.1 5 3.2e
0.11 Z.4L
o.22 2.51
0.1 ? 2.4e
o.17 2.48
0.05 0.26

0.09 2.6L
o.22 2.42
0.06 2.tL
0.12 2 .77
0.18 2.62
o.te 2.67
o.L2 2.62
0.06 z.eo
0.0 5 2.øe
0.18 2.84
0.13 2.64
0.09 0.09

0.1 5 2.72
o.20 2.47
0.18 2.78
o,20 2.7ø

o.24 2.87

Weight percent oxides

0.19 0.20 15.79 22.42
0.1e o. r.I 16.03 22.39
0.15 0.L7 16.05 22,L7
o.o2 0.o2 0.32 0.70

o.24 0.15 19.8 5 2r .97
0.26 0.77 16.61 2L.62
o.25 0.16 16.37 22.58
0.25 0.15 16.38 22.54
o.23 0.18 16.81 2L.52
o.zs 0.16 1e.06 23.L4
o,27 0.r7 16.63 2L .70
o,34 0.15 17.13 20.82
o.29 0.2L 16.13 22,58
o.27 0.14 L7 .5L 20.25
o.22 0.2L Lø.A7 2r.97
o,29 0.15 L 0.93 2t.5L
o.23 0.19 L7.2ø 20.57
0.23 0.20 16.63 27.62
0.35 0.17 16.19 22.18
0.03 0.02 0.41 0.7s

o.32 0.19 LA.62 2 1 .98
0.30 0.1e 16.38 22.t7
0.30 0.19 L9.22 22.24
o.24 0.20 16.08 22.74
o.za o.2L 16.39 22.54
o.2s o.L7 Lø.O7 22.2L
0.2 8 0.24 16.18 22.2ø
o.27 0.16 10.93 2L.29
0.31 0.12 77.O7 20.72
o.24 0.18 16.69 2L.22
o.29 0.19 16. r.0 22.45
0.28 0.19 L6.42 22.OO
0.03 0.03 0.32 0.62

o.2e 0.11 10.01 22.73
0.36 0.L7 18,04 22.54
o.37 0.L7 L6.e4 2L,42
0.33 0.13 16.3s 22 .19
o.27 0,12 15.e7 22.87
o.30 0.18 10.33 27.84
o.31 0.18 17.08 L9.90
o.2a o.24 15.84 22.7e
0.31 0.19 Lø,L7 22.3ø
0.36 0.14 15.73 22.43
0.33 0.13 tø.77 22.94
o.27 0.15 L5.75 22.64
0.30 0.18 15.78 22.70
0.31 0.16 L6.t4 22.22
0.o3 0.03 0.37 0.75

0.30 0.L7 10.03 22.57
0.38 0.15 15.95 23,03
0.34 0.19 15.8e 22.84
0.33 0,15 15.94 22.2L
0.28 0.17 L5.72 22.85
0.39 0.L2 15.93 22.63
o.27 0.77 15.75 22.e0
o.zs 0.1e 18.26 21 .E9
0.31 0.20 16.15 2t.e9
o.29 0.15 15.57 22.75
0.32 0.1? 75.92 22.56
0.04 0.02 0.19 0.36

0.30 0.18 15.99 22.t7
0.38 0.16 16.08 2!.5e
0,39 0.15 15.93 22.70
0.41 0.23 15.63 22.78
0.38 0.20 LA.17 2L.8L
o.44 0.18 15.93 22.04

200

0.10 0.00
0.06 0.06
0.0s 0.03
0.o3 0.03

0.08 0.02
0.03 0.04
0.oo 0,00
0.07 0.00
0.00 0.o2
0.11 0.04
0.09 0.07
0.03 0.03
0.10 0.01
o.o2 0.00
0.07 0.03
0.o7 0.o1
0.01 0.0€
0.03 0.00
o.03 0.o2
o.o4 0.02

0.00 0.00
o.o2 0.00
0.03 0.00
0.08 0.00
0.07 0.03
0.03 0.00
0.00 0.01
o.o7 0.05
0.09 0.02
0.01 0.o3
0.00 0.03
0.04 0.02
0.03 0.o2

0.00 0.05
0.06 0.01
0.03 0.04
o.o1 0.o0
0.00 0.01
o.o2 0.00
0.L0 0.04
0.00 0.o2
0.01 0.05
0.01 0.02
0.00 0.04
0.02 0.00
0.00 0.00
o.o2 0.02
0.03 0.o2

0.11 0.08
0.00 0.o3
0.00 0.00
o.oo 0.o1
o.o8 0.00
0.o0 0.03
0,05 0.05
0.08 0.o0
0.06 0.05
0.o4 0.o2
0.04 0.03
0.04 0.03

0.00 0.o1
0.03 0.00
0.00 0.00
0.02 0.05
0.03 0.o2
0.01 0.00

0.15 4.30
0.15 4.øe
0.22 4.2L
0.04 0.56

0.19 3.79
o.27 4.00
0.19 3.91
0.19 3.1E
o.16 4.24
0.16 3.60
o.23 3.19
0.16 4.73
o.L7 4.17
0.17 5.22
0.1e 4.LO
0.18 3.52
0.16 4.58
0.19 4.27
0.20 4.49
0.o2 0.54

0.19 4.27
o.20 4.55
0.19 5.L7
o.20 3.97
0.16 3.30
o.20 4.68
o.18 4.40
0.18 5.26
0.20 ø.o7
o.2t 5.39
o.L7 5 .4_9

0.19 4.78
o.01 0.75

0.18 3.7r
0.20 4.51
o.20 3.e7
0.2 5 4.t7
o.23 3.98
o.22 4.Le
0.14 5.5e
0.2 5 3.79
o.18 3.24
0.23 3.99
o.2r 4.25
o.2L 4.28
o.22 4.2e
o.2L 4.13
0.03 0.53

0.2 0 4.43
o.20 4.39
o.2L 5.44
0.20 6.08
o.20 4.92
o.20 4.61
0.19 4.44
0.19 5.85
0.19 5.[r
o.18 4.73
0.20 5.o1
0.o1 0.58

0.23 3.04
0.18 5.06
o.2t 4.ø8
o.25 3.78
0.18 4.32
0.21 4.30

2.08 99.99
1.78 100.53
2.r3 99.99
0.5 5 0.42

2.tL 100.35
2.43 100.01
2.20 100.71
3.05 100.1?
2.20 100.1 5

2.4ø 100.96
3.39 9ø.94
2.O3 100.30
1.98 100.61
L.72 100.43
2.L4 1 00.05
2.65 100.33
2 .46 100.14
2.O4 eb.96
L.47 100.17
0.43 0.2e

1.5 5 100.1 5

L.46 100.49
o.2t 100.12
1.?5 100.20
2.O7 9e.5 9
L.47 100.09
1.O4 99.37
0.91 100.66
0.00 100.33
0.81 100.06
o.o2 100.89
1.03 100.18
0.68 0.48

2.27 9S.86
1.87 101.07
3.42 100.2I
L.72 LOO.24
L.ø7 100.14
1.88 ee.75
L.26 ge.57
2.LZ 100.11
3.35 100.01
2.LL 100.17
2.L3 100.5 6
1.73 99.86
L.g2 100.28
2.L3 100.14
0.59 0.37

1.e0 100.95
L.2g 10L.11
0.35 10L.35
0,00 101.39
0.87 too.74
L.73 101.08
L.2e LOO.42
0,30 LoL.24
0.49 100.28
L.44 100.44
o.e  100.91
0.58 0.3e

3.4ø 9ø.2e
r..03 99.38
L.75 100.33
2.L2 98.93
2.O2 99.81
L.75 99.68



Sample SiOz TiO2 Al2Os Cr203 MnO MgO

330 51.67 0.33
330 52.05 0.22
330 5t.74 0.2L
330 51 .14 0.24
330 52.60 0.L7
330 52.3L O.zL
avg(12) 5L.79 0.20
stdev 0.45 0.05
gza 51.94 0,2L
324 52.eO 0.15
324 52.55 0,14
328 52.30 0.25
3?8 52.55 0.18
328 52.e4 0.1 ?
328 53.42 0.18
328 53.02 0.13
328 52.ø4 0.10
3?8 6L.72 0.22
328 t2 .O5 0.13
avg(11) 52.64 0.1e
stdev 0.60 0,05

32ø 51.97 0.13
326 52.7e O.19
326 52.53 0.11
32e 52.6L 0.08
32ø 53.06 0.08
326 5 2.30 0.1 5

324 52.82 0.1e
326 52.52 0.08
328 52,33 0.20
324 63.23 0.0?
32A 12.32 0.17
avs(12) 52.61 0.13
stdev O.34 0.O4

32 5 52.7ø 0.03
325 52.50 0.13
325 t2.23 0.17
325 53.04 0.13
325 53.05 0.1?
325 62.02 0.13
32t 52.75 0.00
325 57.72 0.77
325 52.39 0.15
325 52.99 0.09
325 62,5ø 0.13
avg(12) 52.54 o.r2
stdev 0.40 0.05

324 52.45 0.23
324 52.64 0.22
324 52.68 0.02
324 52.51 0.L2
324 52.30 0.20
324 53.14 0.15
324 52.89 0.11
324 52.45 0.19
324 52.85 0.13
324 52.70 0.2r
324 tz.eg 0.16
324 53.67 0.06
324 55.2L 0.18
324 53.11 0.14
324 53.09 0.14
424 53.04 0.2L
424 53.05 0.12
324 t2.E9 0.22

Table 8.2 Chernical composition of clinopyroxene (continued)

2.77 0.41
2.e0 0.37
2.?2 0.39
2.SS 0.45
1.91 0.30
2.49 0.34
2 .68 0.38
0.25 0.05

2.75 0.47
2.55 0.44
2.50 0.46
2.57 0.46
2.42 0.41
2.40 0.49
2.L2 0.44
2.37 0.5E
2.38 0.43
2.75 0.47
2.7ø 0.49
2.47 0.46
0.43 0.05

2,54 0.45
3.01 0.42
2.37 0.43
2.25 0.40
2.32 0.42
2.43 0.42
2.49 0.50
2,42 ' 0.49
2.45 0.47
2.53 0.42
2.33 0.60
2.54 O.41
2.50 0.47
0.19 0.07

2.76 0.44
2.29 0.38
2.7r 0.53
2.2L O.42
2.24 0.41
3.25 0.43
2.OA 0.34
3.O2 0.56
3.00 0.52
2.48 0.34
2 ,50 0.36
2.A1 0.44
0,36 0.07

2.34 0.12
2 ,37 0.11
2.34 0.16
2.43 0,L2
2.20 0.16
2.30 0.14
2.29 0,0E
2.3r 0.12
2.34 0.18
2.31 0.L7
2.4L O.77
2.45 0.16
2,38 0.16
2.28 0.13
2.O7 0.1õ
2.09 0.14
2.45 0.16
2.38 0.19

Weight percent oxides

0.21 16.01
0.15 L5.79
0.24 LA.L4
0.18 15.80
o.22 1 5.80
0.13 15.96
0.18 15.94
0.03 0.15

0.13 15.06
0.15 15.E0
0.33 rø,37
o.L2 15 .83
0.18 15.E3
o.20 1 5.90
o.L4 16.45
0.18 15.75
o.L7 15.74
u.tõ lb.õõ
o.L7 15.90
0,18 16.00
0.05 0.3e

0.18 15.73
0.17 r.5.30
u.lÐ lb.ð5
0.18 15.98
0.13 15.94
o.L7 15.90
o.2L 15.7E
o.2L 16.15
0.20 15.59
o.16 15.96
o.27 16.43
0.15 15.86
o.18 15.87
0.o3 0.27

0.13 16.58
0.14 15.88
0.23 15.98
o.2L 15 .96
o.2L 1 5 .E2
0.19 15.25
0.17 16.40
0.18 r5.27
o.Lz L5.46
o.L7 15.83
0.23 15.E0
0.1e 15.E8
0.03 0.40

0.11 15.85
0.14 L5 .97
0.15 15.84
0. L 3 LA.O2
0.16 16.0?
o.20 15.89
o.77 75 .57
0.19 14.28
0.18 15.87
o.L7 1€.16
0.13 15.92
0.17 70.22
0.19 16.09
0.21 15.99
0.15 16.36
o.22 16.13
o.r7 16.65
o.L2 15.98

207

CaO NiO CoO Na2O FeO Fe203 Oxsum

27.98 0.00 0.00
22.r8 0,01 0.03
2L.57 0.O2 0.0L
22.A6 0.O2 0.00
23.et 0.00 0.00
22.O4 0.00 0.04
22.t4 0.01 0.01
0.51 0.01 0.o2

22.13 0.O0 0.o2
22.90 0,06 0,00
2L.70 0.11 0.00
22.73 0.08 0.00
22.t8 0.01 0.00
23.34 0.05 0.01
22.66 0.00 0.00
22.73 0,02 0.05
22.20 0.03 0.02
22.LL 0.03 0.00
21.44 0.09 0.07
22.56 0.04 0.02
o.77 0.o4 0.02

22.60 0.08 0.00
22.er 0.00 0.00
23.29 0.02 0.01
23.02 o.06 o.OO
22.43 0.00 0.02
22.18 0.O1 0.O4
22.91 0.03 0.04
22.45 0.07 0.00
22.7L 0,06 0.03
22.38 0.O5 0.06
21.70 0.O2 0.00
22.O3 0.07 0.00
22.5e 0.04 0.02
o.47 0.03 0.o2

21.58 0.00 0.04
22.32 0.06 0.04
22.O9 O.O2 o.OO
23.74 0.00 0.01
23.32 0.01 0.00
22.29 0.03 0.04
23.73 0..05 0.06
22.80 0.07 0.03
22.65 0.00 0.o5
22.47 0.05 0.06
22.7L 0.06 0.00
22.60 0.03 0.03
o.77 0.03 0.o2

22.e5 0.05 0.03
22.83 0.07 0.00
23.L8 0.03 0.0€
22.49 0.O7 0.00
22.42 0.13 0.02
22.62 0.13 0.04
22.ø4 0.08 0.00
22.32 0.04 0.00
22.46 0.03 0.04
22.27 0.O8 0.00
22.56 0.O3 0.O0
22.O3 0.02 0,00
22.89 0.03 0.00
23.10 0.O8 0.O2
22.32 0.01 0.03
22.42 0.01 0.01
2r.37 0.08 0.00
22.86 0.00 0.05

0.14 4,56
o.20 4.79
0.2 0 4.49
o.27 3.41
0.11 3.8S
o.20 4.99
0.19 4.28
0.04 0.60

0.?8 4.59
o.23 4.29
o.2L 5.37
o.2L 4.25
o.24 4.58
0.19 3.77
0.19 4,ø4
o.21 5.13
o.23 5.70
0.20 4.31
o.L7 4.95
0.20 4.53
0.05 0.77

o.2L 5.18
0.23 4.82
0.19 4.r4
0.19 3.E5
0.21 4.7 4
o.24 4.95
o.22 3.93
0.20 4.o7
o.22 4.7L
o.24 4.2e
o.2L 5,45
o.24 4.92
o.22 4.57
o.o2 0.5 0

0.14 5.0E
o.20 4.60
0.20 4.68
0.17 S.70
0.16 4.43
o.zL 5.38
0.10 2.45
o.24 4.27
o.zL 5.17
o.23 4.62
o.2I 4.51
0.19 4.55
0.03 0.82

o.23 4.05
o.22 4.L7
0.21 3.92
o.22 4.34
0.1 7 4.40
o.23 4,98
0.19 4.39
o.27 4.tO
0.20 4.59
o.23 4.ø6
o.20 4.81
0.19 5.18
0.18 4.7ø
0.20 4.33
0.2 0 4.77
U.IU à.UÐ
0.19 4.70
0.18 4.70

1.61 99.69
0.60 98.99
1.85 99.57
2.22 gs.Oz
L.47 100.12
L.O7 ee.98
L.7 4 9e.5 4
0.6e o.44

L,32 gg.52
L,25 100.43
1.10 100.24
7.27 100.11
1.49 100.67
L.32 100,50
0.00 100.23
0.25 100.43
0.o0 100.00
7 .74 99.63
L.27 9e.90
0.94 100.14
0.58 0.33

0.33 100.37
o.77 99.63
o.72 100.12
1.04 99.66
o.58 99.48
0.68 100.56
0.93 99.49
1.41 100.85
0.66 99.91
1.80 roo.42
0.02 100.27
0.87 99.60
0.83 100.03
o.44 0.45

0.00 99.54
1.38 100.13
1.52 100.35
1.00 100.59
0.00 ee.86
0.50 se.72
r.74 99.91
1 ,68 99.95
o.62 100.35
1.11 100.83
L.47 100.5 7
0.94 100.11
0.61 0.42

1.33 5e.74
0.98 9e.58
0.8? 99.45
0.e5 99.41
0.58 98.90
o.53 100.34
1,01 100.12
7.57 9e.7e
0.65 99.93
1.O2 øø.92
0.?5 e9.84
0.00 100.15
0.35 100.43
0,38 99.ø7
o.75 100.03
o.23 99.73
0,00 98.94
0.63 100.20



Sample SiO2 TiOz Á.12O3

324 53.15
avg(19) 52.87
stdev O.32

323 51 .61
323 51..64
323 50.78
323 50.79
323 50.94
323 5 r..03
323 5L.2L
323 51.54
323 51 .80
823 51.50
323 51.55
323 tO,2ø
avg(12) 5L.22
stdev 0.44

32L t2.57
327 52.44
32L 52.80
32! 52.25
32L 52.75
32L 52.94
321 52.7L
321 53.20
32L 53.11
32L 52.90
avg(10) 52.77
stdev 0,28

31S 51.82
31e 51.?0
319- 52.4O
319 52.23
319 5L,ø4
319 52.30
319 53.01
319 52.57
319 52.45
avg(9) 52.30
stdev 0,39

318 53.23
318 53.32
318 54.22
31E 53.€8
318 53.12
318 52.9s
318 52.69
318 53.44
318 53.20
318 52.55
318 53.05
318 53.51
318 52.78
318 52.75
avg(rs) 53.11
stdev 0.43

317 51 .46
or f ol.uú
3t7 51.26
3r7 51 .60
3t7 52.L4
3L7 51.40
3r7 51.6e
3L7 51.81
3L7 5L.70

Table 8.2 Chemical cornposition of clinopyroxene (continued)

0.1E 2.30
0.16 2.32
o.o5 0.10

o.l8 2.58
o.25 2.A7
0.16 2.ø2
u.r | ¿.õo
0.1E 2.44
0.13 2.43
o.27 2.Aø
o.zL 2.58
0.14 2.52
0.13 2.44
o.L2 2.L5
0.09 3.07
o.L7 2.80
0.05 0.22

o.20 2.89
0.14 2.75
0.17 2.ø2
0.15 2.ø8
0.19 2.53
o.07 2.20
0.16 2.64
o.za 2.70
0.11 2 .7A
o.zL 2.82
o.t7 2.64
0.05 0.1E

o.Lz 3.79
0,10 2.77
0.16 2.61
o.24 2.60
0.07 2.7L
0.11 2.77
o.13 z.to
o.24 2.56
0.07 2.a5
0.14 2.78
0.06 0.37

o.23 2.6r
0.25 2.5E
0.09 1.48
o.23 2.49
0.16 2.58
o.t4 2.50
0.12 2 .O2
0.16 2.70
o.27 2,22
o.zL 2.5e
0.10 2.79
o.12 2.37
0.1s 2.63
o.2L 2.67
o.23 2.45
0.05 0.31

o.Lz 2.74
o.15 2.72
0.13 3.00
0.08 2 .67
0.2 0 2 .75
o.77 2.82
0.19 2.69
0.13 2.77
0.14 2.AO

0.18 0.21
0.15 0.17
0.03 0,03

0.33 0.15
0.35 0.18
0.30 0.16
0.36 0.22
0.31 0.15
0.35 0.18
0.41 0.20
0.38 0.15
o.32 0.23
o.33 0.22
0.25 0.16
0.37 0.13
0.34 0.18
o.04 0.03

0.35 0.14
0.35 0.13
0.30 0.18
0.39 0.19
0.41 0.13
o.32 0.18
o.38 0.18
0.3e 0.1E
0.38 0.2L
o.40 0.14
o.g7 0.17
0.03 0.03

U.Ió U.Ió
0.31 0.15
0.43 0.14
o.zt 0.14
0.34 0.13
0.80 0.12
0.41 0.16
0.40 0.18
0,E1 0.15
0.43 0.14
o.22 0.o2

0.41 0.L7
o.48 0.14
0.30 0.10
o.44 0.I2
o.45 0.16
0.46 0.18
0.48 0.14
0.49 0.14
0.39 0.13
0.40 0.15
0.56 0.11
0.45 0.17
o.44 0.19
0.38 0.16
o.40 - 0.16
0.06 0.03

0.40 0.16
0.40 0.18
0.67 0.13
0.4e 0.16
0.51. 0.10
0.46 0.2L
0.45 0.10
o.53 0.19
o.44 0.1e

lVeight percent oxides

L6.L2 22.58
L6.O7 22.58
0.20 0.42

16,36 2L.78
15.53 22.33
16.14 27.ø5
16.11 2L.98
1 5 .91 22.L7
15 .99 22.30
15 .85 22 .06
15 . ?9 22.30
15.90 21.83
1 5.70 22.3e
16.09 22.34
16.01 2L.47
15.95 22.O4
0.21 0.35

L5.s7 22.57
L6.24 22.44
10.08 22 .ø2
LA.77 22.L8
74.32 2t.82
15 .31 23.73
16.08 2L.46
16.2L 22.53
L6.57 2L.9I
16.27 22.4e
16.18 22.40
0.35 0.60

15.95 22.44
L6.54 20.54
t7.o4 19.94
L5.74 22.O7
1€.05 21.e5
15 .e8 2L .e4
1E.08 18.64
15.98 22,40
L6.2e 2L.3e
16.41 2L.25
o.70 L.22

16.16 22,15
16.8 7 21 .62
16.31 23.52
L6.44 2L.88
L6.20 22.64
16.10 22 .70
16.10 22.35
16.O0 22.29
16.31 2?.24
16.10 22.48
16.00 22,35
16.5 8 22.r8
L6.O2 22.51
16.30 22 .20
16.05 22 .O6
o.24 0.42

16.84 2L.ø2
!6.L2 22.75
16.10 22.O7
16.18 22.22
L6.2L 22.3ø
16.15 22.47
16.14 22.29
16.1 5 22.Lø
Le.71. 2r .54

202

0.04 0.00
0.05 0.02
0.04 0.02

0.08 0.00
0.05 0.00
0.0€ 0.02
0.03 0.00
0.01 0.03
0.10 0.00
0.09 0.01
0.00 0.05
o.o5 0.00
o.oE 0.00
o.o7 0.03
0.09 0.01
0.0€ 0.01
0.03 0.o2

0.01 0.o0
0.06 0.02
0.o8 0.03
o.05 0.03
0.05 0.06
o.o2 0.03
o.o2 0.06
0.11 0.00
0.o3 0.00
0.03 0.03
0.05 0.03
0.o3 0.02

0.06 0.o1
o.00 0.o2
o.o2 0.00
o.o2 0.o0
0.00 0.o0
0.02 0.02
0.0L 0.00
0.00 0.02
0.00 0.00
0.03 0.01
o.o2 0.o1

0.06 0.00
o.o5 0.07
o.o2 0.03
0.09 0.00
0.00 0.00
0.01 0.00
o.04 0.04
o.04 0.02
o.03 0.01
0.02 0.00
0,02 0.o2
o.05 0.02
0.06 0.07
o.00 0.03
0.00 0.07
0.02 0.o2

0.00 0.00
o.o2 0.02
0.01 0.00
0.07 0.o2
0.00 0.01
0.05 0.04
o.03 0.05
o.o7 0.0 5
0.10 0.04

Ne2O FeO Fe2O3 Oxsum

0.1E 5.O0

0.02 0.36

o.25 4.22
o.22 4.47
0.19 2.89
0.21 2.A2
o.24 3.04
o,22 2.80
o.22 3.71
o.2L 3.96
0.20 4.58
0.18 3.93
0.20 3.30
0.17 2.97
o.2t 3.5 6
0.02 0.64

o.24 4.43
o.2L 3.99
0.18 4.L7
0.18 4.30
o.25 4.44
0.19 4.60
o.20 4.7ø
o.17 5.05
o.2L 4.82
o.22 4.44
o.2L 4.5 3
0.03 0.32

0.18 3.84
o.2L 5.O2
0.16 5.73
o.22 4.77
o.22 4.26
0.20 4.79
0.14 e.41

o.24 5.15
o.20 4.ø6
0.03 0.72

o.2L 5.29
o.zJ 5.02
0.11 4.65
o.24 5 .39
o.22 4.5 5
o.23 4.4A
o.22 4.5 8
0.23 5.31
o.23 4.98
o.20 4.4ø
o.22 5.14
0.19 5.04
o.2a 4.40
o.22 4.5I

0.03 0.34

o.21 2.38
o.28 2.96
o.22 3.39
o.2r 3.28
0.18 4.L2
0.2 5 2.6L
o.2r 3.50
o.19 3.74
o.19 3.42

0.08 100.02
o.a7 9e.81
o.42 0.41

2.70 59.64
1.84 99.52
3,84 99.16
3.A7 9e.22
3.63 9e.05
3.79 99.32
2.49 99.38
2.4r 99.58
L.A2 99.39
2.Lø 95.29
3.04 Sg.ze
3.40 98.18
2.93 99.25
0.7a 0.30

L.42 100.79
1.77 100.54
1.13 100.60
1.50 100.07
0.51 99.86
o.88 100.47
0.86 100.15
0.35 101.14
o.g4 101 ,06
0.95 100.91
1.05 100.59
o.42 0.41

1.18 99.6e
0.30 97.78
0.o0 98.79
0.00 9E.28
o.7L 98.44
0.00 98.95
0.00 9s.49
0.0? 99.35
0.15 99.51
o.27 SA.S2
0.39 0.e2

0.00 100.52
o.g2 101.52
0.00 100.83
0.00 100.97
0.71 100.87
0.84 100.63
0.48 99.8€
o,00 100.82
0.38 100.38
0.73 99.Ee
0.00 Loo.42
0.60 101.28
0.80 100.35
0.e8 100.49
0.15 100.28
o,37 0.45

2.79 99.08
2.O7 9e.58
L.7ø 98.68
z.Lr 98.09
1.74 9e.70
2.64 9e.27
1 .85 99.1 5

1.81 99.59
1.89 99.13



Sample SiO2 TiOz AI2O3 Cr2O3 MnO MgO CaO NiO CoO Ne2O FeO Fe203 Oxsum

3r7 5L.82
3L7 5I.2A
3t7 52.22
3L7 52.t3
3L7 51.80
3L7 52.05
avg( 1s ) tL .7a
stdev O.30

316 53.02
316 52.80
316 53.01
316 52.75
316 52.58
316 52.83
316 52.08
316 52.5E
316 52.81
316 53.09
316 52.77
avg(11) 52.81
stdev 0.16

3L4 52.45
314 52.53
3L 4 52.e2
3L4 52,70
314 62.24
3L4 51.e3
314 52.27
314 52.7e
314 52.63
avg(9) 52.4ø
stdev O.2O

Table 8.2 Chernical cornposition of clinopyroxene (continued)

0.77 2.74 0.50
o.t2 2.80 0.51
0.11 2.74 0.45
0.09 2.84 0.45
0.20 2.7L 0.48
o.L4 2.74 0.37
0.14 2 .77 0.47
0.04 0.08 0.07

0.15 2.70 0.5I
0.L7 2.53 0.63
o.1 1 2 .76 0.5 5

0.1 1 2.70 0.5 5
0.19 2.74 0.51
0.17 2.85 0.61
0.1.8 2.82 0.62
o,22 2.88 0.61
0.09 2.7ø 0.53
0.19 2.99 0.59
0.20 2.gr 0.65
0.16 2.82 0.59
0.o4 0.o9 0.o4

o.L7 2.53 0.36
0.16 2.87 0.56
0.13 2.75 0.50
0.14 2.80 0.52
0.14 2.72 0.59
0.13 2.89 0.54
0.15 2.84 0.52
0.15 2.74 0.60
o.tz 2.8L O.80
o.r4 2.77 0.56
0.01 0.10 0.11

0.19 2.AO 0.49
0.15 2.42 0.37
0.1e 2.7L 0.33
0.15 2.45 0.42
0.14 2.70 0.48
0.11 2.49 0.39
o.L2 2.49 0.42
0.15 2.64 0.48
0.13 2.49 0.32
0.13 2,ø4 0.49
o.t4 2.5e o.42
0.02 0.0e 0.06

0.03 2.77 0.40
0.10 3.02 0.43
0.12 2.94 0.43
0.1e 2 .78 0.41
0.11 2.84 0.44
o.22 3.10 0.34
o.L4 2.84 0.4L
0.10 3.1.0 0.40
0.1 1 2 .93 0.3 7
0.14 2.79 0.34
0.20 2,89 0.4L
0.13 2.gO 0.39
0.05 0.12 0.03

0.11 2.6L 0.38
o.LT 2.72 0.36
0.12 2.ø1 0.40
o.22 2.øA 0.41
o.r2 2.49 0.36
o.23 2.67 0,36
0.16 2.84 0.40
0.06 3.55 L27
0.1 5 3.44 1.0r.

Weight percent oxides

0.L7 16.45 2r.87
0.16 L6.42 22.L9
0.16 16.36 22.35
0.18 L7.20 20.68
o.17 tø.22 22.70
0.15 Lø.2ø 22.67
0.16 Le.37 22.L5
0.03 0.31 0.51

0.15 16.05 23.05
o.27 16.13 22.38
0.15 16.91 20.87
o.77 16.5I 2L.3e
o.2L L6.46 ir.eg
o.16 L7.O4 20.88
o.16 17.27 20.28
0.18 16.32 22.26
o.L2 16.30 22.44
o.13 10.53 2r .gr
o.15 16.34 22.66
0.1€ 16.54 21.81
o.03 0.37 0.82

o.74 15.96 22.45
0.1 7 15.9 7 2L .94
o.t7 15.46 22.32
o.t7 10.80 20.2L
0.13 L5.92 22.40
0.15 rt.77 22.O3
0.19 15.98 22.24
0.10 1e.43 21.30
0.20 15.90 2L.60
0.16 16.02 2L.A3
o.o2 0.36 0.68

o.L7 1 5 .e3 22 .73
0.15 10.19 22.O5
o.15 15.E6 22.57
0.13 t6.O2 22.24
o.L2 15.85 22.96
0.15 15.96 22.4t
0.13 rø.o7 22.24
0.18 15.86 22,A3
0.19 L6.O7 22.33
o.t4 16.53 2L.42
0.15 1e.03 22 .38
o.o2 0.20 0.41

0.15 15.93 22.O8
0.15 15.E0 22.30
o.r7 15.83 22.O4
0.27 16.0 5 22.33
0.14 15 .89 22.70
o.t2 16.05 22.30
0.13 15.98 22.O2
0.1 ? 16.11 2L.57
0.1€ 15.92 22.36
o.L7 15.96 22.2r
0.19 15.78 22.47
o.t7 L6.C7 22.7A
0.03 0.14 0.19

o.L4 L5.79 22.25
0.19 16.11 2L.34
0.18 L7.25 19.89
0.13 t6.23 2L.93
0.14 16.08 22.O8
0,14 16.06 22.LO
0.15 10.01 22.O7
0.16 Lt.2g 22.20
0.15 15.45 22.O4

203

0.09 0.00
0.05 0.03
0.00 0.0ã
0.06 0.01
0.00 0.00
0,03 0.00
0.04 0.o2
0.03 0.o2

0.03 0.04
0.07 0.00
0.o7 0.02
0.10 0.01
0.11 0.o2
0.15 0.o2
0.08 0.06
o.00 0.00
0.10 0.02
o.o7 0.o3
0.07 0.03
o.08 0.o2
0.04 0.o2

0.05 0.03
0.06 0.o0
0.02 0.07
o.04 0.o2
0.07 0.o0
0.01 0.00
0.05 0.o0
0.06 0.02
0.04 0.00
0.04 0.o2
0.02 0.02

0.05 0.o2
0.05 0.o4
0.00 0.04
0.03 0.00
0.00 0.o5
0.08 0.00
0.06 0.0e
0.05 0.00
0.04 0.o2
0.06 0.o1
o.o4 0.o2
0.02 0.02

0.07 0.03
0.04 0.00
0.04 0.01
0.05 0.01
o.00 0.01
0.07 0.04
o.04 0.01
0.08 0.02
o.07 0.01
0.05 0.02
0.01 0.05
0.05 0.02
0.03 0.02

0.00 0.01
0.0? 0.04
0.00 0.01
0.00 0.09
0.09 0.03
0.08 0.00
0.02 0.00
0.0e 0.05
0.05 0.00

313 5 2.06
313 52.15
313 51.54
313 51.E5
313 50.84
313 52.02
313 51.78
313 51.85
313 52.12
313 5L.77
avg(10) 51.80
stdev O,37

o.24 3.44
o.2L 2.5 5

o.25 3.41
o.77 4.2ø
0.19 3.18
o.27 3.22
o.2L 3.30
0.03 0.51

o.23 4.L4
0.21 4.65
o.20 5.47
o.20 5.0 7
o.27 4.44
0.16 5.L7
0.18 5.29
o.27 4.34
o.20 4.30
o.22 4.9L
o.20 3.98
0.2 0 4.72
0.02 0.48

0.19 4.59
0.20 5.26
o.2L 5.27
0.20 5.88
o.24 4.24
o.23 4.68
o.22 4..13
0.19 5.40
o.27 5.47
o.22 5.O2
o.o2 0.5 2

0.19 3.82
o.24 4,O7
o.23 3.36
o.22 3.94
0.18 2.29
0.20 3.77
o.20 3.75
o.21 3.70
0.23 3.90
0.19 4.06
o.2L 3.e7
0.02 0,50

o.23 4.77
o.24 4.93
o.22 4.60
o.27 4.83
o.21. 4.80
0.20 4.30
0.21 4.31
0.20 4.24
o.24 4.49
o.22 5.O1
0.27 4.96
o.22 4.6E
0.01 0.28

U.IU O.II
o.2L 5.61
0.18 e.22
0.17 5.53
0.20 3.85
0.20 4.86
o.2z 4.97
o.2ø 4.s2
o.24 4.42

2.L4 e9.62
2.66 98.88
1.84 99.93
1.51 99.58
2.19 99.90
2.O3 99.86
2.O2 99.41
o.41 0.38

0.83 100.98
0.98 101.10
0.04 100. t.6
0.78 100.39
0.83 100.1 5
0.?R 100.82
0.51 100.13
1 .06 100.6€
1.1? 100.E4
o.22 100.87
1.13 101.09
0.75 100.65
0.35 0.37

0.68 99.61
o.32 100.04
0.o0 99.58
0.00 e9.4E
L.43 100.1 2
0.62 98.98
L.24 100.13
0.00 99.84
o.00 99.84
0.48 9ø.74
0.53 0.35

1.50 99.75
1.54 99.61
2.28 99.24
L.62 99.07
3.L2 54.72
1.84 9e.60
t.76 99,08
1 .99 9ø,78
1.87 øO.72
2.ta 9e.60
1.96 99.4r
0.45 0.34

1.03 99.e2
o.7L 100.28
0.91 99.33
0.83 100.66
0.91 99.66
L.17 100.11
1 .40 e9.34
1.08 99.50
0.87 99.99
0.39 100.00
o.43 100.19
0.E7 99.95
0.28 0.42

0.58 99.57
0.00 99.40
0.51 100.34
0.00 100.39
2.ro 99.46
0.e8 100.12
0.65 100.08
0.51 100.18
0.80 99.42

31 2 52.44
3L2 52.56
312 5 2.00
3L2 52.7A
3L2 52.2L
3L2 52.79
3L2 51 .8 5

3L2 5 2.01
3t2 52.4ø
3L2 52.70
3t2 52.59
avg(rr) s2.39
stdev 0.33

311 52.40
311 52.58
31 1 52.97
31 1 53.00
311 57.72
311 52.44
311 52.52
31 1 51.E5
311 57 .47



Sample SiO2 TiO2 Al2O3 Cr203 MnO MgO

orr o¿.aa
31 1 52.38
31 1 52.70
31 1 52.OO
avg(13) 52.37
stdev 0,45

308 61.74
308 5r.94
308 51. .68
308 51.90
308 51.85
308 57.92
308 5L.72
308 5 2 .80
308 51.61
308 51.84
308 51.80
308 5r.76
308 51.93
308 52.LL
avg(13) 51.90
stdev O.28

306 51 .34
306 51..61
306 51'70
306 51.54
306 51.47
300 51 .88
306 51.60
306 51.63
306 51.e7
300 51.78
300 51.09
avg(1.0) 51.5E
st dev O.zL

303 52.L2
303 52.57
303 52.5ø
303 52.05
303 51.96
303 t2.43
303 51.78
303 52.24
303 52.58
303 51.85
303 5 2 .06
303 51.66
303 tL.g2
303 í2.2ø
303 5 2.33
303 52.14
303 52.02
303 50.?9
avg(17) 52.06
stdev O.40

56 52.08
oÞ Ò f.uu
oo cI.r I
56 5L.49
56 51.83
50 51.48
5e 52.74
5e 51.51
avg(8) 51.78
stdev 0,45

Table 8.2 Chernical cornposition of clinopyroxene (continued)

0.13 2.7e
0.15 2.72
0.15 2.68
0.18 2 .76
0,1 5 2.83
0.o4 0.29

0.19 2.6L
0.14 2.55
0.18 2.75
o.r2 2.7ø
o.10 2.5ø
o.L7 2.7e
0.13 2.øA
o.L7 1 . e9
o.22 2.e7
o.tz 2.66
v.L¿ ¿.tu
o.Lz 2.72
0.13 2.59
0.15 2.A3
0.15 2,úø
0.03 0.2a

u,¡¡ ¿.tt
o.tT 2.78
o.o2 2.e7
0.19 2.78
o.15 2.75
0.13 2.72
0.1E 2.71
0.20 2.65
o.14 2.79
0.16 2.79
0.10 2.94
0.14 2.7 5
o.05 0.07

0.15 2.84
0.18 2.88
0.1 6 2 .27
0.10 2.62
0.11 2.77
o.18 2.e7
o.10 2.73
0.14 2.51
o.LT z.gt
0.1e 2.ea
0.2 8 2.73
0.13 2.80
0.15 2.A9
o.10 2.63
0.14 2.e4
0.17 2.A6
0.18 3.09
0.18 3.47
0.16 2.A5
0.04 0.23

0.19 2.29
0.18 2.e6
0.15 3.16
o.11 3.11
o.07 2.8E
0.15 2.88
0.14 2,33
o.Lz 3.0 7
0.14 2.83
0.o4 0.32

0.41 0.L2 76.26
0.40 0.18 15.84
0.35 0.26 L7.32
0.39 0.18 76.e7
0.50 0.16 16.18
0.28 0.03 0.58

o.47 0.1E 7e.2t
0.51 0.18 LA.26
u.oo u.¡l rÐ.tu
o.a4 0.22 16.10
0.51 0.1.I LA.26
0.51 0.18 r5 .77
0.50 0.16 15.6e
0.31 0.18 15.71
U.OI U,Iõ Ið.þb
o.42 0.20 15.60
o.54 0.17 15.97
0.5e 0.12 75.49
0.50 0.15 t5.74
0.48 0.18 15.69
0.50 0.18 15.83
o.07 0.0 2 0.27

0.53 0.16 15.93
U.OO U.Ið IÞ.II
0.56 0.19 15.S7
0.62 0.18 16.06
o.46 0.22 15.e0
0.33 0.18 t5.74
0.46 0.19 10.36
0.49 0.14 15.59
0.6 5 0.19 76.26
0.66 0.20 16.41
o.60 0.23 1 5.78
0.54 0.18 15.97
0.09 0.03 0.2a

0.46 0.16 15.86
0.58 0.24 15.70
0.49 0.19 15.64
0.43 0.14 15.25
0.48 0.23 15.84
0.50 0.20 15.54
o.45 0.22 15.90
0.45 0.20 t5.26
0.53 0.22 75.44
o.54 0.18 L6.ø7
0.50 0.19 15.50
0.46 0.17 15.5I
0.55 0.16 15.58
0.50 0.22 15.95
o.4ø 0.19 15.59
o.47 0.19 15.54
o.50 0.19 16.01
0.52 0.22 16.33
o.49 0.20 15.08
o.o4 0.03 0.20

Weight percent oxides

CaO NiO CoO Na2O FeO Fe203 Oxsum

21.80 0.02 0.04
22.20 0.03 0.o0
19.86 0.03 0.01
2!.rL 0.00 0.03
27.6L 0.03 0.O2
0.E1 0.03 0.03

2r.06 0.00 0.o0
27.24 0.03 0.00
22.42 0.00 0.o0
21.18 0.02 0.00
20.82 0.08 0.o5
2r.ao o.10 0. o 1

22.O5 0.03 0.00
23.27 0.04 0.O4
22.22 0,10 0.01
22.2r O.08 0.01
20.97 0.03 0.00
22.26 0.01 0.03
22.59 0.04 0.02
22.33 0.05 0.05
2L.87 0.04 0.02
o.70 0.03 0.02

2r.o7 0.04 0.00
2L.53 0.00 0.00
20.89 0.03 0.04
2L.L2 0.06 0.00
2r.ø5 0.03 0.o0
21.80 0.00 0.00
20.80 0.o7 0.00
2!.96 0.00 0,o2
20.4L 0.09 0.00
20.L9 0.08 0.00
2L.LL 0.03 0.00
2L.74 0.04 0.00
0.53 0.03 0.01

2L.42 0.01 0.01
2L.75 0.01 0.01
22.80 0.06 0.00
22.tA 0.13 0.00
21.81 0.04 0.00
2L.87 0.07 0.o4
2L.24 0.00 0.03
22,43 0.03 0.00
2L.95 0.03 0.01
2L.49 0.03 0.O2
22.74 0.02 0.05
2L.67 0.09 0.04
2L.eA 0.07 0.o1
22.25 0.09 0.02
2L.e8 0.06 0.00
21.86 0.00 0.03
2L.50 0.08 0.01
20.95 0.05 0.06
21.88 0.05 0.02
0.48 0.03 0.o2

0.19 5.10
o.21 4.94
0.20 5.65
o.24 4.40
o.2L 5.08
0.02 0.58

0.17 5.16
0.20 4.s3
o.23 4.24
0.23 5.06
0.1? 5.37
0.19 5.32
o.22 4.67
o.L2 4.77
o.23 4.40
o.L7 4.7e
o.24 5.43
o.22 4.72
o.23 3.57
o.22 4.60
0.20 4.83
0.03 0.42

o.22 4.97
o.22 5.14
o.18 5.62
o.26 4.70
o.27 4.13
o.23 4.95
o.2L 4.85
o.22 4.85
v.a¿ o.ol
o.24 5.58
o.20 4.57
o.23 5.00
o.o2 0.44

o.2l 6.62
0.18 5.87
o.17 4.86
o.27 5.t2
o.2L 4.A4
0.19 5.98
o.20 5.31
0.21 5.48
0,20 e.23
o.22 5.4e
0.19 4.63
o.22 5.O7
0.1e 5.23
0.16  .AL
o.20 5.63
o.23 5.5 4
o.22 5.02
0.20 3.72
o.20 5.26
o.o2 0.58

o.r7 4.49
o.22 5.70
o.23 4.44
0.19 4.64
0.23 5.05
o.24 5.15
o.22 5.1€
o.24 5.45
o.22 5.0€
0.02 0.38

o.76 100,35
0.56 99.61
L.42 100.62
t .28 99.33
o.77 99.91
0.5 5 0.44

1.59 se.32
2.22 100.20
1 .89 9e.75
2.O3 tO9.2ø
0.93 98.8E
t.o2 ee.58
1 .61 9ø.34
0.68 es.72
1.70 99.40
t.2g 90.39
1 .16 se.L4
o.ø7 e9.02
2.Le 100.08
1.16 99.66
r.44 99.54
0.48 0.41

1.48 eE.50
0.70 98.56
0.84 9A.77
L.4ø 98.98
L.97 99.00
o.62 98.5 8
L.77 ø9.2r
0.93 98.67
L.76 99.10
1 .19 90.2A
1.30 98.01
r.20 98.77
o.41 0.30

1.48 100.34
o.75 100.53
o.2g 99.5 8
0.94 sø,57
1.99 100.?8
0.69 100.66
7.94 9e.89
0.83 100.18
o.52 100.79
l.4e 100.13
L.34 100.23
1.58 ee.47
1.69 100.40
1.61 100.39
1.01 100.51
1.40 100.43
1.07 99.89
2.60 99.09
7.2e 100.13
o.57 0.4 5

7.67 99.64
0.7E 95.52
1.59 e9.18
r.40 99.38
1.33 99.53
z.OL gø.45
1.31 100.39
2.49 100.10
1.58 e9.66
0.48 0.37

Cycle g

0.36 0.2L 16.15 2L.gA 0.04 0.03
0.46 0.19 15.52 21.59 O.O2 0.00
0.70 0.L9 15.30 21.81 0.00 0.04
0.64 0.19 75.82 21.89 0.07 0.03
o.57 0.18 15,71 2L.65 0,03 0.01
0.51 0.13 16.06 20 .84 0.00 0.00
o.29 0.24 16.35 2t.52 0.06 0.03
o.64 0.18 Le.67 r9.72 0.00 0.01
o.52 0.19 15.92 2L.37 0.03 0.02
0.L4 0.03 0.43 0.70 0.03 0.0L
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Sample SiO2 TiO2 Al2O3 Cr203 MnO MgO

Table El.2 Chemical cornposition of clinopyroxene (continued)

246 51 .03
244 50.e3
246 50.85
24ø 51.77
246 67.21
2+6 51 .06
246 51.45
246 50.51
244 51.42
246 50.89
244 51.16
246 50.52
248 50.87
244 50.39
avg(14) 51.o0
stdev 0.3?

245 51.1e
245 50.70
245 tO.74
245 50.80
245 51.15
245 50.75
246 51 .94
245 50.94
245 5 0.90
245 51.2E
245 51 .06
245 51.48
245 50.65
ovs(13) 51.05
stdev 0,35

244 51.43
244 5L.92
244 5 2 .08
244 51.86
244 52.21
244 62.1ø
244 51.80
244 51.e8
244 51.96
244 52.03
244 51 .6 5

244 5r,92
244 52.1A
244 51.87
244 51 .84
avg( 15 ) 5L.sz
stdev 0.20

24L 5L.25
241 50.83
24L 51.48
24L 51 .34
24L 51 .98
24I 50.E8
241. 51.36
241 51 .40
24t 50.80
24L 50.88
avg(1o) 5L.23
stdev 0,35

240 51.00
240 50.27
240 51 .33
240 51.20
240 .50.6e

0.15 2,96
0.1 2 2.89
o.Lz 3.L2
o.20 2.74
0.06 z.at
0.13 2.e5
0.17 3.05
0.16 2.8I
o.09 2.96
0.10 2.gg
0.16 2.75
0.19 2.98
o.zL 2.e3
o.tz 2.gg
0.14 2,93
o.o4 0.10

0.12 3.03
0.1 7 2,9ø
0.20 3.o3
o.22 3.I2
0.12 3.00
o.25 2.99
o.17 2.99
0.1s 3.10
0.13 3.11
o.20 2.95
0.19 2.92
0.1E z.ee
0.20 3.05
o.18 3.O2
o.04 0.06

0.10 2.80
0.14 2 .77
0.13 2.77
o.13 2.88
0.17 2.82
o.72 2.82
0.20 2.86
0.1 2 2.77
0.20 3.01
o.14 2.e2
0.16 2 .52
o.19 2.97
0.18 2.94
0.07 2.86
o.27 2.88
0.15 2.A6
0.o5 0.07

0.14 2.55
0.18 3.09
o.17 2.ge
0.09 z.ee
0.13 2.97
0.04 3.L2
0.14 3.O2
o.L7 3.13
0.16 2.05
o.o7 2.93
0.13 3.01
0.04 0.07

o.29 3.13
0.18 3.14
0.18 3.O7
0.20 2.38
o.zL 3.L2

Weight percent oxides

Cycle 8
0.36 0.L7 L5.7s 20.98
0.30. o.22 15.43 21.40
0.3 5 0.14 r5.37 20.88
0.36 0.22 1 5.49 2t .55
0,38 0.18 1 5 .40 27 .L3
0.3e o.\7 15.41 21.70
o.32 0.2L 15.77 20.62
0.53 0.18 15.35 22.73
o.42 0.22 15.5 2 27.22
0.36 0.23 L5.20 22.Lø
0.38 0.1e 15 .30 22.O2
0.40 0.13 15.68 20.96
0.43 0.18 15.87 20.72
0.38 0.2L 15.45 2L.47
0.38 0.19 15.50 21.35
0.05 0.03 0.19 0.49

o.4e 0.23 75.42 21.50
0.5 4 0.15 1 5 .54 2L .37
0.46 0.2L 15,50 2i..15
0.53 0.16 15.17 21.ø3
o.47 0.16 1 5 .45 2t .42
o.47 0.17 15.20 2L.7A
0.48 0,18 16.68 18.95
0.53 0.23 L5.2A 21.37
o.47 0.1E L5.44 21.75
o.42 0.14 15.05 2L .78
0.45 0.22 15.89 20.58
0.43 0.23 15.5 5 27 .O2
o.47 0.20 15.49 21.20
o.47 0.19 15.51 2t.2L
0.04 0.03 0.39 0.74

0.32 0.18 15.46 20.94
0.38 0.2L 15.18 2L.7e
0.3L 0.28 15.99 20.26
0.37 0.2t 15.50 21.45
0.33 0.20 15.43 2L.70
0.33 0.18 15.57 2L.23
o.2e o.2L 15.45 2L.O8
0.30 0.18 15.91 20.A2
0.29 0.18 L5.44 2t.55
0.31 0.20 15 .19 22.O7
0.35 0.L7 15.59 21 .5 0
0.35 0.18 15.38 27.A2
0.33 0.18 15.48 2L.ø4
0.30 0.21 15.19 2L.75
0.35 0.28 L5.44 21.49
0.33 0.20 15.48 27.42
0.03 0.o3 0.22 0.46

0.36 0.13 15.65 21.18
0.38 0.18 L5.72 2L.O4
0.38 0.16 L5.7e 20.98
0.31 0.16 15.88 20.A2
0.41 0.23 L5.62 21.73
o.32 0.23 1 5.10 21 .83
o.2e o.t7 15.51 22.O8
0.40 0.17 L6,O2 20.67
0.38 0.16 L5.67 2L .O2
0.38 0.18 L5.47 2L87
0.36 0.1E L5.64 21.30
0.04 0.03 0.24 0.47

0.39 0.19 1.5.75 20.95
0.48 0.15 L6.O7 20.37
0.41 0.18 17.10 18.66
0.46 0.22 15.57 2r.s7
o.44 0.25 75.A4 2t.36
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CaO NiO CoO Na2O FeO Fe203 Oxsum

0.o5 0.02
0.04 0.o2
0.06 0.04
0.00 0.03
0.08 0.07
0.04 0.00
0.03 0.00
0.06 0.00
0.01 0.00
0.04 0,o2
0.00 0.o0
o.o2 0.03
0.o0 0.00
0.02 0.o4
0.03 0.o2
0. 02 0.o2

0.04 0.04
0.o5 0.07
0.o9 0.01
0.08 0,07
0.06 0.o2
0.00 0.03
0.08 0.o2
0.00 0.00
0.06 0.o1
o.o7 0.00
0.11 0.00
o.o2 0.0?
0.00 0.00
0.o5 0.03
0.04 0.03

0.00 0.00
0.03 0.00
0.o2 0.05
0.09 0.00
0.01 0.03
0.o1 0.03
0.o9 0.05
0.03 0.00
0.04 0.o2
0.04 0.03
0.08 0.00
0.03 0.05
0.04 0.00
0.10 0.o2
0.00 0.00
0.04 0.o2
0.o3 0.02

0.07 0.00
0.03 0.o0
0.03 0.o2
0.00 0.04
0.00 0.02
0.03 0.07
0.00 0.00
0.o1 0.08
0.01 0.00
0.00 0.00
o.o2 0.02
0.02 0.03

0.08 0.02
0.0 5 0.00
0.05 0.00
0.03 0,00
0.00 0.00

o.44 3.99
0.44 3.80
0.46 4.43
o.44 4.51
o.47 4.29
o.44 3.69
0.44 4.90
o.44 2.58
o.47 4.34
0.51 2.A4
0.41 3.78
o.42 3.0E
o.43 4.O4
0.34 3.50
0.44 3.88
0.o4 0.s1

o.44 3.97
0.4e 3.19
0.43 3.80
0.4s 3.26
0.38 4.32
0.39 3.94
0.s2 6.52
0.40 4.45
0.43 3.38
0.40 4.74
o.44 4.20
o.42 4.44
0.45 3.72
o.42 4.20
0.04 0.84

0.41 5.15
0.45 4.92
o,37 5.90
0.41 4.85
0.45 4.98
o.42 5.39
0.4e 4.22
0.33 5.78
0.36 5 .25
o.47 4.57
0.3E 4.59
o.47 4.74
0.39 5.22
0.41 4.95
0.46 4.7e
o.42 5.01
0.04 0.43

0.40 4.3A
0.36 4.72
0.44 4.47
0.41 4.42
0.37 4.66
o.47 3.52
0.41 3.57
o.38 4.ø7
o.35 4.34
o.43 3.42
0.40 4.L7
0.04 0.45

0.31 4.44
0.43 3.30
o.37 5.24
0.35 3.66
o.42 3.39

3.57 99.45
3.36 98.95
3.10 9E.92
2.47 99.81
2.94 99.Oe
3.27 e9.25
2.t8 99,t4
4.27 98.96
2.74 e9.45
4.18 95.62
2.s6 99.11
3.70 98.7L
3.O2 98.70
3.49 98.40
3.27 99.13
0,51 0.38

3.23 ø9.47
4.61 99.8?
3.89 99.s?
3.E5 9e.ø9
3.20 90.75
3.34 e9.30
r.70 100.03
2.EE 99.35
4.01 ø9.87
2.48 g9.51
B.6e 9s.72
2.40 99.63
3.24 e8.66
3.24 95.57
0.?5 0.33

2.44 gg.23
r.87 99.70
|.47 99.83
2.10 99.85
2.7L LOO.44
1 .45 e9.72
3.00 100.40
1.80 gg.a2
2.OO 100.34
2 .37 100.3 5

3.02 100.41
2.83 100.72
2.L2 100.68
2.31 100.04
2 .23 100.03
2.23 100.O8
0.45 0.40

3.19 9e.68
3.22 99.1 5
2.59 95.47
3.11 99.54
2.68 100.80
3.4L Oe.Oz
3.96 100.48
2.83 99.86
2.s2 98.81
3.61 99.04
3.14 99.59
0.40 0.62

3.20 99.95
4.øø e9.O4
3.57 100.16
3.31 99.35
4.09 99.€1



Sample SiO2 TiO2 rq.l2O3 Cr2O3 MnO MgO

240 51 .49
240 51.11
240 50.e?
240 5L.L2
avg(9) 51.01
stdev 0.36

239 50.82
235 50.e6
23e 50.9E
23s to.a?
23ø 51 .48
23e 51 .05
239 51 .64
23e 5L.32
239 5L.L7
239 51.27
239 51.60
239 52.10
evg(L2) s|.25
stdev 0,39

238 51.5?
238 5L.42
238 5r.47
234 5L.42
238 51 .63
238 51.40
238 51.E1
238 51.50
238 51.19
238 51 .61
238- 5r.49
234 51.36
238 51.02
238 51.52
238 50.97
avg(15) 57.43
stdev O.22

237 51.6e
237 51 .6e
237 51 .91
237 51. .6 7
237 5t.ø4
237 52.45
237 5L.47
237 51 .83
237 51.78
237 51.38
237 52.02
237 51.80
2?7 51.94
237 50.94
237 5L.92
237 51.93
avg(16) 5I.77
stdev O,32

234 ^ 52.22
236 52.LL
2s6 52.77
23ø 51.98
23ø 52.03
230 51.93
23e 5r.70
zse 62.09
256 51.88
236 52.19
236 52.18

Table 8.2 Chernical cornposition of clinopyroxene (continued)

0.14 3.1?
o.25 3.21
0.18 3.03
0.13 3.O2
0.19 3.03
0.05 0.24

0.15 3.03
o.25 3.25
o.zL 3.23
0.18 3.23
o.L2 3.0?
0.18 3.0e
o.1.4 3. 03
0.11 3.03
o.2g 3.18
0.14 3.21
Q.15 3.10
o.24 2.L6
o.18 3.05
o.05 0.28

0.13 3.O8
0.25 3.01
o.22 3.07
o.19 3.00
o.27 3.16
o.2t 3.o5
0.18 3.04
o.zL 2.97
0.0s 2.e8
o.17 2.70
o.zL 3.12
o.20 3.22
0.14 3.08
0.10 3.07
0.02 3.11
o.L7 3.04
0.0s 0.11

0.18 2.57
0.10 2.50
0.06 2.48
0.18 2.53
0.06 2.55
0.13 2.55
o.20 2.53
o.15 2.47
o.20 2.40
0.15 2.42
0.13 2.49
0.14 2.64
o.t2 2.54
0.09 2.59
o.zt 2.o9
0.13 2.AA
0.14 2.51
0.0 5 0.L2

0.20 2.55
0.13 2.44
o.15 2.51
0.16 2.59
0.11 2.44
0.15 2.57
0.1 4 2 .47
0.1 1 2.52
0.1E 2.49
o.L7 2.5A
0.08 2.68

o.42 0.19 L5.83 20.89
0.48 0.18 15.0e 21.83
0.45 0.18 16.47 2L .AO
0.38 0.18 1 5.49 2I .37
0.43 0.19 1 5 .78 20.99
0.03 0.03 0.53 0.95

0.43 0.16 15.00 2L.67
0.48 0.20 15.64 2L.46
0.53 0.1S L5.44 21.88
o.2g 0.20 15.81 2L.37
0.41 0.18 L6.44 2r.e7
0.43 0.15 15.43 22,L3
0.39 0.2 0 16.15 20.64
0.30 0.L7 15.56 21.84
o.42 0.16 L5.24 22.L7
0.31 0.15 L5.2t 22,O2
0.34 0.1e 15.5 ? 2L.42
0.15 0.18 16.0E 22.47
0.37 0.18 15.€0 2r.75
0.10 0.02 0.28 0.46

o.32 0.18 15.13 22.35
o.ze 0.19 L5.27 22.23
o.32 0.25 15.54 27.37
o.32 0.16 16.36 20.Le
0.30 0.15 15.40 22.O8
0.35 0.2L 15.42 21 .80
o.29 0.21 1 5 .31 22,LL
o,31 0.L7 L5.47 21.81
o .20 0.21 t5 .72 2t .72
0.30 0.15 16.13 20 ,A7
0.29 0.22 15.21 22.39
o.42 0.24 15.51 2L.ø1
o.32 0.19 L6.72 2L.3ø
0.31 0.L7 15.69 2L.34
o.42 0.18 15.81 2L.O4
o.32 0.19 1s.58 2L.ø2
0.05 0.03 0.32 0.59

0.05 0.L7 15.85 20.56
0.0 2 0.22 16.53 20.43
o.o4 0.16 L5.72 22.O4
0.04 0.L7 16.07 2L.36
0.04 0.16 15.75 2L.80
0.03 0.24 15.99 21.50
o.o2 0.19 15.61 22.25
0.06 0.19 16.O8 21.53
o.o2 0.19 t6.64 20.44
0.00 0.17 16.42 20.A7
0.06 0.14 15.57 22.20
0.03 0.1e 15.7s 2L.69
o.o3 0.2 5 1 5 .95 '2L .t3
o.03 0.19 t5.94 21.39
0.06 0.21 16.o2 21.73
0.03 0.1€ 15.58 21.83
0.03 0.19 15.e7 2L.4ê
o.o2 0.03 0.32 0.5 5

0.08 0.L7 L5.77 2r.64
o.08 0.25 16.70 20.08
o.01 0.20 15.99 27.44
o.05 0.19 15.85 22.O4
0.03 0.20 L5.70 22.29
0.00 0.24 75.77 22.O2
o.o2 0.19 16.36 20.63
0.05 0.22 16.e0 Lø.82
o.03 0.1 9 1 5 .91 27 .A2
o.05 0.18 L6.2ø 2L.O4
0.0 ? o.r7 1 5.0 5 22 .O5
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lVeight percent oxides

CaO NiO CoO Na2O FeO Fe2Os Oxsum

0.04 0.01
0.08 0,03
0.00 0.o3
0.01 0.00
0.04 0.01
0.03 0.01

o.o2 0.00
0.00 0.o0
0.00 0.o2
o.04 0.02
o.oE 0.00
0.09 0.04
0.03 0.05
0.03 0.o2
0.06 0.00
0.00 0.o4
0.04 0.05
o.o2 0.00
0.03 0.o3
0.03 0.o2

0.o1 0.00
0.05 0.05
0.04 0.03
o.o0 0.05
0.03 0.01
0.o1 0.o1
0.04 0.01
0.o1 0.03
0.02 0.00
0.00 0.05
0.00 0.00
0.04 0.00
0.07 0.01
0.02 0.06
0.05 0.00
o.03 0.o2
o.o2 0.0 2

o.o2 0.04
0.10 0.00
o.02 0.o2
0.00 0.03
0.09 0.o0
0.06 0.0 7
0.00 0.00
0.01 0.01
o.o0 0.07
0.00 0.00
0.03 0.06
0.09 0.00
0.00 0.04
0.03 0.00
0.03 0.00
o.o4 0.00
0.03 0.02
0.03 0.03

0.00 0.o0
0.00 0.03
0.05 0.05
o.o2 0.02
0.05 0.00
0.06 0.o4
o.o7 0.00
o.o7 0.0 5

0.0 2 0.08
o.04 0.00
0.00 0.00

0.48 4,28
o.44 4.18
0.37 3.ø7
0.38 4.41
0.39 4.13
U.Uþ U.bõ

0.39 3.38
0.38 3.86
0.45 3.36
0.35 3.34
o.42 3.82
o.4a 2.97
0.38 4.64
0.36 3.80
o.43 3.70
0.40 4.10
o.42 4.4 5

o.32 3.30
0.40 3.?1
0.04 0.47

0.3E 4.2ø
0.39 3.95
0.36 4.7L
o.37 4.74
o.4ø 3.95
o.44 4.00
o.4a 4.L4
o.42 4.13
o.42 3.30
0.36 4.54
o.4L 3.75
o.42 4.O7
0.38 3.76
o.42 4.22
0.44 3.59
0.41 4.O7
0.03 0.38

0.33 5.15
0.30 4.58
0.37 3.98
0.40 3.91
0.41 4.O4
0.40 4.00
0,34 3.66
0.35 4.06
o.28 4.72
0.33 4.15
0.40 4.08
0.41 4.04
o,37 4.23
0.34 3.41
0.34  .Oe
0.3E 4.55
0.36 4.Lø
0.04 0.41

0.35 5.03
o.za 5.48
o.29 4.94
0.33 4.08
0.34 3.98
0.38 3.84
0.33 4.60
0.31 5.13
0.39 4.08
o.37 4.Ae
0.40 4.33

3.43 100.37
2.76 ee.e4
3.2e 99.54
2.e8 99.47
3.47 99.60
0.55 0.39

3.86 9e.51
3.68 100.16
3.70 100.06
4.38 99.88
3.31 100.30
4.16 100.19
3.04 100.32
3.00 100.16
3.32 100.14
3.16 100.01
2.AL r 00.2 0
3.13 100.26
3.54 100.09
0.4 5 0.27

2.60 99.91
2.93 100.03
2.65 100.02
3.33 100.12
2.74 100.18
3.1e 100.09
2.OA 100.2 0
2 .ea 100.01
3.64 99.48
2.89 99.77
3.08 LOO.24
3.12 100.20
3.55 9e.58
2.84 99.7A
3.94 9ø.57
3.0? 99.S5
0.3e o.25

L.72 08.72
2.L2 98.59
2.5e 99.A7
3.1E 99.5 5
2.52 99.36
2.39 100.41
2.75 99.06
3.09 99.83
2.5L 9S.31
3.33 eg.Oz
2.O5 e9.83
2.84 S9.58
2 .85 gs.E7
3.99 98.94
2.øt 99.66
2.27 99.5 8
2 .75 99.43
0.51 0.46

1.78 e9.79
2.74 100.32
2 -3ø 100.16
3.00 100.3E
2.65 Sg.E 1

3.19 100.19
2.7A 99,27
3.07 100,34
3,28 100.15
2,Et 100.1 1

z.9L 100.5 2



Sample SiO2 TiO2 Al2O3 Cr203 MnO MgO

23ø 52.LO 0.15
avg(12) 52.05 0.14
stdev 0.15 O,03

235 52.e3 0.t 6
235 53.27 0.05
23 5 52.A6 0.1 1

235 53.25 0.1e
235 53.11 0.77
235 53.25 0.13
235 53.86 0.13
235 52.95 0.15
235 52.65 0.L2
235 52.A2 0.15
235 52.90 0.04
235 52.95 0.20
avg(12) 53.05 0.13
stdev O.32 0,05

234 53.05 0.08
234 52.ee 0.13
234 52.9L 0.18
234 52.28 O.2r
234 53.03 0.08
234 53.32 0.11
234 52.77 0.2L
234 53.12 0.L2
234 53.23 0.07
234 53.54 0.18
234 52.74 0.16
234 53.41 0.2L
234 53.05 0.11
244 53.24 0.24
234 52.A2 0.22
evg(15) 53.os o.1s
stdev 0,30 0.06

233 52.2A 0.13
233 52.53 0.10
233 52.t9 0.20
233 52.44 0,22
233 53.50 0.0E
233 52.95 0.08
233 52.57 0.17
233 52.73 0.15
233 53.13 0.06
233 53.12 0.13
233 53.14 0.15
233 53.12 0 .23
avg(12) 52,84 0.14
stdev O.34 0.05

232 5L.79 0.L2
232 51.S7 0.03
232 51.54 0.12
232 51 .5I O.17
232 51.58 0.06
232 51.s1 0.16
232 51 .69 0 .L7
232 5r.44 0.07
232 51.54 0.10
232 51 .40 0.18
232 52.05 0.L7
avg(11) 51.65 O.L2
stdev O.2O 0.05

23L 52.44 0.13
23L 52.53 0.08
23L 52.33 0.15
23L 5 2.31 0.19
237 52.67 0. L 3

Table 8.2 Chemical cornposition of clinopyroxene (continued)

2.47 0.00
2.52 0.04
0.07 0.03

2.53 0.02
2.42 0,03
2.40 0.03
2.56 0.00
2.46 0.11
2.32 0.10
z.LL 0.0 7
2.56 0.05
2.56 0.00
2.50 0.01
2.46 0.00
2.49 0.01
2.45 0.04
o.L2 0.04

2.48 0.O4
2.49 0.O3
2.4L 0.09
2.5L 0.06
2.48 0.09
2.30 0.05
2.57 0.08
2.36 0.0 5
2.44 0.00
2.41 C.O4
2.54 0.09
2.46 0.07
2.45 0.00
2.80 0.o€
¿.o0 u.uc
2.45 0.05
0.08 0.03

2.4L O.13
2.5L 0.0 7
2.60 0.o7
2.50 0.13
2.53 0.L2
2 .49 0.10
2.81 A.Lz
2.5t O.72
2.53 0.O8
2.55 0.1 5

2.50 0.13
2.44 0.L2
2.54 0.1 1

0.09 0.o2

2 .46 0.11
2.49 0.08
2.4t 0.10
2.34 0.15
2.53 0.08
2.54 0.14
2.3e 0.15
2.23 0.07
2.59 O.tz
2.44 0.15
2.40 0,0e
2.44 0. L 1

0.09 0.03

2.7ø 0.19
2.44 0.14
2.70 0.19
2.48 0.20
2.64 0.19

Weight percent oxides

0.20 15.59
0.20 16,04
o.o2 0.41

o,22 L 6.5 3
Q.23 15.84
0,15 15.78
o.25 76.62
0.20 16.83
o.ze L7.25
o.2L 15.e3
0.18 16.O5
o.29 16.00
0.23 L6.28
o.21 16. 09
0.16 L5.64
0.22 L6.23
0.04 0.45

o.20 I 5 .90
0.20 16. L 3
o.23 L6.40
o.22 15.72
o.17 1 5.91
o.27 16.51
0.14 15.51
o.2a 16.90
0.14 16.61
o.L7 15.88
o.17 1 5.6e
0.14 77.27
o.1? 15.63
o.22 15.88
0.1e 15.04
0.19 16.1.1
o.03 0.50

0.1E L7 .38
0.14 L5.72
o.22 76.92
u,l0 rc.ðð
0.10 tø.25
o.22 75.79
o.27 I 5.58
0.17 L5.72
0.19 16.69
o.L7 15.90
o.L4 15.52
o.2L 1 5.75
0.1E 15.95
0.03 0.51

o.22 78.7ø
o.20 te.21
o.27 L5.74
0.20 L5.7A
0.19 16.82
0.2 3 74,92
o.2L 15,80
o.77 16.L7
o.22 Lø.20
o.L4 15.97
o.17 76.23
0.20 16.15
0.03 0.39

0.20 15.99
0.14 16,36
0.r.6 L6.70
0.20 L7.O3
0.1E 16.00

CaO NiO CoO Na2O FeO Fe203 Oxsum

22.Og 0.03 0.00
2L.40 0.03 0.0?
o.7g 0.03 0.03

20.73 0.02 0.o4
22.50 0.06 0.03
22.O2 0.03 0.00
20.69 0.0 5 0.03
20.71 0.05 0.o0
1e.61 0.01 0.00
21.8E O.O2 0.00
27.3L 0.00 0.00
2L.34 0,00 0.0 2
2r.40 0.00 0.00
2L.47 0.01 0.o0
22.le 0.10 0.00
2r.32 0.03 0.01

o. ?6 0.03 0.01

2L.67 0.04 0.o0
2t.40 0.05 0.03
20.95 0.03 0.00
22.O3 0.04 0.05
2L.76 0.01 0.oo
20.48 0.05 0.00
22.4e 0.O1 0.09
19.58 0.00 0.07
20.39 0.03 0.00
2L.97 0.00 0.0 5
22.L5 0.10 0.04
L9.34 0.04 0.05
22.55 0.O2 0.O0
22.30 0.08 0.o2
22.23 0.09 0.04
2L.42 0.04 0.03
1.00 0.03 0.03

18.83 0.00 0.07
27,e7 0.05 0.05
22.L5 0.03 0.00
22.43 0.0 2 0.01
2L.O7 0.07 0.00
22.O5 0,07 0.01
2r.09 0.o1 0.00
2L.gA 0.00 0.o2
20.79 0.00 0.00
2r.47 0.01 0.05
22.rO 0.04 0.o0
22.L5 0.07 0.00
2L.53 0.03 0.O2
0.96 0.03 0.02

27.A7 0.04 0.00
21.03 0.0s 0.05
2L.99 0.02 0.04
22.L7 0.04 0.03
19.98 0.05 0.01
79.47 0.01 0.00
27.ø4 0.08 0.01
2L.48 0.03 0.00
2L.74 0.00 0.o2
22.23 0.04 0.01
2L.47 0.00 0.01
2L.3e 0.03 0.o2
0.86 0.02 0.o2

2L.eø 0.0e 0.01
21.78 0.03 0.04
20.68 0.03 0.04
Le.73 0.03 0.00
22.O9 0.06 0.05

0.39 4.34
0.34 4.te
0.04 0.50

0.30 t.77
o.37 4.68
0.40 4.73
o.34 6.O2
0.35 5.2e
0.27 6.43
0.34 ø.32
0.30 6.05
0.33 5.37
0.32 5.18
o.37 5.20
0.41 5.10
o.34 5.51
0.04 0.57

0.30 5.81
o.32 5.5E
0.3e 5.46
o.20 4.84
0.30 5.70
o.34 6.3e
o.25 5.51
0.30 a.73
0.31 6.41
0.40 5.0e
0.28 5.2e
o.2e 7.og
0.33 5.09
0.34 5.14
0.35 5.Oe
o.32 5.68
0.04 0.ø4

o.32 5.86
0.33 5.00
0.30 5.24
0.s6 4.a2
0.32 6.41
0.31 5.29
0.39 5.O7
0,34 5.27
o.31 e.37
o.29 e.25
0.34 5.98
0.43 5.03
o.34 5.52
o.o4 0.56

0.34 4.O7
o.2s 4.7L
0.35 3.65
o.31 3.e7

o.24 5.31
o.32 3.e4
0.36 3.39
0.31 3.34
0.30 3.13
o.32 4.+O
0.31 4,O2
0.03 0.a4

0.39 4.11
0.34 4.84
0.35 4.A3
o.29 5.55
0.41 3.A2

2.58 100.00
2.72 100.06
0.39 0.32

0.87 100.13
1.50 100.98
1.45 99.75
1.08 100.e7
1.91 101.19
1.40 101.03
0.00 100.E7
o.48 100.12
o.79 gs.4e
t.75 100.04
r.4L 700.22
1.30 100.52
1.16 100.49
o.52 0.52

o.69 100.26
t.O4 100.39
1.70 LOO.72
L.57 e9.82
1.11 100.64
0.17 9e.93
0.?o 100.30
0.20 9e.69
0.63 100.26
o.59 100.92
o.g2 100.1?
0.41 100.75
o.87 100.28
1.10 100.92
L .O2 100.30
0.90 100.37
o.42 0.3e

z.sg 99.90
L.42 99.89
L.27 100.2 e
1.53 Sg.g7
o.44 100.94
0.89 100.25
1.64 100.56
1.35 100.41
0.68 100.?3
0.41 100.49
o.40 100.5 0
1.56 101.12
1.19 100.39
0.50 0.35

2.7e s9.57
2.20 99.32
3.27 99.48
2.72 e9.17
3.29 99.44
2.30 98.83
2.90 99.60
3.60 99.01
3.22 9S.40
3.6e 9e.68
2.66 99.e1
2.ø5 99.40
o.47 0.2e

2.O9 100.36
2.08 100.40
2.85 100. E0
1 .68 99.8e
2.64 100.78

207



Sample SiO2 TiO2 Al2O3 Cr203 MnO MgO

237 t2.48 0.16
23L 52.4L O.20
231 52.37 0.24

23r 52.47 0.77
23L 52.A6 0.20
23L 51.71 0.23
23L 52.04 0.15
evg( 13) 52.34 o.77
stdev O.23 0.O4

230 52.98 0.13
230 52.23 0.24
230 52.83 0.19
230 53.18 0.77
230 52.92 0.27
230 53.28 0.19
230 53.03 0.08
230 52.57 0.11
230 52.63 0,11
230 53.18 0,13
230 52.87 0.16
2SO 52.7A 0.23
230 t2.37 0.18
230 52.98 0.13
230 52.23 0.24
230 52.83 0.19
230 53.18 0.L?
230 52.92 0.2L
230 53.?8 0.19
230 53.03 0.08
230 52.57 0.11
230 52.O3 0.11
230 53.18 0.13
230 52.87 0,16
230 52.78 0.23
avg(25) 52.E5 0.16
stdev O.2g 0.05

211 52.37 0.18
2Lr 52 .78 0.10
2LL 52.72 0.01
211 52.50 0.14
277 52.AA O.L2
2ll 52.7L 0.19
2LL 52.24 0.0E
ztt 5 3.14 0.25
277 t2.74 0.16
2L7 52,66 0.13
avg(10) 52.65 0.14
stdev O,22 0.06

20s 5L.25 0.04
209 57.47 0.L2
20e 5L.7 4 0.18
209 50.60 0.1e
20Q 57,29 0.O9
209 51.11 0.11
20e 52.45 0.L7
209 51.39 0.14
20s 5L.74 0.14
209 51 .69 0.I2
avg(10) 5L.47 0.13
stdev 0.46 0.O4

20E 52.4L O.O7
208 52.04 0.18
208 52.L7 0.O8
208 5L.74 0.10

Table 8.2 Chernical cornposition of clinopyroxene (continued)

2.75 0.22
2.70 0.22
2.øø 0.19
2.5e O.24
2.Ag 0.21
2.5 8 0.27
2.44 0.19
2.5A O.20
2.6E 0.20
0.08 0.02

2.44 0.10
2.5L 0.1?
2.6L 0.20
2.64 0.16
2,A9 0.L7
2.64 0.16
2.80 0.15
2.67 0.1e
2.5e 0.18
2.54 0.2 0
2.65 0.20
2.45 0.21
2.73 0.1 7
2.44 0.10
2,6L O.t7
2.8L 0.20
2.ø4 0.16
2.øg o.L7
2.6A 0;16
2.80 0.1 5

2.ø7 0.19
2.59 0.18
2,5ø . 0.20
2.65 0.2 0
2.65 0.27
2.øA O.L7
0.0e 

:.ot
2.73 0.L7
2.6L 0.62
2.35 0.55
2.E0 0.58
z.so 0.62
2.53 0.52
2.77 0.51
2.58 0.50
2.60 0.52
2.78 0.31
2.85 0.4e
0.15 0.13

2.75 0.48
2.99 0.7ø
2.52 0.45
2.86 0.55
2.94 0.77
3.03 0.68
2.L4 0.38
2.7e 0.67
2.ø5 0.5 3
2.øs 0.?3
2.73 0.60
0.25 0.13

¿,o t u.cI
2.5e 0.50
2.66 0.5 5

2.44 0.65

Weight percent oxides

o.22 15.8 5
o.24 I 5.85
o.22 1 7.00
0.17 16.20
o.1,2 16.56
0.19 16.68
o.2L L5 .77
0.19 1e.30
0.19 16.33
0.03 0.4L

0.13 1,7.O9
0.19 15 .47
0.18 15.80
o.L7 77.O7
o.20 La.57
o.2r 16.5 5
0.20 15.97
o.22 15.80
0.17 16.83
0.20 17.10
0.20 17.68
o.20 75.77
0.19 15.82
0.13 1 ?.09
0.19 L5.47
0.18 15.80
o.L7 L7.O7
0.20 16.57
0.21 10.5ã
0.20 L5,97
o.22 1 5.80
o.L7 16.83
0.20 17.10
0.20 17.68
0.20 Lt.77
o.19 76.45
o.o2 0.66

CaO NiO CoO Na2O FeO Fe203 Oxsum

22.30 0.O2 0.05
22.3s 0.04 0.o4
LA.7L 0.01 0.00
27.O7 0.00 0.00
20.63 0.00 0.00
20.26 0.03 0.04
2L.5e 0.03 0,o2
21.09 0.00 0.04
21.13 0.03 0.03
0.E7 0.o2 0.0 2

19.90 0.04 0.00
23.2L 0.00 0.01
22.57 0,00 0.01
2r.25 0.O2 0.03
2L.71 0.01 0.04
2L.77 0.05 0.o5
22.62 0.02 0.03
22.5L 0.00 0.02
20.78 0.04 0.o2
20.27 0.o2 0.02
19.66 0.0? o.03
22.20 0.03 0.01
22.64 0.00 0.02
19.90 0.04 0.o0
23.2L 0.00 0.01
22.57 0.00 0.01
2L.25 0.O2 0.03
2r.7L 0.01 0.04
2r.77 0.O5 0.05
22.ø2 0.O2 0.03
22.5L 0.00 0,o2
20.74 0.04 0.o2
20.27 0.O2 0.o2
19.06 0.07 0.03
22.2Q 0.03 0.01
21 .5 E O.O2 0.02

1 .10 0.o2 0.01

0.40 3.96
0.37 3.91
0.33 5.55
o,20 5.22
0.31 5.36
0,31 5.7e
0.37 4.36
0.30 4.ø4
0.34 4.75
0.04 0.06

0.34 5.80
0.31 3.75
0.3e 4.30
0.31 4.47
0.38 4.L4
0.31 4.78
0.34 4.24
0.36 4.08
0.30 4.85
0.34 5.47
0.30 4.73
0,3e 4.89
0.33 3.87
0.34 5.80
0.31 3.75
0.39 4.30
0.31 4.47
0.38 4.74
0.31 4.7A
0.34 4.24
0.39 4.08
0.30 4.85
0.34 5.47
0.36 4.73
0.36 4.89
0.34 4.60
0.o3 0.56

0.33 3.87
o.37 4.44
o.35 3.91
0.33 5.15
0.34 4.38
0.33 5.36
0.3 5 3.63
0.35 4.54
o.32 5.04
o.37 4.59
o.34 4.50
0.o2 0.52

0.41 2.25
0.33 3.35
0.31 3.L2
o.37 2.LO
o.42 2.A4
0.39 2.54
0.38 3,25
0,43 3.03
0.39 3.06
0.39 4.3s
0.38 3.01
0.04 0.61

0.41 2.gS
0.41 2.88
o.32 3.57
0.36 4.O2

2.30 100.71
2.42 100.79
L.A2 100.10
1.68 9e.83
L.44 99.89
1.33 100.28
2.34 9e.63
2,32 99.89
2.08 100.26
o.44 0.40

1.94 101.28
L.g4 100.03
2.lL 101.19
2.43 101.89
2.8! 101 .E5
2.23 LOz.2t
2.27 101.7€
2.10 100.e3
2.48 100.96
1.64 101.13
3.34 101 .94
1.14 100.47
2.50 100.82
1.94 101.28
1.94 100.03
2.LL 101.19
2.43 101.89
2.47 101 .85
2.23 toz.25
2.27 70L.7A
2.ro 100.63
2 .48 100.96
L.ø4 101 .13
3.44 101 .94
1 .L4 100.4 7
2.22 101 .25
0.51 0.63

2.50 100.82
1.38 100.47
1.38 99.95
1.85 100.61
1.41 100.95
0.30 9e.a7
2.27 100.35
1.11 101.17
L.L7 LOO.2g
L.42 100.3 7
1.49 LOO.47
0.56 0.41

3.29 98.89
3.11 100.15
2.47 gø.27
3.48 98.44
2.62 S9.L2
s,38 eø.49
2.LO 95.72
2.42 98.8?
2.4ø 99.3 5
2.27 98.96
2.74 C9.20
0.48 0.4€

2.49 100.38
2.58 100.00
2.5L 100.21
2.38 99.51

0.1e 15.82
o.77 16.18
o.16 16.O9
0.16 77 .Os
0.19 L5.6?
o.t2 19.04
0.18 16.06
o.13 16.15
o.20 16.84
o.17 16.11
0.17 re.22
o.02 0.40

0.14 16.00
o.74 L6.29
0.11 16.48
0. L 6 75.7ø
o.21 15.64
o.27 15,88
0.18 Le.32
u.rð 15.õð
0.16 16.10
o.24 L7.øO
0.17 16.r.9
0.04 0.5 3

0.15 7A.O7
0.2 0 75.C2
o.L7 16.60
0.16 16.81

Cycle 6
22.44 0.OO 0.02
2L,87 0.00 0.0 5
22.35 0.06 0.02
19.98 0.03 0.01
22.65 0.01 0.00
21.56 0.00 0.01
22.25 0.00 0.00
22.39 O.00 0.o3
20.63 0.07 0.o0
2L.70 0.05 0.08
21.74 O.O2 0.O2
0.80 0.03 0.02

22.26 0.02 0.o2
2I.tO 0.04 0.05
21.42 0.0 7 0.00
22.30 0.07 0.00
22,29 0.01 0.00
22.L2 0.04 0.00
22.29 0.06 0.00
21.E9 0.09 0.00
22.O2 0.06 0.03
18.E6 0.O2 0.00
2L.73 0.05 0.01
0.99 0.o2 0.o2

22 .65 0.00 0.06
22.64 0.00 0.06
2L.54 0.06 0.00
20.3E O.O7 0.00

208



Sample SiO2 TiO2 Ai2O3 Cr203 MnO MgO

Table 8.2 Chernical cornposit¡on of clinopyroxene (continued)

208 52.L2
208 52.5ø
avg(6) 52.L4
etdev O,22

t99 51 .11
199 62.L5
Lø9 52.88
199 5L.2e
Lgg 52.41
199 5L.57
1e9 51.58
199 51.88
199 51.43
199 52.14
199 51.87
199 51.84
199 52.59
Løø 5t.44
199 52.L3
199 52.00
199 51.70
evg(rz) 52.09
stdev 0,48

24 52.53
24 52.13
24 51 .E8
24 12.ø3
24 62.28
24 52.18
24 52.40
24 51.70
24 52.44
24 52.03
24 52.Lø
24 52.37
24 52.04
24 5L.27
24 52.15
24 51.96
24 51.93
24 5L.74
avg(18) 52.L4
stdev 0.35

z5 52.4r
25 51.18
25 51.96
25 52.15
25 52.23
25 5L.7e
25 52.07
25 52.54
25 52.49
25 52.32
2t 52.20
25 51 .89
25 51.82
25 52.32
avg(1a) 52.Lo
stdev 0.34

0.13 2.82
0.1 1 2.44
0.11 z.At
0.04 0.14

0.17 2.42
0.0 ? 2.65
0.05 2.45
0.11 2.A7
0.18 2.64
0.10 2.44
o.11 3.02
o.08 3.10
0.16 3.00
0.10 2.ø3
o.11 2,42
0.11 2.80
0.12 2.52
o.23 2.95
0.20 2.78
0.10 2.6L
0.15 3.01
0.16 2.77
o.05 0.18

o.72 2.25
o.08 2.24
0.13 2.33
0.16 2.r8
o.08 2.5ø
o.14 2.44
0.11 2.2e
0.18 2.43
0.1E 2.17
o.13 2.Lø
o.tz 2.35
0.18 2.24
0.18 2.33
0.07 2.8L
0.18 2.38
o.zL 2.42
o.Lz 2.42
0.1€ 2.44
0.14 2.35
o.o4 0.16

o.14 2.20
o.L2 2.55
0.15 2.4L
0.14 2.43
o.17 2.99
0.18 2.22
0.15 2.27
0.13 2.20
0.13 2.L8
0.15 2.32
o.19 2.48
o.!2 2.41
o.20 2.t5
0.14 ?.1L
0.15 2.34
0.02 0.14

0.18 2.25
0.01 2.25
0.11 2.L3
0.19 2.24
0.11 2.33
0.13 2.24

Weight percent oxides

0.5 7 0.77 15.79
o.47 0.1 5 16.38
0.54 0.L7 te.za
0.06 0.o2 0.37

0.63 0.22 L6.22
0.45 0.22 15.E4
o.32 0.17 16.00
o.71. O,22 15.70
0.5 6 0.20 15 .96
0.68 O.20 16.O7
0.68 0.27 15.94
0.68 0.23 15.65
o.8o o.22 L6.22
0.61 0.22 16,79
0.56 0.1 5 tø.20
0.e1 0.20 16.00
U.bþ U.IU Ið.UO
0.81 0.21 15.E8
0.€1 0.27 16.27
o.52 0.18 15.93
0.70 0.20 15.70
0.64 0.2t 15.95
0.12 0.03 0.27

CaO NiO CoO Na2o FeO Fe203 Oxsum

22.67 0.00 0.00
22.70 0.08 0.o2
22.10 0.04 0.02
0.87 0.04 0.03

2L.48 0.06 0.03
22.5e 0.00 0.o2
22.øe 0.03 0.o0
21.8E 0.02 0.O4
22.øO 0.05 0.00
2L.47 0.00 0.00
2L.38 0.06 0.O0
22.28 0.01 0.O1
20.98 0.03 0.00
20.53 0.10 0.00
20.7L 0.01 0.05
2L.7r 0.03 0.01
22.L6 0.00 0.09
2L.70 0.05 0.05
2L.Lø 0.05 0.O0
22.O8 0.00 0.00
22.O3 0.03 0.03
21.83 0.03 0,03
0.66 0.03 0.03

0.43 3.12
0.37 2.50
0.38 3.19
0.04 0.49

0.36 2.49
0.36 3.37
0.34 3.60
0.45 3.08
0.34 3.51
0.43 3.44
0.49 3.4ø
o.42 3.50
0.40 3.78
o.37 4.20
0.43 4.44
0.40 3.58
0.43 3.91
o.44 3.29
o.44 4.OE
0.41 4.25
0.45 3.43
0.43 3.r0
0.o4 0.41

0.20 0.t7
0.20 5 .76
o.23 5.0e
0.20 4.40
o.23 €.O9
0.21 5.89
0.25 5.42
o.zt 5.L2
0.20 6.05
0.18 5.49
0.20 t.62
0.19 6.72
o.22 5.44
0.19 4.62
o.2r 5.81
o.20 5.24
0.17 6,ø7
0.2 3 5,37
o.2L 5.63
o,o2 0.43

0.18 5.ã3
0.17 4.18
0.20 5.30
0,17 6.59
0.17 6.39
0.14 5.40
0.18 5.28
0.20 6.18
0.1E 6.67
o.19 5.42
o.2L 5.5 6
o.20 5.30
0.15 5.52
0.16 5.26
0.18 5.61
o.o2 0.ø2

0.19 5.42
0.19 5.E8
o.21 6.10
o.21 4.gg
o.2r 5.16
0.18 5.23

0.o5 0.19 15.45
0.04 0.2L 15.55
0.08 0.27 15.06
0.11 0.22 L5.52
0.09 0.27 L5.92
0.09 0.15 15.58
0.11 0,24 15.65
0.06 0.1e L5.72
0.08 0.2L 15.e0
0.00 0.24 15.82
0.08 0.2L 15.47
0.05 0.22 15.54
0.09 0.27 15.75
0.13 0.24 t5.72
o.11 0.19 15.68
0.09 0.22 15.89
o.oe 0.19 15.81
0.11 0.16 15.41
0.08 0.22 15.09
0.o3 0.03 0.16

0.08 0.28 L5 .44
0.06 0.24 15.77
0.10 0.19 15.ee
0.05 0.28 16.10
0.03 0.22 tø.47
0.07 0.22 16.09
0.09 0.24 15.67
0.11 0.24 Le.O4
0.o 5 0.22 16.34
0.10 0.20 L5.70
0.05 0.22 15.4 L
0.05 0.18 r5,44
0.08 0.21 15.51
0.14 0.29 L5,74
0.o8 0.23 15.82
0.03 0.03 0.33

0.12 0.16 15.74
0.0 7 0.77 15 .90
0.11 0.16 16.12
0.oe o.2L 75.72
0.14 0.24 L5,64
o.L2 0.27 15.58

2.29 100.11
2.75 100.32
2.49 100.09
o.15 0.2ø

3.52 99.51
2.O4 100.3 5

1.54 100.33
3.31 ee.08
1.61 99.96
2.55 99.34
2.Aø 99.60
2.44 100.28
2.s0 99.12
2.33 L00.22
1.88 9e.2e
2.48 Sg.A2
2.06 100.59
3.13 100.18
2.57 100.56
1.81 100.49
2.65 99.9e
2.42 100.36
0.54 0.42

o.71 ø9.ø2
L.67 99.51
2.3A 99.80
o.50 99.71
1.06 99.55
L.74 100.09
1.33 9e.72
2.25 99.4e
1.36 100.75
1.85 e9.44
L,57 99.78
0.85 99.48
7,84 e9.72
2.78 e9.39
1.68 99.96
2.ø2 100.43
2.O4 99.83
2.38 99.86
1.69 99.80
o.se 0.35

7.7t 100.36
3.22 9C.37
2.2e 100.00
1.08 9e.43
1.36 99.64
2.40 ø9.72
1 .84 99.7e
1.50 100.25
0.94 e9.t2
r.a2 too.27
2.O7 100.51
L.A7 99,53
7.77 99.74
1.88 100.21
1 .83 9e.89
o.5 5 0.37

0.85 e0.67
0.00 e9.01
o.24 S9.40
0.98 99,23
1.03 e9.50
0.37 S8.89

Cycle 5
2r.95 0.00 0.00
2L.A7 0.02 0,O4
2L.ø8 0.01 0.06
2L .73 0.06 0.00
20.89 0.04 0.01
21.66 0.02 0.oo
21.88 0.00 0.04
21.60 0.O1 0.03
2r.68 0.07 0.00
21,52 0.03 0.00
2L.øg 0.00 0.00
22 .OO 0.06 0.0 5

21.51 0.04 0.02
2L.62 0.00 0.04
2L.5e 0.01 0.00
21.55 0.O0 0.03
21.29 0.O5 0.O8
2!.77 0.07 0.02
2L.82 0.03 0.02
0.26 0.02 0.o2

22.3L 0.04 0.04
21.83 0.00 0.o5
27.75 0.O2 0.03
20.35 0.04 0.05
20.19 0.01 0.00
2t.21 0.00 0.00
2L.54 0.O2 o.O1
2L .OA O.01 0.0 2

20.42 0.OO 0.00
22.O2 0.03 0.00
22.L2 0.00 0.06
22.O3 0.04 0.00
2L.Ar 0.04 0.00
22.O8 0.06 0.03
2t .52 0.0 2 0.0 2

0.70 0.02 0.02

22.re 0.01 0.00
2t,63 0.06 0.o2
zL,3ø 0.00 0.00
22.3L 0.00 0.00
22.22 0.05 0.00
22.37 0.05 0.01

30
30
30
30
30
30

62.49
52.83
52.86
52.37
52.38
52.30
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sample sìo2 Tio2 
^12(U-3 

cr203 Mno Mgo cao Nio coo Na2o Feo Fe203 oxeum

Table 8.2 Chernical cornposition of clinopyroxene (continued)

30 52.44
30 52,74
30 52.72
30 52.37
30 53.53
30 52.54
evg(12) 62.a8
stdev 0.33

32 52.17
32 62.44
32 52.41
32 52.02
32 51 .63
32 52.76
32 52.20
32 52.24
32 5L.72
32 51.88
avg(rr) 62.LO
stdev O,27

45 51.95
45 51.73
45 5L.76
45 51.58
45 52,02
45 51.90
+ô ol.a I

45. 5L.32
45 5 2.06
45 52.92
45 51 .63
45 51.89
'45 51.E5
45 51.9e
evg(14) 51.E8
stdev 0.35

44 51.95
44 52.43
44 52.20
44 52.27
44 52.37
44 52.24
44 51 .69
44 51 .69
44 52.L4
44 52.42
44 51.E0
44 51.65
avg( 12 ) 52.o7
stdev O,2g

42 52.73
42 52.53
42 51.99
42 57.32
42 52.L4
42 52.56
42 53.02
42 52.01
42 51.59
42 t2.27
42 52.43
avg(11) 52.26
stdev 0,48

40 51.E6
40 52.24

0.05 2.34
0.11 2.25
0.12 2.22
0.11 2.37
0.o5 7.92
0.04 2.L9
0.10 2.23
0.05 0.11

0.10 2.22
0.0E 2.L6
0.18 2.r8
0.17 2.18
0.06 2.32
0.16 2.2ø
0.13 2.52
0.13 2.20
0.19 2.37
0.05 2 .23
0.13 2,27
0.05 0.10

0.08 1.93
o.o8 2.o1
0.0E 2.06
0.10 2.00
0.16 2.O2
0.14 2.or
0.07 1.98
0.09 1.9E
0.09 1.98
0.11 L.44
0.14 2.05
0.13 1.94
0.07 1.94
0.05 2.05
0.10 r.97
0.03 0.10

0.09 2.s3
o.23 2.38
o.23 2.41
o.09 2.30
0.07 z.os
0.04 2.32
0,13 2.37
0.15 2.28
0.01 2.45
0.01 2.27
0.08 2.44
0.10 2.44
0.10 2.34
0.0? 0.11

o.Lz 2.O4
0.14 2.22
0.11 2.OA
0.18 2.50
o.23 2.26
0.19 2.57
0.15 1 .98
0.11 2.45
o.tz 2.48
o.L7 2.46
c.14 2.38
0.15 2.37
0.04 0.20

o.77 2.37
0.08 2.37

Weight percent oxides

0.06 0.23
0.09 0.22
o.11 0.20
o.11 0.2L
0.06 0.16
o.07 0.22
0.10 0.20
0.03 0.o3

o.14 0.22
0.10 0,34
0.1 1 0.2L
0.10 0.24
o.13 0.27
o.14 0.L7
0.09 0,21
0.08 0.24
o.14 0.20
0.11 0.18
0.11 0.23
0.02 0.o5

o.o9 0.L8
o.12 0.23
0.20 0.13
0.14 0.17
0,14 0.1e
0.20 0.19
o.oe 0.3s
0.14 0.27
0.10 0.30
o.15 0.24
0.15 0.2ø
0.15 0.22
0.07 0.L7
0.12 0.18
0.13 0.22
0.04 0.06

o.72 0.23
0.07 0.22
0.12 0.15
0.07 0.2L
0.11 0.15
o.L2 0.2ø
o.17 0.20
0.13 0.14
0.14 0.24
0.10 0.24
0.15 0.16
o.14 0.20
o.r2 0.20
0.03 0.o4

0.28 0.23
0.20 0.29
o.27 0.35
o.32 0.24
0.1e 0.28
o.31 0.23
o.20 0.18
o.24 0.20
0.2 8 0.2L
o.20 0.2L
0.2 5 0,27
o.2e o.24
0.04 0.05

o.32 0.24
o.37 0.24

LA.32 20.Le
16.47 20.L7
15.65 22.7L
16.5 9 20.L7
15.e5 22.36
Lø.54 20.L6
Lø.Oz 21.49
0.36 0.99

L5.62 22.tI
16.42 20.98
15.79 22.L3
1g.16 2r .27
16.35 20.92
r5.?o 22.24
15.9 5 2L .62
16.15 2r.ø5
16.04 2l.30
16.13 20.97
16.04 21.5ø
o.24 0.54

tø.23 22.27
16.69 2L.lO
16.5 ? 2L.20
rø.27 22.L6
16.99 20.73
16.89 20.65
L7.52 18.95
ra.2s 21.48
16.00 22.L2
16.69 2L.5ø
17.00 20.2e
18.18 18.61
LA.45 20.eO
L6.77 L9.97
L6.75 20.86
0.55 1.08

1 5 .30 22.Lg
15.28 22.4L
15 .5 5 22.t9
16.47 22.22
15.70 22.76
L5.42 22.O4
15 .30 22.43
1 5 .33 22.27
1 5 .45 22.40
LA.L2 20.59
15.43 2t.99
15.11 22.45
L5.46 22.L6
o.2t 0.51

ra.27 2r.L2
10.47 20.55
16.11 2r.63
15,83 2t.87
15.99 21.L3
16,OO 2:J-,O4

16.6 8 20.e2
L5.7t 21.81
15.52 22.Oe
7t.42 2L.94
16.10 2L,t7
Le.o2 2L.42
o.32 0.42

0.03 0.00
0.03 0.00
0.01 0.05
0.o3 0.00
0.04 0.01
0.03 0.00
0.03 0.01
0.02 0.01

0.00 0.00
o.09 0.03
0.04 0.01
0.03 0.00
0.o1 0.07
0.05 0.02
0.00 0.01
0.05 0.oo
0.o5 0.03
0.03 0.00
0.04 0.0 2

0.03 Q.o2

0.o0 0.05
o.o5 0.03
0.05 0.02
o.04 0.o7
0.01 0.02
0.00 0.00
0.o5 0.o2
0.05 0.00
0.05 0.04
0.o0 0.00
0.00 0.00
0.08 0.o0
0.02 0.oo
0.02 0.00
0.03 0.o2
0.03 0.o2

0.04 0.03
0.o0 0.00
0.02 0.05
0.03 0.00
o.00 0.o1
0.0E o.01
0.o0 0.01
o.02 0.03
0.04 0.00
0.00 0.04
0,00 0.00
0.o1 0.03
o.o2 0.02
0.02 0.02

0.05 0.05
0.05 0.07
0.00 0.00
0.o? 0.00
0,o1 0.00
0.02 0.0L
0.06 0.00
o.o2 0.00
0.o1 0.01
0.02 0.00
0.03 0.o0
0.03 0.01
o.o2 0.02

0.00 0.03
0.08 0.01

0.20 6.68
0.18 6.78
o.22 4.91
0.16 6.2ø
0.18 5:09
0.18 6.50
0.19 5.75
0.02 0.67

o.2L 4.43
o.t8 6.42
o.22 5.13
0.20 5.13
o.21 4.55
o.25 4.51
0.1€ 5.48
0.18 4.e7
o.77 5.10
o.23 5.22
0.20 5.01
0.03 0.33

0.20 3.60
0.17 4.08
0.1? 4.31
o.27 3.2L
0.19 4.43
o.20 4.54
o.19 5.2L
0.19 3.72
0.17 4.33
U.Iþ õ.IU
o.18 4.4s
o.L2 5.09
0.19 4.E5
0.18 5.73
0.18 4.48
o.o2 0.66

0.18 5.40
o.2r 5.79
0.2 0 t.37
0.20 5.40
0.15 4.72
o.2L 5 .49
0.18 4.90
o.18 5.10
0.20 4.ø7
0.18 e.50
o.20 5.2E
o.L7 5.10
0.19 5.34
o.o2 0.45

0.16 5.9E
0.1E 5.53
o.r7 4.73
0.1 7 4.23
o.20 5.82
0.19 ø.43
0.1e 5.85
o.2L 5. L8
0.20 4.74
o.L7 6.72
0.17 6.15
0.18 t.4ø
0.02 0.65

0.1E 5.92
o.23 6.32

0.08 98.47
0.00 99.04
o.4ø 9e.38
o.47 98.82
o.00 99.35
0.13 98.59
0.38 e9.12
o.37 0.3 2

2.33 100.14
1.38 99.66
r.79 LOO.24
2.2r 99.77
2.97 e9.50
2..56 100,34
1.03 99.39
1.58 99.53
2.23 09.54
2.r8 ge.2L
2.03 99.73
0.55 0.36

2.03 98.01
2.eo 98.89
2.34 98.89
3.53 99,54
2.5ø 99.47
L.47 e8.19
2.48 98.63
2 .83 98.30
1.56 98.80
o.39 98.95
2.98 99.19
2.98 9e.40
1.98 98.55
1.05 s8.12
2.20 e8.83
0.82 0.44

L.22 99.28
o.7t 49.73
L.Oz 99.5 0
0.88 99.21
0.95 99.07
L.24 9e.47
1.10 98.48
L.47 98.79
r.ot uu.tó
0.64 99.10
1.47 99.00
1.13 98.59
1.13 99.16
0.30 0.39

0.00 99.03
0.96 99.59
2.2A 95.70
2.25 98.98
L.47 gø.74
o.74 100.2e
0.00 9e.13
1.70 es.ø4
L.gg e9.2t
L,29 100.1e
0.63 99.92
L.27 99,58
0.78 0.43

|.23 99.2ø
0.53 e9.08

L5 -67 2r.40
15.86 20.75

2r0



Sample SiO2 TiO2 Al2O3 Cr2O3 MnO MgO

Table 8.2 Chemical cornposition of clinopyroxene (continued)

40 52.A2 0.10
40 52.70 0.r7
40 52.70 0.13
40 iz.øa 0.11
40 52.39 0.16
40 51.94 0.14
40 52.ø9 0.L2
40 52.ø4 0.11
40 52.50 0.18
40 52,97 0.1 5

evg(12) 52.51 0.14
stdev 0.34 0.03

38 51.01 0.14
38 50.81 0.23
38 50.93 0.14
38 5r..08 0.18
38 50.84 0.L7
38 50.ø7 0.14
38 51..12 0.24
38 51.39 0.18
38 s0.96 0.19
38 51.00 0.15
38 50.56 0.13
38 51.93 0.15
36 51.64 0.L4
36 51.01 0.07
36 51.36 0.1E
36 61.34 0.08
30 51 .1 I O.O2
36 53.L3 0.03
36 51.66 0.16
36 51.36 0.08
36 50.40 0.09
36 51.18 0.11
36 5L.27 0.24
3B 51.15 0.11
30 51.25 0.13
s6 50.85 0.04
36 51.53 0.15
36 50.91 0.16
avg(16) 51.33 0.11
stdev 0,5€ 0.06

35 5L.72 0.16
3 5 52.25 0.15
35 52.25 0.2L
35 51.68 0.16
35 51.54 0.14
35 51.98 0.15
35 52.03 0.07
g5 5L .76 0.1€
35 52,00 0.17
35 51.85 0.12
avg(10) 51.91 0.15
stdev O.23 0.03

34 51.33 0.2L
34 51 .80 0.21
34 5L.52 0.09
34 5L .57 0.10
34 51.15 0.18
34 5L.90 0.1€
34 50.82 0.09
34 51.45 0.20
34 51.4€ 0.15
34 51.03 0.09
34 51.66 0.L1

2.21 O.29
2.37 0.32
2.L8 0.24
2.37 0.2ø
2.28 0.34
2.49 0.22
2.2A 0.33
2.25 0.20
2.32 0.32
2.03 0.20
2.25 O.2g
0.11 0.05

2.34 0.2ø
2.50 0.27
2.35 0.2e
2.38 0.30
2.8ø 0.?3
2.L8 0.28
2.38 0.33
2.38 0.32
2.45 0.27
2.57 0.35
2 .37 0.30
2.2A 0.40
2.43 0.3e
2.30 0.40
2,39 0.37
2.4s 0.35
2.28 0.39
0.05 0.00
2.29 0.43
2.54 0.40
2.70 0.39
2.57 0.32
2.49 0.34
2.14 0.32
2.43 0.37
2.ø4 0.44
2.47 0.3e
2.47 0.41
2.30 0.36
0.60 0.10

2.32 0.39
2.24 0.36
2.30 0.35
2.3E 0.32
2.38 0.41
2.33 0,38
2.48 0.36
2.34 0.38
2.38 0.39
2.35 0.38
2.35 0.3 7
0.06 0.02

2.49 0.37

2.26 0.23
2.33 0.40
2.45 0.44
2.O2 0.3 5

2.38 0.42
2.34 0.46
2.33 0.40
2.25 0.44
2.3L 0.41

Weight percent oxides

o.25 15.37
o.23 L5.72
0.28 Lø.O2
0.19 15.2E
0.23 15.38
o.25 15.43
0.20 !6.t4
o.27 15.33
0.10 75.42
o.ze L5.97
o.23 L5.62
0.o3 0.2e

o.24 15.70
o.24 15.08
0.23 Lt.ø2
o.29 15.65
o.2e 16.41
o,24 15.82
o.22 15.85
o.23 L6.20
o.23 L5.42
o.2r 1 5.4e
o.29 15.54
o.26 16.14
0.25 15.45
o.27 15.89
o.23 15.82
o.24 L5.44
o.2ø 15.34
0.33 14.70
o.22 15.65
o.22 15.39
o.2s 15.58
o.t7 15.41
o.29 15.3E
o,24 15.5L
0.20 15.09
o.23 1 5 .49
o.31 L5.26
o.za 15.14
o.25 15.45
0.04 0.27

0.31 16.03
o.20 L5.49
0.18 L5.52
o.23 16.10
o.za 15.51
o.2r 16.18
0.18 15.48
o.22 1 5 .45
0.23 L5.76
o.25 1 5 .E6
0.22 L5.74
0.04 0.27

0.1 ? t4.sl
0.36 L5.44
0.15 15.33
o.25 15.81
0.22 L5.20
o.25 15.13
0.1? 15.23
o.25 16.05
0.2r 15.51
0.20 15.49
0.2 0 L5.22

CaO NiO CoO Na2O FeO Fe203 Oxsum

2L.78 0.00
22.O3 0.06
2L.L3 0,01
21.80 0.05
22.OO O.05
21.E5 0.00
20.61 0.02
21.53 0.00
2L.76 0.O4
2L.50 0.05
2t.57 0.03
0.45 0.03

21.81 0.03
21.2L 0.00
2L.42 0.03
21 .0 5 0.O2
19.15 0.00
21 .8 5 0.O2
2L,30 0.03
20.a2 0.00
2t .!4 0.1 1

2L.52 0.O0
21.8E 0.03
2t.23 0.03
22.t7 0.04
20.50 0.03
2L.52 0.04
2r.ø8 0.08
22.r4 o.O5
2 5.08 0.O2
22.O7 0.O4
22.L4 0.O4
20.9E O.0E
21.50 0.O2
22.rO 0.00
22.OL 0.04
2L.t5 0.04
2L.60 0.00
22.4e 0.00
22.|L 0.00
22.OO 0.03
o.96 0.02

20.74 0.00
2L.gA O.O5
2L.eO 0.07
20.2e 0.03
2L.22 0.09
19.89 0.O0
2L.70 0.O1
21.83 0.03
2t.o3 0,00
20.e5 0.04
2L.!5 0.03
0.68 0.03

21.98 0.09
20.7L 0.00
2L.84 0.09
20.15 0.03
21.50 0.04
22.73 0.O2
2L.ø7 0.01
20.35 0,00
21.32 0.08
21.2e 0.00
27.43 0.05

0.04 0.22 5.98
0.04 0.20 5.70
0.01 0.r7 6.45
0,04 0.23 6.89
0.00 0.21 5.EE
0.00 0.23 5.45
0.07 0.22 6.33
o.01 0.27 6.5I
0.02 0.27 4.42
0.08 0.16 5.95
0.04 0.2L 6.16
0.03 0.02 0.3e

0.05 0.20 4.70
0.02 0.25 4.45
0.00 0,21 4.24
0.03 0.20 5.14
0.00 0.20 5.97
0.o0 0.r7 3.50
0.04 0.17 4.7e
0.05 0.17 5 .O2
0.00 0.21 4.5 5
0.02 0.20 4.30
0.00 0.22 3.53
0.01 0.20 5.o7
o.02 0.24 4.03
0.07 0.25 5.03
0.04 0.23 4.4ø
0.04 0.26 4.25
0,03 0.1e 4.30
0.08 0.01 4.78
0.00 0.23 4.45
0.00 0.24 4.35
0.01 0.23 4.28
0.01 0,24 5.00
0.00 0.25 4.38
o.o2 0.20 4.22
0.01 0.20 5.1e
0.04 0.25 4.L6
0.00 0.22 4.45
0.o1 0.22 4.48
0.02 0.22 4.49
o.o2 0.06 0.33

0.05 0.20 5.59
0.01 0.22 5.04
0.00 0.23 5.66
o.o2 0.19 6.L2
0.00 0.2 0 5 .7 L

0.o5 0.20 6.81
0.00 0.23 5.86
0.00 0.2L 5.34
o.o2 0.24 5.96
0.02 0.20 5.79
0.02 0.2e 5.83
o.o2 0.02 0.38

0.01 0.24 5.48
0.00 0.19 6.86
0.05 0.2L 5.1 5
0.02 0.23 e.48
0.10 0.25 5.20
0.03 0.2L 4.87
0.03 0.22 4.74
0.0? o.zL 5.76
0.04 0.25 5.25
0.o3 0,22 5.03
0.01 0,22 5.5 3

0.00 98.86
0.36 ø9.91
0.07 gg.4l
0.00 100.23
o.g4 99.95
0,95 98.96
0.00 98.99
0.00 99.13
0.13 gø.47
0.00 gg.ze
0.35 99.38
0.43 0.42

2,23 99.33
3.09 98.7ó
2.70 98.37
2.34 98,66
2.18 97.80
3.06 97.ø4
2.32 98.75
2.18 98.95
2.85 98.78
2.44 98.69
3.53 98.38
0.60 98.36
2.45 99.ø4
2,27 9E.13
2.52 99.16
2.4r 98.96
2.58 98.80
L.37 99,58
1.E9 e9.Oe
2,Lt 98.8?
3.15 98.1e
L.74 94.27
2.L7 98.91
2.53 98.4e
2.O9 9E.75
3.40 gg.r4
2.08 99.31
2 -22 98.36
2.3I 9E.85
0.48 0.45

1.80 99.31
t.t4 99.77
1.38 100.05
1.76 90.28
1.80 eø,29
1.81 e9.99
7.7r 99.91
L.74 e9.45
1.40 e9.50
2.07 99.8e
L.47 99.65
o.2ø o.29

0.95 9A.24
0.71 98.94
r-.58 98,50
L.50 98.93
L.74 54.47
L.22 98.89
1.91 97 .øe
2,A9 99.83
2.24 99.24
L.72 97.7e
1 .91 ge.44

zLI



Sample SiO2 TiO2 Ä1203 Cr2Os MnO MgO CaO NiO CoO Na2O FeO Fe203 Oxsum

34 51 .05 0.08
34 tL.L7 0.20
34 50.84 0.1 I
34 50.44 0.15
avg(15) 51.28 0.15
stdev 0.39 0.05

33 52.01 0.13
33 51.65 0.18
33 51.40 0.11
33 51.84 0.14
33 51.83 0.23
33 51.90 0.21
33 52.45 0.14
33 52.Or 0.2 0
33 52.10 0.1?
33 52.98 0.19
33 51.95 0.11
33 52.LO 0.15
33 s2.O4 0.07
33 5 2.01 0.18
avg(23) 52.o2 0.1e
stdev 0.35 O.04

32 52.51 0.11
32 52.35 0.06
32 5r.79 0.14
32 52.43 0.15
32 51.86 0.12
avg 52.1e 0.12
stdev 0.30 0.03

L4 52.20 0.21
L4 52.2L 0.25
L4 51.84 0.15
L4 52.10 0.21
L4 51.75 0.25
L4 62.3e O.22
L4 52.44 0.16
t4 51 .5 7 0.27
!4 tL.73 0.18
avg(9) 52.37 0.19
stdev O.30 0.04

1 10 52.L9 0.2 0
110 52.30 0.1?
110 51.59 0.11
110 52.17 0.23
110 51.49 0.25
110 5L.97 0.22
110 51.87 0.10
110 52,23 0.L2
1 10 5L.74 0.L2
110 5L.67 0.23
110 5L.ø2 0.28
110 51.76 0.10
1 10 tr .77 0.2 0
110 51.80 0.19
110 52.22 0.24
110 51.58 0.28
110 51.40 0.2L
110 51.54 0.33
1L 0 tz.57 0.22
110 51 .56 0.24
110 51.61 0.31
1 10 52.03 0.08
avg(22) 51.E5 0.20
stdev 0,31 0.07

Table 8.2 Chemical cornposition of clinopyroxene (continued)

2.31 0.41 0.21
2.4ø O.44 0.27
2.23 0.36 0.22
2.28 0,33 0.18
2.3L 0.39 0.22
0.11 0.09 0.05

2.46 0.49 0.19
2.40 0.45 0.20
2 ,38 0.49 0.2L
2.4e 0.37 0.18
2.48 0.46 0.24
2.39 0.47 0.25
2.O7 0,41 0.24
2.25 0.46 0.23
2.33 0.46 0.24
1.e0 0.43 0.30
2.3! 0.40 0.2L
2.30 0.42 0.27
z.4L O.49 0.2E
2.44 0.35 0.23
2.33 0.44 0.24
0.16 0.04 0.o3

2.05 0.18 0.24
2.2\ 0.1i. 0.20
2.23 0.06 0.19
2.08 0.13 0.16
2.3L 0.10 0.2L
z.LE O.r2 0.20
0.10 0.04 0.03

2,A4 0.2ø O.21
2.89 O.27 0.Zl
2.89 0.31 0.22
2.93 0.28 0.24
2.97 0.25 0.L7
2.9e 0.30 0.22
2.90 0.20 0.15
2.9A 0.34 0.27
2.54 0.30 0.24
2.80 0.26 0.22
0.04 0.04 0.o4

2.87 0.43 0.2 0
2.e5 0.47 0.15
3.13 0.47 0.27
2.85 0.50 0.21
3.06 0.4 5 0.21
2.e4 0.42 0.18
3.16 0.42 0.20
2.97 0.52 0.20
2.gg o.3? o.22
2.94 0.4 5 0.19
3.08 0.44 0.2 5
3.03 0.51 0.24
3.00 0.45 0.22
3.01 0.48 0.18
2.92 0.45 0.24
2.9L 0.41 0.22
2.8ø 0.36 0.20
2.89 0.51 0.19
2.80 0.47 0.22
3.90 0.41 0.22
2 .88 0.32 0.22
2.79 0.48 0.33
3.00 0.44 0.22
o.22 0.05 0.04

\Meight percent oxides

15.32 2L.Oe 0.O4
1 5.39 21.59 0.04
15.21 22.18 0.02
t6.L4 20.74 0.00
t 5 .43 2r .40 0.04
o.33 0.68 0.03

14.98 2L.32 0.03
15.07 2L.94 0.O4
15.06 20.60 0.00
15.06 2L.73 0.09
L5.I2 2L.59 0.00
L5.32 2L.t4 0.0€
16.1E 20.72 0.O7
Lt.42 21.81 0.00
16.42 21.10 0.O0
1 7.08 L9.72 0,00
15.45 2L.78 0.01
t5.62 2t.17 0.06
15.48 21.3e 0.04
15.25 27.87 0.05
15.52 21.30 0.03
0.53 0.59 0.03

15.70 22.34 0.02
r5.67 22.Oø 0.00
15,84 21.58 0.03
15.96 22.O4 O.O2
t 5.84 21.EE 0.06
15.80 21.9E 0.03
0.11 0.25 0.02

Cycle 4
17.08 1A.24 0.09
16.75 Le,23 0.03
L6.25 le.82 0.O2
L5.47 2L.t7 0.08
15.10 22.2t 0.00
15.l.5 2L.95 0.02
rø.32 19.83 0.01
15.51 20.79 0.O0
16.59 79.2? 0.01
16.10 19.5S 0.03
0.68 1.30 0.03

t 5.58 2L.82 0.04
15 .04 21.37 0.0 7
15.4e 21.58 0.04
15.60 22.O5 0.03
15.61 2L.LL 0.00
15.53 21.35 0.00
15.35 2L.77 0.O2
15.43 2L.44 0.05
16.33 20.06 0.O0
L6.15 19.98 0,O0
15.59 20.86 0.03
L6.16 20.09 0,09
L5.81 20.69 0.O0
15.ó2 2L.24 0.02
16.59 L9.29 0.00
15.00 2t.47 0.05
L 5.40 2L .70 0.00
r5.97 20.2L 0.00
16.08 20.47 0.03
15.42 20.8e 0.06
1 5.36 22.O3 0.00
15.28 2L.ø7 0.O0
15.70 21.05 0.02
0.35 0.74 0.03

,1 n

o.o2 0.24 5.44
0.03 0.24 4.85
0.0 7 0.22 4.13
0.00 0.23 3.78
0.03 0.23 5.24
0.03 0.o2 0.79

0.00 0.24 0.99
0.01 0 .27 5.48
0.00 0.2ø 5.87
0.02 0.24 6.06
0.00 0.2ø 6.16
0.04 0.20 €.10
o.o2 0.18 6.27
0.00 0.20 5.82
0.00 0,22 6.33
0.02 0.L7 5.78
0.00 0.2r 5.61
0.00 0.25 0.09
0.00 0.20 e.tz
0.00 0.2ø 5.70
0.01 0.23 6.03
0.o1 0.03 0.3€

0.04 0.22 4.se
0.05 0.18 5.41
0.04 0.19 5.0€
o.o2 0.21 4.98
0.00 0.20 4.69
0.03 0.20 5.03
o.o2 0.01 0.23

0.00 0.20 7.7L
0.06 0.2t ø.74
0.03 0.23 6.46
0.00 0.20 5.99
o,03 0.23 5.45
0.00 0.23 a.4L
0.06 o.22 7.tt
0.03 0.23 6.29
0.02 0.23 6.46
0.02 0.22 7.74
0.o2 0.01 0.05

0.06 0,28 5.30
0.06 0.27 5.94
0.00 0.29 4.9L
0.06 0.25 5.11
0.00 0.30 5.3€
o.o7 0.2e 5.79
o.00 0.2e 5.52
0.03 0.25 0.19
0.00 0.23 5.91
0.04 0.24 €.30
0.00 0.27 5.96
0.02 0.23 6.06
0.03 0.2t a.oz
0.00 0.28 5.77
0.05 0.24 0.98
0.01 0.27 5.L2
0.00 0.2ø 5.03
0.05 0.22 0.34
0.o5 0.23 6.84
0.03 0.52 4.97
0.01 0.27 +.94
0.02 0.28 5.75
0.03 0.27 5 .74
0.02 0.06 0.58

1.08 97 .89
2.26 98.95
2.ø7 98.33
3.29 97.øø
1.87 98.59
0.00 0.65

0.43 59.26
L.73 99.42
2.Og 99.07
1.19 99.38
0.76 99.13
1,õ0 9e.98
0.o0 98.?5
0.91 9e.30
0.45 99.03
0.o0 98.57
1.04 99.08
1 .19 99.85
L.54 100.02
1.8e 100.23
1.05 99.35
o.ø4 0.40

L.64 100.04
L.62 98.81
2.L6 99.32
L.70 99.90
i.ze 9s.5s
1 .86 9ø.72
0.30 0.2ø

1.61 1.OO.77
1.20 100.09
1.81 100.03
2.O7 101.06
1.56 100.01
0.E9 100.71
L.22 100.65
1.80 100.08
2.O0 100.06
0.5I 100.12
0.39 0.38

1.86 100.83
2.L2 101.51
2,A7 100.75
L.92 100.98
2.48 100,32
1.61 100.36
1 .94 100.6?
1.53 100.95
2.55 100.53
2.L9 100.38
2.OL 100.39
1 .98 LOO.27
1.85 100.28
1.65 100.13
1.90 L01.14
2.23 100.14
2.74 100.1ó
7.O2 100.17
1.51 101.58
2.A6 100.86
2.46 100.41
L,77 LOO.42
2.O7 100.59
0.3e o.42



Sample SiO2 TiO2 Al2Og

Table 8.2 Chernical composition of clinopyroxene (continued)

1 1 51 .5 3 0,20 2.64
11 52.12 0.19 2.AO
11 51.5€ o.22 2.63
11 51.75 0.L0 2.79
11 51.97 0.27 2.79
11 52.04 0.12 2.80
11 82.26 0.L7 2.e7
11 52.L4 0.18 2.83
11 52.2A 0.17 2.52
11 í2,15 0.22 3.O4
11 51.78 0.20 2.80
1 1 52.60 0.31. 2.78
11 52.54 0.26 2.7L
11 5 2.10 0.16 2.79
1 1 51 .95 0.L7 z.OL
11 12,33 0.19 2.61
11 52.Le 0.19 2.AA
11 52.18 0.16 2.?5
11 51.78 0.31 2.77
11 51.76 0,27 3.03
11 12.40 0.08 2.ø2
11 52 .26 0.23 2.78
1 1 51 .84 0.2L 2 .78
11 52.22 0.24 2.77
11 51.63 0.2! 2.72
11 52.10 0.72 2.66
1 1 52 .27 0.20 2.74
evg( 2 7) 5L.e2 o.22 2.aø
stdev O.E3 0.11 O.74

109 51.90 0.16 2.99
109 51.61 0.04 z.ge
109 51.67 0.30 3.18
10e 51.66 0.18 3.31
109 51.55 0.16 3.O7
109 51.84 0.23 3.04
109 51.E? O.22 2.5ø
109 51.91 0.13 3.00
109 5L.74 0.17 3.O2
109 52.42 0.23 2.øA
109 51 .65 0.23 3.23
109 5!.42 0.0 7 3.02
avg(rz) 5r.77 0.18 3.04
stdev O.24 0'0? 0'15

s 5L.77 0.16 2.71
9 51.86 0.16 2.54
9 d1.70 0.16 2.e4
I 51.15 0.14 3.05
9 62.44 0.09 2.79
9 51 .0 5 0.2L 3.30
I 52.08 0.21 2.81
I 51.53 0.1e 3.06
I 5r..58 0.19 3.04
9 51.80 0.25 2.47
avg( 1o) 51 .70 0.17 2 '92
stdev 0.39 0.04 0.20

Cr2O3 MnO MgO

t{eight percent oxides

0,53 0.18 t5.47
0.54 0.20 15 .5 7
0.48 0.18 15.51
0.52 0.24 15.18
0.54 0.19 15.03
o.47 0.21 L5.57
0.51 0.19 15.82
o.52 0.2r 15.56
0.50 0.2L 15 .4 5

0.51 0.22 15.55
0.60 0.27 L5.37
0.53 0.20 r6.3S
0.49 0.27 15.56
0.51 0.25 L5,47
0.54 0.25 15.78
0,50 0.20 15.67
0.51 0.21 1 5.3 7
o.44 0,21 1 5 .5 ?
0.50 0.27 Lt.l2
0.43 0.27 16.10
0.43 0.1e 15.55
0.5á 0.19 15.10
0.50 0.24 15.L2
0.50 0.22 15.60
o.57 0.2t L5.42
0.48 0.25 15.09
0.46 0.25 15.70
0.51 0.22 15. s 5

0,05 0.03 0.2e

o.47 0.32 L5.52
0.45 0.27 15.43
0.50 0.19 15.3e
o.47 0,2L 15.0 2
o.55 0.28 15.05
o.42 0,22 14.98
o.46 0.27 15 .g 1

o.44 0.28 15.46
0.5? o.24 15.59
0.58 0.25 L5.32
0.3e o.27 15,82
o.42 0.2L 15.79
0.48 0.25 \5.42
0.06 0.04 0.27

0.50 0.13 L5.37
0.53 0.22 L .OO

o.51 0,23 15 .3 5
o.5 4 0.25 L5.26
o.44 0,22 15.86
0.50 0.22 15.6E
0.51 0.15 15.53
o.4ø o.23 L5.34
0.5 5 0. ¡.9 15.44
0.48 o.2o 16.08
0.50 0.20 15.48
0.03 0.04 0.31

o.45 0,24 15.40
o.49 0.19 L5.27
0.51 0.26 15.36
0.51 0.22 16.12
0.58 0.20 15.19
0.60 0.23 15.49
0.55 0,2L 15.34
0.51 0.30 16.16
0.56 0.22 15.45
0.5 3 0.21 15 .2 0

CaO NiO CoO Na2O FeO Fe203 Oxsum

22.O3 0.0?
22.22 0.O2
2r.70 0.00
22.5L 0.03
2r.í4 0.02
27.44 0.08
2L.22 0.00
2t .82 0.00
22.24 0.07
2r.7r 0.o0
22.44 0.06
20.34 0.03
2L .7 5 0.09
21.85 0.04
2r.L2 0.00
2L.63 0.04
2L.95 0.03
2t,6s 0.02
21.74 0.01
L9.e7 0.00
21 .89 0.06
22.OL 0.05
2L.79 0.01
21.50 0.00
2r.s4 0.o3
22.39 0.03
2t .L7 0.04
21.58 0,03
o.79 0.03

20.93 0.00
21.50 0.00
2L.34 0.O0
2L.7L 0.02
2L.91 O.01
22.30 0.00
20.e6 0.00
2L.70 0.01
20.70 0.o2
22.27 0.06
20.33 0.08
20.23 0,04
2L.33 0.03
o.67 0.03

21.85 0.05
23.00 0,O2
22.O9 O.02
2L.7ø 0.00
2t.43 0.01
21.O5 0.06
2L,A4 0.07
27.76 0.07
2L.85 0.00
20.78 0.02
2L.7A 0.O3

U.DU U.Uó

2L.54 0.07
?1.S0 0.04
22.L9 0.O1
L0.87 0.02
2L.82 0.04
20,79 0.00
2L.71 0.03
19.85 0.09
2L.44 0.04
2L.53 0.03

0.o0 0.28
0.00 0.27
0.00 0.31
o.o2 0.28
o.o2 0.27
0.04 0.28
0.00 0.2ø
o.05 0.28
0.o0 0.24
o.o2 0.31
0.01 0.26
0.o0 0.27
o.04 0,26
0.00 0.27
o.o2 0.23
0.05 0.26
0.o0 0.2E
0.01 0.26
0.00 0.2e
0.00 0.23
0.o0 0.26
0,06 0.2E
o.01 0.2€
0.01 0.28
0.03 0.26
0.o0 0.27
0.00 0.28
0.0 t o.27
o.o2 0.02

0.05 0.28
0.00 0.28
0.00 0.2e
0.00 0.27
0.o2 0.27
0.02 0.27
o.o2 0.27
0.o0 0.31
0.00 0.29
0.00 0.29
0.01 0.28
0.00 0.2e
0.01 0.28
0.01 0.01

0.07 0.24
0.01 0.19
o.o2 0,26
0.00 0.28
0.00 0.23

o.01 0.28
0.02 0.27
o.o2 0.2ø
0.00 0.28
0.02 0.26
0.02 0.03

0.00 0.32
o.o2 0.33
0.01 0.2ø
0.00 0.24
o.o2 0.32
0.04 0.29
0.00 0.34
0.07 0.26
0.05 0.29
0.03 0.28

4.48 2.7e 100.2 0
4,83 2.26 100.82
4.74 2.59 99.98
4.t2 2.76 100.69
5.48 1.09 100.41
5.52 1.91 100.48
5.89 0.70 99.69
5.29 L.62 100.50
5,2? L.47 100.43
5.38 1.80 100.91
4.44 2.20 100.43
6.ø7 1 .33 70t .47
5.89 L.zS 101.16
5 .36 1 .65 100.46
5.7E 1.54 99.99
5.O4 L.7A 101.08
5.t2 L.O4 100.?1
5.58 1.72 100.59
5.0E z,te 100,44
6.55 1.66 rOO.27
5.55 L.27 100.30
5.91 0.9 5 tOO.42
5.87 1.L7 99.81
5.81 1.40 100,55
4.89 2.O2 9S.93
5.8€ l.O7 100.93
6.02 1.13 100.25
5.44 1.78 LOO.42
o.5 9 0.72 0.50

6.09 L.gz 100.e2
5.L7 2,23 99.93
5.8S 2,23 100.97
5 .90 7 .76 100.51
5.31 1.95 100.1?
5.46 1.91 100.69
6.03 z.Ot 100.68
5.13 2.Oø 100.44
6.!4 2.L6 100.64
5.43 L.e7 101.20
6.10 2.9ø 100.75
6.06 2.57 99.83
5.70 2.08 100.57
0.38 0.2L 0.38

5.33 1 .49 99.ø7
4.92 \.74 100.19
4.97 1.71 9e.88
4.05 2.48 98.€0
5.80 0.90 100.21
4.E0 2.21 99.36
5.31 L.70 100.54
5.03 2.75 100.10
4.90 2.25 100.30
5.39 7.25 9ø.47
5.08 1.81 9e.93
0.33 0.47 0.38

4.OO 2.58 98.33
4.59 1.95 ø9.2L
4.ta 2.oe 99.50
5.40 2.ro 9E.83
4.39 2.47 98,92
5.?9 0.92 98.ø7
4.16 2.9L 99. r I
8.4A 0.00 98.27
4.4e 2.67 99.00
4.17 2.53 98.6 5

ð
I
I
I
I
I
I
õ

I
I

50.83 0.10 2.74
51.40 0.17 2.E5
51.55 0.20 2.50
50.85 0.22 3.26
50.99 0.18 2.72
6L.42 0.15 2.e5
to.97 0.17 2.80
52.07 0.r.0 2.41
50.e7 0.15 2.E0
50,84 0.L2 2.78

273



Sample SiO 2

Table 8.2 Chernical cornposition of clinopyroxene (continued)

é oL,¿a

avg(rr) 51.1e
atÕev u,ó a

e 50.5e
6 51 .01
6 5 0.04
6 50.90
6 51.00
e 1o.72
e 50.85
ø 10.26
g 50.99
6 50.58
avg(ro) 50.75
stdev O.23

Þ or.lt
5 50.88
5 51.99
5 50.91
5 50.36
õ o¡.Þa
5 60.47
5 50.93
þ ot.v¡
5 6L.28
avs(10) 51.33
stdev O.ø7

LOz 52.34
LOz 52.42
LOz 52.72
LOz 62.6e
LOz 52.44
ro2 51 .69
LOz 52,47
LOz 52.50
LOz 51.98
LOz 52.62
ro2 5 2 .€5
102 62.44
LOz 52.58
avg(13) t2.45
stdev 0.30

4ø7 5 2.38
467 52.13
467 52.79
4A7 52.80
4A7 52.9L
4e7 52.77
467 53.03
407 62.78
467 12.27
4A7 52.55
467 52.84
avg( 11) 52.e4
stdev O'27

4ø8 5L.e2
468 52.32
468 52,44
46E 52.87
4øA 52,37
468 52.4r
468 52.5E
468 52.44
468 52.06

Tio2 AI2O3

0.03 2.83
0.14 2.75
0.05 0.2r

0.09 2.E3
o.09 2.ø6
o,zL 2.42
o.zL 2.ø8
0.02 2.8e
0.09 2.54
0.1 7 2.95
0.14 2.ø4
0.18 2.57
o.24 2,Ag
o.L4 2.81
0,07 0.15

0.16 2.9ø
o.22 3.35
0.19 2.99
0.19 2.56
0.19 3.2r
o.19 2.54
0.13 3.30
0.11 3.01
0.14 2.95
0.10 2.85
0.15 2.go
0.o5 0.42

0.16 2.32
0.16 2 .38
o.19 2 -54
o.18' 2.48
0.13 2.47
o.2r 2.58
o.27 2.ø7
0.21 2-62
o.23 2.59
0.16 2.37
o.17 2 -64
o.24 2.53
o.23 2.lO
0.20 2.5L
o.04 0.10

0.26 2.46
o.22 2.35
0.20 2.3r
0.19 2.7e
0.11 2.22
o.08 2.43
o.23 2.38
o.10 2.28
0.18 2 .40
0.06 2.37
0.13 2.28
0.16 2.32
0.06 0.08

o.ze 2.66
0.15 2.58
0.18 2.Ol
o.24 2.6L
o.27 2,e4
0.18 2 .46
o.27 2.6e
0.14 2.56
0.16 2.74

Cr2Os MnO MgO

\Meight percent oxides

0.56 0.19
0.5 3 0.22
0.04 0.03

o.42 0.27
0.50 0.28
0.46 0.23
o.42 0.22
0.28 0.19
0.45 0.26
0.5 3 0.22
u. oo v.ú a

0.39 0,25
o.4ø o,2l
0.45 0.24
0.07 0.o3

0.49 0.19
0.50 0.20
0.4 5 0.27
0.50 0.22
o.52 0.1e
0.33 0.23
0.5 0 0.22
0.48 0.1S
0.38 0.27
0.43 0.21
o.44 0.21
0.09 0.02

0.o9 15.94
0.17 17.30
0.11 10,98
0.10 17 .27
0.11 L5.97
0.16 16.31
0.12 16.00
0.13 ta.2l
0.07 17.L3
o.t2 Lø.44
0.11 LA.28
0.10 L7.49
0.13 76.57
o.L2 16.61
0.03 0.53

0.06 1e.53
0.08 Le.26
0.03 16.15
0.11 16.2e
0.07 16.?3
0.12 16.63
0.06 Le.47
0. o9 16.13
0.11 Lø.27
0.08 rø.o2
0.10 16.38
0.08 10.35
0.03 0-21

0.0e Lo.74
0.06 t6.52
0.12 16.66
0.04 16.05
0.10 le.4L
o.L2 16.40
0.14 16.41
U.UÐ I9,OU
0.08 Le.44

15.32 21.77 0.05
16.48 21.35 0.O4
0.32 0.78 0.02

15.32 2L.27 0.02
15.13 22,O4 0.05
15.91 20.48 0.01
15.0? 2t.3A O.O4

15,21 22.42 0.00
16.99 18.33 0.04
15.13 21..7L 0.O4
15.19 2L.33 0.00
15.54 2t.L4 0.03
L5.23 2L.63 0.08
L5.47 2L .L7 0.03
0.56 1.07 0.02

L4.87 2L.9r 0.00
15.04 2L .47 0.00
16.08 L5.22 0.03
L5.44 20.3ø 0.05
15.01 27.52 0,06
15.45 2L,42 0.O5
L5.44 2r.lø 0.06
15.41 20.5L 0.00
L5.46 20.60 0.03
15.06 2L.87 0.O5
15.39 2L.lO 0.03
0.37 0.81 0.o2

Cycle 3

22.L2 0.12 0.0e
19.84 0.19 0.o8
20.39 0.16 0.03
20.43 0.16 0.03
22.39 O.18 0.o2
22 .O5 0.18 0.00
22.44 0.14 0.10
21.89 0.19 0.01
20.75 0.14 0.0 2
22.24 0.10 0.o1
22.16 0.18 0.00
20.o9 0.19 0.06
zL .73 0.18 0.02
2!.43 0.L7 0.03
0.93 0.02 0.03

20.79 0.14 0.05
2L.2L 0.26 0.02
21.88 0.27 0.03
22.O4 0,20 0.07
20.a2 0.1 5 0.02
2r.26 0.19 0.00
21.35 0.07 0.03
22.75 0.23 0.02
2t .48 0.16 0.03
2L.47 0.24 0.02
21 .37 0.18 0.0 5

2L.44 ö.re o.o3
o.42 0.05 0.o2

20.99 0.13 0.o2
2L.42 0.19 0.01
2L.O4 0.19 0.00
21.18 0.16 0.04
2r.5e o.2L 0.01
2r.84 0.22 0.00
2L.ø5 0.15 0.04
2L.40 0.22 0.03
2L.24 0.19 0.0 7
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CoO NiO CoO Na2O FeO Fe2O3 Tot¿l

0.03
0.02
0.02

0.00 0.20 4.4L
0.00 0.27 4.32
0.01 0.30 4.53
0.01 0.30 5.L7
0.00 0.26 3.80
0.00 0.2L 5.72
0.00 0.28 4.65
0.02 0.27 4.31
0.02 0.25 4.e2
0.05 0.22 4.5L
0.01 0.27 4.63
0.o2 0.03 0..50

0.00 0.27 5.03
0.06 0.28 5 .20
0.03 0.27 7.50
0.02 0.27 5,e3
o.00 0.24 4.73
0.03 0.27 5.81
0.00 0.28 4.29
0.o3 0.28 5.77
o.03 0.25 6.85
0.00 0,26 5.11
0.02 0.26 5.60
o.o2 0.01 0.90

0.01 0.20 4.89
0.o1 0.23 5.26
0.02 0.1E 5.81
o.o2 0.23 4.SA
0.00 0.23 4.44
0.01 0.19 3.64
o.02 0.25 4.33
0.00 0.24 4.71
0.00 0.23 4.05
0.o2 0.20 4.oø
0.06 0.26 4.29
0.02 0.23 5.18
0.o5 0.25 4.33
o.02 0.23 4.58
o.o2 0.02 0.57

0.00 0.22 5.59
0.06 0.2e 4.86
0.02 0,23 5.19
0.01 0,20 4.86
0.00 0.22 5.72
0.03 0.22 5.08
0.03 0.24 5.70
0.00 0.25 4.70
0.00 0.23 4.92
0.o2 0.23 5.52
0.02 0.22 5.25
0.02 0.23 5.20
o.o2 0.o2 0.35

o.04 0.2r 4.44
0.00 0.25 4.48
0.00 0.26 4.85
0.04 0.20 5.21
0.07 0.2 5 4.54
0.00 0.23 4.30
0.04 0,24 4.82
0.03 0.20 4,88
0.07 0.25 4.43

o.32 4.36
0,30 4.?6
0.03 0.74

2.35
2.O4
0.81

9e.03
98.8 7

0.36

3.12 98.63
2 ,e6 e9.31
3.91 S9.51
r.54 54,24
2.7A 98.85
3.27 96.62
2.Ae ø9.42
3.22 øA.5L
L.76 98.05
2,58 98.69
2.AO 98.78
o.a7 0.47

1.03 98.92
L.77 9A.97
0.40 99.48
2.08 9E.93
2.LL eE.l4
1.35 99.68
3.10 98.95
|.7e 98.51
0.26 9e.08
1.60 98.82
1,54 98.9E
o.7ø 0.40

1.84 100.09
2.A2 100.60
L.52 100.67
3.r2 101 .6 7

2.22 100.60
3.A2 100.63
2.64 101 .45
2.62 101.26
3.92 101.11
2.5L 100.81
2.80 101.50
3.L4 102.11
3.44 102.06
2.AO 101 .15
0.66' O.5e

2.59 101 .07
3.06 100.78
L.97 101 .01
2.to 101.12
2.19 101.16
3.15 101.8?
2.O2 101 .61
3.O7 101 .80
3.L7 L01.22
2.37 100.95
2 .t4 101 .1 6

2.58 101.25
0.46 0.34

4.10 101.57
3.52 101 .50
3.64 101.93
3.00 102.30
3.e7 102.13
3.49 LOL.7L
3.61 LOz.64
3.05 L01.54
3.89 l0l.62



Sample SiO2 ÎiO2 Al2Os Cr203 MnO MgO CaO NiO CoO Na2O FeO Fe203 Oxsum

468 52.62 0.15
46E 52.38 0.18
avg(11) 52.4O 0.20
stdev O.25 0.05

4øO 52.81 0.28
469 52.78 0.23
46e 52.€3 0.14
469 52 .77 0.15
4e9 5 2.58 0.27
4øS 52.t3 0.28
46e 52.75 0.23
40s 52.66 0,18
4øg 52.75 0.29
46s 53.10 0.r9
4øg 52.50 0.14
4ø9 52.re 0.22
4A9 52.Oe 0.20
469 52.22 0.21
avg( 1a) 5 2.59 o .2!
stdev O.27 0.05

47L 51.25 0.19
47t 51.87 0.1e
47L 51 .90 0.24
47r 51.64 0.1?
47t 5L.44 0.27
471 52.01 0.15
47r 50.72 0.2ø
47L 51.98 0.24
47t 51.40 0.20
47L 51 .49 0.24
47L 51.83 0.25
471 51.49 0.05
471 51.63 0.19
47L 50.96 0.30
47L 51.3E 0.20
471 5L.74 0.2t
47L 51 .64 0.22
47L 51 .50 0.24
47L 50.92 0.19
47r 51.49 0.L2
avg(20) 5L.52 o.2L
stdev 0.34 0.05

472 52.72 0.16
472 52.32 0.2L
472 52.34 0.19
472 t2.39 0.00
472 51.89 0.13
472 52.3ø 0.19
472 52.92 0.09
472 52.83 0.12
472 52.44 0.30
472 52.34 0.12
472 52.eO O.25
472 52.25 0.24
472 52.40 0.15
472 52.55 0.21
472 52.42 0.18
472 52.46 0.15
avg(16) 52.48 0.1?
stdev 0.26 0.07

473 52.51 0.r7
473 52.98 0.20
473 52.77 0.16
473 52.7 5 0.21
473 52.42 0.20
473 52.43 0.24

2.øO 0.11
2,øO 0.08
2.61 0.0e
0.07 0.03

2.2e 0.06
2.22 0.09
2.34 o.OE
2.3L 0.00
2.28 0.O2
2.3A O.tz
2.2A 0.03
2.44 0.07
2.4t 0.08
2.25 0.01
2.38 0.01
2.47 0.0 7
2.48 0.07
2.42 0.0 5

2.35 0.06
0.o8 0.03

2.44 0.1e
2.79 0.13
2.7ø 0.18
2.85 O.14
2.78 0.11
2.76 0.1 5

2.78 0.1 5

2.øA 0.17
2.72 0.11
2.70 0.12
2.74 0.14
2.72 0.1E
2.79 O.17
2.83 0.18
2.A2 0.11
2.82 0,19
2 .42 0.19
2.7L O.LT
2.78 0.1e
2.19 0.14
2.77 0.15
0.06 0.03

2.25 0.09
2.23 0.11
2.99 0.08
2.30 0.08
2.5L 0.01
2.38 0.11
2.O2 0.O1
2.43 0.00
2.34 0.07
2.3A 0.02
2.40 0.09
2.55 0.L2
2.48 0.08
2.45 0.07
2.46 0.07
2.4r 0.08
2.38 0.07
o,12 0.04

2.55 0.07
2.t5 0.08
2.68 0.O7
z.tL 0.11
2.ø4 0.0?
2.4A O.72

Weight percent oxides

16.66 21.50
L6.54 2\.ø4
16.54 21.41
o.L2 0.24

L6.44 2L.43
16.51 2L.2e
10.00 2L.LL
10.53 27.28
16.44 2\.gO
16.13 22.Ll
16.5e 2L.25
10.34 21 .38
LO.ø2 21 .18
16.06 22.30
16. ?1 20.9ø
1A.42 2L.74
7A.44 2L.61
LA.25 2L.e2
Le.43 21 .53
0.18 0.39

1€.04 22.4ø
16.O3 22.22
15.95 22.32
15.87 22.33
15.90 22 .26
15.96 22 .7e
15.93 22 .iO
L6.O2 22.3L
10.03 22.L5
16.03 22.24
1 5.90 22.O4
1 5.9 7 22.L8
1 5.87 22.Ot
16.12 22.L7
t5.94 22.39
15.91 22.L9
15 .98 22.r8
15.98 22.45
16. O0 22.35
15 .8E 22.Lt
1 5 .90 22,26
0.o7 0.15

18.11 23.05
1ø.77 22.55
16.18 22.81
Le.20 22.87
L6.2ø 2 3.00
Lø.2e 22.73
1 5.88 23.32
7ø.23 22.9L
16.32 22.72
76.27 22.84
16.03 23.34
1€.40 22.55
16.35 22.eA
LA.24 22.89
16.41 22.74
16.06 23.2L
rø,2r 22.57
0.14 0.22

LA,32 22.7r
16.0 5 23.01
LA.74 22.74
16.29 22.92
16.36 22.95
16.41 22.A7
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0.21 0.03
o.L7 0,01
0.18 0.o2
0.03 0.o2

0.1e 0.00
o.21 0.00
0.18 0.06
0.21 0.o3
0,19 0.o5
0,13 0.03
0.18 0.06
o.22 0.o3
0.20 0.04
o.1s o.01
0.21 0.03
0.20 0.00
o.L7 0.o3
0.19 0.o8
0.19 0.o3
0.02 0.02

0.15 0.00
0.11 0.00
0.14 0.00
0.16 0.00
o.L4 0.00
0.14 0.o4
0.16 0.06
0.1e 0.03
o.2t 0.00
0.1E 0.06
0.15 0.05
0,11 0.00
0.18 0.00
0.18 0.03
0.14 0.o4
0.18 0.02
0.14 0.0ã
0.14 0.o0
o.t2 0.00
0.16 0.00
0.15 0.o2
0.03 0.02

0.20 0.o4
0.14 0.01
0.14 0.06
0.18 0.00
0.11 0.o1
0.13 0.00
0.16 0.03
0.07 0.05
0.15 0.03
0.15 0.05
0.15 0.00
0.10 0.06
0.16 0.07
0.20 0.05
0.11 0.06
0.16 0.00
0.15 0.04
0.03 0.o2

0.19 0.o1
0.1€ o.o2
0.23 0.00
0,16 0.03
0.11 0.0e
0.1€ 0.08

0.07 0.24 4.43
0.00 0.25 4.28
0.03 0.24 4.62
0.03 0.02 0.27

0.00 0.27 5 .51
0.02 0.23 5 .3 5

o.oo o.24 5 .10
0.00 0.24 5.19
0.05 0.23 4.38
0.01 0.2 5 4.49
0.06 0.19 5.34
0.01 0.23 5.20
0.09 0.2L 5.31
o.o2 0,24 5.17
0.05 0.21 5.04
0.00 0.23 4.2L
0.00 0.20 4.35
0.04 0.2ø 4.10
0.03 0,23 4.52
0.03 0,o2 0.44

0.04 0.2L 2.ø2
0.00 0.22 4.0 5

0.05 0.22 4.O7
o.o2 0.2r 3.8E
0.00 0.20 3.E6
0.06 0.22 4.24
0.01 0.23 2.eL
0.03 0.2L 4,O4
0.00 0.23 3.45
0.01 0.2t 3.5 0
0.03 0.22 4.4L
0.06 0.24 3.48
0.00 0.27 3.97
0.oo o.24 2.74
0.00 0.18 3.54
0.00 0,27 3.85
0,o2 0.27 3.90
o.00 0.23 3.3E
0.00 0.25 2.46
0.00 0.2L 3.89
0.02 0.23 3.00
o.o2 0.o2 0.48

0.00 0.24 3.ø2
0,o0 0.22 3.90
0.o3 0.24 3.39
0.00 0.21 3.35
0.06 0.23 2.50
0.06 0.18 3.63
0.00 0.25 3.86
0.02 0.25 3.74
0.02 0,23 3.78
0.03 0.17 3.45
0.00 0.2ø 3.68
0.01 0,27 2.95
0.03 0.22 3.3 5

0.04 0,20 3.57
0.04 0.27 3.2e
0.01 0.16 3.57
o.o2 0.22 3.47
o.o2 0.03 0.34

0.00 0.2ï 3.ø2
0.00 0.27 4.32
0.o3 0.23 4.05
0.01 0.24 3.58
0.06 0.21 3.13
0.05 0.22 3.10

3.95 LOz.57
3.05 101.?e
3.59 101.93
o,32 0.40

2 .79 101 .41
2 .87 101 .80
3.2r 101.6e
3.2L 101 .98
3.82 102.15
3.1E 101.82
2.gL 101 .85
3.27 101.93
2.88 LO2.OA
2.71 to2.25
3.56 101.80
4.22 101.EE
3.92 101 .5 2

4.35 102.10
3.31 101.88
0.5s o.22

3.77 100.O9
2.75 100.37
2.92 100.75
3.2e 100.54
2.88 99.84
2.23 100.14
3.94 99.25
2.84 LOO.72
2.71 99.20
2.87 99.68
2.L4 99.89
2.s5 99.44
2.54 99.€8
3.93 99.72
3.41 100.15
2 .54 99.e6
3.06 100.21
3.03 too.42
4.36 99.82
2.92 99.75
3.14 100.03
o.t7 0.46

2.EE 101.40
2.43 100.2 9
3.25 101.10
2 .øe 100.5 4
3.62 100.33
2.74 100.EO
1.99 100.53
2.59 r0r.24
2.34 100.e4
2 .s4 100.73
2.76 LOL.27
3.32 101.10
3.09 101.06
3.30 LOt.77
3.19 101.20
2.82 101.14
2.86 100,98
o.44 0.39

3.33 101.68
2.34 LOr.S2
2.85 101.95
3.2r LOz.O2
3.71 101 .8?
3.56 101.73



Sample SiOz TiO2 À1203 Cr2O3 MnO MgO CaO NiO CoO Na2O FeO Fe203 Oxsum

Table 8.2 Chernical cornposition of clínopyroxene (continued)

473 t2.35 0.15
473 52.57 0.18
473 51.84 0.22
avg(9) 52.59 0.18
stdev 0.37 0.05

474 51.48 0.L7
474 5L.72 0.L4
474 51.93 0.23
474 50.86 0.13
474 51.15 0.r2
474 50.96 0.14
474 51 .8? O.77
474 52.02 0.19
474 51.57 0.18
474 51.86 0.19
474 51.70 0.19
474 51 .51 0.25
474 52.17 0.L7
474 6L.77 0.13
474 51.08 0.13
47 4 51 .54 0.L2
474 51.48 0.0e
474 51.38 0.13
474 5 2.10 0.L7
avg(20) 5L.67 0.15
stdev 0.51 0,05

474 52.50 0.15
47A 52.54 0.22
476 52.54 0.20
47ø 52.83 0.13
47A 52.44 0,20
476 52.53 0.14
476 52.26 0.21
476 52.54 0.16
47A t2.2A 0.16
47A 53.09 0.r7
evg(11) 52.60 o.L7
stdev O.39 0.04

478 51.99 0.20
478 52.46 0.28
478 52.74 0.23
478 52.35 0.28
47e 52.65 0.t7
474 52.te 0.18
478 52.24 0.23
478 52.67 0,23
47A 52,87 0.30
avg( 11) 52.55 O.22
stdev 0.31 0,05

481 52.34 0.2L
481 53.01 0.O7
481 52.L8 0.25
481 52.45 0.16
481 52.e7 0.25
481 52.34 0.19
481 52.94 0.23
481 52.57 0.10
481 52.52 0.17
481 52.80 0.20
4AL 52.L7 0.r2
481 52.44 0.2ø
avg(12) 52.5a 0.18
stdev O.ze 0.06

2.63 0.06
2.45 0.09
2.75 0.O7
2.4A 0.07
0.3e o.03

2.48 0.11
2.44 0.05
2.73 0.05
2.69 0.05
2.72 0.1 5

2.70 0.11
2.84 0.07
2.7r 0.03
2.94 0.15
2.90 0.13
2.88 0.10
2.43 0.11
2.9ø 0.15
2.79 0.09
2.87 0.10
2.75 0.06
2.77 0.10
2.92 0.13
2.7e 0.06
z.ag 0.09
0,36 0.04

2.22 0.16
2.2t O.L7
2.2L 0.16
2.43 0.15
2.38 0.L2
2.28 0.L4
2.33 0.L2
2.45 0.14
2.øt 0.13
2.51 0.72
2.33 0.L4
o.37 0.03

2.26 0.1 7
2.3L O.Lz
2.33 0.15
2.25 0.L2
2.23 0.74
2.L7 0.14
2.37 0.16
2.Oe 0.13
2.34 0.14
2,L2 0.14
o.32 0.02

2.34 0.09
2.Sr O.O7
2.32 0.10
2.3ø 0.13
2.L3 0.11
2.40 0.r.5
2.27 0.12
z.re 0.11
2.2e 0.09
2.2r 0.11
2.23 0.L2
2.20 0.08

0.08 0.02

Weight percent oxides

1ø.37 22.9L
1ø.72 22.69
16.09 22.Ê9
16.23 23.05
0.13 0.56

L6.O7 22.23
16.09 22.32
16.08 22.4ø
16.01 ZL.94
L5.77 22.L6
t 5.96 2L.64
16.14 22.1ø
1A.L7 22.72
16.03 22.46
16.06 22,45
r.6.06 22.67
!6.27 22.84
16.74 22.33
10.18 22.tA
16.19 22.45
16.3e 22.52
16.14 22.88
16.15 22.24
1e.18 23.s6
16.11 22.ø3
o.r2 0.63

10.63 22.32
Lø.ø6 22.30
16.80 22.32
rø.a7 22.29
1ø.42 22.3e
16.56 22.3L
16.64 22.O5
10.65 22 .72
16.43 22.40
16.20 22.3L
16.01 22.27
o.15 0.67

16.48 22.06
1€.48 2L.7L
10.56 2L.66
16,58 2t.7 5
76.47 21.81
LO.4g 22.3e
L6.44 2L.7s
L6.88 2L.44
16,55 2L.54
16.40 22.LL
o.27 0.82

1 5.80 27 .Lg
L6.00 20.77
16.09 21.55
1 5.75 22.2L
15.87 20.4ø
15.83 2L.L6
15. e 5 22.3L
L5.62 22.50
1.6.16 20.47
16.5 8 20.L|
r.6.80 1e.07
15.81 21.49
16.00 21.LL
0.35 0.e6

0.16 0,04
o.17 0.05
0,15 0.03
o.17 0.03
0.03 0.02

0.13 0.03
o.L7 0.03
0.17 0.03
0.16 0.05
0.15 0.o2
0.13 0.04
0.18 0.03
0.15 0.00
0.15 0.0?
o.L2 0.03
0.17 0.0L
0.13 0.04
0.14 0.08
0.12 0.03
0.14 0.03
0.11 0.00
0.13 0.o2
0.13 0.05
o.16 0.00
0.15 0.03
0.02 0.03

0.16 0.06
o.10 0.04
o.20 0.o2
0.15 0.01
0.1E O.06
o.1E O.13
o.21 0.09
0.16 0.09
o.20 0,o2
0.14 0.00
0.16 0.05
o.03 0.04

0.16 0.01
0.11 0.09
o.14 0.01
0.15 0.05
o.77 0.o2
o.L7 0.00
o.r2 0.00
o.20 0.02
0.10 0.03
0.15 0.03
0.03 0,o3

0.20 0.05
0.23 0.08
o.2ø 0.00
0.15 0.00
o,r7 0.00
o.22 0.10
o.2r 0.01
o.22 0.03
o.23 0.0 2

o.27 0.00
o.26 0.00
0.2 0 0.00
o.22 0.0 2

0.03 0.03

0.08 0.23 2.89
0.07 0.23 3.90
0.03 0.23 2.81
0.04 0.2L 3.41
0.03 0.04 0.52

0.02 0.23 3.37
o.o0 0.22 3.51
0.o0 0.23 3.63
0,00 0.21 3.14
0.05 0.20 3.66
o.o? o.22 3.66
0.02 0.23 3.50
o,00 0.19 3.44
0.00 0.23 2.71.
0.04 0.23 3,06
0.01 0.22 3.14
0.02 0.24 2.25
0.o2 0.21 .3.9E
0.00 0.22 3.11
0.03 0.1e 2.53
0.02 0.2L 2.AO
0.00 0.21 2.47
0.02 0.25 ?.90
0.03 0.L2 2.20
o.o2 0.2L 3.07
0.01 0.03 0.51

0.03 0.22 3.51
0.01 0,23 3.5 8
0.02 0.23 3.19
0.07 0.23 3.7A
0.03 0.20 3.45
0.05 0.2L 3.5 4
0.06 0.22 4.44
0.01 0.22 3.73
0.04 0.19 3.54
0.00 0.28 4.77
0.03 0.24 3,5 S

0.02 0.L2 0.3e

0.oo o.za 3.36
0.01 0.19 4.98
0.00 0.20 5.01
0.01 0.22 4.23
0.07 0.24 4.47
0.02 0.19 3.93
0.00 0.22 4.42
0.01 0.2s 4.37
0.00 0.23 5.13
o.02 0.21 4.23
o.02 0.04 0.7e

0.06 0.25 €.o3
0.00 0.22 7.o2
0.00 0.25 4.94
0.01 0.23 5 .14
0.00 0.27 7.63
0.02 0.25 5.e7
0.00 0.23 5.78
0.02 0.2ø 4.44
0.03 0.24 e.se
0.05 0.25 6.55
0.02 0.22 e.E4
0.00 0.27 5.83
0.o2 0.24 6.10
0.02 0.02 0.83

3.88 101.75
3.16 101.88
4.O7 101 .28
3.2A LOL.74
0.53 0.26

3.01 99.53
2.94 øø.42
2.74 100.32
2.78 98.02
2.39 98.54
2.24 97.90
3.10 100.51
3.O7 100.70
3.A7 LOO.77
3.66 101.13
3.42 100.5 7
4.40 100.03
2.O5 1 00.41
3.34 100.36
4.O4 ee.77
3.7ø 100.08
4.48 rOO.77
3.59 99.93
3.80 100.94
3.27 100.0S
0.67 0.c2

3.73 101.75
3.28 101.34
4.L4 102.03
3.11 101.82
4.01 102.05
3.6 5 101 .73
3.51 101.10
3.L2 101.41
3.73 LOL,7L
1.91 101.50
3.52 101.71
0.84 0.32

4.2L 101.1€
2.6A 101.6 2

2.54 101.65
3.44 101 .40
2.9L 101.38
3.15 101.37
3.2L 101.14
3.45 LOL.72
2.45 LOt.ø7
3.13 101.37
0,4E 0.48

2.42 100.98
1.13 100.91
3.50 LOL.44
3.09 101.68
0.15 100.05
3.22 101 .84
2.50 102.19
2.e4 101 .39
1 . ?0 100.48
1.51 100.64
2.74 100.63
z,32 100.93
2.20 101.10
0.94 0.60

2L6



Semple SiOz TiO2 Á'lzos Qt2O3 MnO MgO CaO NiO CoO Na2O FeO Fe2O3 Oxsum

Table 8.2 Chemical composition of clinopyroxene (continued)

485 51.80 0.86
485 53.65 0.18
485 É2.84 0.25
485 53.00 0.19
485 52.74 0.34
485 52.77 0.13
485 t2.A7 0.32
485 53.37 0.16
485 52.9ø 0.13
avg(9) 52.9ø o.28
stdev 0.53 O,22

486 52.L7 0.20
486 t2.O9 0.19
4Aø 52.52 0.24
486 62.20 0.22
486 52.15 0.2L
486 52.53 0.13
48ø 5L.77 0.23
486 62.2ø 0.15
486 52.74 O.t7
486 52.22 0.18
486 52.99 0.18
evg(11) 52.33 0.19
stdev O,32 0.03

2.43 0.20
2.75 0.16
2.27 0.26
2.O7 0.21
2.38 0.20
2.2t 0.25
2.23 0.24
L .97 0.16
2.31 O.24
2.23 0.21
0.14 0.03

2.72 0.23
2,ø3 0.14
2.57 0.22
2.O4 0.2r
2.€8 0.21
2.5e O.20
3.19 0.18
2 .ø4 0.16
2.57 0.1 7
2 .73 0.2 0
2.61 0-2 0
2.69 0.19
o.17 0.03

Iileight percent oxides

Cycle 2
76.62 20.93 0.23 0.04
L7.52 20.lL 0.18 0.02
16.93 20.7A O.t2 0.O2
17.03 20.47 0.t2 0.00
16.03 22.øO 0.15 0.00
17.20 19.84 0.16 0.01
16.33 22.LO 0.20 0.10
Le.42 22.48 0.t7 0.05
16.36 22.OO 0.15 0.07
L6.72 2L.26 0.16 0.03
0.46 0.99 0.O3 0.03

r6.L7 20.9ø 0.2 5 0.0 5

1 5 .83 22.O4 0.2L 0.03
L6.22 2L.27 0.25 0.04
1 5 .e8 2I.99 0.22 0.10
15 .90 2r.70 0.24 0.0Í,
16,27 20.97 0.2r 0.01
7ø.24 21.O8 0.27 0.00
L6.26 21 .19 0.2 0 0.03
16.15 21.05 0.17 0.00
15.84 21.81 0.22 0.01
16.35 21.08 0.24 0.03
16,r.1 21.38 0.23 0.03
o.lE 0.40 0.03 0.o3

0.00 0.22 5.o2
0.0r. o.22 a.tz
0.01 0.24 5,3E
0.00 0.23 ø,20
o.o0 0.2ø 4.52
0.00 0.2t 5 .84
0.04 0.26 4.ø2
0.04 0.33 4.L4
0.00 0.2e 4.74
0.01 0.?5 5.21
0.o2 0.03 0.70

o.o2 0.24 5.49
0.02 0.2t 4.a2
0.03 0.25 5.41
0.01 0.20 4.46
0.00 0.23 5 .10
0.00 0.25 5.72
0.00 0.20 4.99
0.oo o.22 5.30
0. 05 0.24 6.18
0.00 0.25 5.07
0.00 0.27 5.88
0.01 0.24 5.2e
0.02 0.o2 0.49

2.LA 100.51
0.41 100.73
1.26 100.3s
o.o0 100.L2
1.OE 100.90
2.28 100. eE
!.94 LOl.24
1.t7 100.8S
2.49 LOt.74
1.49 100.81
o.to 0.46

3.50 102.OO
3.ø7 LOr.72
2.75 101 .76
4.13 LOz.42
3.Oe 101.54
2.38 101.26
3.22 101 .37
3.64 102.O3
7 .57 101 .09
2.eo 101.43
1.86 101.?0
2.98 LOr.67
0.75 0.37

2L7



Sample Si .A'l Ali" Alri

Table 8.2 Chernical composition of clinopyroxene (continued)

458 1.919 0.120
458 r.go7 0.727
458 1.913 0.123
458 1.917 0.113
458 L.905 0.122
458 1.901 0.114
458 1.918 0.121
458 1.915 0.123
458 1,914 0.121
458 1.91E O.117
458 1.923 0.111
458 1.931 0.104
avg(12) 1.915 0.117
stdev 0.OOE O.006

455 1.920 0.114
455 1.928 0.112
455 1.909 0.114
455 Leze O.L?L
455 1.943 0.111
4t5 r.e27 0.tLe
455 1.915 0.114
4t5 1.932 0.108
455 1.e03 0.120
455 r.9L3 0.L22
455 1.917 0.120
455 L.925 0.r2L
455 L.924 0.121
455 r.gLg 0.L22
455 r..924 0.118
455 L.g\2 0.L24
455 1.905 0.118
455 1.915. 0.123
4t5 1.933 0.093
evg(19) 1.921 0.119
stdev 0.010 O,007

453 1.e18 0.118
453 1.928 0.108
453 1.920 0.113
453 1.917 0.113
453 1.916 0.110
453 1.919 0.115
453 1.925 0.110
453 1.943 0.088
453 1.924 0.118
453 1.929 0.105
453 1.925 0.116
453 L.922 0.1L4
evg(12) 1.924 0.1oe
stdev O.007 0.013

452 1.941 0.118
452 1.940 0.121
452 1.929 0.119
452 1.933 0.117
4s2 - 1.932 0.118
462 1.925 0.11e
452 1.931 0.118
462 1.939 0.119
452 L.932 0.LL7
462 L.927 0.L22
452 L.92A O.L22
452 1.936 0.L14
avg(12) 1..933 0.118
stdev 0.005 0.002

456 1.S45 0.109
4t6 1.938 0.108

Structural formula normalized to 4 cations and 6 (O)

0.081 0.039
0.093 0.02E
0.0E7 0.036
0.083 0.030
0.095 0.027
0.099 0.015
0.08? 0.039
0.085 0.038
0.086 0.035
0.082 0.035
0.077 0.034
0.009 0.035
0.085 0.032
0.008 0.007

0.oEo 0.034
0.072 0.040
0.o91 0.023
0.o71 0.050
0.057 0.054
0.073 0.046
0.085 0.029
0.oe8 0.040
o.og7 0.o23
0.087 0.035
0.083 0.03?
0.o75 0.046
0,076 0.045
0.082 0.040
o.076 0.o42
0.oEE 0.03€
0.0e5 0.023
0.085 0.038
0.0e7 0.02€
0.07e 0.037
0.010 0.009

0.082 0.036
0.072 0.030
0.080 0.033
0.o83 0.030
0.084 0.026
0.081 0.034
0.075 0.035
0.o57 0.o11
o.o7a o.o42
0.071 0.034
0.o75 0.041
0.078 0.030
0.o76 0.o33
0.007 0.008

0.059 0.059
0.000 0.001
0.071 0.048
0.067 0.050
0.068 0.050
0.075 0.044
0.009 0.049
0.061 0.058
0.068 0.049
0.073 0.049
0.074 0.048
0.064 0.050
0.007 0.051
0.o05 0.005

0.o55 0.054
0.062 0.040

Tí

Cycle 15
0.005 0.01.7 0.006 0.902 0.814
0.006 0.013 0.000 0.872 0.893
0.006 0.015 0.006 0.858 0.87?
0.007 0.015 0.004 0,862 0.897
0.004 0.014 0.007 0.879 0.858
0.o03 0.01e 0.008 0.872 0.E35
0.003 0.016 0.006 0.885 0.840
0.003 0.014 0.006 0.874 0.873
0.002 0.015 0.006 0.877 0.806
o.oo3 o.oõ9 o.oo€ 0.882 0.8?4
0.003 0.014 0.007 0.8?5 0.873
0.o03 0.016 0.006 0.876 0.873
0.004 0.015 0.006 0.8?6 0.E65
0.002 0.002 0.001 0.011 0.023

0.o04 0,014 0.008 0,882 0.803
0.004 0,014 0.oo5 0.881 0.871
0.003 0.012 0.007 0.883 0.865
0.004 0.011 0.00? 0.807 0.885
o,005 0.013 0.005 0.885 0.851
0.006 0.o1? 0.oo7 0.863 0,805
0.004 0.015 0.005 0.E85 0.851
o.oo4 0.014 o.oo7 0.803 0.8??
0.002 0.o12 0.007 0.869 0.8?7
0.004 0.o13 0.006 0.888 0.847
o.oo4 0.014 o.oo5 0.E59 0.878
0.006 0.012 0.004 0.85? 0.E69
0.005 0.015 0.004 0.905 0.802
0.004 0.014 0.007 0.853 0.886
0.005 0.013 0.006 0.877 0.857
0.004 0.o15 0.004 0.869 0.881
o.o07 0.013 0.006 0.884 0.877
0.006 0.013 0.oo4 0.861 0.8?5
0.003 0.00? 0.000 0.920 0.E35
0.004 0.013 0.005 0.870 0.863
o.001 0.002 0.002 0.01? 0.020

0,003 0.012 0.00E 0.848 0.891
0.003 0.o14 0.006 0.E68 0.E69
0.005 0.013 0.003 0.8?9 0.849
0.004 0.011 0.006 0.870 0.867
0,005 0.o14 0.006 0.865 0.872
0.003 0.o11 0.005 0.864 0.870
0.006 0.0r.3 0.005 0.928 0.769
0.004 0.013 0.006 0.806 0.922
0,006 0.o14 0.006 0.852 0.872
0.003 0.010 0.005 0.E65 0.875
0.004 0.012 0.005 0.E62 0.E66
0.004 0.013 0.006 0.855 0.877
0.004 0.013 0.006 0.809 0.867
0.o01 0.oo1 0.001 0.020 0.034

0.003 0.010 0.005 0.860 0.890
0.003 0.012 0.005 0.862 0.885
0.005 0.011 0.005 0.921 0.813
0.004 0.013 0.005 0.873 0.E86
0.00i.0.008 0.004 0.859 0.s02
0.004 0.010 0.006 0.907 0.844
0.005 0.010 0.005 0.885 0.852
0.003 0.009 0.005 0.895 0.851
0.004 0.010 0.003 0.886 0.E83
0.004 0.010 0.007 0,8?4 0.877
0.003 0.011 0.005 0.896 0.850
0.003 0.011 0.006 0.868 0.879
0.oo3 0.011 0.005 0.882 0.86e
0.001 0.001 0.001 0.020 0.025

0.005 0.006 0.005 0.8e9 0.860
0.003 0.011 0.006 0.895 0.865

2t8

C¡ Mn Ca Mg Ni

0.o00 0.000
0.001 0.003
0.000 0.000
0.000 0.001
0.004 0.001
o.000 0.001
0.001 0.000
0.000 0.001
0.000 0.000
0.001 0.001
0.001 0.000
0.000 0.001
0.oo1 0.001
0.001 0.001

0.000 0.000
0.001 0.001
0.002 0.001
0.000 0.o00
0.002 0.002
0.001 0.000
0.001 0.o02
o.000 0.o01
0.002 0.001
0.001 0.000
o.000 0.000
0.o01 0,o00
0.000 0.o01
0.000 0.000
0.001 0.000
0.ooo o.000
0.000 0.001
0.o01 0.001
0.002 0.001
0.001 0.001
0.001 0.001

0.001 0.001
o.001 0.001
0.001 0.001
0.002 0.000
0.001 0.000
o.002 0.000
0.001 0.o01
0.002 0.001
0.001 0.000
o.000 0.o01
0.000 0.o00
0.00L 0.002
0.001 0.001
0.001 0.001

0.000 0.o00
0.001 0.001
0.002 0.o00
0.000 0.001
0.002 0.000
0.002 0.001
0.002 0.001
o.001 0.001
o.001 0.000
0.001 0.000
0,000 0.000
0.001 0.000
0.001 0.o00
0.001 0.000

0.000 0.000
0.000 0.002

Co Na Fe2* Fe3* Cat

o.o14 0.176 0.028 4.000
0.014 0.111 0.054 4.000
0.016 0.14? 0.039 4.OO0
0.016 0.129 0.040 4.O00
0.014 0.135 0.059 4.O00
0.027 0.135 0.086 4.000
0,014 0.161 0.035 4.000
o.o14 0.1s0 0.040 4.000
0.012 0.143 0.044 4.000
0.013 0.132 0.044 4.000
0.014 0.143 0.036 4.000
0.013 0.149 0.026 4.000
0.015 0.141 0.045 4.000
0.o04 0.o16 0.015

0.013 0.14? 0.037 4.000
0.014 0.146 0.025 4.O00
0.013 0.129 0.064 4.000
0.015 0.164 0.018 4.000
0.013 0.166 0.000 3.997
0.016 0.167 0.O13 4.O00
0.014 0.148 0.046 4.OOO
0.013 0.102 0.020 4.000
0.014 0.121 0.O72 4.OOO
0.015 0.147 0.045 4.000
0.014 0.153 0.036 4.000
0.015 0.170 0.019 4.000
0.013 0.193 0.017 4.000
0.015 0.14E 0.035 4.000
0.012 0.1€4 0.024 4.000
0.013 0.139 0.040 4.000
o.o11 0.121 0.057 4.000
0.016 0.14E 0.038 4.O00
0.013 0.152 0.041 4.000
0.014 0.152 0.034 4.000
0.001 0.o1E 0.018

0.017 0.139 0.044 4.000
0.01€ 0.157 0.030 4.000
0.016 0.1e0 0.039 4.000
0.016 0.146 0.050 4.000
0.018 0.143 0.053 4,O00
0.011 0.161 0.040 4.000
0.013 0.202 0.027 4.000
0.015 0.121 0.O40 4.000
0.016 0.166 0.024 4.000
0.018 0.r.51 0.038 4.000
0.018 0.101 0.032 4.000
0.018 0.150 0,039 4.000
0.016 0.155 0.037 4.000
0.002 0.019 0.008

0.013 0.159 0.000 3.999
0.01€ 0.154 0.000 3.999
0.012 0.170 0.014 4.000
0.014 0.145 0.010 4.000
0.014 0.140 0.021 4.000
o.oLz 0.L46 0.024 4.000
0.014 0.105 0.012 4.000
0.011 0.166 0.000 4.000
0.012 0.160 0.011 4.000
0.013 0.147 0.020 4.000
0.012 0.154 0.021 4.000
0.014 0.157 0,011 4.000
0.013 0.155 0.012 4.000
0.001 0.009 0.009

0.014 0.154 0.000 3.999
0.015 0.144 0.014 4.000



Semple Si

456 L.944
456 L.925
45ø L.929
456 r.923
45ø L.ø42
45e L.e32
456 L.gzS
avs(e) 1.934
stdev 0.008

457 1.913
457 1.915
457 1.908
457 L.O20
457 L.922
457 1.91 1

457 1.904
457 1.903
457 7.9L7
Evg(9) 1.e1.3
stdev 0.007

407 1.910
407 1.e30
407 L.e22
407 1.914
407 L.9L7
407 1.920
407 I.9L9
407 r.e22
407 L.ezg
407 L.gzg
407 1.910
407 1.933
avg,(Lz) L.922
Êtdev 0,006

3E1 L.924
381 1.91€
381 L.922
3E1 1.935
3E 1 L.925
381 L.e2ø
381 |.ezt
381 L.e13
381 1.918
381 1.905
381 1.945
avg(11) 1.923
stdev 0,010

375 1.906
375 1 .e15
375 1.894
375 L.504
375 1.8S5
375 1.904
375 r.e27
375 1.905
375 1.911
avg(9) 1.906
stdev 0.010

Table 8.2 Chernical cornposition of clinopyroxene (continued)
Structural formula normalized to 4 cations and 6 (O)

Al Ali, Al,i Ti

0.101 0.056
0.121 0.075
0.117 0.0?1
o.LLz 0.O77
0.120 0.058
0.099 0.008
0.121 0.071
o.112 0.O6e
0.00E 0.008

0.122 0.087
0.122 0.085
o.L24 0.092
0.122 0.080
0.11E O.078
0.118 0.O89
0.124 0.096
o.LzI O.OS7
0.122 0.083
0.121 0.087
0.002 0.007

0.131 0.O84
0.123 0.070
0.126 0.078
o.133 0.086
0.12E 0.083
0.128 0.080
0.12e 0.081
0.12e 0.078
o.123 0.071
0.125 0,O71
0.121 0.O84
0.129 0.067
0.127 0.078
0.003 0.006

0.130 0.070
0.122 0.084
0.121 0.078
0.113 0.065
0.128 0.075
o.L27 0.O74
0.128 0.07e
0.128 0.087
0.126 0.082
0.129 0.095
0.076 0.055
o.L27 0.O77
0.015 0.010

0.139 0.0e4
0.134 0.085
0.140 0.106
0.138 0.096
0.136 0.105
0.134 0.096
0.106 0.073
0.133 0.0e5
0.142 0.089
0.133 0.094
0.010 0.010

O;O52 O.Q24
0.108 0.0?1
0.065 0.055
0.109 0.065
0.107 0.070

0,045 0.004
0.046 0.o03
o.046 0.003
o.035 0.003
o.062 0.003
0.0s1 0.005
0.050 0.004
0.040 0.003
0,009 0.001

0.035 0.004
o.037 0.006
0.032 0.007
0.042 0.007
0.040 0.005
0.029 0.005
0.028 0.o02
0.024 0.005
0.039 0.006
0.034 0.005
0.00e 0.002

0.047 0.o07
0.053 0.o04
0.048 0.002
0.047 0.004
0.045 0.007
0.048 0.o04
0.045 0.005
0.051 0.004
0.052 0.006
0.054 0.005
0.037 0.004
0.06? 0.004
o.049 0.005
0.006 0.001

0.054 0.o03
0.038 0.00s
0.o43 0.002
0.048 0.005
0.053 0.005
0.053 0.003
0.04e 0.005
0.041 0.oo4
0.044 0.004
0.034 0.002
0.o21 0.004
0.044 0.004
0.00e 0.o01

o.045 0.005
o.049 0.005
0.034 0.000
0.042 0.004
0.031 0.007
0.03E 0.005
o.033 0.006
0.038 0.005
0.053 0.007
0.039 0.005
0.007 0.001

0.028 0.oo0
0.037 0.005
0.010 0.002
0.044 0.004
0.037 0.004

Cr Mn

o.010 0.006 0.885 0.865 0.O01 0.000
o.00e 0.005 0.E79 0.877 0.002 0.000
o.o10 0.005 0.8?1 0.88L 0.001 0.001
0.008 0.006 0.87E 0.877 0.001 0.000
0.010 0.005 0.862 0.E?8 0.000 0.000
0.010 0.o00 0.873 0.892 0.o00 0.001
0.010 0.006 0.866 0.891 0.002 0.001
0.009 0.006 0.879 0.876 0.OO1 0.001
0.001 0.000 0.013 0.011 0.001 0.00L

0.o12 0.000 0.e1s o.790 0.001 0.000
o.015 0.005 0.886 0.853 0.001 0.000
0.014 0.005 0.858 0,881 0.001 0.001
0.0L5 0.006 0.855 0.881 0.000 0.000
0.014 0.006 0.890 0.825 0.oo2 0.001
0.013 0.005 0.876 0.873 0.000 0.002
0.o16 0.006 0.862 0.883 0.003 0.001
0.015 0.o05 0.878 0.873 0.O00 0.000
0.010 0.o05 0.858 0.8e6 0.000 0.001
0.014 0.005 0.87€ 0.862 0.001 0,001
0.002 0.001 0.021 0.032 0.001 0.00L

Cycle 14
o.013 0.004 0.904 0.850 0.O00 0.002
o.012 0.o04 0.905 0.846 0.001 0.001
0.013 0.o04 0.922 0.836 0.001 0.002
0.014 0.005 0.884 0.874 0.001 o.000
0.012 0.005 0.898 0,E58 0.003 0.002
0.014 0.o05 0,882 0.876 0.001 0.000
o.o11 0.o04 0.892 0.866 0.O00 0.001
0.011 0.004 0.895 0.865 0.003 0.o00
0.013 0.005 0.902 0.E58 0.003 0.001
0.010 0.o04 0.897 0.858 0.002 0.001
0.012 0.003 0.896 0.884 0.002 0.000
o.o10 0.002 0.eo8 0.852 0.001 0.000
0.012 0.004 0.8s9 0.860 0.001 0.o01
0.001 0.001 0.010 0.013 0.001 0.001

0.012 0.006 0,808 0.901 0.000 0.000
0.013 0.003 0.895 0.8?8 0.000 0.001
0.011 0.006 0.88e o.877 0.OO0 0.001
0.014 0.005 0.893 0.86? 0.000 0,000
0.011 0.004 0.895 0.858 0.001 0.000
0.012 0.004 0.886 0.8?2 0.000 0.000
0.013 0.004 0.913 0.E35 0.001 0.001
0.013 0.004 0.932 0.809 0.003 0.001
0.014 0.006 0.882 0.884 0.001 0.000
0.011 0.004 0.883 0.E87 0,002 0.000
0.012 0.oo5 0.862 0.955 0.001 0.001
0.012 0.o05 0.E91 0.87s 0.001 0.000
0.o01 0.001 0,018 0.035 0.001 0.000

0.022 0.004 0.902 0,857 0.001 0.000
0.022 0.003 0.900 0,861 0.002 0.002
0.024 0.004 0.885 0.888 0.002 0.000
0.023 0.003 0.894 0.872 0.003 0.001
0.025 0.o04 0.e04 0.804 0.003 0.000
0.022 0.005 0.889 0,885 0.003 0.000
0.009 0.003 0.908 0.902 0.002 0.001
0.017 0.004 0.899 0.882 0.000 0.000
0.025 0.003 0.898 0.862 0.000 0.000
0.021 0.o04 0.E97 0.874 0.O02 0.000
0.005 0.001 0.007 0.014 0.001 0.001

Cycle 13

Mg Co N¿ Fez* Fe3* Cat

0.014 0.165 0.009 4.000
0.014 0.137 0.027 4.000
0.017 0.140 0.o25 4.000
0.016 0.133 0.O43 4.000
0.016 0.161 0.000 3,997
o.o10 0.133 0.032 4.000
0,017 0.134 0.020 4.000
0.015 0.145 0.019 4.OO0
0.o01 0.012 0.015

o.oLz 0.L72 0.042 4.000
0.014 0.147 0.036 4.000
0.014 0.142 0.044 4.000
o.015 0.155 0.023 4.O00
0.012 0.181 0.026 4.000
0.014 0.132 0.050 4.000
0.017 0.117 0.065 4.000
0.014 0.125 0.061 4.000
0.o16 0.133 0.036 4.O00
0.014 0.145 0.043 4.OO0
0.002 0.021 0.014

0.o11 0.142 0.020 4.000
0.013 0.152 0.010 4.000
0.013 0.136 0.025 4.000
o.ot4 0.r27 0.o29 4.000
0.015 0.130 0.028 4.00c,
0.016 0.128 0.025 4.000
0.013 0.135 0.028 4.000
0.012 0.135 0.O20 4.000
o,000 0.158 0.000 3.9e7
0.013 0.145 0.009 4.000
0.011 0.108 0.040 4.000
0.011 0.149 0.000 3.999
0.013 0.135 0.021 4.000
0.004 0.013 0.012

0.013 0.129 0.015 4.000
0.013 0.119 0.035 4.000
0.013 0.12€ 0.032 4.OO0
0.013 0.151 0.004 4.000
0.013 0.14S 0.012 4.000
0.013 0.141 0.017 4.000
o.014 0.t45 0.021 4.000
0.013 0.144 0.036 4.000
0.014 0.121 0.O31 4.000
0.013 0.108 0.057 4.O00
o.oo2 0.L22 0.016 4.000
0.012 0.133 0.025 4.000
0.003 0.014 0.014

0.016 0.119 0.033 4.000
0.011 0.130 0.016 4.000
0.01? 0.087 0.o54 4.000
0.015 0.107 0.036 4.000
0.019 0.090 0.055 4.000
0.016 0.095 0.043 4.000
0.012 0.0e2 0.031 4.000
0.016 0.0e3 0.045 4.000
0.003 0.149 0.000 4.000
0.016 0.103 0.038 4.000
0.004 0.020 0.017

0.003 0.132 0.000 3.997
0.012 0.125 0.024 4.000
0.004 0.098 0.03? 4.000
0.013 0.135 0.016 4.000
0.013 0.137 0.025 4.000

36il
364
364
364
364

L.974
r.e29
1.e45
L.935
1.930

0.003 0.005
0.012 0.004
0.008 0.005
0.010 0.005
0.011 0.005

0.882 0.e41 0.001 0.001
0.913 0.86€ 0.001 0.001
0.893 0.944 0.000 0.000
0.908 0.865 0,000 0,001
0.943 0.824 0.001 0.000
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Sample Sì Al Al¡" Al"i Ti Cr

364 1.940 0.107 0.060
364 1.949 0.108 0.051
3ø4 1.936 0.111 0.0e4
3ø4 1.915 0.113 0.085
304 L.ø27 0.LlL O.O7S
364 1.924 0.108 0.076
364 1.918 0.114 0.082
364 r..918 0.115 0.082
344 1.9r.9 0.117 0.081
avg(14) 1.933 0.1o8 O.06?
stdev 0.016 0.019 0.016

363 1.924 0.114 0.076
363 1.917 0.121 0.083
363 1.915 0.123 0.085
303 1.919 0.118 0.081
363 1.90e 0.126 0.091
363 1.912 0.126 0.08E
363 1,.925 0.L22 0.075
363 1.919 0.126 0.081
363 1.919 0.126 0.081
363 1.913 0.126 0.087
363 L.528 0.097 0.072
363 1.891 0.122 0.109
303 1.918 0.128 0.082
èvg(14) 1.910 0.121 0,084
stdev 0.O09 0.008 0.0O9

361 r.926 0,L22 0.074
361 1.908 0.129 0.092
361 1.914 0.124 0.086
3€1 1.915 0.126 0.085
3€1 1.90E 0.127 0.092
361 1.90e 0.125 0.091
361 t.e2l O.Lze O.O7S
301 1.904 0.128 0.096
361 1.908 0.133 0.092
361 1.918 0.134 0.082
avg(1o) 1.913 0.12? O.O8?
Etdev O.007 0.004 O.O07

356 1.937 0.128 0.003
356 1.929 0.129 0.071
356 7.s27 0.L20 0.O73
356 1.e29 0.125 0.071
356 L.927 0.L25 0.O79
356 1.945 0.118 0.055
35e 1.S2E 0.131 0.072
35ø 1..93€ O.123 0.064
356 1.931 0.127 0.0e9
356 1.930 0.131. 0.070
avg(10) 1.931 0.126 0.069
stdev 0.006 0.004 0,006

Table El.2 Chernical composition of clinopyroxene (continued)
Structural formula normalized to 4 cations and 6 (O)

0.047 0.005 0.012
0.05? 0.003 0.009
0.047 0.o04 0.012
0.028 0.006 0.015
0.038 0.006 0.011
0.032 0.005 0.012
0.032 0.003 0.013
0,033 0.004 0.012
0.036 0.00€ 0.013
0.036 0.004 0.011
0.011 0.002 0.003

0.038 0.006 0.018
0.038 0.004 0.020
0.o38 0.003 0.023
0.037 0.002 0.020
0.o35 0.005 0.024
0.038 0.004 0.023
o.047 0.002 0.021
0.045 0.001 0,021
0.045 0.004 0.023
0.039 0.006 0.025
0.025 0.004 0.016
o.o13 0.003 0.o24
0.046 0.003 0.022
0.037 0,004 0.022
0.o09 0.001 0.002

0.048 0.004 0.022
0.037 0.003 0.022
0.038 0.002 0.o23
0.041 0.003 0.021
0.035 0.003 0.024
o.034 0.003 0.021
0.04? 0.003 0.021
0.032 0.00e 0.020
0.041 0.004 0.022
o.o52 0.002 0.o24
0.040 0.003 0.022
0.006 0.001 0.001

0.063 0.003 0.018
0.058 0.004 0.021
0.053 0.004 0.o23
0.o54 0.003 0.o23
0.046 0.003 0.020
0.003 0.003 0.022
0.059 0.001 0.020
o.o59 0.005 0.017
0.o58 0.003 0.023
0.061 0.003 0.022
0.057 0.003 0.021
0.005 0.001 0.o02

0.045 0.002 0.020
0.046 0.002 0.018
0.047 0.002 0.018
0.060 0.005 0.017
0.046 0.003 0.019
0.046 0.001 0.018
0.055 0.002 0.022
0.057 0.002 0.018
0.055 0.002 0.019
0.053 0.001 0.017
0.051 0.002 0.018
0.015 0.001 0.001

o.024 0.003 0.019
0.008 0.004 0.017

Mg Ca

0.006 0.948
0.005 0.886
0.004 0.883
0.o05 0.921
o.o05 0.891
0.006 0.924
0.005 0.891
0.005 0.8?8
0.005 0.872
o.005 0.903
o.o01 0.023

0.oo5 0.884
0.003 0.894
0.005 0.898
0.005 0.e11
o.oo4 0.877
0.005 0.896
0.005 0.s59
0.005 0.s3r
o.004 0.906
0.004 0.90?
0.006 0,900
0.005 0.952
0.005 0.888
0.005 0.908
0.o01 0.025

0.005 0.890
0.004 0,e07
0.004 0.926
0.004 0.897
0.006 0.990
0.003 0.976
0.006 0,900
0.004 0.927
0.003 0.922
0.004 0.947
0.004 0.s25
0.001 0.027

Zone L2
o.007 0.912
0.004 0.892
0.006 0.s10
0.004 0.E81
0.005 0.8e1
o.oo5 0.868
0.004 0.871
0.005 0.921
0.005 0.878
0.005 0.936
o.o05 0.896
o.001 0.022

0.oo5 0.880
0.006 0.891
0.o04 0.882
0.o04 0.881
0.005 0.900
0,000 0.911
0.003 0.s15
0.005 0.894
0.004 0.943
0.005 0.8?3
0.005 0.8e7
o.001 0.020

0.004 0.910
0.005 0.934
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0.802 0.002 0.000
0.871 0.001 0.000
0.887 0.001 0.o01
0.801 0.001 0.000
0.EE9 0.001 0.001
0.849 0.O03 0.000
0.891 0.002 0.000
0.901 0.003 0.000
0.911 0.001 0.001
0,879 0.001 0.001.
o.038 0.001 0.o00

0.802 0.001 0.oo0
0.888 0.001 0.o00
0,8?7 0,000 0.000
0.802 0.001 0.000
0,895 0.001 0.o00
0.E80 0.003 0.000
0.789 0.002 0.000
0.816 0,002 0.001
0.855 0.000 0.000
o.E64 0.002 0.000
0.913 0.002 0.001
0.828 0.001 0.000
0.883 0.001 0.000
0,605 0.001 0.000
o.o34 0.001 0.o00

0.884 0.000 0.000
0.8e7 0.000 0.003
0.839 0.O01 0.000
0.878 0.000 0.003
o.792 0.003 0.o03
0.773 0.001 0.001
0.8e4 0.o01 0.001
0.846 0.001 0.000
0.857 0.001 0.001
0.804 0.o02 0,001
0.840 0.001 0.001
o.o30 0.001 0.o01

o.828 0.000 0.000
0.866 0.002 0.001
0.860 0,000 0.000
0.888 0.001 0.001
0.878 0.001 0.000
0.890 0.001 0.001
0.89E O.O03 0.001
0.839 0.000 0.000
0.892 0.000 0.000
0.814 0.000 0.001
0.865 0.001 0.oo1
0.028 0.001 0.o00

0.897 0.001 0.002
0.E88 0.001 0.o02
0.892 0.001 0.o01
0,879 0.001 0.001
0.8e5 0.001 0.000
0.869 o.OO1 0.000
0.845 0.001 0.000
0.870 0.002 0.000
0.800 0,004 0.000
0.903 0.001 0.000
0,871 0.001 0.001
0.029 0.001 0.001

Ni

0.013 0.163 0.003 4.000
0.012 0.151 0.000 3.996
0.0i.4 0.137 0.011 4.000
0.012 0.109 0.o43 4.000
0.014 0.120 0.024 4.000
0.01L 0.126 0.O31 4.000
0.013 0.108 0.o42 4.000
0.016 0.104 0.044 4.000
0.013 0.111 0.032 4.O00
0.011 0.128 0.021 4.000
0.004 0.018 0.015

o.013 0.122 0.019 4.000
o.013 0.108 0.031 4.000
0.013 0.114 0.030 4.000
0.016 0.111 0.035 4.000
0.014 0.10s o.035 4.000
0.013 0.100 0.031 4.000
o.013 0.145 0.O17 4.000
0.014 0.131 0.026 4.000
0.013 0.132 0.018 4.000
0.014 0.114 0.026 4.000
o.008 0.o94 0.031 4.000
0.013 0.082 0.O78 4.000
0.015 0.116 0.022 4.000
0.013 0.114 0.031 4.000
0.002 0.016 0.015

o.o14 0.124 0.009 4.000
o.o15 0.101 0.041 4.000
0.014 0.11e 0.033 4.O00
0.016 0.105 0.033 4.000
0.013 0.124 0.039 4.000
o.012 0.134 0.O42 4.000
o.o13 0.126 0.018 4.000
0.013 0.106 0.o45 4.000
0.011 0.107 0.030 4.000
o.012 0.141 0.013 4.000
0.013 0.119 0.031 4.000
0.00r.0.013 0.012

0.014 0.14S O.000 3.994
0.016 0.135 0.O00 4.000
o.oI4 0.L27 0.003 4.000
0.016 0.126 0.004 4.000
0.016 0.118 0.O23 4.000
0.014 0.121 0.000 3.98e
0.o13 0.128 0.003 4.000
0.013 0.130 0.000 3.99€
o.o77 0.L24 0.000 4.000
0.014 0.141 0.000 3,e97
0.015 0.131 0.003 3.egE
0.001 0.o09 0.007

0.014 0.123 0.012 4.000
0.013 0.124 0.009 4.000
o.o7ø o.L22 0.016 4.000
0.014 0.131 0.000 3.992
0.016 0.130 0.01? 4.O00
0.014 0,115 0.020 4,000
0.012 0.i.44 0.000 4.000
0.014 0.136 0.000 3.999
0.011 0.155 0.000 3.995
0.016 0.126 0.004 4.000
0.014 0.134 0.004 4.000
0.002 0.011 0.o08

0.015 0.108 0.058 4.000
o.014 0.086 0.088 4.000

Na Fe2+ Fe3+ Cat

355
óðð
355
úoo
óoð
óÐo
óoo
355
355

avs(11)
stdev

354
354

1.934 0.111 0.060
1.S36 0.110 0.064
1.931 0.116 0.069
1.943 0.117 0.057
1.928 0.118 0.072
1.928 0.118 0.072
1.931 0.124 0.009
1.935 0.122 0.065
1.941 0.114 0.059
1.938 0.115 0.062
L.935 0.1r€ 0.065
0.005 0.004 0.014

1.907 0.117 0.093
1.893 0.115 0.107

0.852 0.000
0.843 0.001

0.001
0.000



Sample Si

Table 8.2 Chernical cornposition of clinopyroxene (continued)

354 1.907
354 1.896
354 1.903
354 1.888
354 1.E94
354 1.896
354 1.904
a54 1.884
354 1.899
354 1.910
354 1.907
354 1.903
354 1.893
354 L.907
354 1.901
354 1.910
avg(18) 1.900
stdev 0.007

353 1.951
353 1.966
353 1.935
353 L.937
353 1.930
353 1.930
353 |.929
353 1.939
353 1,933
353 L.932
353 L.923
353 L.923
353 !,s77
353 r.929
353 L.947
353 1.e34
353 1.931
353 1.928
s53 L.94L
353 L.gzg
353 L.gzA
353 1.951
353 L.924
353 1.933
353 1.935
353 L.937
353 L.929
353 1,931
353 r,532
353 1.928
35S 1.933
353 L,922
353 L.942
avg(33) 1.934
stdev 0,009

351 1,936
3 51 L.944
351 L.e37
351 1.950
351 1.856
351 1.940
351 1.908
351 1.945
351 7.940
3 51 L.942
351 1 .948
351 1.935
351 L.e32
351 1.951

Structural formula normalized to 4 cations and 6 (O)

Al .á,1¡" Al"i Ti

0.120 0.093
0.121 0.104
0.119 0.09?
0.119 0.112
0.120 0.100
0.121 0.104
0.120 0.090
0.117 0.110
0.121 0.101
0.128 0.090
0.113 0.093
0.121 0.O97
0.123 0.107
0.120 0.093
0.118 0.099
0.114 0.O90
0.119 0.100
0.003 0.00?

0.089 0.049
0.063 0.034
0.111 0.065
0.112 0.063
0.108 0.070
0.115 0.070
0.114 0.0?1
0.111 0.001
0.111 0.06?
0.111 0,068
0.110 0.077
0.115 0.077
0.112 0.069
0.112 0.0?1
0.111 0.053
0.115 0.0€6
0.10E o.069
0,115 0.0?2
0.114 0.059
0.113 0.0?1
0.115 0.0?4
o.o83 0.049
0.106 0.072
0.113 0.06?
0.116 0.065
0.113 0.063
0.112 0.071
0.115 0.069
0.115 0.068
o.Lr4 0.072
0.114 0.06?
0.114 0.078
0.112 0.05E
0.110 0.066
0.011 0.009

0.104 0.064
0.100 0.05s
0.104 0.063
0.106 0.050
0.091 0.044
0.108 0.060
0.062 0.032
0.101 0.055
0.101 0.060
0.092 0.058
0,104 0.052
0.10e 0.065
0.111 0.068
0.080 0.049

0.027 0.004
0.017 0.003
o.o22 0.oo2
0.00? 0.004
0.014 0.005
0.017 0.oo4
0.024 0.004
0.o01 0.003
0.020 0.003
0.038 0.001
0.020 0.002
0.024 0.004
0.016 0.o03
0.02? 0.004
0.01e 0.o04
0.024 0.004
0.01e 0.003
0.008 0.001

o.040 0.002
0.029 0.002
0.046 0.000
0.049 0.002
0.038 0.oo1
0.045 0.003
0.043 0.001
0.050 0.003
0.044 0.003
0.043 0.o01
0.033 0,o03
0.038 0.000
0.043 0.003
0.04r. 0.004
0.058 0.oo0
0,049 0.004
0.039 0.002
0.o43 0,004
o,o55 0.002
o.o42 0.oo2
0.041 0.oo2
o.034 0.003
0.034 0.003
0.046 0.004
0.051 0.002
0.050 0.001
o.041 0.001
0.04e 0.004
0.047 0.004
0.042 0.o04
o.04? 0.003
0.030 0.002
0.054 0.004
0.044 0.002
0.006 0.001

0.040 0.004
0.044 0.001
0.041 0.002
0.056 0.002
0,047 0.002
0.048 0.003
0.030 0.o01
0.046 0.003
0.041 0.002
0.034 0.003
0.052 0.003
0.044 0.002
0.043 0.o04
0.031 0.002

Cr Mg Ca

0.0?1 0.004 0.952
0.019 0.006 0.903
0.021 0.008 0.922
0.019 0.004 0.931
0.023 0.004 0.904
0.023 0.004 0.894
0.021 0.004 0.890
0.019 0.007 0.918
0.019 0.006 0.891
0.019 0.003 0.890
o.019 0.o07 0.E89
0,019 0.006 0.893
0.018 0.007 0.904
0.020 0.00? 0.894
0.020 0.004 0.968
0.017 0.004 0.907
o.o20 0.005 0.9L1
0.002 0.001 0.022

0.003 0.004 0.867
0.005 0.005 0.895
0.o12 0.005 0.937
0.014 0.004 0.918
0.011 0.005 0.910
0.009 0.003 0.911
0.011 0.006 0.8e1
0.013 0.003 0.889
o.010 0.005 0.88?
o.010 0.005 0.904
0.013 0.005 0.s10
0.009 0.004 0.e15
0.010 0.005 0.910
0.010 0.005 0.909
0.009 0.oo4 0.922
0.010 0.o04 0.908
0.010 0.004 0.902
0.010 0.004 0.884
0.011 0.005 0.901
0.011 0.004 0.897
0.008 0.003 0.920
0.010 0.003 0.917
0,009 0.005 0.898
o.010 0.006 0.895
0.010 0.006 0.885
0.010 0.003 0.902
0.009 0.005 0.910
o.o09 0.005 0.912
0.011 0.006 0.953
0.009 0.006 0.891
0.011 0.006 0.938
0.011 0.004 0.920
0.011 0.003 0.8e3
0.010 0.005 0.906
0.002 0.001 0.017

0.011 0.ooE 0.874
0.007 0.006 0.942
0.009 0.005 0.8?4
0.009 0.o05 0.88r.
0.008 0.004 0.844
0.009 0.004 0.870
0.005 0.005 0.874
0.0L0 0.005 0.872
0.012 0.005 0.869
0.008 0.005 0.865
0.010 0.005 0.864
0.009 0.005 0.86E
0.010 0.007 0.866
0,009 0.006 0.8ð0
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Mn

0.808 0,o00 0.000
0.865 0.000 0.001
0.844 0.001 0.000
0.856 0.000 0.000
0,881 0.000 0.000
0.889 0.002 0.001
0.890 0.000 0.002
0.8e7 0.002 0.000
0.889 0.000 0.000
0.E76 0.001 0.001
o.909 0.001 0.000
0.886 0.001 0.001
0.878 0.000 0.000
0.870 0.000 0.001
0.791 0.002 0.000
0.870 0.002 0.000
o.E65 0.O01 0.000
o.02s 0.001 0.001

0.937 0,OO0 0.001
0.936 0.OO1 0.000
0.827 0.000 0.000
0.850 0.000 0.o01
0.871 0.000 0.001
0.872 0.002 0.000
0.885 0,001 0.o01
0.891 0.001 0.000
0.897 0.000 0.001
0.882 0.001 0.001
0.866 0.002 0.001
0.878 0.OO0 0.O00
0.866 0.000 0.000
0.86? 0.001 0.000
0.845 01O00 0.oo2
0,877 0.001 0.000
0.e94 0.000 0.001
0.904 0.001 0.oo1
0.882 0,002 0.o00
0.8E6 0.001 0.000
0.860 0.000 0.001
0.902 0.oo1 0.000
0.903 0.002 0.000
0.E8e 0.003 0.000
0.894 0.000 0,000
0.880 0.o01 0.o00
0.806 0.002 0.001
0.877 0.001 0.000
0.805 0.002 0.000
0.895 0.000 0.o00
0.831 0.001 0.001
0.862 0.004 0.o00
0.879 0.OO1 0.000
0.877 0.001 0.000
0.027 0.001 0.001

0.887 0.OO1 0.O02
0.7e5 0.001 0.002
0.901 0.001 0.o01
0,879 0.001 0.000
0.931 0.002 0.000
0.8e1 0.003 0.000
0.938 0.002 0.000
0.8s0 0.001 0.000
0.89E 0.001 0.001
0.920 0.002 0.001
0.892 0.001 0.002
0.892 0.002 0.o01
0.892 0.000 0.001
0.889 0.001 0.000

Ni Na Fe2+ Fe3+ C¿t

0.011 0.129 0.048 4.000
0.015 0,o95 0.077 4.000
0.011 0.110 0.063 4.000
o.014 0.073 0.091 4.000
0.014 0.083 0.o72 4.OOO
0.016 0.080 0.071 4.000
0.011 0.099 0.054 4.000
0.0r.4 0.067 0.102 4.000
0.015 0.oE8 0.070 4.000
0.015 0.111 0.045 4.000
0.o13 0.078 0.063 4.000
0.016 0.o89 0.061 4.000
0.016 0.077 0.081 4.000
0.019 0.111 0.051 4.000
0.013 0.110 0.064 4.O00
0.01.2 0.108 0,053 4.000
0.014 0.o95 0.067 4.000
0.002 0.017 0.015

0.004 0.138 0.o04 4.000
0.001 0.124 0.000 3.999
0.011 0.144 0.018 4.000
0.o09 0.149 0.004 4.000
0.o10 0.125 0.027 4.000
0.012 0.121 0.021 4.OO0
0.012 0.123 0.027 4.000
0.011 0.136 0.004 4.000
0.o14 0.120 0.018 4.000
0.o12 0.116 0.025 4.000
0.o15 0.114 0.039 4.000
0.014 0.100 0.042 4.000
0.014 0.126 0.022 4.000
0.011 0.132 0.O22 4.OOO
0.o11 0.146 0.OOO 3.999
o.oL2 0.L24 0.011 4.000
0.013 0.107 0.02e 4.000
0.014 0.113 0.023 4.OO0
o.oL4 0.L27 0.001 4.000
o.011 0.121 0.025 4.000
0.011 0.123 0.030 4.000
0.012 0.108 0.o09 4.000
0.011 0.101 0.033 4.000
0.014 0.120 0.017 4.000
0.013 0.128 0,010 4.O00
0.013 0.126 0.O13 4.000
0.014 0.119 0.031 4.000
0.011 0.120 0.017 4.000
0.011 0.151 0.010 4.OO0
0.013 0.115 0.025 4.OO0
0.013 0.135 0.014 4.000
0.013 0.109 0.039 4.000
0.012 0.140 0.000 3.998
0.011 0.126 0.01? 4.000
0.003 0.o13 0.o12

0.013 0.144 0.018 4.000
0.011 0.177 0.013 4.000
0.0i.1 0.136 0.020 4.00Ò
0.009 0.151 0.o00 3.995
0.011 0.149 0.000 3.9e8
0.012 0.152 0.009 4.000
0.003 0.L41 0.000 3.gee
0.014 0.153 0.005 4.000
0.013 0.143 0.015 4.000
0.009 0.137 0.018 4.000
0.011 0.158 0.000 3.9e8
0.009 0.152 0.015 4.O00
0.012 0.147 0.019 4.000
0.012 0.154 0.017 4.000



Sample Si

Table 8.2 Chernical cornposition of clinopyroxene (continued)

351 1.e39
351 1.941
351 |.94e
351 1.943
avg(18) 1.944
stdev O,O08

350 1.E88
350 1.905
350 L.er7
350 1.894
óou l.Þuo
350 1.918
350 1.e08
350 1.90E
350 1.915
350 1.908
350 1.900
350 1.900
avg(12) 1.906
stdev O.O08

349 1.897
349 t.grz
349 1.911
349 1.89?
349 1.910
349 L.erz
349 1.906
349 1.916
349 1,900
a49 1.910
349 1.905
949 1.906
s4e 1.eo9
349 1.E96
avg(14) 1.90€
stdev 0.006

338 1.918
338 1.928
338 1.933
338 l.ele
338 |.eL7
338 1.930
338 L.945
338 1.951
33E L.522
338 t.eLz
338 L.928
338 L.ezt
338 1.e1€
338 L.92!
338 1.910
338 1.930
338 1.910
338 1.901
338 7.e37
338 L.9L7
338 L.907
338 L.739
338 1 .919
336 1,.925
338 1.922
338 1.e39
338 7.9L2
338 1 .910
338 1.916

Structural formula normalized to 4 cations and 6 (O)

0.103 0.001
0.105 0.059
0.109 0.054
0.113 0.057
0.100 0.056
o.012 0.ooE

o.108 0.108
0.106 0.0e5
0.108 0.083
0.109 0.106
0.110 0.095
0.111 0.0E2
0.108 0,o92
0.107 0,092
0.106 0.085
0.107 0.0e2
0.110 0.100
0.112 0.0e4
o.10s 0.os4
o.002 0.00E

0.109 0.103
0.106 0.088
0.105 0.089
0.106 0.103
0.109 0.090
0.107 0.088
0.108 0.094
0.110 0.084
0.108 0.100
0.106 0.090
0.111 0.095
0.100 0.094
0.10E o.091
o.111 0.104
0.108 0.094
0.002 0.o06

0.096 0.0E2
0.o99 0.072
o.oe4 0.067
0.101 0.081
0.101 0.083
0.093 0.070
0.0s4 0.055
0.0e7 0.049
0.100 0.0?8
0.104 0.088
o.og2 0.072
0.105 0.075
0.106 0,084
0.101 0.0?9
0.108 0.090
0.114 0.070
0.105 0.090
0.128 0.O99
0.089 0.063
0.104 0.083
0.109 0.093
0.459 0.2e1
0.106 0.081
0.100 0.075
0.106 0.078
0.073 0.061
0.103 0.088
0.103 0.090
0.o99 0.084

Al Al¡" Al,í Ti Cr

0.042 0.003 0.010
0.040 0.004 0.009
0.055 0.000 0.007
0.056 0.o01 0.009
0.044 0.o02 0.o09
0.00? 0.001 0.o02

0.000 0.005 0.011
0.011 0.001 0.012
0.025 0.001 0.013
0.003 0.003 0.013
0.o15 0.002 0.011
0.029 0.002 0.011
0.016 0.o04 0.012
0.015 0.006 0.011
0.021 0.005 0.010
0.015 0.003 0.013
0.010 0.004 0.011
0.018 0.008 0.011
0.015 0.o04 0.012
0.008 0.002_ 0.001

0.006 0.004 0.o10
0.018 0.o03 0.008
0.016 0.003 0.010
0.003 0.003 0,009
0.019 0.o01 0.013
0.019 0.o00 0.010
0.014 0.001 0.013
0.026 0.001 0.011
0.00E o.o04 0.011
0.016 0.004 0.010
0.010 0.004 0.010
o.012 0.o03 0.oo9
0.017 0.o04 0.010
0.007 0.004 0.012
0,014 0.003 0.010
0.006 0.o01 0.o01

o.o14 0.o04 0.005
0.027 0.003 0.005
0.02? 0.004 0.003
0.020 0.003 0.004
0.018 0.003 0.004
0.023 0.004 0.o05
0.039 0.o04 0.004
0.018 0.003 0.003
0.022 0.004 0.004
0.016 0.005 0.006
0.020 0.003 0.004
0.o30 0.o04 0.o04
o.022 0.002 0.004
0.022 0.007 0.004
0.018 0.006 0.004
0.o44 0.002 0.004
0,015 0.o04 0.003
0.029 0.003 0.oo4
0.026 0.005 0.005
o.021 0.o04 0.004
0.010 0.004 0.004
0.198 0.013 0.008
0.025 0.004 0.004
0.025 0.003 0.004
0.028 0.005 0.004
0.012 0.001 0.004
0.015 0.003 0.005
0.013 0.006 0.004
0.015 0.004 0.005

Mg Ca

0.000 0.872
0.000 0.868
o.005 0,864
o.005 0.E45
0.005 0.872
0.o01 0.019

o.oo7 0.e23
0.00e 0.918
0.003 0.900
0.005 0.90e
o.005 0.920
0.00? 0.885
0.005 0.877
0.006 0.884
0.006 0.891
0.006 0.892
o.005 0.900
0.005 0.r82
0.006 0.E98
0.001 0.015

0.004 0.901
0.005 0.887
0.004 0.886
o.00e 0,885
0.005 0.883
0.005 0.974
0.005 0.923
0.004 0.883
o.oo5 0.EE6
0.005 0.933
0.004 0.907
o.oo7 0.964
0.o05 0.895
0.005 0.930
0.005 0,910
0.o01 0.030

Cycle 11
0.005 0.892
0.005 0.905
0.004 0.857
0.006 0.865
0.005 0.8?E
0.006 0.884
0.005 0.864
0.005 0.870
0.005 0.8?1
0.005 0.874
0.006 0.881
0.006 0,876
0.005 0.E92
0.004 0.897
0.006 0.876
0.006 0.e32
0.o05 0.905
o.006 0.E83
0.005 0.866
0.005 0.802
o.005 0.882
o.003 0.899
0.006 0.908
0.005 0.871
0.005 0.870
o.005 0,875
0.007 0.880
0.007 0.E64
0.006 0.850
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Mn Ni Co

0.886 0.O01 0.000
0.895 0.O00 0.000
o.Es8 0.001 0.000
0.903 0.000 0.001
0.893 0.001 0.001
0.028 0.001 0.001

0.855 0.003 0.000
0.841 0.000 0.000
0.866 0.000 0.00r.
0.869 0.001 0.001
0,845 0.000 0.oo0
0.E68 0.001 0.002
0.894 0.001 0.001
0.889 0.001 0.000
0.868 0,002 0.000
0.881 0.001 0.000
0.8?9 0.000 0.001
0.E89 0.001 0.001
0.E70 0.001 0.001
0.016 0.001 0.001

0.880 0.002 0.000
0.901 0.001 0.001
0.889 0.001 0.001
0.904 0.000 0.o01
0.890 0.o01 0.001
0.764 0.001 0.000
0.851 0.001 0.000
o.EEE O.OOO O.OOO

0.E97 0.O01 0.001
0.823 0.001 0.000
0.864 0.001 0.001
0.774 0.O02 0.001
0.883 0.000 0.000
0.83e 0.002 0.001
0.860 0.o01 0.001
0.044 0.001 0.000

0.874 0.001 0.001
0.849 0.001 0.000
0.913 0.001 0.000
0.895 0,000 0.000
0.887 0.001 0.000
0.880 0.000 0.001
0.890 0.000 0.000
0.925 0,002 0.002
0.899 0.000 0.000
0.903 0.000 0.001
0.8e3 0.002 0.001
0.E74 0.001 0.002
0.870 0.001 0.000
0.E40 0.001 0.002
0.8e4 0.001 0.003
0.807 0.000 0.001
0.E58 0.001 0.001
0.875 0.O01 0.000
0.900 0.000 0.001
0.90E 0.o01 0.001
0.884 0.O01 0.002
0.491 0.O02 0.000
0.841 0.001 0.002
0.889 0.002 0.000
0.890 0.001 0.000
0.933 0.000 0.000
0.901 0.002 0.001
0.915 0.002 0.000
0.934 0.000 0.001

Nè Fez+ Fe3+ Cat

0,012 0.155
0.010 0.156
0.009 0.100
0.014 0.162
0.011 0.152
0.002 0.010

0.010 0.086
0.009 0.124
0.o09 0.131
0.009 0,097
o.o09 0.11e
0.010 0.137
0.009 0.118
0.010 0.114
0.o09 0.135
0.009 0.112
0.009 0.100
o.ooE 0.122
o.009 0.116
0.001 0.015

0.009 0.098
0.007 0.106
0.008 0.119
0,oo9 0.087
0.007 0.11?
0.008 0.158
0.008 0.111
0.o10 0.122
0.014 0.088
0.00e 0.136
0.009 0.115
0.00E 0.147
0.010 0.111
0.010 0.107
0.00e 0.116
0.002 0.020

o.oLz 0.724
0.011 0.151
0.o1s o.137
0.012 0.133
o.o!4 0.L22
0.011 0.142
0.015 0.162
0.o04 0.142
o.oLz 0.L27
o.013 0.10e
0.o09 0.130
0.o14 0.144
o.oLá 0.!22
0.013 0.158
0.011 0.11?
0.o09 0.171
0.011 0.123
o.011 0.118
0.01? 0.138
0.014 0.118
0,011 0.117
0.129 0.099
0.008 0.149
0.011 0.140
0.013 0.137
o.006 0.114
0.o12 0.102
0.013 0.104
0.013 0.104

0.016 4.000
0.006 4.000
0.000 4.000
0.004 4.000
0.010 4.000
0.008

0.105 4.000
0.080 4.000
0.050 4.000
0.093 4.000
0.o75 4.OO0
0.050 4.000
0.064 4.000
0.0€4 4.000
0.053 4.000
0.068 4.000
o.082 4.000
o.057 4.000
0.070 4.o00
0.017

0.087 4.000
0.063 4.000
0.064 4.000
o.o93 4.OO0
0.064 4.000
0.055 4.000
0.073 4.000
0.o55 4.O00
o.08€ 4.000
0.063 4.000
0.069 4,000
0.074 4.000
0.060 4.000
0.o87 4.O00
0.071 4.000
o.ot2

0.060 4.000
0.044 4.O00
o.041 4.OO0
0.0€3 4.000
0.0€9 4.000
0.045 4.000
0.018 4.000
0.027 4.000
0.o55 4.000
0.069 4.000
0.051 4.000
0.040 4.000
0.069 4.000
0.051 4.000
0.006 4.000
0.025 4.000
0.0?4 4.000
0.0?0 4.000
0.038 4.000
0.063 4.000
0.076 4.000
0.158 4.000
0,053 4.000
0.050 4.000
0.048 4.000
0.050 4.000
0.074 4.000
0.0?4 4.000
0.oeg 4.000



Sample Si Al Al¡, Al"i
338 r.erz 0.L2r
338 1,e22 0.103
av8(31) 1.916 0.112
stdev 0.034 0.064

336 1.924 0.094
336 1 .e1? 0.0e7
336 1.e20 0.100
336 1.910 0.096
336 1.918 0.097
336 1.913 0.098
336 1.903 0.101
338 1.918 0.098
336 1.S21 0.100
330 1.e27 0.093
336 1.e19 0.097
336 1.915 0.094
336 1.918 0.094
33€ 1.921 0.099
avg(14) L.ø24 O.LO6
6tdev 0,000 0.002

335 1.929 0.096
335 1.930 0.09e
335 1.946 0.100
335 1.927 0.098
335 1.919 0.102
335 1.S26 0.101
335 1.S35 0.097
335 r.93ð 0.092
335 1.952 0.092
335 1.942 0.093
335 1.950 0.096
evg(12) 1.936 o.oe7
6tdev 0.010 0.003

334 1.91e 0.102
334 1.916 0.106
334 1.893 0.109
334 1.925 0.103
334 L,e27 o.OAe
334 1.921 0.108
334 1.923 0.108
334 1.918 0.103
334 1.898 0.105
334 1.898 0.142
334 1.918 0.104
334 1.919 0.109
334 1.91E 0.108
evg(13) 1.915 O.107
stdev O.011 0.O11

332 L.922 0.rt2
332 1.821 0.112
332 L.542 0.LO7
332 1.941 0.118
332 1.929 0.113
332 1.e15 0.115
332 1.925 0.1r.3
332 1.S40 0.114
332 1.936 0.115
332 1.916 0.123
8v6(10) 1.929 0.r.14
stdev 0.010 0.004

330 1.892 0.119
330 1.923 0.116
330 1.512 0.r20
330 r.sog o.722
330 1.911 0.117
330 1.90? 0.125

Table 8.2 Chemical composition of clinopyroxene (continued)
Structural formula normalized to 4 cations and 6 (O)

0.088 0.033
0.078 0.025
0.084 0.028
0.034 0.032

0.076 0.018
0.083 0.014
0.080 0.020
0.090 0.00€
0.082 0.015
0.087 0.011
0.o9? 0.004
0.082 0.016
0.o79 0.o21
0.0?3 0.020
0.081 0.016
0.085 0.009
0.082 0.012
0.079 0.020
0.076 0.030
0.006 0.o05

0.071 0.025
0.070 0.029
0.054 0.040
0.073 0.025
0.oE1 0.021
o.o74 0.027
0.005 0.032
0.062 0.030
0.048 o.044
0.058 0.035
0.050 0.046
0.064 0.033
0.010 0.009

0.0E4 0.018
0.084 0.022
o.1o? o.oo2
0.075 0.028
0.0?3 0.016
0.0?9 0.029
0.077 0.031
0.082 0,021
0.102 0.003
0.102 0.040
0.082 0.022
0.081 0.028
0.082 0.020
0.085 0.022
0.011 0.010

0.0?8 0.034
0.079 0.033
0.058 0.049
0.059 0.059
0.071 0.042
0.085 0.030
0.075 0.038
0.060 0.054
0.064 0.051
0.0E4 0.039
0.071 0.043
0,010 0.00e

0.108 0,011
0.077 0.039
0.088 0.032
0.094 0.028
0.089 0.028
0.093 0.032

Ti Cr Mg

0.001 0.006 0.006
0.004 0.006 0.00e
0.004 0.004 0.005
0.002 0.001 0.001

0.003 0.007 0.005
0.004 0.008 0.005
0.003 0.007 0.005
0.003 0.007 0.005
0.005 0.007 0.006
0.005 0.008 0.005
0.004 0.008 0.005
0,005 0.010 0.005
0.003 0.008 0.007
0.004 0.008 0.004
0.006 0.006 0.00?
0.003 0.008 0.005
0.003 0.007 0.006
0.004 0.007 0.00€
0.004 0.o10 0,005
0.001 0.001 0.oo1

0.004 0.009 0.006
0.003 0.009 0.000
0.003 0.009 0.006
0.004 0,007 0.006
0.oo2 0.00E 0.007
0.005 0.008 0.005
0.004 0.008 0.008
0.006 0,008 0.005
0.005 0.009 0.004
0.004 0.007 0.006
0.oo4 0.o08 0.006
0.004 0.008 0.006
0.001 0.001 0.00L

0.003 0.o08 0.003
0.007 0.010 0.005
0.007 0.011 0.005
0.003 0.010 0.004
0.005 0.008 0.004
0.002 0.009 0.006
0.006 0.009 0.006
0.006 0.oo8 0.007
0.004 0.009 0.006
0.004 0.010 0.004
0.003 0.010 0.004
0.006 0.008 0.005
0.005 0.oo9 0.006
0.005 0.009 0.005
0.002 0.001 0.001

0.002 0.009 0.005
0.006 0.011 0.005
0.002 0.010 0.006
0.003 0.00e 0.005
0.00õ 0.008 0.005
0.005 0.011 0.004
0.003 0.008 0.005
0.002 0.008 0.000
0.001 0.009 0.006
0.005 0.008 0.005
0.004 0.009 0.005
0.002 0,001 0.001

0.004 0.009 0.006
0.006 0.011 0.005
0.005 0.011 0.005
0.006 0.012 0.007
0.003 0.01L 0.006
0.007 0.013 0.006

Ca Mn

0.80? 0.884
0.875 0.879
0.880 0.873
0.017 0.075

0.918 0.860
0.910 0.851
0.890 0.882
0.896 0.886
0.919 0.845
0.873 0.904
0.912 0.855
0.935 0.816
0.879 0.E86
0.953 0.792
0.89? 0.865
0.924 0.843
0.943 0.808
0.911 0.851
0.885 0.872
0.o22 0.031

0,907 0.862
0.8e2 0.868
0.88e 0.873
0.879 0.893
Q.e00 0.EEg
0.880 0.8?4
0.891 0.880
0,920 0.E31
0.926 0.810
0.912 0.833
0.8?3 0.E83
0.8e7 0.863
0.01? 0.020

0.87e 0.E9?
0.8?1 0.880
0.910 0.842
0.892 0.870
0.874 0.900
0.89€ 0.802
0.e38 0.789
0.E68 O.897
0,888 0.882
0.861 0.882
0.882 0.875
0.805 0.894
0.863 0.893
0.884 0.874
0.021 0.029

0.8?1 0.881
0.865 0.8e7
0.857 0.887
0.861 0.862
0.856 0.894
0.865 0.883
0.860 0.898
0.8?9 0.851
0.881 0.862
0.851 0.894
0.865 0.881
0.009 0.01€

0.884 0.880
0.886 0.855
0.87L 0.869
0.80e 0.884
0.888 0.861
0.876 0.871

0.003 0.000
0.002 0.002
0.001 0.001
0.001 0.001

0.002 0.001
0.001 0.001
0.000 0.000
0.002 0.000
0.o00 0.001
0,003 0.001
0.oo3 0.002
0.001 0.001
0.oo3 0.000
0.001 0.000
0.002 0.001
0.002 0.000
0.000 0.o02
0.001 0.000
0.001 0.001
0.o01 0.o01

0.000 0.000
0.001 0.000
0.001 0.000
0.002 0,000
0.002 0.o01
0.001 0.000
0.000 0.000
o.002 0.001
0.003 0.001
0.000 0.001
0-000 0.o01
0.001 0.000
0.001 0.000

0,000 0.001
0.002 0.000
0.001 0.001
0.000 0.000
0.000 0.000
0.001 0.000
0.003 0,001
0.000 0.o01
0.000 0.001
0.000 0.001
0.000 0.o01
0.001 0.o00
0.000 0.oo0
0.001 0.001
0.001 0.000

0.003 0.002
0.000 0.001
0.000 0.000
0.000 0.000
0.002 0.000
0.000 0.001
0.001 0.001
0.002 0.000
o.oo2 o.oo1
0.001 0.001
0.001 0.001
0.oo1 0.001

0.000 0,000
0.001 0.000
0.000 0.000
0.001 0.001
0.001 0.001
0.o00 0.000

Co Na Fe2+ Fe3+ Cat

0.011 0.132 0.058 4.000
0.011 0.143 0.049 4.000
0.016 0.129 0.059 4.000
0.021 0.018 0.024

0.013 0.116 0.058 4.000
0.015 0.125 0.007 4.000
0.013 0.119 0.061 4.000
0.014 0.097 0.084 4.000
0.011 0.131 0.06r. 4.000
0.011 0.110 0.068 4.000
o.016 0.098 0.094 4.000
0.011 0.145 0.056 4.000
o.oLz 0.127 0.054 4.000
0.012 0.159 0.047 4.O00
0.014 0.128 0.05e 4.000
0.013 0.120 0.073 4.O00
0.011 0.141 0,O08 4.O00
0.0r.4 0.131 0.05e 4,000
0.o14 0.13E 0.041 4.000
0.002 0.016 0.012

0.0r3 0.131 0.043 4.000
0.014 0.139 0.040 4.000
0.013 0.158 0.006 4.000
0.014 0.122 0.048 4.000
0.011 0.101 0.05? 4.000
0.014 0.144 0.041 4.000
0.013 0,130 0.029 4.000
0.013 0.160 0.025 4.000
0.014 0.185 0.000 4.000
0.015 0.1€5 0.022 4.000
0.012 0.16? 0.000 4.000
0.013 0.140 0.028 4.000
0.001 0.023 0.019

0.013 0.114 0.003 4.000
0.014 0.137 0.051 4.000
0.014 0.113 0,O94 4.000
0.018 0.128 0.047 4.000
0.010 0.122 0.055 4.000
0.016 0.129 0.O52 4.000
0.010 0.172 0,035 4.000
0.018 0.116 0.059 4.000
0.013 0.101 0.0e3 4.000
o.oLa o.Lzz o.o58 4.000
0.015 0.130 0.059 4.000
o.015 0.132 0.048 4.000
0.o16 0.131 0.053 4.000
0.015 0.127 0.059 4.000
0.002 0.o1e 0.016

0.014 0.135 0.044 4.000
0.014 0.133 0.035 4.000
0.015 0.165 0.010 4.000
0.014 0.184 0.000 3.999
0.014 0.150 0.024 4.000
0.014 0.140 0.047 4.000
0.013 0.136 0.035 4.000
0.013 0.177 0.008 4.000
0.013 0.159 0.014 4.000
0.013 0.145 0.040 4.000
0.014 0.153 0.0?6 4.000
0.001 0.017 0.016

o.o17 0.o94 0.0s7 4.oo0
0.013 0.156 0.029 4.000
0.015 0.r44 0.049 4.000
0.018 0.118 0.059 4.000
0.013 0.133 0.056 4.000
0.015 0.133 0.048 4.000

223



Sample Si

Table 8.2 Chernical cornposition of clinopyroxene (continued)

330 ¡..907
330 1.930
330 1.910
330 1.89E
330 1.933
330 L,ø23
avg(12) 1.el3
stdev 0.012

s2a 1.919
328 L.925
32A L.927
328 L.920
324 L.920
328 L.O25
328 1.950
328 L.940
328 L.946
328 1.e10
328 L.gL7
avg(11) 1.931
stdev 0,01e

32A L.e37
32A 1.S19
326 1.934
32e 1.934
32A 1.940
32e 1.938
326 t.929
320 7.924
32ø L.932

326 L.ø46
326 1.930
avg(12) 1.931
stdev 0.008

325 1.938
a25 |.929
325 1 .915
325 1.935
325 L.947
32 5 r.920
325 L.ø34
325 1.900
32 5 7.92r
32t L.932
325 L.924
avg(11) 1.927
stdev 0,011

324 1.930
324 1.935
324 L,g4l
424 L.g3e
324 L.e42
324 1.945
324 1..939
324 L.e28
324 L.94L
324 1.935
324 L.937
324 1.959
324 1.943
324 L.e47
324 L,94ø
324 1.e50
324 1 ,95 5

324 L.937

Structural formula normalized to 4 cations and 6 (O)

0.120 0.093
0.114 0.070
0.118 0.090
0.131 0.102
0.083 0.097
0.tr7 0.o77
0.117 0.087
0.011 0.o12

0.120 0.081
0.110 0.075
0.108 0.073
0.111 0.080
0.113 0.080
0.103 0.0?5
0.091 0.050
0.102 0.060
0.103 0.054
0.120 0.o90
0.120 0.083
0.104 0.069
0.019 0.016

0.111 0.093
0.131 0.081
0.102 0.066
0.098 0.066
0.101 0.000
0.105 0.062
0.108 0.071
0.104 0.076
0,115 0.068
0.109 0.083
0.100 0.054
0.111 0.070
o.10E 0.0e9
0.00e 0.00E

0.119 0.062
0.099 0.071
0.117 0.085
0.095 0,065
0.099 0.053
0.141 0.080
0.1r6 0.006
0.131 0.O94
o.'!.a2 0,o79
0.10? 0.068
o.108 0.076
0.115 0.073
0.014 0.011

0.101 0.070
0.103 0.065
0.102 0.059
0.106 0.064
0.096 0.058
0.099 0.055
0.099 0.061
0.100 0.072
0.101 0.059
o.100 0.0e5
0.104 0.063
0.105 0.041
0.102 0.057
0.098 0.053
0.089 0.054
0.091 0.050
0.106 0.045
0.103 0.063

Àl Al¡, Al,i Ti

0.o27 0.009
0.044 0.006
0.028 0,009
0.029 0.007
0.016 0.005
0.040 0.006
0.030 0.006
0.00e 0.001

0.039 0.006
0.035 0.004
0.035 0.004
0.031 0.007
0.033 0.oo5
0.028 0.oo5
0.041 0.005
0.042 0.004
0.049 0.004
0.030 0.006
0.037 0.004
0.035 0.004
0.008 0.001

0.048 0.004
0.050 0.004
0.036 0.005
0.032 0.003
0.041 0.002
o.043 0.002
0.037 0.004
0.028 0.004
o.o47 0.oo2
0.026 0.006
0.046 0.002
0.041 0.005
0.039 0.oo4
o.008 0.001

0.057 0.001
0.028 0.004
0.032 0.005
0.030 0.004
0.046 0.005
0.061 0.004
0.o50 0.003
0:037 0.005
0.053 0.004
0.039 0.002
0.032 0,o04
0.042 0.o04
0,011 0.001

0.031 0.006
0,038 0.006
0.043 0.001
0.042 0.003
0.038 0.o00
0.044 0.004
0.038 0.003
0.02E 0.o05
0.042 0.004
0.035 0.006
0.041 0.004
0.004 0.o02
0.045 0.005
0.045 0.004
0.035 0.004
o.041 0.006
0.061 0.003
0.040 0.006

Cr

0.012 0.007 0.E81
0.011 0.005 0.8?3
0.011 0.008 0.88s
0.013 0.006 0,874
0.009 0.007 0.866
0.010 0.004 0.875
0.011 0.009 0.878
0.001 0.o01 0.008

0.014 0.o04 0.862
0.013 0.005 0.802
0.013 0.010 0.895
0.013 0.o04 0.867
0.012 0.ooe 0.862
0.014 0.00€ 0.866
0.013 0.004 0.895
0.017 0.006 0.859
0.012 0.o05 0.862
0.014 0.o06 0.874
0.014 0.005 0.873
0.013 0.006 0.875
0.002 0.002 0,o18

0.013 0.006 0.859
0.018 0.005 0.842
0.012 0.o05 0.8e6
0.013 0.006 0.E77
0.012 0.004 0.877
o.o12 0.005 0.806
0.015 0.007 0.E68
0.014 0.006 0.877
o.014 0.00€ o.855
0.012 0.005 0.8?2
0.017 0.007 0.890
0.012 0.005 0,872
0.014 0.006 0.E69
0.002 0.001 0.013

0.013 0.004 0.908
0.011 0.004 0.E70
0.015 0.00? 0.873
o.o12 0.006 0.868
o.012 0.007 0.8€6
0.013 0.006 0.839
0.015 0.oo7 0.8s5
o.016 0.006 0.839
0.015 0.005 0.845
0.010 0.005 0.E60
0.010 0.007 0.862
0.013 0.006 0.E66
0.002 0,001 0.021

0.003 0,003 0.870
0.003 0.004 0.877
0.005 0.005 0.870
0.003 0.oo4 0.881
0.005 0.o05 0.888
0.004 0.006 0.807
0.002 0.005 0.873
0.003 0.006 0.892
0.005 0.006 0.869
0.005 0.005 0.885
0.005 0.004 0.8?3
0.005 0.005 0.883
0,005 0.006 0.870
0.004 0.007 0.874
0.004 0.005 0.894
0.004 0.o07 0.884
0.005 0.005 0.915
0.00e 0.004. 0.873

,r/1

Mg Mn Ni Co

0.869 0.000 0.000
0.881 0.000 0,o01
0.853 0.001 0.000
0.889 0.O01 0.OO0
0.931 0.000 0.000
0.868 0.000 0.001
0.876 0.000 0,000
0.020 0.oo0 0.000

0.877 0.OO0 0.001
0.898 0.002 0.000
0.829 0.003 0.000
0.E94 0.002 0.000
o.E84 0.000 0.000
0.914 0.001 0.000
0.880 0.000 0.000
0.891 0.001 0.001
0.874 0.OO1 0.001
0.875 0.001 0.000
0.862 0.003 0.002
0.E86 0,001 0.001
o.028 0.001 0.001

0.886 0.OO2 0.000
0.894 0.O00 0.000
0.915 0.001 0.000
0.908 0.002 0.000
0.886 0.000 0.001
0.884 0.000 0.001
0.905 0.001 0.001
0.892 0.O02 0.000
0.E95 0.002 0.001
0.878 0.001 0.002
0.850 0.001 0.000
0.871 0.002 0.000
0.889 0.O01 0.001
0.017 0.001 0.001

0.849 0.000 0.001
0.886 0.002 0.001
0.E6E 0.001 0.000
0,928 0.000 0.000
0.91? 0.o00 0.000
0.881 0.O01 0.001
0.831 0.000 0.001
0.900 0.002 0.001
o.EE6 0.000 0.001
0.893 0.001 0.002
0.890 0.002 0.000
0.884 0.O01 0.001
0.026 0.oo1 0.001

0.905 0.001 0.001
0.901 0.002 0.000
0.914 0.001 0.002
0.889 0.002 0.000
0.8e0 0.o04 0.001
0.887 0.004 0.001
0.901 0.002 0.000
0.879 0.001 0.000
0.89e 0.001 0.001
0.874 0.O02 0.000
0.88e 0.001 0.000
o.8s1 0.001 0.o00
0.895 0.001 0.000
0.907 0.002 0.001
0.876 0.000 0.001
0.883 0.000 0.000
0.844 0.002 0.000
0.897 0.000 0.001

Na Fe2+ Fe3+ Cat

0.010 0.141 0.045 4.000
0.014 0.14e 0.017 4.000
0.014 0.13e 0.051 4.000
0.015 0.100 0.062 4.000
0.008 0.119 0.041 4.000
0.014 0.153 0.O30 4.000
0.014 0.132 0.048 4.000
0.003 0.01E o.019

o.o20 0.L42 0.037 4.000
0.016 0.131 0,034 4.000
0.015 0.165 0.030 4.000
0.015 0.132 0.035 4.000
0.o1? 0.140 0.041 4.o00
0.013 0.116 0.03€ 4.O00
0.013 0.142 0.000 4.000
0.015 0.157 0.O07 4.000
0.010 0.1?5 0.000 4.000
0.014 0.133 0.O4e 4.O00
0.012 0.153 0.035 4.000
0.014 0.139 0.026 4.000
0.003 0.024 0.o16

0.015 0.15e 0.o09 4.000
0.016 0.149 0.021 4.O00
0.014 0.127 0.020 4.000
0.014 0.118 0.O29 4.000
0.015 0.146 0.016 4.000
o.o17 0.151 0.019 4.000
0.016 0.121 0.026 4.000
0.014 0.124 0.039 4.O00
0.o16 0.145 0.O18 4.O00
0.017 0.131 0.050 4.000
0.015 0.167 0.000 4.000
0.017 0.152 0.024 4.000
0.010 0.140 0.o23 4.000
0.001 0.015 0.012

0.010 0.156 0.000 4.000
0.014 0.141 0.038 4.000
0.014 0.143 0.042 4.000
o.o12 0.113 0.028 4.000
0.011 0.13e 0.000 3.999
0.015 0.169 0.014 4.000
o.oL4 0.L77 0.008 4.000
0.01? 0.130 0.047 4.000
0.015 0.159 0.017 4.000
0.016 0.141 0.030 4.000
0.015 0.138 0.O40 4.000
0.014 0.145 0.024 4.000
0.002 0.o17 0.016

0.016 0.125 0.03? 4.000
0.010 0.127 0.o2? 4.ooo
0.015 0.121 0.024 4.000
0.016 0.134 0.026 4.000
0.012 0.136 0.016 4.000
0,016 0.152 0.014 4.000
0.014 0.135 0.028 4.000
0.015 0.126 0.O44 4.000
0.o14 0.141 0,018 4.000
0.016 0.143 0.028 4.000
0.014 0.148 0.021 4.000
0.013 0.158 0.000 3.991
0.013 0.145 0.010 4.000
0.014 0.133 0.010 4.000
0.014 0.146 0.021 4.000
0.014 0.155 0.006 4.000
0.014 0.145 0.000 3.9e3
0.013 0.144 0.017 4.000



Sample Si

324 1.948 0.099
avg(19) 1.942 0.r00
stdev 0.OOB 0.004

323 1.905 0.112
323 1,912 0.116
323 1.8E6 0.115
323 1.886 0.112
323 1.894 0.107
323 1.893 0.106
323 1.8e6 0,126
323 1.906 0.112
323 1.918 0.110
323 1.909 0.115
323 1.9r.0 0.094
323 1.882 0.135
avg(12) 1.900 0.113
stdev 0.O11 O.O10

321 t.gra o.L24
32r 1.915 0.118
32L 1.925 0.113
32L 1.91E 0.116
32L 1.936 0.109
327 1.940 0.0S5
32r 1.928 0.114
32t 1.930 0.115
32t 1.920 0.11e
321 L.922 0.L2L
avg(10) 1.925 o.114
stdev 0,008 0.008

319 1.903 0.164
319 1.935 0.122
319 1.946 0.109
31e 1.944 0.114
319 1.931 0.119
319 1.935 0.121
319 1.943 0.108
319 1.938 0.111
319 L.93L O.L24
avg(9) L.934 O.L?L
stdev 0.012 0.010

318 1.941 0.112
318 1.926 0.110
318 1.969 0.063
318 1.946 0.100
318 1.932 0.111
318 7.932 0.LO7
318 1.934 0.113
318 1.943 0.116
318 1.943 0.096
318 L.gzø O.Ltz
318 1.936 0.120
318 1.938 0.101
318 1.930 0.113
318 1.e25 0.115
31E 1.940 0.105
avg(15) 1.938 0.107
stdev 0.O10 0,013

3L7 1.900 0.119
3t7 1.911 0.118
317 1.904 0.131
377 1.910 0.116
3L7 1.918 0.119
3L7 1.8e9 0.123
3L7 1.911 0.117
377 1.e10 0.120
3L7 1.909 0.122

Table 8.2 Chernical cornposition of clinopyroxene (continued)
Structural formula normalized to 4 cations and 6 (O)

Al Al¡" Al,¡
o.o52 0.047
0.058 0.042
0.008 0.008

0.095 0.017
0.088 0.028
0.114 0.O01
0.1L2 0.000
0.106 0.001
0.106 0,000
o.to4 0.022
0.094 0.0L8
0.082 0.028
0.091 0.024
o.oe0 0.o04
0.118 0.017
0.100 0.015
0.011 0.011

o.084 0.040
0.0E5 0.033
0.075 0.038
0.082 0.034
0.0€4 0.045
0.oe0 0.035
o.o72 0.042
0.070 0.045
0.074 0.045
0.o78 0.o43
0.075 0.039
o.oo8 0.004

0.097 0.os7
0.065 0.057
0.054 0.055
0.o5€ 0.058
0.069 0.050
0.065 0.056
o.057 0.051
o.062 0.049
0.009 0.055
0.0e6 0.055
0.012 0.005

0.o59 0.053
0.074 0.03e
0.031 0.032
0.054 0.052
0.068 0.043
0.008 0.039
0.066 0.047
o.057 0.059
o.057 0.039
0.071 0.041
o.064 0.056
0.062 0.o30
0.070 0.043
0,075 0.040
0.060 0.045
0.062 0.045
o.010 0.007

0.100 0.019
0.089 0.029
0.090 0.035
0.090 0.026
0.082 0.037
0.101 0.022
0.o89 0.028
0.090 0.030
0.o91 0.031

Ti

0.005 0.005
0.004 0.004
0.001 0.001

0.005 0.010
0.007 0.010
0.004 0.011
0.005 0.011
0.o05 0.00e
0.004 0.010
o.008 0.012
o.006 0.011
0.o04 0.009
o.oo4 0.010
0.003 0.o07
0.003 0.011
0.005 0.010
o,o01 0.001

0.005 0.010
0.004 0.o10
0.005 0.oo9
0.004 0.011
0.005 0.012
o.o02 0.009
0.004 0.011
o.007 0.011
o.oo3 0.011
0.00€ 0.011
o.005 0.011
0.001 0.o01

o.003 0.004
0.003 0.009
o.004 0.013
o.007 0.007
0.002 0.010
o.o03 0.023
o.o04 0.012
0.00? 0.012
o.oo2 0.024
0.004 0.013
o.002 0.006

0.006 0.012
0.007 0.o14
0.002 0.009
0.006 0.013
o.o04 0.0L3
o.o04 0.013
0.003 0.014
o.004 0.014
0.006 0.011
0.006 0.012
0.004 0.016
0.003 0.013
o.005 0.013
o.006 0.01L
0.006 0.012
0,005 0.013
0.001 0.002

0.003 0.012
o.004 0.0L2
0.004 0.020
0.002 0.014
o.006 0.015
0.005 0.013
o.005 0.013
0.004 0.015.
0.004 0.o13

Cr Mg Ca

0.o07 0.881
0.005 0.880
0.o01 0.o11

0.005 0.900
0.006 0.857
0.o05 0.894
o.007 0.892
0.005 0.882
0.006 0.884
0.006 0.875
o.005 0.871
0.007 0.878
0.00? 0.868
0.005 0.8E9
0.004 0.894
0.006 0.882
o.001 0.012

0.004 0.808
0.004 0.884
0.006 0.E74
0.006 0.885
0.004 0.893
0.006 0.837
0.006 0.910
o.006 0.8?7
0.006 0,896
0.004 0.882
o.005 0.880
0.001 0.o18

0.o04 0.873
0.005 0.922
o.o04 0.939
0.004 0.874
0.004 0.8s0
0.oo4 0.881
0.005 0.988
0.006 0,878
0.005 0.8e4
0.005 0.904
o.001 0.036

0.005 0.879
0.004 0.909
0.003 0.883
0.004 0.889
0.005 0.878
0.006 0.875
0.004 0.881
0.004 0.867
0.004 0.888
0.005 0.881
0.003 0.871
0.005 0.895
0.006 0.873
o.005 0.887
0.005 0.874
0.005 0.882
o.001 0.010

o.005 0.927
o.006 0.885
0.o04 0.8s2
0.005 0.893
o.003 0.888
0.007 0.890
o.003 0.890
0.006 0.888
0.005 0.920

225

0.887 0.001
0.888 0.001
0.016 0.001

0.838 0.002
0.886 0.001
0.873 0.002
0.874 0.001
0.883 0.000
0.886 0.003
0.E75 0.002
o.884 0.000
o.E66 0.001
0.889 0.002
0.887 0.002
0.8e? 0.003
0.870 0.002
0.014 0.001

0.881 0.000
0.878 0.002
o.895 0.002
0.872 0.001
0.85E 0.001
0.932 0.00L
0.841 0.O01
0.8?6 0.003
0.851 0.001
0.870 0.o01
0.876 0.001
0.024 0.001

0.884 0.002
0.823 0.O02
0.790 0.001
0.E80 0.oo1
0.874 0.002
0.860 0.001
0.?32 0.000
0.885 0.000
o.842 0.000
0.842 0.001
0.049 0.001

0.8e5 0.002
0.837 0.001
0.915 0.001
o.850 0.002
0.EE3 0.002
0.8E7 0.000
0.879 0.001
0.868 0.001
0.872 0.001
0.884 0.001
0.874 0.O01
0.801 0.001
0.882 0.002
0.868 0.000
0.899 0,000
0,875 0.00L
0.01E 0.001

0.867.0.002
0.89? 0.001
0,876 0.000
0.881 0.002
0.E80 0.000
o.889 0.001
o.883 0.001
0.875 0.002
0.852 0.003

Ni

0.000 0.013
0.000 0.014
0.001 0.001

0.000 0.01E
0.000 0.016
0.001 0.014
0.000 0.015
0.o01 0.017
0.000 0.016
0.o00 0.016
0.oo1 0.015
0.oo0 0.014
0.000 0.013
0.001 0.014
o.000 0.o12
0.000 0.015
0.oo0 0.002

0.000 0.017
0.001 0.o15
o.001 0,013
0.001 0.013
0.002 0.018
0.001 0.o14
0.002 0.014
0.000 0.012
0.000 0.015
0,001 0.016
0.o01 0.015
0.001 0.002

0.000 0.o13
0.001 0.015
o.o00 0.011
0.000 0.016
0.o00 0.01s
0.o01 0,014
0.000 0.010
0.001 0.016
0.000 0.017
0.000 0.014
0.000 0.002

0.000 0.015
0.002 0.015
0.001 0.008
0.000 0.017
0.o00 0.016
0.000 0.01€
0.001 0.010
0.001 0.016
0.000 0.016
0.000 0.014
0.001 0.01e
0.001 0.013
0.002 0.018
0.001 0.016
0.o02 0.016
0.001 0.015
0.001 0.002

0.o00 0.0r.5
0.001 0.019
0.000 0.016
0.001 0.015
0.000 0.01.3
0.001 0.018
0.001 0.015
0.001 0.014
0.001 0.014

Na Fe2+ Fe3+ C¿t

0.153 0.002 4.000
0.140 0.018 3.999
0.011 0.012

o.130 0.075 4.000
o.138 0.051 4.000
0.090 0.107 4.o00
0.087 0.111 4.000
0.095 0.102 4.000
0.087 0.106 4.000
0.115 0.069 4.000
o.123 0.06? 4.000
0.142 0.051 4.000
0.122 0.061 4.000
0.102 0.085 4.000
o.093 0.096 4.000
0.110 0.082 4.000
0.o20 0.021

0.135 0.039 4.000
0.122 0.049 4.000
o.127 0.031 4.000
0.132 0.041 4.000
0.148 0.014 4.000
0.141 0.024 4.000
o.14? 0.024 4.000
0.153 0.00e 4.oo0
0.146 0.026 4.000
0.135 0.026 4.000
0.138 0.029 4.000
o.010 0.012

0.118 0.033 4.000
o.r.57 0.009 4.000
0.17? 0.000 3.s94
0.149 0.OO0 3.996
0.133 0.020 4.000
0.14E 0.000 3.997
o.190 0.000 3.998
0.145 0.002 4.000
0.158 0.004 4.O00
0.153 0.008 3.es8
0.022 0.o11

0.161 0.000 3.998
o.151 0.025 4.000
0.141 0.000 3.996
0.163 0.000 3.996
0.138 0.020 4.000
0.137 0.023 4.000
0.140 0.013 4.000
0.101 0.000 3.996
0.152 0.O11 4.000
0.13? 0.020 4.000
0.15? 0.000 3.999
0.153 0.01e 4.000
0.134 0.022 4.000
0.140 0.027 4.000
0.137 0.004 4.000
0.151 0.008 4.000
0.010 0.010

0.073 0.077 4.000
0.091 0.057 4.000
0.105 0.049 4.000
o.101 0.059 4.000
o.L27 0.032 4.OOO
0.081 0.073 4.000
0.108 0.051 4.000
0.1L5 0.050 4.000
0.106 0.052 4.000



Sample Si

317 | .gO7
3L7 1.e00
3L7 1.e15
3L7 1.er.4
3L7 1.905
3L7 1.911
avg(15) 1.908
stdev 0.006

31€ 7.92ø
sr 0 L .917
316 1.936
316 L.927
316 L.924
316 L.920
316 L.e24
310 1.91e
310 |.92L
316 L.927
310 1.e14
avs(11) 1.923
stdev 0.00ô
gt4 L.932
314 1.928
314 1.940
314 1.938
3L4 r.9L7
314 L.92t
314 L.977
314 1.936
aL4 1.934
avg(9) 1.930
stdev 0.008

313 L.977
313 L.92r
313 1.908
313 L.921
313 L.Aez
313 1.918
313 1.918
313 1.910
313 L.ø20
313 1.e08
avg(10) 1.el4
stdev 0,009

3L2 L.e27
3L2 L.924
3L2 L.92L
3L2 L.925
3L2 L.923
312 1.913
sLz 1.916
alz 1.e16
3L2 r.924
3L2 1.933
st2 t.927
avs(11) 1.e23
stdev 0,006

311 1.S33
311 1 .939
311 l ,934
311 1.936
311 1.910
31 1 L.524
3L 1 L.Ozø
311 1.e05
311 1.903

Table 8.2 Chernical cornposition of clinopyroxene (continued)
Structural formula normalized to 4 cations and 6 (O)

Al Al¡"

0.119 0.093
0.122 0.100
0.118 0.085
0.123 0.086
0.117 0.0s5
0.119 0.08e
0.120 0.092
0.004 0.009

0.116 0.074
0.125 0.083
0.119 0.064
0.116 0.073
o.116 0.O70
0.122 0.O80
0.121 0.0?6
0.r.24 0.084
0.118 0.079
0.128 0.0?3
0.124 0.086
0.121 1.909
0.004 0.006

0.110 0.008
o.L24 0.072
0.119 0.060
o.L27 0.062
0.118 0.083
0.126 0.075
0.123 0.083
0.118 0.064
o.122 0.066
0.120 0.070
0.004 0.008

0.113 0.083
0.114 0.079
0.118 0.092
0.107 0.079
0.118 0.108
o.108 0.082
0.109 0.082
0.116 0.090
o.108 0.080
0.115 0.0e2
0.113 0.086
o.004 0.009

0.120 0.073
0.130 0.07e
0.128 0.0?9
0.120 0.075
o.L23 0.077
0.134 0,087
o.124 0.0E4
0.135 0.O84
o.L27 0.076
o.LzL 0.067
o.125 0.073
o.L25 0.O77
0.005 0,006

0.113 0.067
o.11E 0.061
o.112 0.066
0.115 0.064
o.117 0.090
0.115 0.0?6
o.L23 0.074
0.154 0.005
0.150 0.09?

Al*i Ti

0.026 0.005
0.022 0.003
0.033 0.003
0.037 0.002
0.022 0.006
0.030 0.004
0.028 0.004
0.005 0.001

0.042 0.004
0.042 0.005
0.055 0.003
0.043 0.003
0.042 0.005
0,042 0.005
0.045 0.005
0.040 0.006
0.039 0.002
0.055 0.005
0.038 0.o05
0.034 0.004
0.006 0.001

0.042 0.o05
0.052 0.004
0.059 0.004
0.059 0,004
0.035 0.004
0.051 0.004
0.040 0.004
0.054 0.004
o.o56 0.oo3
0.050 0.004
0.oo8 0.000

0.030 0.005
0.035 0.004
0.026 0.004
0.02E 0.004
0.010 0.o04
0.026 0.003
0.027 0.003
0.026 0.004
o.o28 0.004
o.023 0.004
o,027 0.004
o.o00 0.001

0.047 0.001
0.054 0.003
0.049 0.003
0.045 0.005
0.046 0.003
0.047 0.000
o.o40 0.oo4
o.051 0.003
0.051 0.003
o.054 0.004
o.052 0.006
0,048 0.004
0.004 0.001

0.04e 0.003
0.057 0.o05
o.046 0.003
0.051 0.00€
0.027 0.003
o.039 0.006
0.049 0.004
o.059 0.002
0.053 0.004

Cr Mg Cs

0.015 0.005 0.903
0,015 0.005 0.907
o.019 0.o05 0.8e4
0.013 0.006 0.942
o.014 0.005 0.8E8
0.011 0.005 0.890
0.014 0.005 0.900
0.002 0,001 0.016

0,017 0.005 0.86e
0.01E 0.oo6 0.E73
0.016 0.005 0.921
0.016 0.005 0.904
0.015 0.00? 0.898
0,018 0.005 0.923
o.01E 0.005 0.941
0.018 0.006 0.887
0.015 0.004 0.884
0.017 0.004 0.894
0.019 0.005 0.884
o.017 0.005 0.EeE
0.001 0.001 0.021

o.o10 0.004 0.877
0.019 0.005 0.874
0.01€ 0.005 0.850
0.o15 0.005 0.921
0.017 0.004 0.8?1
0.01€ 0.005 0.871
0.015 0.006 0.E74
0.017 0.005 0.899
0,o23 0.006 0.871
0.016 0.005 0.879
0.003 0.001 0.019

0.014 0.005 0.874
0.011 0.005 0.EEg
0.010 0.005 0.8?5
0.012 0.004 0.885
0.014 0.004 0.E80
o.011 0.005 0.878
0.012 0.004 0.888
0.014 0.008 0.871
0.009 0.000 0.882
0.014 o.oo4 0.908
0.o12 0.005 0.883
0.002 0.001 0.010

0.012 0.005 0.873
0.012 0.005 0.862
0.013 0.005 0.8?2
0.012 0.006 0.873
0.013 0.004 0.8?3
0.010 0.004 0.877
0.o12 0.004 0,880
0.o12 0.005 0.885
0.011 0.005 0.871
0.010 0.005 0.873
0.012 0.009 0.862
0.011 0.005 0.874
0.001 0.001 0.007

0.011 0.004 0.868
0.010 0.006 0.880
0.012 0.006 0.939
0.012 0.004 0.884
0.011 0.004 0.880
0.010 0.004 0.878
0.013 0.005 0.875
0.037 0.005 0.837
0.030 0.005 0.85?

226

Mn Ni

0.892 0.003
0.881 0.001
0,878 0.000
0,814 0.002
0.E93 0.000
0.892 0.001
o.875 0.001
0.020 0.001

0.E97 0.001
o.871 0.002
0.817 0.002
o.836 0.003
0.856 0.003
0.813 0.004
0.794 0.002
0.E69 0.OO0
0.875 0.003
0.852 0.002
0.881 0.002
o.851 0.O02
o.031 0.oo1

0.886 0.001
0.E63 0.002
o.882 0.O01
0.790 0.001
o.e81 0.002
0.875 0.000
0.8?4 0.oo1
o.E37 0.OO2
0.851 0.001
o.861 0.001
0.027 0.001

0.897 0.001
0.870 0.oo1
0.895 0.000
0.883 0.001
0.915 0.000
0.895 0.002
o.EE3 0.002
o.893 0,O01
0.881 0.O01
0.846 0.002
0.880 0.o01
0.018 0.001

0.869 0.002
0.E75 0.O01
o.873 0.001
o.873 0.001
0.872 0.000
0.876 0.002
0.872 0.001
0.867 0.O02
0.879 0.002
0.873 0.001
0.882 0.000
0.872 0.001
0.007 0.001

0.879 0.000
0.845 0.001
0.778 0.000
0.858 0.000
0.874 0.003
0.869 0.002
0.867 0,001
0.874 0.002
0.873 0.001

Co

0.000 0.01?
0.001 0.015
0.001 0.018
0.000 0.012
0.000 0.014
0.000 0.015
0.001 0.015
0.000 0.002

o.001 0.016
o.000 0.015
o,001 0.014
o.000 0.014
0.001 0.015
0.001 0.011
0.002 0.013
0.000 0.015
o.o01 0.014
0.001 0.015
0.001 0.014
o.001 0.014
0.001 0.001

0.001 0.014
0,000 0.014
0.002 0.015
0.001 0.014
0.000 0.017
0.000 0.017
o.000 0.o16
o.001 0.o14
0.000 0.019
0.001 0.016
0.001 0.002

0.001 0.014
0.001 0.o1?
o.001 0.017
0.000 0.016
0.001 0.013
0.000 0.014
o.002 0.o14
0.000 0.015
0.001 0.016
0.000 0.014
0.001 0.015
0.001 0.001

0.001 0.016
0.000 0.017
0.o00 0.016
0.000 0.015
0.000 0.015
0.001 0.014
0.000 0.015
0.001 0.014
0.000 0.017
0.001 0.016
0.001 0.015
0.001 0.016
0.000 0.001

0.000 0.014
0.001 0.015
0.000 0.013
0.003 0.012
0.001 0.014
0.000 0.014
o.000 0.016
0.001 0.019
0.000 0.01?

Na Fe2+ F€3+ Cat

0.i.0e 0.05e 4.000
0.07e 0.071 4.000
0.105 0.051 4.000
0.131 0.042 4.000
0.098 0.061 4.000
0.099 0.056 4.000
0.102 0.056 4.000
0.016 0.011

0.129 0.023 4.000
0.141 0.027 4.000
0.16? 0.001 4.000
0.155 0.O22 4.000
0.136 0.023 4.000
0.15? 0.021 4.000
0.102 0.014 4.000
0.¡.32 0.029 4.000
0.131 0.032 4.000
0.14e 0.006 4.000
0.121 0.031 4.000
0.144 0.021 4.000
o.o15 0.010

0.141 0.019 4.000
0.161 0.00e 4.000
0.162 0.000 3.999
0.181 0.000 3.99?
0.130 0.040 4.000
0.145 0.01? 4.O00
0.130 0.034 4.000
0.166 0.000 3.998
0.168 0.000 3.999
0.154 0.013 3.999
0.019 0.015

0.118 0.042 4.000
0.125 0.043 4.OO0
0.104 0.064 4.000
0.122 0.045 4.000
0.071 0.087 4.000
0.114 0.051 4.000
0.116 0.049 4.O00
0.114 0.055 4.000
0.120 0.052 4.O00
0.125 0.060 4.000
0.113 0.054 4.000
0.015 0.013

0.14€ 0.028 4.000
0.151 0.019 4,O00
0.142 0.025 4.O00
0.147 0.023 4.O00
0.148 0.025 4.000
0.132 0.032 4.000
0.133 0.039 4.000
0.131 0.030 4.000
0.138 0.024 4.000
0.154 0.011 4.000
0.152 0.012 4.000
0.144 0.024 4.O00
0.008 0.008

0.158 0.016 4.000
0.173 0.000 3.999
0.190 0.014 4.000
o.169 0.000 4.000
0.1i9 0.058 4.000
0.14e 0.027 4.000
0.153 0.016 4.O00
0.151 0.014 4.000
0.143 0.022 4.000



Sample Si

Table 8.2 Chernical composition of clinopyroxene (continued)

311 L.gzø
311 1.930
311 L.920
311 L.020
311 7 .524
avg(13) 1.e24
stdev 0.011

308 L.SL7
308 1.910
308 1.908
308 1.90?
308 L.gzA
308 1 .919
308 1.916
30E 1.948
30E 1.9L2
308 7.520
308 L.522
308 1.911
30E r.923
avg(13) 1.919
stdev 0.010

306 1.916
306 L.924
306 L.927
306 1 ,913
306 1.911
300 1.931
306 L.eLz
306 |.e24
306 L.9L7
306 L.CLT
avg(10) 1.919
stdev 0.000

303 L.914
303 L.e20
303 1.947
303 r.e28
303 1.910
303 L.Szl
303 1 .911
303 7.922
303 L.924
303 1.914
303 1.S14
303 1.908
303 1.916
303 1.91e
303 1.915
303 1.e13
303 1.882
avg(17) 1.e16
stdev O.011

56 L.922
56 L,s20
56 L.eO2
56 1.907
56 1.916
56 1.e06
56 1,931
56 1.895
avg(8 ) r.sL2
stdev 0,010

Al Aliv Al"i Ti

0.120 0.074
0.118 0.070
0,115 0.0E0
0.120 0.0E0
0,123 0.076
0.123 0.076
0.013 0.011

0.110 0.083
0.110 0.090
0,121 0.092
0.120 0.093
o.Lr2 0.074
0.122 0.081
0.116 0.0E4
0.0?3 0.052
0.117 0.088
0.116 0.080
0.119 0.078
0.112 0.089
0.114 0.077
0.113 0.081
0.012 0.010

0.119 0.084
o.t22 0.076
0.11? O.073
0.122 0.08?
0.120 0.089
o.119 0.069
0.118 0.088
0.116 0.076
0.u2 0.083
0.122 0.0E3
0.121 0.081
0.oo4 0.006

0.123 0.080
0.124 0.080
0.099 0.059
o.L14 0.072
0.120 0.090
o.LzA O.O79
0.119 0.089
0.126 0.078
0.126 0.076
0.118 0.086
0.122 0.086
o.L25 0.Oe2
0.114 0.084
0.127 0.081
0.124 0.085
0.134 0.087
0.152 0.118
0.123 0.084
0.010 0.01r.

0.100 0.078
0.129 0.080
0.138 0.098
0.136 0.093
0.125 0.084
0.126 0.094
0.101 0.069
0.133 0.105
0.123 0.088
0.014 0.010

0.046 0.004
0.048 0.004
0.035 0.004
0.040 0.005
0.047 0.004
0.047 0.004
0.00e 0.001

0.02? 0.005
0.020 0.004
0.02e o.005
0.02? 0.003
0.038 0,o03
0.041 0.o05
0.032 0.004
0.021 0.005
0.029 0.006
0.036 0.o03
0.o41 0.003
0.023 0.004
0.037 0.004
0.o32 0.o04
0.007 0.001

0.035 0.003
0.046 0.o05
0.044 0.001
0.035 0.005
0.031 0.oo4
0.050 0.004
0.030 0.005
o.040 0.006
0.03e 0.004
0.039 0.004
0.040 0,004
0.o06 0.001

0.03? 0.004
0.044 0.005
0.040 0.004
0.042 0.o03
0.030 0.003
o.04s 0.005
0.030 0.o03
0.048 0.004
0.050 0,005
o.032 0.o08
0.036 0.o04
0.033 0.004
0.030 0.003
0.046 0.004
0.039 0.005
0.047 0.005
0.034 0.005
0.039 0.004
0.007 0.001

0.022 0.005
0.04e 0.005
0.040 0.004
0.043 0.003
0.041 0.002
0.032 0.004
0.032 0.004
0.02E 0.003
0.035 0.004
0,00E 0.001

Cr Mg

0.012 0.004
0.012 0.000
0.010 0.008
0.011 0.006
0.015 0.005
0.015 0.005
0.008 0.001

0.014 0.006
0.015 0.006
0.016 0.005
0.019 0.007
0.015 0.o06
o.015 0.006
0.015 0.005
o.009 0.006
o.015 0.006
o.012 0.006
0.017 0.004
0.015 0.005
0.014 0.006
o.015 0.006
0.002 0.001

0.016 0.005
0.016 0.005
0.016 0.006
0.018 0.o06
0.014 0.007
0.0r0 0.006
0.o13 0.006
0.014 0.004
0.019 0.006
0.019 0.o06
0.010 0.006
0.003 0.001

0.013 0.005
0.01? 0.o07
o.014 0.006
0.013 0.004
0.014 0.o07
0.014 0.00e
0.013 0.o07
0.013 0.006
0.o15 0.o07
o.015 0.006
0.013 0.o05
0.010 0.005
0.014 0.007
0.013 0.o06
0.014 0.006
0.015 0.006
0.015 0.o07
0.014 0.006
0.001 0.001

Ca Mn Ni

0.887 0.854 0.001
0.870 0.877 0.001
0.941 0.775 0.O01
0.9r6 0.834 0.000
0.E86 0.461 0.O01
0.886 0.851 0.001
o.029 0.034 0.001

o.89? 0.836 0.000
o.891 0.837 0.001
o.858 0.887 0.000
0.E82 0.834 0.001
0.901 0.829 0.002
0.869 0.855 0.003
0.86? 0:875 0.001
0.E64 0.918 0.001
0.859 0.882 0.003
0.802 0.881 0.002
0.858 0.880 0.000
0.863 0.890 0,001
o.863 0.883 0.001
0.873 0.86€ 0.001
0.015 0.027 0.o01

o.E87 0.843 0.001
0.873 0.860 0.000
0.886 0.833 0,O01
0.889 0.840 0.002
0.880 0.861 0.001
0.873 0.E69 0.000
0.904 0.826 0.002
0.80€ 0.877 0.o00
0.899 0.811 0.003
0.906 0.801 0.002
0.886 0.843 0.001
0.012 0.023 0,001

o.869 0.843 0.O00
o.858 0.854 0.000
0.860 0.e04 0.002
0.842 0.880 0.004
0.808 0.859 0.O01
0.849 0.858 0,002
0.875 0.E40 0.000
0.837 0.884 0.001
0.843 0.801 0.001
0.849 0.89e 0.001
0.861 0.800 0.003
0.854 0.805 0.O02
o.872 0.8?4 0.003
0.852 0.E93 0.002
0.851 0.860 0.000
o.878 0.847 0.002
0.902 0.832 0.001
0.860 0.804 0.001
0,016 0.019 0.001

0.001 0.013
0.000 0.015
o.ooo 0.014
o.001 0,017
0.001 0.015
0.001 0.015
0.001 0.002

0.000 0.012
0.000 0.014
0.000 0.016
0.000 0.016
0.001 0.012
0.000 0.o14
0.000 0,016
0.001 0.009
0.000 0.o17
0.000 0.012
0.001 0,o10
0.001 0.016
0.001 0.010
0.001 0.014
o,oo0 0.002

0.000 0.01€
0.000 0.016
o.oo1 0.013
0.000 0.019
0.000 0.019
0.000 0.017
0.000 0.015
0.o01 0.016
0.000 0.010
0.000 0.017
0.000 0.017
0.000 0.002

0.000 0.015
0.000 0.013
0.000 0.012
0.000 0,015
0.000 0.015
0.001 0.013
0.001 0.014
0.000 0.015
0.000 0.o14
0.001 0.014
o.001 0.016
0.000 0.014
0.001 0.011
0.000 0.014
0.001 0.010
0.000 0.016
0.002 0.014
0.000 0.014
0.001 0,001

0.001 0.012
0.000 0.016
0.001 0.017
0.001 0.014
0.000 0.016
0.000 0.017
0.001 0.016
0.000 0.017
0.001 0.016
0.o00 0.002

NÈ Fe2+ Fe3+ cat

0.158 0.021 4.000
0.152 0.O15 4.OOO
0.172 0.O39 4.000
0,136 0.035 4.000
0.156 0.O21 4.000
0.156 0.O21 4.000
0.017 0.o15

0.160 0.o44 4.000
0.152 0.061 4.O00
0.131 0.O52 4.000
0.156 0.056 4.000
0.16? 0.o26 4.000
0.164 0.028 4.000
0.142 0.045 4.000
0.147 0.O19 4.000
0.136 0.047 4.000
o.14E 0.036 4.000
0.147 0.O27 4.000
0.122 0.0e1 4.O00
o.L42 0.032 4.OOO
o.149 0.040 4.000
0.040 0.013

0.153 0.041 4.000
0.160 0.020 4.000
0.175 0.024 4.000
0.146 0,041 4.000
0,128 0.055 4.000
0.154 0.017 4.O00
o.150 0.04e 4.000
0.151 0.020 4,000
0.171 0.033 4.O00
0.173 0.O33 4.000
0,156 0.034 4.000
0.014 0.011

0.173 0.O41 4.000
0.180 0.021 4.000
0.150 0.008 4.000
0.171 0.026 4.000
0.149 0.055 4.000
0.183 0.019 4.000
0.164 0.054 4.000
0.169 0.023 4.000
0,191 0.O14 4.000
0,142 0.037 4.000
0.157 0.O44 4.000
0.161 0.O47 4,000
0.141 0.044 4.000
0.173 0.028 4.O00
0.170 0.039 4.000
0.154 0.030 4.000
0.115 0.O72 4.000
0.161 0.035 4.000
0.018 0.016

0.139 0.046 4.000
0.176 0.O22 4.000
0.151 0.O44 4.O00
0.144 0.O39 4.O00
0.156 0.037 4,O00
0.160 0.056 4.O00
0.158 0.O39 4.O00
0.198 0.069 4.000
0.15€ 0.044 4.000
0.011 0.010

0.011 0.007
0.013 0.000
0.021 0.006
0.019 0.006
0.017 0.006
0.015 0.004
0.008 0.007
0.019 0.ooe
0.015 0.006
0.004 0.o01

Cycle I
0.880 0.86E 0.O01
0.856 0.856 0.001
o.848 0.869 0.000
o.862 0.868 0.002
0.E66 0,858 0.001
0.886 0.827 0.000
0,893 0.E44 0.002
0.914 0.777 0.000
0.8?7 0.846 0.001
0.016 0.o14 0.001

227



Sample

Table 8.2 Chernical cornposition of clinopyroxene (continued)

24e 1.892
24e 1.8e7
24e 1.896
24e 1.911
24e 1.906
24e 1.896
24e 1.904
244 1.882
244 1.905
246 1.E80
246 1.903
446 1.886
244 1.896
246 1.888
avg(14) 1,896
stdev O.00E

245 1.894
245 1.875
245 1.882
245 1.882
245 1.893
245 1.E88
245 1 .911
245 1.893
24t 1.881
24t 1.903
245 1.889
245 1.905
245 1.E91
avg(13) 1.892
stdev 0.010

244 1 .911
244 r.920
244 L.gzL
244 1.914
244 L.SLA
244 L.925
244 1.903
244 1.e18
244 1.910
244 r.9L2
244 L.899
244 1.903
244 1 .911
244 L.ør4
244 1.910
evg(15) 1.913
stdev 0.007

24L 1.896
24L 1.889
24L 1.905
24L 1.899
247 L.SOz
241 1.894
241 1.886
241 1.8e5
241 1.896
24t 1.893
evg(10) 1.896
stdev 0.005

240 1.884
240 1.869
240 1.886
240 1.902
240 L.477

5r

Structural fo¡mula normalized to 4 cations and 6 (O)

Al Al¡" Al"i Ti Cr Mg Ca Mn Ni Co

0.129 0.108
0.127 0.103
0.137 0.104
0.i.19 0.089
0.125 0.094
0.129 0.104
0.133 0.096
0.123 0.118
0.129 0.095
0.131 0.114
0.121 0.0e7
0.L31 0.1r4
0.129 0.104
o.L32 0.LL2
0.128 0.104
0.005 0.008

0.132 0.106
0.130 0.125
0,132 0.118
0.136 0.118
0.131 0.107
0.131 0.112
0.130 0.089
0.136 0.107
o.135 0.119
0.12S 0.0e?
0.12? 0.111
0.130 0.0e5
0.134 0.10e
0.132 0.108
0.003 0.010

0.123 0.0Ee
0.121 0.080
0.120 0.079
0.125 0.086
0.122 0.084
0.123 0.075
o.L24 0.097
0.120 0.082
0.130 0.090
0.126 0.088
0.126 0.101
0.128 0.097
0.127 0.089
0.124 0.08e
o.125 0.OS0
0.124 0.087
0.003 0.00?

0.129 0.104
0.135 0.111
0.120 0.095
0.129 0.101
0.128 0.O98
0.137 0.106
0.131 0.114
0.136 0.105
0.130 0.104
0.L28 0.LO7
0.131 0.104
0.003 0.005

0.136 0.119
0.138 0.131
0.133 0,114
0.104 0,096
0.136 0.123

0.021 0.004 0.011
0.024 0.003 0.00e
0.033 0.003 0.010
0.030 0.006 0.011
0.031 0.002 0.011
0.025 0.004 0.011
0.037 0.005 0.009
0.005 0.004 0.016
o.034 0.003 0.o12
0.01? 0.003 0,011
0.024 0.004 0.011
0.017 0.005 0.012
0.025 0.006 0.013
0.020 0.003 0.011
0.024 0.004 0.011
0.008 0.001 0.002

0.026 0.003 0.013
0.005 0.005 0.o16
0.014 0.006 0.013
0.018 0.006 0.016
0.024 0.003 0.014
0.019 0.o07 0.014
0.041 0.005 0.014
0.029 0.005 0.016
0.016 0.o04 0.o14
0.032 0.006 0.012
0.01€ 0.005 0.013
0.035 0.005 0.013
0.025 0.006 0.014
0.024 0.005 0.014
0.009 0.o01 0.001

0.034 0.003 0.00e
0.041 0.004 0.011
0.041 0.004 0.009
0.039 0.004 0.011
0.o38 0.o05 0.010
0.048 0.003 0.010
0.027 0.006 0.008
0.038 0.003 0.009
0.040 0.000 0.008
0.038 0.004 0.009
0.025 0.004 0.010
0.031 0.005 0.010
0.038 0.005 0.010
0.038 0.002 0.009
0.035 0.007 0.010
0.037 0.004 0.010
0.006 0.001 0.001

0.025 0.004 0.011
0.024 0.005 0.011
0.034 0.005 0.011
0.028 0.o03 0.ooe
o.030 0.004 0.012
0.031 0.001 0.009
0.017 0.004 0,008
0.031 0.oo5 0.012
0.026 0.004 0.011
0.021 0.002 0,011
0.027 0.004 0.011
0.005 0.001 0.001

0.020 0.008 0.011
0.007 0.005 0.014
0.019 0.005 0.012
0,006 0.006 0.0r.4
0.013 0.006 0.013

Cycle 8
0.005 0.86e
0.007 0.857
0.004 0.854
o.007 0.853
0.006 0.854
0.005 0,853
0.007 0.870
o.006 0.453
o.oo? 0.85?
0.007 0.840
0.006 0.E48
0.004 0.873
0.008 0.882
0.007 0.863
0.006 0.E59
0.001 0.010

0.007 0.851
o.o05 0.857
0.007 0.857
0.005 0.838
o.005 0.853
o.005 0.E43
0.00€ 0.915
0.o07 0.845
o.006 0.851
0.004 0.833
0.007 0.876
0.007 0.E58
0.006 0.802
o.006 0.857
o.001 0.020

0.006 0.85?
0.007 0.836
0.009 0.880
0.007 0.853
0.006 0.844
0.006 0.85?
0.007 0.84e
0.006 0.875
0.006 0.846
0.006 0.832
0.005 0.854
0.006 0.840
o.006 0.846
0.007 0.836
0.o09 0.E48
0.006 0.850
0.001 0.o13

0.004 0.803
0.006 0.671
o.005 0.871
o.005 0.876
o.0o? 0.8E2
0.00? 0.838
0.005 0.849
0.005 0.881
0.005 0.8?1
o.006 0.858
0.006 0.863
0.001 0.013

0.006 0.808
0.005 0.892
0.006 0.e37
0.007 0.802
0.00E 0.864
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0.833 0.001
0.854 0.001
0.834 0.002
0.852 0.000
0.842 0.002
0.803 0.001
0.817 0.001
0.8E4 0.O02
0.E42 0.000
0.880 0.o01
0.877 0.000
0.838 0.00L
0.827 0.000
0.862 0.001
0.850 0.001
0.019 0.o01

0.852 0.001
0.847 0.001
0.841 0.003
0.870 0.o02
o.849 0.O02
0.868 0.O00
o.747 0.OO2
o.851 0,000
0.861 0.O02
0.860 0.002
o.816 0.003
o.833 0.001
0.848 0.000
0.842 0.001
0.031 0.o01

0.834 0.000
0.863 0.001
0.801 0.001
0.848 0.003
0.853 0.OO0
0.839 0.000
0.853 0.003
0.815 0.001
0.850 0.001
0.8e9 0.001
0.847 0.002
0.849 0,001
0.849 0.001
0.860 0.003
0.84E O.000
0.845 0.001
0.01? 0.001

0.840 0.002
0.838 0.001
o.832 0.001
0.825 0.000
0.852 0.OO0
0.871 0.OO1
0.86S 0.O00
0.814 0.000
0.840 0.000
0.864 0.000
0.844 0.O01
0.018 0.001

0.829 0.O02
0.812 0.001
0.?35 0.001
0.874 0.001
0.848 0.O00

0.001 0.032 0.124
0.001 0.032 0.118
0.001 0.033 0.138
0.001 0.033 0.139
0.o02 0.034 0.134
0.000 0.032 0.114
0.000 0.032 0.152
o.000 0.032 0.080
0.o00 0.034 0.134
0.001 0.037 0.088
0.000 0.030 0.117
0.001 0.030 0.115
0.000 0.031 0.126
0.001 0.025 0.110
0.001 0.032 0.121
0.001 0.002 0.018

0.001 0.032 0.123
0.002 0.035 0.099
0.000 0.031 0.120
0.002 0.035 0.101
0.001 0.027 0.134
0.o01 0.028 0.122
0.001 0.023 0.201
0.o00 0.029 0.138
0,000 0.031 0.105
0.000 0.029 0.147
0.o00 0,032 0.130
0.002 0.030 0.r50
0.000 0.033 0.116
0.o01 0.030 0.130
0.o01 0.003 0.026

0.000 0.030 0.100
0.002 0.032 0.152
0.o01 0.02€ 0.182
0.000 0.o2e 0.150
o.o01 0.032 0.153
0.001 0.030 0.166
0.001 0.035 0.130
0.000 0.024 0.178
0.001 0.026 0.161
0.001 0,033 0.141
0.000 0.027 0.141
0.001 0.o33 0.145
0.000 0.028 0.160
0.001 0.029 0.153
0.000 0.033 0.148
0.001 0.030 0.154
o.oo1 o.oo3 0.013

0.o00 0.029 0.135
0.000 0.026 0.12E
0.001 0.032 0.138
0.o01 0.029 0.13?
o,o01 0.026 0.143
o.002 0.034 0.110
o.000 0.029 0.110
o.oo2 0.027 0.144
0.000 0.025 0.135
0.000 0.031 0.106
0.001 0.029 0.12e
0.001 0.003 0.014

0.001 0,o22 0.143
0.000 0.031 0.103
0.000 0.026 0.161
0.000 0.025 0.1r4
0.000 0.030 0.105

Na Fe2* Fe3* cat

0.099 4.000
0.094 4.000
0.087 4.000
0,069 4.000
0.082 4.000
0.091 4.000
0.072 4.000
0.118 4.000
o.0?? 4.000
0.117 4,000
0.083 4.000
0.104 4.000
0.085 4.000
0.098 4.000
0.0e1 4.000
0.014

0.090 4.000
0.128 4.000
0.109 4.000
0.107 4.000
0.089 4.000
0.093 4.000
0.04? 4.000
0.0E1 4.000
0.111 4.000
0.089 4.000
0.102 4.000
0.007 4.000
0.091 4.000
0.o90 4.000
0.021

0.068 4.000
0.052 4.000
0.046 4.000
o.058 4.O00
0.o58 4.000
0.040 4.000
0.085 4.000
0.050 4.000
0.055 4.000
0.066 4.000
0.0E4 4.000
o.078 4.000
0.o59 4.000
0.064 4.000
0.062 4.000
0.0s2 4.000
0.013

0.089 4.000
0.090 4.000
0.072 4.000
0.087 4.000
o.o74 4.000
0.o96 4.000
0.109 4.000
o.o78 4.000
0.082 4.000
0.101 4.000
0.087 4.000
0.o11

0.o89 4.000
0.130 4.000
0.099 4.000
0.093 4.000
0.114 4.000



Sample

Table 8.2 Chernical composition of clinopyroxene (continued)

240 1.891
240 1.E93
240 L.889
240 1.897
evg(9) 1.888
stdev 0.009

239 1.883
239 1.878
239 1.879
23s L.872
235 1.E93
239 1.E80
239 1.E96
239 1.890
239 1.88e
239 L.8e2
23e 1.898
23e !.sLz
evg(12) 1.888
stdev 0,010

238 1.903
23A 1.896
23A 1.898
238 1.E92
238 1.898
23E 1.894
238 1.904
238 1.898
238 1.894
238 1.905
23A r.894
2A8 1.8SO
238 1.888
238 1.901
23E 1.886
Evg(15) 1,8e6
stdev 0.0O0

237 L.925
237 L.923
237 L.92\
237 1.909
237 L.szL
237 L.922
2A7 1.et2
237 1 .911
237 1 .915
237 1.908
237 1.919
237 1.914
237 1.914
237 1.89€
237 1.9L9
237 L .91I
êv6(16) 1.915
etdev 0.007

236 L.921
236 1.913
236 1.919
zga 1.908
236 1.919
zge 1.909
230 1.915
23e 1,910
2e6 1.909
236 t.9L7
236 1.913

Structural formula normalized to 4 cations and 6 (O)

Al Al¡, Al"i
0.137 0.109
0.140 0.107
0.132 0.111
0.132 0.103
0.132 0.112
.010 0.009

o.L32 0.117
o,L+t o.\22
0.140 0.L21
o.141 0.128
0.133 0.107
0.134 0.120
0.131 0.104
0.132 0.110
0.138 0.114
0.140 0.108
0.137 0.102
0.093 0.0E8
o.taz 0.1t2
o.012 0.010

0.134 0.09?
o.131 0.104
0.133 0.102
0.130 0.108
0.137 0.102
o.132 0.106
0.132 0.096
0.129 0.102
0.130 0.106
0.117 0.095
0.135 0.106
0.140 0.110
0,134 0.112
0.134 0.099
0.130 0.114
0.13? 0.104
0.005 0.006

0.113 0.075
0.110 0.077
0.108 0.079
0.110 0.091
0.111 0.0?9
0.110 0.078
0.111 0.088
0.107 0.089
0.107 0.0r5
0.106 0.092
0.10E 0.081
0.113 0.086
0.111 0.086
0.114 0.104
0.oe1 0.081
0.117 0.081
0.109 0.085
0.o05 0.007

o.111 0.075
o.106 0.087
0.109 0.081
0.112 0.092
0.106 0.081
0.111 0.O01
0.108 0,085
0.109 0.o90
0.108 0.o91
0.1L1 0.083
0.116 0.087

0.028 0.004
0.033 0.00?
0.021 0.005
0.029 0.004
0.020 0.005
0.009 0.001

0.015 0.004
0.019 0.007
0.019 0.006
o.o13 0.005
0.026 0.003
0.014 0.005
0.027 0.004
0.022 0.003
0,024 0,008
0.032 0.004
0.035 0.004
0.005 0.007
0.020 0.o05
o.008 0.o0?

0.037 0.004
o.o27 0.oo7
0.031 0.006
0.022 0.005
0.035 0.007
o.o26 0.006
o.030 0.005
0.027 0.006
0.o24 0.003
0.022 0.005
0.029 0.006
0.030 0.006
0.022 0.004
o.035 0.003
0.022 0.001
0.028 0.005
o.005 0.002

0.03E 0.005
o.033 0.003
0.029 0.002
0.019 0.005
0.032 0.002
0.032 0.004
0.023 0.006
0.018 0.004
0.022 0.006
0.014 0.004
o,o27 0.oo4
0.027 0.004
0.025 0.003
0.010 0.003
0.010 0.000
0.036 0.004
0.024 0.004
o.008 0.001

0.036 0.006
o.01e 0.004
o.028 0.004
0.020 0.004
0.025 0.003
0.020 0.oo4
0.023 0.004
0.019 0.003
0.017 0.005
o.028 0.005
o.029 0.002

Ti Cr

o.012 0.00€ 0.E67
0.014 0,006 0.833
0.013 0.006 0.855
0.011 0.006 0.85?
0.013 0.006 0.871
0.001 0.001 0.028

0.013 0.o05 0.892
0.014 0.006 0.859
0.015 0.006 0,849
o.oo8 0.006 0.871
0.012 0.006 0.846
0.013 0.005 0.84?
0.011 0,006 0.884
0.009 0.005 0.854
0.012 0.005 0.837
0.009 0.005 0.837
0.010 0.000 0.854
0.004 0.o06 0.880
0.011 0.006 0.857
o.o03 0.000 0.015

0.00e 0.006 0.E33
0.oo8 0.006 0.840
0.009 0.008 0.865
0.009 0.005 0.897
0,009 0.o05 0.844
o.010 0.007 0.847
0.008 0.oo7 0.E39
0.009 0.o05 0.850
0,006 0.007 0.E67
0.o09 0.005 0.8E7
0.008 0.007 0.838
0.012 0.007 0.851
0.009 0.006 0.86?
o.o0e 0.005 0.863
0.012 0.006 0.872
0.009 0.006 0.856
0.001 0.001 0.018

0.001 0.005 0.E80
0.001 0.007 0.917
0.001 0.o05 0,86?
0.001 0,005 0.885
0.001 0.005 0.809
0.001 0.007 0.874
0.001 0.006 0.864
0,002 0.006 0.884
o.001 0.006 0.e1E
0.000 0.005 0.e09
0.002 0,004 0.856
0.001 0.006 0.808
0.001 0.o08 0.876
0.001 0.006 0.885
0.002 0.007 0.883
0,001 0.005 0.85E
0.001 0.009 0.881
0.000 0.001 0.01e

0.002 0.005 0.867
0.002 0.008 0.914
0,000 0.006 0.877
0.001 0.006 0.867
0.001 0.006 0.803
0.000 0.007 0.804
0.001 0.006 0.903
0.001 0.00? 0.924
0.001 0.006 0.8?3
o.001 0.006 0.892
0.002 0.005 0.855
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Mg Mn

0.822 0.001 0.000
0.E66 0.OO2 0.00L
0.858 0.000 0.001
0.847 0.000 0.000
0.832 0.001 0.000
0.039 0.001 0000

0.860 0.001 0.000
0.847 0.000 0.000
0.Eo3 0.000 0.001
0.E46 0.001 0.001
0.866 0.002 0.000
0.8?3 0,003 0.o01
0.812 0.001 0.001
0.892 0.o01 0.001
0.875 0.002 0.000
0.871 0.000 0.001
o.844 0.001 0.001
0.884 0.001 0.002
0.85e 0.001 0.001
0.018 0.001 0.001

0.884 0.000 0.000
o.E78 0.001 0.001
0.E44 0.001 0.001
0.796 0.000 0.001
0.E70 0.001 0.000
0.861 0.000 0.000
0.871 0.OO1 0.000
0.861 0.000 0.001
o.E61 0.001 0.000
0.E25 0.000 0.001
0.882 0.000 0.000
0.8ã2 0.001 0.000
o.847 0.002 0.000
o.E44 0.001 0.002
0.834 0.001 0.000
0.E54 0.001 0.001
0.023 0.001 0.001

0.836 0.001 0,001
0.8r.4 0.003 0.o00
0.874 0.O01 0.001
0.840 0.000 0.001
0,8€4 0.003 0.000
o.E44 0.002 0.002
0.885 0.000 0.000
0.850 0.000 0.000
0.810 0.000 0.002
0.822 0.OO0 0.000
0.877 0.O01 0.002
0.859 0.003 0.000
0.E50 0.000 0.001
0.E53 0.001 0.000
0.E60 0.001 0.000
0.864 0.001 0.000
0.851 0.001 0.001
o.021 0.001 0.001

o.855 0.000 0.000
0.790 0.000 0.001
0.845 0.001 0.001
0.867 0.001 0.001
0.881 0.001 0.000
0.867 0.002 0.001
0.819 0.002 0.000
0.779 0.002 0.001
0.852 0.001 0.002
0.828 0.001 0.000
0.866 0.000 0.000

Ni Co Na Fe2* Fe3* cat

0.034 0.132
0.032 0.12e
o.o27 0.123
o.o27 0.r37
0.028 0.128
0.04 0.018

0.028 0.105
0,027 0.119
o.032 0.103
o.025 0.103
0.030 0.118
0.033 0,os2
o.o27 0.742
0,o27 0.Lt7
0.031 0.114
o,o2g o.L2ø
0.030 0.137
0.023 0.103
0.o29 0.114
0.003 0.014

0.027 0.131
o.o28 0.L22
0.020 0.145
0.026 0.146
0.033 0.121
0.031 0.123
0.o33 0.127
0.030 0.127
0.030 0.102
0.020 0,140
0.029 0.115
0.o30 0.125
0.027 0.116
0.030 0.130
0.032 0.111
0,029 0.126
0.002 0.012

0.024 0.160
0.022 0.143
o.o27 0.r23
o.o29 0.L21
0.029 0.125
0.028 0.141
o.o24 0.LL4
o.o25 0.Lzt
0.020 0.146
o.o24 0.L29
0.o20 0.126
0.029 0.125
0.026 0.130
o.025 0.106
o.o24 0.L24
0.027 0.140
0.020 0.r.30
0.003 0.013

0.025 0.155
0.019 0.1€8
0.021 0.152
0.023 0.125
o.o24 0.r23
0.027 0.118
o.o24 0.142
o.o2z o.757
0.028 0.125
0.026 0.143
0.028 0.133

0.095 4.000
0.077 4.000
0.0e2 4.000
0.083 4,000
0.097 4.000
0.015

0.10E 4.000
0.102 4,000
0.105 4.000
o.L22 4.OOO
0.0e2 4.000
0.115 4.000
0.084 4.O00
0.100 4.o00
0.092 4.000
0.088 4.000
0.07E 4.000
0.086 4.000
0.098 4.O00
0.o13

0.069 4.000
0.081 4.000
0.073 4.000
0.092 4.000
0.070 4.000
0.089 4.000
0.074 4.OO0
0.083 4.000
0.101 4.000
0.080 4.000
0.085 4.000
0.086 4.000
o.o99 4.000
0.079 4.000
0.110 4.000
0.o85 4.000
0.o11

0.048 4.000
0.05e 4.000
0.071 4.000
0.089 4.000
0.070 4.000
o.060 4.000
0.078 4.000
0.086 4.000
0.070 4.000
0.093 4.O00
0.074 4.O00
0.079 4.000
0.079 4.000
0.112 4.O00
0.082 4.000
0.063 4.000
0.077 4.000
0.014

o.o49 4.O00
0.076 4.000
0.065 4.000
0.085 4,000
0.073 4.O00
0.088 4.000
0.077 4.000
0.085 4.000
0.091 4.000
0.071 4.000
0.080 4.000



Sample Si Al Al¡" AI,i

Table 8.2 Chemical cornposition of clinopyroxene (continued)

23ø 1.919 0.107
avg(12) 1.915 0.109
stdev 0.0O5 0.003

235 1.939 0.100
235 1.938 0.104
235 1.938 0.104
235 1.937 0.109
235 1.92? 0.105
236 1.935 0.099
235 1.962 0.Oe1
235 1.943 0.111
235 1.942 0.111
236 1.929 0.108
236 1.938 0.106
235 1.937 0.107
avg(12) 1.939 0.105
stdev 0.008 0.005

234 L.544 0.107
234 1.939 0.107
234 1.931 0.104
2A4 r.927 0.LO9
234 1.938 0.107
234 1.956 0.099
2s4 1.930 0.111
234 !.952 0.LO2
234 1.947 0.105
234 1.948 0.103
234 1.936 0.110
234 1.944 0.106
234 1.943 0.106
2A4 1.940 0.099
234 1.939 0.111
avg(rs) 1.941 o.108
stdev .0.0O7 0.O04

233 1.920 0.104
233 1.933 0.109
233 1.930 0.112
233 1.929 0.10E
233 1.947 0.108
233 1.941 0.108
233 L.524 0.L2L
233 1.932 0.110
233 1.944 0.109
233 1.944 0.110
233 1.945 0.108
23A 1.933 0.105
avg(12) 1.935 0.110
stdev 0.00E 0.004

232 1.915 0.107
232 1.923 0.109
232 1.908 0.107
232 1.e14 0.103
232 1.907 0.110
232 1 .914 0.111
2A2 1.912 0.104
232 1.e11 0.09E
232 1.905 0.113
232 1.899 0.108
232 1.916 0.104
avg(11) 1.911 0.106
stdev 0.0O0 0.004

23L 1.919 0.119
23L L.522 0.U4
23t 1.908 0.116
23L 1.921 0.11€
23L 1.915 0.113

Structural formula normalized to 4 cations and 6 (O)

0.081 0.026
0.085 0.024
0.005 0.005

0.061 0.048
o.oa2 0.042
o.oaz 0.042
0.063 0.046
0.o73 0.032
0.065 0.034
0.038 0.053
0.057 0.054
0.058 0.053
0.071 0.037
0.062 0.044
0.063 0.044
0.001 0.044
0.008 0,007

0.050 0.051
0.001 0.046
0,089 0.035
0.073 0.036
0.062 0.045
0.044 0.o55
0.064 0.047
0.048 0.054
0.053 0.052
0.052 0.051
0.064 0.046
0.059 0.0ã0
0.057 0.049
0.000 0.039
o.oaq 0.047
0.059 0.047
0.007 0.000

0.080 0.024
0.067 0.042
0,0?0 0.042
0.0?1 0.037
0.053 0.055
0.059 0.049
0,0?6 0.045
0.068 0.042
0.056 0.053
0.056 0.054
0.055 0.o53
0.067 0.o3E
0.065 0.045
0.008 0.009

0.085 0.022
0.077 0.032
0.092 0.o15
0.086 0.017
0.093 0.017
0.086 0.025
o.o88 0.016
0.089 0.009
0.095 0.018
0.101 0.005
0.084 0.020
0.089 0.017
0.006 0.007

0.081 0.038
0.0?8 0.036
o.oez 0.024
0.07e 0.037
0.085 0.02E

TJ

0.004 0.002
0,004 0.oo1
0.001 0.001

0.004 0.001
0.001 0.001
0.003 0.001
0.005 0.000
0.005 0.003
0.004 0.003
0.004 0.o0?
0.004 0.o01
0.003 0.000
0.004 0.000
0.001 0.002
0.006 0.000
0.o04 0.001
0.o01 0.001

0.002 0.001
0.oo4 0.oo1
o.o05 0.003
0.00e 0.002
0.002 0.003
0.003 0.001
0.006 0.002
0.003 0.001
0.002 0.000
0.005 0.001
0.004 0.003
0.000 0.002
0.o03 0.000
o.o07 0.002
0.000 0.001
0.004 0.oo1
0.002 0.oo1

o.004 0.004
0.003 0.002
0.006 0.002
0.00€ 0.oo4
0,002 0.003
0.002 0,003
o.o05 0.003
0.004 0.003
0.002 0.002
0.004 0.004
o.004 0.oo4
0.006 0.003
0.004 0.003
0.001 0.001

0.003 0.o03
0.001 0.002
0.003 0.003
0.005 0.004
o.002 0.002
0.004 0.004
o.005 0.004
0.002 0.002
0.003 0.004
0.005 0.004
0.005 0.003
0.003 0.003
0.001 0.001

0,004 0.o05
0.002 0.004
0.004 0.005
0.005 0.006
0.004 0.005

Mg Ca

0.006 0.856
0.006 0.880
0.001 0.022

0.007 0.903
0.007 0.859
0.005 0.866
0.008 0.896
0.006 0.910
0.008 0.935
0.o06 0.895
0.006 0.878
0.009 0.880
0.007 0.886
0.oo7 0.879
o.005 0.853
o.007 0.884
0.001 0.023

0.000 0.8e9
o.o06 0.880
0.007 0.892
0.007 0.864
0.005 0.86?
0.007 0.903
0.004 0.848
o.00E 0.e26
0.004 0.906
0.005 0,862
o.005 0,E59
0.o04 0.937
0.005 0.854
0.00? 0.8e3
0.000 0.855
0.006 0.879
o.001 0.027

0.006 0.951
0.004 0.863
0.007 0.855
0.005 0.E53
0,005 0.882
0.007 0.863
0.007 0.850
0.005 0.859
0.000 0.910
0.o05 0.E6?
0.004 0.847
0.006 0.855
0.006 0.871
0.o01 0,029

o.007 0.8?0
0.006 0.894
0.007 0.869
0.006 0.8?2
0.006 0.927
o.oo7 0.937
0.007 0.871
0.005 0.895
0.007 0.893
0.004 0.880
0.005 0.E91
0.006 0.891
0.001 0.022

0.006 0.872
0.o04 0.892
0.005 0.908
0.006 0.932
0.000 0.873

230

0.872 0.001
0.844 0.001
0.031 0.001

0.814 0.001
0.877 0.002
0.868 0.001
0.E06 0.001
0.805 0.001
0.704 0.000
0.854 0.001
0.837 0.000
0.844 0.000
0.837 0.000
o.843 0.000
0.89e 0.003
0.835 0.001
0.031 0.o01

0.E51 0.001
0.839 0.O01
0.819 0.OO1
0.870 0.001
0.852 0.000
0.805 0.001
0.E83 0.000
0.?71 0.000
0.799 0.001
0.85? 0.000
0.871 0.003
0.754 0.001
0.885 0,001
0.E70 0.002
0.873 0.003
0.840 0.001
0.040 0.001

0.741 0.000
0.866 0.001
0.8?1 0.001
0.884 0.001
0.821 0.002
0.866 0.002
0,862 0.OOO
0.E63 0.000
0.7e1 0.000
0.842 0.000
0.807 0.001
0.804 0.002
0.845 0.001
0.040 0.001

0.800 0.001
0.834 0.002
0.8?2 0.001
0.881 0.001
0.791 0.O01
0.775 0.000
0.E69 0.002
0.855 0.001
0.E61 0.000
0.880 0.001
0.844 0.000
0.848 0.001
0.034 0.001

0.861 0.003
0.830 0.00r.
0.808 0.001
0.776 0.001
0.E63 0.002

Ni co Na Fe2* Fe3* Cat

0.000 0.028 0.134 0.072 4.000
0.001 0.024 0.140 0.075 4.000
0.001 0.003 0,015 0.011

0.001 0.021 0.777 0.o24 4.OOO
0.001 0.026 0.142 0.041 4.000
0.000 0.029 0.146 0.040 4.000
0.001 0.024 0.183 0.030 4.000
0.000 0.025 0.100 0.052 4.o00
0.000 0.019 0.1e5 0.038 4.000
0.000 0.024 0.192 0.000 4.000
0.o00 0.021 0.1E6 0.013 4.000
0.001 0.024 0.166 0.022 4.000
0.000 0.023 0.15E 0.048 4.000
0.000 0.026 0.159 0.o3e 4.000
0.000 0.029 0^158 0.036 4.000
o.000 0.024 0.168 0.032 4.000
0.000 0.003 0.017 0.014

0.000 0.021 0.178 0.o19 4.000
0.o01 0.o23 0.171 0.029 4.000
0.000 0.025 0.167 0.047 4.o00
0.001 0.021 0.149 0.044 4.000
0.000 0.021 0.174 0.030 4.000
0.000 0.024 0.196 0.005 4.000
0.003 0.018 0.169 0.019 4.000
0.002 0.021 0.207 0.000 4.000
0.000 0.022 0.196 0.017 4.000
0.001 0.028 0.173 0.o1e 4.000
0.001 0.o20 0.162 0.025 4.000
0.oo1 0.01E 0.216 0.011 4.000
0.000 0.023 0.150 0.024 4.000
0.001 0.024 0.157 0.030 4.oo0
0.001 0.025 0.1ã6 0.028 4.000
0.001 0.023 0.174 0.025 4.000
0.o01 0.003 0.019 0.012

0.002 0.023 0.180 0.066 4.000
0.001 0.024 0.154 0.039 4.000
0.000 0.021 0.161 0.035 4.000
0.000 0.026 0.142 0.042 4.000
0.000 0,023 0.195 0.012 4.000
0.000 0.022 0.162 0.025 4.000
0.000 0.028 0.155 0.046 4,ooo
0.001 0.024 0.162 0.037 4.O00
0.000 0.022 0.195 0.019 4.000
0.001 0.021 0.191 0.011 4.000
0.000 0.o24 0.183 0.013 4.000
0.000 0.030 0.153 0.043 4.000
0.001 0.024 0.169 0.033 4.000
0.001 0.003 0.01E 0.016

0.000 0.o24 0.L26 0.077 4.ooo
0.001 0.021 0.14e 0.061 4.000
0.001 0.025 0.113 0.0e1 4.000
0.001 0.022 0.114 0.076 4.000
o.oo0 0.021 0.140 0.092 4.000
0.000 0.017 0.165 0.064 4.000
0.000 0.023 0.122 0.081 4.000
0.000 0.020 0.105 0,101 4.000
0.001 0.022 0.103 0.oEs 4.000
0.000 0.021 0.09? 0.103 4.000
0.000 0.023 0.135 0.074 4.000
o.ooL o.o22 0.125 0.082 4.000
0.000 0.002 0.020 0.013

0.000 0.028 0.12€ 0.057 4.000
0.001 0.024 0.148 0.05? 4.000
0.001 0.025 0.141 0.078 4.000
0.000 0.021 0.170 0.047 4.000
0.001 0.029 0.117 0.072 4.000



Sample Si

Table 8.2 Chernical cornposition of clinopyroxene (continued)

23r 1.916
231 1.913
23r 1,919
237 L.922
237 t.925
23L L.928
23L 1.909
23L 1.916
evg(13) 1.918
stdev 0.006

230 L,920
230 1.920
230 L.920
230 1 .915
230 1.909
230 1.916
230 t.eL7
230 1.e20
230 1 .915
230 L.928
230 1.904
230 1.930
230 1 .911
230 L.920
230 1.920
230 L.920
230 1.S15
230 1.909
230 1.916
230 L.9r7
230 L.920
230 1.915

230 1.904
230 1.930
avg(25) 1.er8
6tClev u.uu l

2tt 1 .911
ztL r.928
zlr 1.934
zLL L,9L4
2LL I .918
2LL 1.940
2LL 1 .911
217 1.928
2!r L.927
2L7 L.ø25
avg(10) 1,924
stdev 0,009

209 1.900
209 1.889
200 1 .910
20ø 1.888
209 1.900
209 1.E88
20s L.924
209 1.907
209 1,910
20e 1.909
avs(1o) 1,903
stdev 0.012

208 1.915
208 1.910
208 1.909
20e 1.e06

Structural formula normalized to 4 cations and 6 (O)

Al Al¡" Al"i Ti Cr

0.118 0.084
0.116 0.087
0.11.5 0.0E1
0.112 0.07E
0.116 0.075
0.111 0.072
0.124 0.0e1
0.111 0.084
0.115 0.082
0.003 0.006

0.121 0.080
0.109 0.080
0.112 0.080
0.112 0.085
0.114 0.091
0.114 0.0E4
0.110 0.083
0.115 0.080
0.111 0.0E5
0.109 0.072
0.112 0.096
0.114 0.O70
0.r.17 0.089
0.121 0.080
0.109 0.o80
0.112 0.O80
0.112 0.085
o.114 0.091
0.114 0.0E4
0.119 0.O83
0.115 0.080
0.111 0.085
0.10e 0.o?2
0.112 0.096
0.114 0.070
o.114 0.082
o.003 0.007

0.117 0.089
0.108 0.072
0,102 0.066
0.120 0.08s
0.124 0.082
o.110 0.060
0.119 0.0E9
0.110 0.0?2
o.Llz 0.073
0.120 0.075
0.114 0.07€
0.006 0.009

0,120 0.100
0.129 0.111
0.110 0.o90
o.tze o.7t2
0.128 0.100
0.132 0.LL2
0.093 0.0?2
o.L22 0.093
0.115 0,090
0.117 0.091
0.1r.9 0.09?
0.011 0.012

0.111 0.085
0.112 0.090
0.115 0,091
0.123 0.094

0.034 0.004 0.006
0.029 0.005 0.006
0.034 0.007 0.006
0.034 0,o05 0.007
0.041 0,005 0.006
0.03e 0.006 0.006
0.033 0,00€ 0.006
0.027 0.004 0.006
o.033 0.oo5 0.006
0.005 0.o01 0.001

0.041 0.004 0.003
0.029 0.007 0.005
0,032 0.005 0,006
0.027 0.005 0.005
0.023 0.006 0.005
0.o30 0.005 0.005
o.036 0.002 0.o04
0.035 0.003 0.005
0.026 0.003 0.005
0.037 0.004 0.006
0.016 0.004 0.006
0.044 0.oo6 0.000
0.028 0.005 0.005
0.041 0.004 0.003
0.029 0.007 0.005
0.032 0.005 0.006
0.027 0.005 0.005
o.023 0.006 0.005
0.030 0.o05 0.005
0.036 o.oo2 0.004
0.035 0.003 0.o05
0.026 0.003 0.005
0.03? 0.oo4 0.006
0.016 0.004 0.006
0.044 0.006 0.006
o.032 0.004 0.o05
0.007 0.o01 0.001

0,o28 0.005 0.o05
o.036 0.003 0.018
0.036 0.o00 0.0r6
0.034 0.004 0.017
o,042 0.003 0.01E
0.050 0.o05 0.o15
0.030 0.o02 0.015
0.038 0.o07 0.014
0.o39 0.004 0.015
o.045 0.004 0.o0e
0.038 0.004 0.014
0.006 0.002 0.o04

0.020 0.001 0.0L4
0.018 0.003 0.022
0.020 0.oo5 0.013
0.014 0.o05 0.016
0.028 0,003. 0.023
0.020 0.003 0.020
0.021 0.005 0.011
0.029 0.004 0.020
0.025 0.004 0.015
0.026 0.003 0.021
0.022 0.004 0.018
0.005 0.001 0.004

Mg Ca

0.007 0.863
0.007 0.862
0.007 0.929
0.005 0.889
0.004 0.907
0.006 0.911
0.007 0,868
0.006 0.895
0.006 0.892
0.001 0.023

0.004 0.923
0.006 0.84E
0.006 0.866
0.005 0.916
0,006 0.891
0.006 0.887
0.000 0.861
0.007 0.860
0.005 0.913
0.006 0.924
0.006 0.949
0.006 0.800
0.006 0.E61
0.004 0.923
0.006 0.848
0.006 0.856
0.00õ o.e16
0.006 0.891
o.006 0.887
0.00€ 0.861
0.007 0.800
0.o05 0.913
0.006 0.924
o.o06 0.949
0.006 0.860
0.006 0.89o
0.001 0.032

Cycle 6
0.006 0.E61
0.005 0.881
0,005 0.880
0.00t 0.929
0.006 0.E51
0.004 0.E80
0.006 0.876
0.004 0.873
0.000 0.917
0.005 0.878
0.005 0.883
0.001 0.022

0.004 0.884
0.oo4 0.892
0.003 0.907
0.005 0.877
0.007 0.664
0.007 0.874
0.006 0.894
0.005 0.878
0.005 0.E86
0.008 0.969
0.005 0.893
0.001 0.028

0.005 0.876
0.000 0.8?1
0.005 0.900
0.005 0.923

23r

Mn Ni

0.872 0.001
0.875 0.001
0.774 0,000
0.831 0.O00
0.812 0.000
0.795 0.001
0.853 0.00L
0.E32 0.002
0.829 0.001
0.033 0.001

0.7?2 0.001
0.914 0.000
0,879 0.000
0.820 0.001
0.839 0.000
0.839 0.001
0,876 0.OO1
0.EE1 0.000
0.809 0.001
0.787 0.O01
0.75E 0.002
0.870 0.001
0.885 0.000
0.772 0.001
o.914 0.000
0.879 0.000
0.820 0.001
0.E39 0.000
0.839 0.001
0.8?6 0.001
0.881 0.000
0.80s 0.001
o.?E7 0.001
0.758 0.002
0.870 0.001
0.839 0.001
0.04? 0.001

0.885 0.000
0.856 0.000
0.878 0.002
0.780 0.001
0.884 0.000
0.850 0.000
0.872 0.000
0.870 0.oo0
0.808 0.002
0.850 0.o01
0.853 0.001
0.033 0.001

0.E84 0.001
o.846 0.001
0.E63 0.002
0.891 0.002
0.885 0.000
0.875 0.O01
0.878 0.O02
0.870 0.003
0.871 0,002
0.?46 0.001
0.861 0.O01
0.040 0.001

0.887 0.000
0.890 0.000
0.845 0.002
0.804 0.o02

Co Na Fe2+ Fe3+ Cat

0.001 0,028 0.121
0.001 0.026 0.119
0.000 0,023 0.170
0.000 0.021 0.161
0.000 0.022 0.164
0.001 0.022 0.17?
0.001 0.026 0.135
0.001 0.021 0.143
0.o01 0.024 0.146
0.000 0.o03 0.020

o.ooo -0,024 0.1?6
0.000 0.022 0.115
0.000 0.027 0.131
0.001 0.022 0.135
0.001 0.027 0.125
0.001 0.022 0.144
0.001 0.024 0.128
o.o01 0.025 0.125
0.001 0.o21 0.148
0.001 0.024 0.166
0.o01 0.025 0.142
0.000 0.026 0.150
0.001 0.023 0.118
0.000 0.024 0.170
0.000 0.o22 0.115
0.000 0.027 0.131
0.001 0.022 0.135
0.o01 0.027 0.125
0.001 0.022 0.144
0.001 0.024 0.128
0.001 0.025 0.125
0.001 0.o21 0.148
0.o01 0.024 0.166
0.001 0.025 0.142
0.000 0.026 0.150
0.oo1 0.o24 0.139
0.000 0.o02 0.017

0.001 0.023 0.118
o.o01 0.026 0.136
0.001 0.o25 0.120
0.000 0.023 0.157
0.000,0.024 0.133
0.o00 0.024 0.165
0.000 0.025 0.111
0.001 0.o25 0.138
0.000 0.023 0.154
0.002 0.026 0.140
0.001 0.024 0.137
0.001 0.001 0.017

0.001 0.029 0.069
0.001 0.023 0.103
0.o00 0.022 0.096
0.000 0.027 0.066
0.000 0.030 0.oE8
0.000 0.028 0.079
0.000 0.027 0.100
0.000 0.031 0.0e4
0.001 0.028 0.095
0.000 0.028 0.134
0.000 0.027 0.093
0.000 0,003 0.018

0.002 0.029 0.091
0.002 0.029 0.088
0.000 0.023 0,109
0.000 0.026 0.124

0.003 4.000
0.066 4.000
0.050 4.000
0.047 4.O00
0.040 4.000
0.037 4.000
0.065 4.000
0.064 4.000
0.057 4.000
o.012

0.053 4.000
0.054 4.O00
0.058 4.000
0.066 4.000
0.076 4.OO0
0.0e0 4.000
0.o02 4.000
o.o58 4.000
0.008 4,o00
0.045 4.000
0.0e0 4.000
0.031 4.O00
0.069 4.000
0.053 4.000
0.054 4.OO0
0.058 4.000
0.066 4.000
o.0?6 4.000
o.000 4.oo0
0.062 4.000
0.058 4.000
0.068 4.000
0.045 4.O00
0.090 4.o00
0.031 4.000
0.061 4.000
0.o14

0.118 4.000
0.136 4.000
0.120 4.O00
0.157 4.000
0.1s3 4.000
0.165 4.000
0.111 4.000
0.138 4.OOO
0.154 4.000
0.140 4.000
0.137 4.O00
0.017

0.069 4.000
0.103 4.000
0.096 4.000
0.066 4.000
0.088 4.000
0.0?9 4.000
0.100 4.o00
0.094 4.000
0.095 4.000
0.134 4.O00
0.093 4.000
0.018

0.091 4.000
0.088 4.000
0.10e 4.000
0.124 4.000

0,026 0.002
0.022 0.005
0.024 0.002
0.029 0.003

0.015
0.01 5
0.016
0.019



Sample

Table 8.2 Chernical cornposition of clinopyroxene (continued)

20a 1.911 0.122 0.089
20a 1.913 0.105 0.087
avg(6) 1.911 0.114 0.089
stdev 0.003 0,006 0.003

199 1.888 0.123 0.112
199 1.910 0.114 0.090
199 1.932 0.105 0.068
199 1.894 0.125 0.106
199 1.919 0.114 0.081
1S9 L.905 0.124 0.095
199 1.902 0.131 0.098
199 1.902 0.134 0.098
L9ø 1.898 0.130 0.102
L99 1.910 0.114 0.0S0
199 1.916 0.123 0.084
19e 1.907 0.121 0.093
19e 1.S21 0.108 0.0?9
19S 1.890 0.128 0.110
199 1.906 0.120 0.094
rg9 1.923 0.112 0.077
199 1.901 0.130 0.099
avg(17) 1.908 0.120 0.092
stdev 0.012 O.OOE 0.012

24 1.944 0.098 0.056
24 1.933 0.OgE 0.007
24 1.919 0.102 0.081
24 1.946 0,095 0.054
24 1.933 0.113 0.067
24 1.925 0.106 0.075
24 1.936 0.100 0.004
24 1.917 0.100 0.083
24 1.935 0.094 0.065
24 1.929 0.094 0.071
24 7.929 0.LO2 0.O7L
24 1.940 0.098 0.060
24 1.925 0.102 0.076
24 1.902 0.123 0.098
24 r..925 0.104 0.075
24 1.911 0.105 0.089
24 1.920 0.105 0.OE0
24 1.915 0.100 0.085
avg(18) L.927 o.LO2 O.O73
gtdev 0.011 0.007 0.011

2t 1.e30 0.095 0.o70
25 1.901 0.112 0.099
25 1..917 0.105 0.083
25 1.933 0.106 0.067
25 1.930 0.104 0.070
25 1.917 0,097 0.083
25 r.926 o.OSe O.O74
25 1.933 0.095 0.067
25 1.941 0.095 0.059
25 1,925 0.101 0.075
26 1.920 0.1.07 0.O80
25 1,924 0.105 0.076
25 1.918 0.111 0.082
25 7.92A O.Og2 0.072
avg(14) L,924 O,LOZ O.O7O
stdev 0.00e 0.006 0.009

30 1.939 0.098 0.06L
30 1.S58 0.098 0.042
30 1,953 0.093 0.04?
30 1.938 0.098 0.062
30 1.e37 0,102 0.063
30 1.94e 0.100 0.054

Structural formula normalized to 4 cations and 6 (O)

Al Al¡, Alvi

0.033 0.004
0.018 0.003
0.025 0.003
0.005 0.001

0.011 0.005
o.o24 0.oo2
0.037 0.001
o.019 0.003
0.033 0.005
0.029 0.003
0.o33 0.003
0.038 0.002
0.o28 0.004
0.024 0.003
0.o39 0.003
0.028 0.003
0.029 0.003
0.018 0,o06
0.028 0.005
0.035 0.003
0.031 0.004
0.028 0.004
0.o07 0.001

0.042 0.003
0.031 0.o02
0.021 0.o04
0.041 0.004
0.046 0.002
0.031 0.004
0.036 0.003
0.023 0.005
0.029 0.005
0.023 0.004
0.031 0.003
0,038 0.005
o.027 0.005
0.025 0.002
0.029 0.005
0,016 0.009
0.025 0.003
0.021 0.004
0.029 0.004
0.008 0.001

0.025 0.004
0.013 0.003
0.022 0.004
0.039 0.o04
0.034 0.005
0.014 0.005
0.025 0.004
o.028 0.004
0.036 0.004
o.026 0.004
0.027 0.005
0.029 0.003
0.029 0.006
0.020 0.004
0.o26 0.004
0.007 0.001

0.037 0.005
0.050 0.000
0.040 0.003
o,036 0.005
0.039 0.003
0.046 0.004

Ti

0.017 0.005
0.014 0.005
0.01€ 0.o05
0.o02 0.000

0.018 0.o07
0.013 0.007
0.009 0.o05
0.o21 0.007
0.o16 0.006
0.020 0.006
0.020 0.007
0.020 0.007
0.023 0.007
0.018 0.007
0.010 0.005
0.018 0.006
0.016 0.o00
0.024 0.007
0.018 0.008
0.015 0.006
0.020 0.006
0.019 0.007
0.004 0.001

Mg

0,803 0.890 0.000 0.o00
0.892 0.888 0.00? 0.o01
0.E88 0.868 0.001 0.001
0.021 0.033 0.001 0.o01

0.893 0.850 0.O02 0.001
0.865 0.88? 0.000 0.001
0.871 0.E99 0.001 0.000
0.864 0.E66 0.001 0.00i.
0.873 0.88E 0.001 0.000
0.EE5 0.850 0.000 0.000
o.876 0.845 0.002 0.000
0.855 0.875 0.000 0.o00
0.8e2 0.829 0.001 0.000
0.017 0.806 0.003 0.000
0.E96 0.820 0.000 0,o01
0.E81 0.856 0.001 0.000
0.809 0.807 0.000 0.003
0.870 0.E54 0.001 0.001
0.887 0.829 0.O01 0.O00
0.808 0.865 0.000 0.000
0.86r. 0.E68 0.001 0.001
0.871 0,857 0.001 0.001
o.015 0.024 0.001 0.o01

Mn Ni Na Fe2+ Fe3+

0.031 0.096
0.026 0.076
0.027 0.098
0.003 0.015

0.026 0.089
0.026 0.103
0.024 0.110
0.032 0.095
0,024 0.108
0.031 0.10e
0.035 0.107
0.030 0.107
0.029 0.117
0.026 0.L29
0.031 0.137
0.029 0.110
0.oso 0.120
0.031 0.101
0,031 0.125
0.029 0.130
0.032 0.109
0,031 0.116
0.003 0.013

0.014 0.191
0.014 0.179
0.016 0.157
0.014 0.198
o.016 0.188
o.015 0.182
0.018 0.16E
0.015 0.15e
o.014 0.185
o.013 0.170
o.oL4 0.174
0.014 0.17?
0.016 0.168
o.014 0.140
0.015 0.179
0.014 0.16r
0.o12 0.1?5
o.017 0.106
0.015 0.173
0.001 0.o13

0.013 0.170
0.012 0.130
o.014 0.164
0.012 0.204
0.012 0.198
0.010 0.167
0.013 0.163
0.014 0,190
0.013 0.203
0.014 0.167
0.o15 0.1?1
0.014 0.164
0.o11 0.171
0.011 0.162
0.013 0.1?3
0.001 0.019

0.014 0.168
0.014 0.18?
0.015 0.189
0.015 0.154
0.015 0.159
0.013 0.162

0.098 4.O00
0.076 4.000
0.098 4.000
0.01 5

0.089 4.000
0.103 4.000
0.110 4.000
0.095 4.000
0.108 4.000
0.106 4.000
0.107 4.000
0.107 4.O00
0.117 4.000
0.129 4.000
0.137 4.O00
0.110 4.000
0.120 4.000
0.101 4.000
0.125 4.000
o.130 4.000
0.10e 4.000
0.116 4.O00
0.o13

0.020 4.000
0.044 4.000
0.066 4.000
0.014 4.000
0.029 4.000
o.04E 4.O00
0.037 4.000
0.063 4.000
0.038 4.O00
0.051 4.O00
0.o44 4.000
0.024 4.000
0.051 4.000
0.078 4.000
o.047 4.000
0.0?3 4.000
0.057 4.000
0.066 4.O00
0.04E
0.01 7

o.04? 4.ooo
0.090 4.000
0.063 4.000
o.030 4.000
0,038 4.000
o.067 4.000
o.051 4.000
0.041 4.000
0.026 4.000
0.050 4.000
0.o5€ 4.000
0.o52 4.000
0.049 4.000
0.o52 4.000
0.051
0.01 5

0.024 4.000
0.o00 3.999
0,007 4.000
o.o27 4.OOO
0.029 4,000
0.010 4.000

0.001 0.006
0.o01 0.007
0.002 0.008
0.003 0.00?
0.003 0.008
o.o03 0.005
0.003 0.008
0.002 0.006
0.o02 0.007
o.002 0.008
0.002 0.007
0.001 0.o07
0.003 0.008
0.o04 0.008
0.003 0.000
0.003 0.007
0.oo2 0.006
0.o03 0.005
0.o02 0.007
0.001 0.001

0.o02 0.009
0,o02 0.008
0.o03 0.006
0.001 0.009
0.001 0.007
0.002 0.o07
0.003 0.008
0.003 0,o0E
0.001 0.007
0.oo3 0.006
0.o01 0.007
0.001 0.006
0.002 0.007
0.004 0.009
0.002 0.o07
0.001 0.o01

0.004 0.005
0.002 0.005
0.003 0.005
0.003 0.007
0.004 0.008
0.004 0.007

Cycle 5
0.852 0.8?0 0.000 0.000
0.E60 0.861 0.001 0.oo1
0.864 0.859 0.000 0.002
0.85€ 0.E61 0.002 0.000
0.878 0.82E 0.001 0.000
o,857 0.856 0.001 0.000
0.862 0.806 0.000 0.001
0.869 0.858 0.000 0.00r
0.808 0.851 0.002 0.oo0
o.874 0.855 0.001 0.OOO
0.853 0.871 0.000 0.000
0.858 0.873 0.002 0.001
0.809 0.852 0.001 0.001
o.870 0.E59 0.000 0.001
0.863 0.853 0.000 0.000
0.871 0.849 0.000 0.001
0.872 0.E44 0.001 0.002
0.851 0.8€3 0.002 0.o01
0.805 0.850 0.001 0.001
0.008 0.011 0.001 0.001

0.848 0.880 0.001 0.001
0.873 0.869 0.000 0.001
0.863 0.860 0.001 0.o01
0.690 0.808 0.001 0.oo1
0.e07 0.?99 0.000 0.000
o.888 0.841 0.O00 0.000
0,864 0.869 0.001 0.000
0.880 0.830 0.000 0.001
0.90r. 0.809 0.000 0.000
0.8€1 0.868 0.001 0.000
0.845 0.E72 0.000 0.002
0.854 0.875 0.001 0.000
0.856 0.E69 0.00r. 0.o00
0.865 0.872 0.002 0.O01
0.871 0.E52 0.001 0.001
0.019 0.02? 0.001 0.001

0.86? 0.878 0.000 0.o00
0.878 0.859 0.002 0.OO1
0.888 0.845 0.000 0.o00
0.868 0.E86 0.000 0.000
0.862 0.8E0 0.001 0.000
0.863 0.891 0.001 0.000
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Table 8.2 Chemical cornposition of clinopyroxene (continued)

30 7.552
30 1.954
30 1.94E
30 L,942
30 L.577
30 1.954
evg(12) 1.949
stdev 0.009

32 7.e22
32 1.936
32 L,gZø
32 L.922
32 L.elz
32 r.gL7
32 1.931
32 1.930
32 1.91€
32 1.926
32 1.935
avg(11) 1.925
stdev 0.00E

45 1.933
45 L.SZL
45 L.923
45 1.90E
4t L.e20
45 1.935
45 t.e20
45 1.918
45 L.e37
45 1.e59
45 L.gL4
45 1 .915
45 1.933
45 1.943
avs(ia) 1.e28
stdev 0.013

44 L.929
44 1.938
44 1.932
44 1.939
44 L.ø43
44 1.939
44 L.032
44 L.929
44 !.e28
44 L.e48
44 L.928
44 1.e31
avg(12) 1.934
stdev 0.006
42 1.954
42 1.938
42 L.922
42 t.910
42 1.e28
42 - 1.e31
42 1.95e
42 L.924
42 L.9L7
42 L.925
42 1.938
avg(11) 1.932
stdev 0.014

40 L,928
40 1.941

Structural formula normalized to 4 cations and 6 (O)

Al Ali* Alri
0.103 0.048
0.098 0.046
0.097 0.052
0.104 0.058
0.083 0.029
0.096 0.046
0.098 0.o51
0.005 0.009

0.096 0.078
0.094 0.064
0.0e4 0.071
0.095 0.078
0.101 0.088
0.099 0.083
0.110 0.099
0.098 0.o70
0.103 0.084
0.098 0.074
0.089 0.065
o.098 0.075
0.005 0.008

0.085 0.00?
0.088 0.0?9
o.090 0.077
0.087 0.087
0.088 0.0E0
0.088 0.065
0.oE7 0.074
0.087 0.082
0.087 0.063
0.072 0.041
0.oeo 0.086
0.084 0.084
0.085 0.067
0.090 0.057
o.086 0.0?2
0.004 0.01?

0.111 0.O71
0.104 0.062
0.105 0.068
0.103 0.061
0.091 0.057
0.101 0.064
o.104 0.008
0.100 0.071
o.Lo7 0.o72
0.099 0.054
o.707 0.o72
0.108 0.o09
0.103 0.066
0.005 0.006
0.089 0.046
o.o97 0.042
o.o90 0.078
0.110 0.090
0.098 0.072
0.111 0.069
0.080 0.041
o.107 0.076
0.109 0.0E3
0.107 0.075
0.103 0.062
0.101 0.068
0.009 0.014

0.104 0.0?2
0.104 0.059

0,055 0.001
0.052 0.003
0.045 0.003
0.046 0.003
0.054 0.001
0.050 0.001
0.047 0.003
0.007 0.002

0.018 0.003
0.030 0.002
o.023 0.005
0.017 0.005
0.013 0.002
0.016 0.004
0.041 0.004
o.o28 0.004
0.019 0.005
0.024 0.001
0.024 0.003
0.023 0.003
o.008 0.001

0.018 0.002
0.009 0.002
0.013 0.o02
o.000 0.004
o.008 0.004
0.023 0.004
0.013 0.002
o.o05 0.003
0.024 0.003
0.031 0.003
0,o04 0.004
o.000 0.004
0.018 0.002
0.033 0.001
0.014 0.003
0.010 0.001

0.040 0.003
0.042 0.006
0.03? 0.006
o.042 0.003
0.034 0.002
0.037 0.001
0.036 0.004
0.029 0.004
0.035 0.000
0.045 0.000
0.035 0.002
o.039 0.003
0.037 0.003
0.004 0.002
0.043 0.003
0.035 0.o04
0.012 0.oo3
0.020 0.o05
0.026 0.006
0.042 0.005
0.045 0.004
0.031 0.003
0.026 0.003
0.032 0.005
o.041 0.004
o.033 0.004
0.010 0.001

0.032 0.005
0.045 0.002

Ti Cr

0.002 0.007
0.003 0.o07
0.003 0.006
0.003 0.007
0.002 0.005
0.002 0.007
o.003 0.006
0.001 0.001

0.004 0.007
0.003 0.011
0.003 0.007
0.o03 0.o08
0.004 0.008
0.004 0.005
0.003 0.007
o.002 0.008
0.004 0.006
0.003 0.00e
0.005 0.007
0.004 0.007
0.001 0.001

0.003 0.00€
0.004 0.007
0.006 0.004
0.004 0.005
0.004 0.006
0.006 0.00€
0.002 0.010
0.o04 0.009
0.003 0.00e
0.004 0.008
0.004 0.009
0.o04 0.oo7
0.002 0.005
0.004 0.000
0.004 0.007
0.001 0.002

o.004 0.007
o.002 0.007
0.004 0.005
0.o02 0.007
0.o03 0.005
0,004 0.008
0.005 0.00e
0.004 0.004
0.004 0.00E
0.003 0.008
0.oo4 0.005
0.004 0.000
0.004 0.006
0.001 0.001
0.008 0.007
0.006 0.009
0.008 0.011
0.009 0.008
0.006 0.009
0.00e 0.007
0.006 0.006
0.007 0.006
0.008 0.007
0.008 0.007
0.007 0.008
0.008 0.008
0.001 0.001

0.009 0.008
0.011 0.ooE

Mn

0.e05 0.805 0.001
0.910 0.801 0.001
0.802 0.899 0.000
0.918 0.802 0.001
0.876 0.E82 0.O01
0.917 0.803 0.001
0.885 0.853 0.O01
0.021 0.038 0.001

0.858 0.888 0.000
0.903 0.82e 0.003
0.86e 0.872 0.001
0.8e0 0.842 0.001
0.e03 0.830 0,000
0.865 0.876 0.001
0.E80 0.E57 0.000
0.890 0.857 0.OO1
0.886 0.845 0.001
0.893 0.834 0.001.
0.E62 0.882 0.001
0.e82 0.856 0.001
0.016 0.020 0.oo1

0.900 0.ErE 0.000
0,s24 0.840 0.001
0.918 0.844 0.001
0.89? 0.878 0.001
0.935 0.820 0.000
0.939 0.825 0.000
0.972 0.755 0.001
0.908 0.800 0.002
0.887 0.E82 0.001
0.921 0.855 0.000
0.939 0.805 0.000
1.O00 0.736 0.002
0.914 0.837 0.001
0.934 0.800 0.00r.
0,92E O.830 0.001
0.029 0.043 0.001

0.847 0.883 0.OO1
0.842 0.8E8 0.000
0.E58 0.880 0.001
0.850 0.883 0.001
0.868 0.905 0,OO0
0.852 0.875 0.002
0.853 0.898 0.000
0.853 0.891 0.001
0.851 0.887 0.001
0.8e2 0.819 0.000
0.856 0.877 0.000
0..842 0,899 0.000
0.856 0.882 0.001
0.013 0.021 0.001
0.89e 0.839 0.001
o.906 0.E28 0.001
0.888 0.857 0.000
o.E?E 0.872 0.002
0.881 0.83? 0.000
0.876 0.828 o.OO1
0.913 0.828 0.002
0.8€g 0.864 0.001
0.800 0.87E 0.000
0.858 0.E06 0,001
0.887 0.833 0.001
0.883 0.848 0.001
0.01? 0.018 0.001

0.863 0.852 0.000
0.879 0.826 0.002

Mg Ni

0.000 0.014 0.208
0.o00 0.013 0.210
0.001 0.01€ 0.152
0.000 0.012 0.195
0.000 0.013 0.157
0.000 0.013 0.202
0.000 0.014 0.178
0.000 0.001 0.021

0.000 0.015 0.143
0.001 0.013 0.16?
0.o00 0.016 0.158
0.o00 0.014 0.159
0.002 0.015 0.141
0.001 0.018 0.139
o.oo0 0.011 0.169
o.000 0.013 0.153
0.001 0.012 0.158
0.000 0.o17 0.162
0.001 0.019 0.154
0.001 0.014 0.L55
0.001 0.002 0.o10

0.001 0.014 0.112
0.001 0.012 0.127
o.001 0.012 0.134
0.002 0.015 0.099
0.001 0.014 0.137
0.000 0.014 0.141
0.001 0.o14 0.162
o.000 0.014 0.116
0.001 0.012 0.135
0.000 0.o11 0.158
0.o02 0.o13 0.138
0.o00 0.009 0.157
0.000 0.014 0.151
0.000 0.013 0.179
0.001 0.013 0.139
0.001 0.002 0.021

0.001 0.013 0.16E
0.000 0.015 0.179
0.001 0.014 0.166
o.000 0.014 0.168
0.000 0.011 0.146
0.000 0.015 0.170
0.000 0.013 0.153
0.001 0.013 0.159
0.000 0.o14 0.153
0.001 0.0r3 0.202
0.000 0.014 0.164
0.001 0.012 0,161
0.001 0.014 0,165
0.000 0.001 0.014
0.001 0.011 0.185
0.002 0.o13 0.171
0.000 0.012 0.149
0.000 0.012 0.132
0.000 0.014 0.180
0.000 0.014 0.198
0.000 0.014 0.181
0.000 0.015 0.160
0.000 0.014 0.147
0.000 0.012 0.176
0.000 0.012 0.189
0.o00 0.013 0.171
0.001 0.001 0.020

0.001 0,013 0,1E4
o.000 0.017 0.196

Na Fe2* Fe3*

0.002 4.000
0.o00 3.999
0.013 4.000
0.013 4.000
0.000 3.991
0.004 4.000
o.011
0.010

0.064 4.000
0.038 4.000
0.049 4.000
o.061 4.000
0.083 4.000
0.071 4.000
0.029 4.OOO
o.044 4.000
0.062 4.000
0.001 4.000
0.045 4.OO0
0.055
o.015

0.057 4.000
0.073 4.000
0.065 4.000
0.0s8 4.000
0.0?1 4.000
0.041 4.000
0.069 4.OO0
0.oEo 4.000
0.044 4.000
0.011 4.000
0.083 4.OO0
0.083 4.OO0
0.056 4.000
0.030 4.000
0.002
0.023

o.034 4.000
0.020 4.000
0.028 4.000
o.025 4.OOO
0.026 4.000
0.035 4.000
0.031 4.000
0.041 4.000
0.046 4.000
0.018 4.000
o,041 4.000
0.032 4.000
0.032
0.008
0.000 4.000
0.027 4.000
0.063 4.000
0.063 4.000
0.041 4.000
0.020 4.o00
0.000 3.998
0.047 4.000
0.056 4.000
o.036 4.000
o.017 4.000
o.o32
o.o22

0.034 4.000
0.015 4.000
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Table 8.2 Chernical cornposition of clinopyroxene (continued)

40 1.957 0.097 0.043
40 1.S40 0.103 0.060
40 1.S50 0.095 0.050
40 1.950 0.103 0.050
40 1.935 0.099 0.065
40 1.e33 0.109 0.067
40 1.953 0.099 0.047
40 1.e55 0.098 0.045
40 1.945 0,101 0.055
40 1.958 0.O89 0.042
avg(12) 1.945 0.100 0.055
stdev 0.010 0.005 0.010

38 1.916 0.102 0.084
38 1.900 0.110 0.100
38 1.909 0,104 0.091
38 1.912 0.105 0.088
38 1.915 0.105 0.085
38 1.906 0.097 0.094
38 1.909 0,105 0.091
38 1.e13 0.104 0.087
38 1.904 0.108 0.096
3E 1.906 0.113 0.094
3E 1.E97 0.105 0.103
38 1.937 0.100 0.063
avg(12) 1.910 0.105 0'090
stdev 0.010 0.004 0.010

36 1,912 0.106 0.088
36 1.916 0.106 0.084
36 1.910 0.105 0.090
36 1.913 0.109 0.087
36 1.e14 0.100 0.086
3e 1.e79 0.O02 0.002
3€ 1.921 0.100 0.07e
36 1.915 0.112 0.085
36 1.895 0.120 0.105
36 1.919 0.114 0.0E1
36 1.912 0.109 o.OEE
36 1.916 0.094 0.084
36 1.915 0.107 0.085
36 1.895 0.11€ 0.105
30 1.915 0.108 0.085
36 1.911 0.109 0.089
avg(16) 1.e16 0.101 o.084
stdev O.018 0.026 0.022

35 1.e33 0.098 0.067
35 1.928 0.100 0.072
35 1.921 0.104 0.0?e
35 1.91e 0.104 0.081
35 1.e21 0.101 0.079
35 1.923 0.108 0.077
35 L.922 0.L02 0.078
35 1.927 0.103 0.073
35 1.e18 0.102 0.082
evg(rO) L.923 O'lO2 O.O77
stdev 0.004 0.003 0.004

Structural formula normalized to 4 cations and 6 (O)

Al AIi, AI"i
0.054 0.003 0.009
0.043 0.005 0.o10
0.045 0.004 0.008
0.053 0.003 0.008
o.034 0.004 0.010
0.042 0.004 0.00e
0,052 0.003 0.010
0,053 0.003 0.006
0.046 0.005 0.009
0.04? 0.o04 0.006
0.046 0.004 0.oo9
0.007 0.001 0.002

0,018 0.004 0.009
0.010 0.006 0.008
0.013 0.004 0.00E
0.017 0.005 0.oo9
0.020 0.005 0.007
0.003 0.o04 0.008
o.014 0.oo7 0.010
0.01? 0.o05 0.009
0.012 0.005 0.008
0,01s 0.004 0.010
0.o02 0.004 0.009
o.037 0.o04 0.012
0.015 0.005 0.009
0.009 0.001 0.oo1

0.o18 0.004 0.011
o.022 0.o02 0.012
0.015 0.005 0.011
0.o22 0.002 0.010
0.014 0.001 0.012
0.000 0.001 0.oo0
0.021 0.004 0.o13
o.o27 0.oo2 0.oL2
0.015 0.o03 0.012
0.033 0.003 0.oo9
0.021 0.007 0.010
0.010 0.003 0.009
0.022 0.004 0.011
0.011 0.001 0.013
0.023 0.oo4 0.011
0.020 0.005 0.012
0.o17 0.003 0.011
0.007 0.002 0.003

0.031 0.004 0.011
0.028 0.006 0.010
0.025 0.004 0.009
0.023 0.004 0.012
0.022 0.004 0.011
0.031 0.002 0.011
o.024 0.004 0.011
0.030 0.oo5 0.011
0.020 0.003 0.011
0.026 0.004 0.011
0.004 0.001 0.001

0.038 0.006 0.011
0.033 0.006 0,013
0.029 0.003 0.007
0.028 0.004 0.012
0.026 0.005 0.013
0.025 0.004 0.010
0.025 0.003 0.013
0.008 0.006 0.013
0.018 0.004 0.01?
0.024 0.003 0.013
0.022 0.003 0.012

Ti Mn Ca

0.00E 0.852 0.868
0.007 0.863 0.869
0.o09 0.884 0.838
0,006 0.83e 0.860
0.00? 0.847 0.871
0.008 0.856 0.871
0.006 0.892 0.819
0,008 0.849 0.857
0.005 0.852 0.864
0.008 0.881 0.852
0.00? 0.863 0.854
0.o01 0.016 0.01?

0.008 0.809 0.868
0.008 0.874 0.850
0.o07 0.673 0.868
0.00e 0.873 0.844
0.009 0.922 0.773
0.008 0.887 0.881
0.00? 0,883 0.852
0.007 0.899 0.830
0.00? o.881 0.846
0.007 0.803 0.8?8
0.oo9 0.86e o.880
0.008 0.898 0.849
0.008 0.883 0.852
0.001 0.016 0.o2E

0,008 0.853 0.895
0.007 0.890 0.825
0.007 0.877 0.E57
0,008 0.858 0.8?8
0.009 0.855 0.887
0.010 0.816 1.001
0.007 0.86? 0.87e
0,o07 0.855 0.8E4
0.009 0.873 0.845
0.005 0.8s2 0.864
0.009 0.855 0.883
0.00E 0.866 0.E83
0.006 0.874 0.84?
0.007 0.861 0.803
0.010 0,845 0.895
0.007 0.847 0.889
0.008 0.859 0.8E0
0.oo1 0.01.6 0.o37

0.006 0.854 0.871
0.006 0.854 0.806
0.007 0.892 0.808
0,007 0.8€1 0.846
0.oo7 0.892 0.?88
0.006 0.853 0.859
0.007 0.855 0.898
0.o07 0.871 0.835
0,o08 0.875 0.830
0.007 0.870 0.840
0.o01 0.016 0.020

0.o05 0.835 0.885
0.011 0.890 0.829
0.oo5 0.856 0.876
0.008 0.880 0.806
0.007 0.850 0.864
0.00E 0.841 0.908
0.005 0.857 0.877
0.008 0.E87 0.808
0,007 0.891 0.851
0.006 0.871 0.85s
0.006 0.844 0.870

234

Mg Ni

0.000 0.001
0.002 0.o01
0.000 0.000
0.001 0,001
0.001 0.003
0.000 0.000
0.001 0.002
0.000 0.000
0.001 0.001
0.001 0.002
o.001 0.oo1
0.001 0.001

0.001 0.001
0,000 0.001
0.001 0.000
0.001 0.o01
0.000 0.000
o.o01 0.000
0.001 0.001
0,000 0.001
0.003 0.000
0.000 0.001
0,001 0.000
0.001 0.000
0.001 0.001
0.001 0.000

0.001 0.001
0.001 0.002
0.001 0.001
0.002 0.001
0.002 0.001
0.001 0.002
0.001 0.000
0.001 0.000
0.o02 0.000
0.001 0.000
0.000 0,000
0.001 0.001
o.oor o.ooo
0,000 0.001
0.000 0.000
0.000 0.o00
0.001 0.001
0.001 0.001

0.001 0.000
0.002 0.000
0.001 0,001
0.003 0.000
0.000 0.001
0.000 0.000
0.001 0.000
o.000 0.001
o.o01 0.001
0.001 0.001
0.001 0.000

0.003 0.000
0.000 0.000
o.003 0.002
0.001 0.001
0.001 0.003
0.001 0.001
0.000 0.001
0.o00 0.002
0.002 0.001
0.000 0.001
0.001 0.000

Ne t.e2* Fe3l C¿t

0.016 0.180
0.014 0.170
0.012 0.200
o.oL6 0.2L2
0.015 0.182
0.017 0.170
0.016 0.190
0.0L5 0.204
0.015 0.199
0.011 0.184
0.015 0.1e1
0.002 0.012

0.014 0.14€
0.o1E 0.139
0.015 0.134
0.015 0.1€1
0,015 0.1E8
0.012 0.110
0.012 0.149
0.012 0.156
0.015 0.142
0.014 0.134
0.o1€ o.111
0.014 0.158
0.015 0.143
o.002 0.021

0.017 0.125
0.01E 0.158
0,o17 0.139
o.019 0.132
0.014 0.135
0.001 0.149
0.017 0.138
0.o17 0.136
0.017 0.135
0.017 0.157
0.018 0.136
0.o15 0.132
0.014 0.102
0.018 0.130
0.016 0.138
0.016 0.141
0.016 0.140
0.o04 0.010

0.o16 0.174
0.016 0.175
0.014 0.190
o.014 0.178
0.014 0.211
0.016 0.175
0.o15 0.166
0.017 0.185
0.014 0.179
0.015 0.1E1
0,001 0,012

0.017 0.1?2
0.oL4 0.2L4
0.015 0.191
o.oL? 0,202
0.018 0.163
0.015 0.152
0.016 0.150
0.015 0.178
0.018 0.1s4
0.016 0.159
0.016 0.172

0.000 3,9s6
0,o10 4.000
0.002 4.o00
0.000 4.000
0.026 4.000
0.027 4.000
0.000 3.997
0.000 3.997
0.004 4.000
0.000 3.e97
0.o10
0.012

0.062 4.000
0.08? 4.000
0,076 4.000
o.066 4.000
0.062 4.000
0.087 4.000
0.065 4.000
0.061 4.000
0.080 4.o00
0.070 4.000
0.100 4.000
0.018 4.000
0,070
0.020

0.061 4.000
0.oo4 4.000
0.070 4,000
0.008 4.000
0.072 4.000
0.03E 4.O0.0
0.053 4.000
0.059 4.O00
0.089 4.000
0,049 4.000
0.061 4.000
0.071 4.000
0.059 4.O00
0.095 4.000
0.058 4.000
0.093 4.o00
0.0e5
0.013

0.032 4.000
0.038 4.000
0.049 4.000
0.052 4.o00
0.050 4.000
0.04E 4.000
0.049 4.000
0.039 4.000
0.o58 4.000
o.o47
0.017

0.027 4.000
0.020 4.000
0.044 4.000
0.042 4.000
0.049 4.000
0.034 4.000
0.054 4.000
0.075 4.O00
0.063 4.000
0.049 4.000
0.054 4.O00

34
34

34
34
34
34
34
34

34

1.92E 0.110 0.072
1.935 0.098 0,065
1.929 0.100 0.071
1.025 0.103 0.075
1.918 0.108 0.082
1.930 0.089 0.064
1.919 0.109 0.081
1.906 0.102 0.094
1.916 0.102 0.084
1.924 0.r00 0.076
1.e21 0.101 0.079



Semple

lable 8.2 Chernical cornposition of clinopyroxene (continued)

34 1.925 0.103
34 1.910 0.108
34 1.910 0.099
34 1.902 0.101
evg(15) 1.92o 0.102
stdev 0.010 0.005

33 1.938 0.108
33 1.921 0.105
33 1.91? 0.105
33 1.e28 0.108
33 1.931 0.109
33 1.921 0.104
33 1.951 0.091
33 1.933 0.099
33 1.939 0.102
33 1.963 0.0E3
33 1.933 0.101
33 1.917 0.105
33 1.928 0.108
33 1.931 0.109
33 1.921 0.104
33 1.951 0.091
33 1.933 0.09e
33 1.939 0.102
33 1.963 0.083
33 1.933 0.101
s3 1.930 0.104
33 1.924 0.105
33 1.920 0.106
avg(23) L.ø32 O.LO2
stdev 0.013 0.007

t4 1.913 0.122
t4 1.918 0.125
14 1.911 0.120
14 1.911 0.129
L4 1.921 0.128
t4 L.Szl O.L26
L4 1.905 0.130
t4 1.906 0.128
avg(8) L.9L2 0.127
stdev 0.006 0.002

110 1.910 0.124
1L0 1.905 0.127
110 1 .893 0.135
110 1.907 0.123
110 1.8e0 0.133
110 L.grL O.L27
110 1.903 0.137
110 1.913 0.128
110 1.89S 0.129
110 1.901 0.127
110 1.e00 0.134
110 1.905 0.131
110 1.90€ 0.130
110 1.909 0.131
110 1.90€ 0.126
110 1.901 0.126
110 1.8e8 0.124
110 1.901 0.126
110 L.grz 0.L24
110 1.885 0.188
110 1.900 0.125
110 1.915 0.121
avs(22) 1.904 0.130
stdev 0.00? 0.009

Structural formula normalized to 4 cations and 6 (O)

Al Alt" Al"i
0.075 0.028
0.090 0.018
0.090 0.009
0.098 0.003
0.oE0 0.022
0.010 0.009

0.062 0.046
0.079 0.026
0.083 0.022
0.072 0.036
0.069 0.040
0.07e 0.025
0.049 0.042
o.06? 0.032
0.001 0.041
0.037 0.o46
0.067 0.034
0.083 0.022
o.072 0.03€
0.069 0.o40
0.079 0.o25
0,04e 0.042
0.06? 0.032
0.061 0.041
0.03? o.046
0.067 0.034
o.070 0.034
0.076 0.o29
0.080 0.026
0.068 0.034
0.013 0.o08

0.087 0.035
0.082 0.043
0.089 0.037
0.0Ee 0.040
0.079 0.049
0.079 0.04€
0.095 0.035
0.094 0.034
0,088 0.039
0.006 0.006

0.090 0.034
0.095 0.032
0.107 0.028
0.o93 0.030
0.104 0.o29
0.089 0.038
0.097 0.040
0.087 0.041
0.r01 0.028
0.099 0.028
0.100 0.034
0.095 0.036
0.094 0.036
0.091 0.040
0.094 0.032
0.099 0.027
o.Loz 0.022
o.o99 0.027
0.088 0.036
0.1.15 0.053
0.100 0.025
0.085 0.030
0.096 0.034
0.007 0.007

Ti
0.002 0.012 0.007
0.006 0.013 0.00s
0.o05 0.011 0.o07
0.004 0.010 0.006
o.004 0.012 0.o0?
0.001 0.002 0.002

0.004 0.014 0.006
0.005 0.o13 0.006
0.003 0.014 0.007
0.004 0.011 0.006
0.006 0.014 0.008
0.006 0.014 0.008
0.004 0.012 0.008
0.006 0.014 0.007
0.005 0.014 0.008
0.005 0.013 0.009
0.003 0.012 0.007
0.003 0.014 0.007
0.004 0.011 0.006
0.006 0.o14 0.008
0.006 0.014 0.008
0.004 0.012 0.008
0.006 0.014 0.007
0.005 0.014 0.008
0.005 0.013 0.00e
0.o03 0.012 0.007
o.004 0.012 0.008
0.002 0.014 0.009
0.005 0.010 0.007
o.004 0.o13 0.008
0.001 0.001 0.001

Mn

0.861 0.852 0.001
0.857 0.864 0.001
0.852 0.893 0.001
0.907 0.839 0.OO2
0.8s1 0.859 0.001
0.018 0.028 0.001

0.E32 0.851 0.O01
o.836 0.874 0.001
0.8?1 0,823 0.000
o.835 0.866 0.003
0.840 0.E62 0.000
0.845 0.854 0.002
0.897 0.820 0,O02
0.854 0.868 0.000
0.867 0,841 0.000
0.943 0.783 0.000
0.857 0.868 0.000
0.871 0.823 0.000
0.835 0.866 0.003
o.840 0.E62 0.000
0.845 0.E54 0.002
0.897 0.826 0.002
0.8s4 0.868 0.000
0.867 0.841 0.000
0.943 0.783 0.000
0.857 0.868 0.000
0.E62 0.838 0.O02
0.853 0.E46 0.001
0.839 0.865 0.001
0.859 0.848 0.001
0.030 0.025 0.001

Mg Ni Co

0.001 0.018 0.171
0.o01 0.01? 0.152
0.o02 0.016 0.130
0.000 0.o17 0.119
0.001 0.017 0.163
0.001 0.001 0.023

0.000 0.017 0.21E
0.o00 0.019 0.171
0.000 0.019 0.183
0.o01 0.017 0.189
0.000 0.019 0.192
0.o01 0.014 0.1E9
0.001 0.013 0.195
0.o00 0.014 0.181
0.000 0.016 0.197
o.o01 0.o12 0.179
0.000 0.015 0.175
0.o00 0.019 0.183
0.001 0.017 0.189
0.o00 0.019 0.192
0.001 0.o14 0.189
0.001 0.013 0.1e5
0.oo0 0.014 0.181
0.o00 0.016 0.19?
0.o01 0.o12 0.179
0.o00 0.015 0.175
0.000 0.018 0.189
o.000 0,014 0.189
0.000 0.019 0.176
0.o00 0.017 0.18e
0.o00 0.002 0.010

0.000 0.014 0.236
0.o02 0.018 0.207
0.001 0.016 0.199
0.o01 0.016 0.168
0.o00 0.01€ 0.197
0.o02 0.016 0.2r9
0.001 0.016 0.194
0.001 0,010 0.199
0.001 0.016 0.199
0.001 0.001 0.o20

0.002 0.020 0.102
0.o02 0,019 0.1E1
0.000 0.021 0.151
0.002 0.018 0.156
0.000 0.021 0.165
0.o02 0.020 0.178
0.o00 0.018 0.109
o.oò1 o.olE 0.189
0.o00 0.016 0.181
0.001 0.o17 0.194
0.000 0.019 0.184
0.o01 0.016 0.186
0.001 0.018 0.1E5
0.000 0.020 0.178
0.001 0.01? 0.213
0.000 0.019 0,158
0.000 0.019 0.155
0.001 0.016 0.196
0.o01 0.016 0.208
0,001 0.03? 0.152
0.o00 0.019 0.152
0.o01 0.020 0.177
0.001 0.01e 0.176
0.001 0.004 0.01E

Na Fe2+ Fe3+ Cat

0.048 4.000
0.064 4.000
o.075 4.000
o.093 4.000
0.054
0.019

0.012 4.000
0.o48 4.000
0.o59 4.000
0.033 4.000
0.021 4.000
0.042 4.000
0.000 4.o00
o.025 4.000
0.o13 4.000
o.o00 3.991
0.029 4.000
0.o59 4.000
0.033 4.000
0.021 4.000
o.042 4.000
0.000 4.000
0.025 4.000
0.013 4.000
o.000 3.991
0.029 4.000
0.033 4.000
0.o48 4.000
o.052 4.000
0.02E
0.018

0.044 4.000
o.o33 4.000
0.050 4.000
0.043 4.000
0.025 4.000
0.033 4.000
o.050 4.000
o.058 4.000
0.044
0.011

0.051 4.000
o.058 4.000
0.0?9 4.o00
0.053 4.000
0.069 4.000
0.045 4.000
0,054 4.000
0.042 4.000
0.0?1 4.000
0.061 4.000
o.056 4.000
0.055 4.000
0.051 4.000
0.04€ 4.000
0.052 4.000
0.002 4.000
0.070 4.000
0.053 4.000
0.041 4.000
0.073 4.000
0,068 4.000
0.049 4.000
0.05 7
0.011

0.006 0.o08 0.000
0.007 0.008 0.00?
0.004 0.009 0.007
o.007 0.007 0.005
0.000 0.009 0.007
0,004 0.006 0.005
0.008 0.010 0.o08
0.005 0.009 0.o07
0.006 0.008 0.006
0.001 0.001 0.002

0.006 0.012 0.006
0.005 0.014 0.005
o.oo3 0.014 0.008
0.00€ 0.014 0.007
0.007 0.013 0.00?
0.006 0.012 0.006
0.004 0.012 0.006
0.003 0.015 0.006
0.003 0.011 0.007
0.006 0.013 0.006
0.008 0.013 0.008
0.003 0.015 0.007
0.006 0.013 0.007
0.005 0.014 0.o06
0.00? 0.o13 0.008
0.008 0.012 0.007
0.006 0.011 0.000
0.009 0.015 0.008
0.006 0.014 0.007
0.007 0.012 0.007
0.009 0.o0e 0.007
o.002 0.o14 0.010
0.006 0.013 0.007
0.002 0.001 0.001

Cycle 4
o.932 0.715 0.003
0.s18 0.757 0.001
0.893 0.783 0.001
o.831 0.880 0.000
0.829 0.863 0.001
0.8e1 0.77E 0.000
0.854 0.823 0.000
0.911 0.761 0.000
0.879 0.801 0.001
0.030 0.052 0.001

0.850 0.856 0.001
0.849 0.E34 0.002
0.847 0.848 0.O01
0.850 0.804 0.001
0.857 0.833 0.000
0.852 0.841 0.000
0.840 0.856 0.001
0.842 0.841 0.001
0.894 0.789 0.000
0.886 0.788 0.000
0.856 0.823 0.001
0.887 0.792 0.003
0.86E 0.8L0 0.O00
0.853 0.839 0.001
0.903 0.?54 0.000
0.857 0.848 0.001
0.848 0.858 0.000
0.878 0.799 0.000
0.872 0.798 0.001
0.840 0.817 0.002
0.843 0.86S 0.000
o.839 0.852 0.000
0.85e 0.828 0.001
0.019 0.030 0.001

235



Sample Si Al Al¡, Al"i Ti

Table 8.2 Chernical cornposition of clinopyroxene (continued)

11 1.900 0.115
11 1.909 0.112
11 1,904 0.114
1L 1.901 0.121
1L 1,910 0.121
11 L.elz 0.L21
11 1.929 0.116
11 L,er4 0.t22
11 1 .921 0.109
11 1.907 0.131
LL 1.904 0.r.21
11 1.915 0,11e
11 L.9L9 0.rL7
11 1.914 0.121
11 1.917 0.114
11 r.9L2 0.L2L
11 1.913 0.124
11 1.915 0.119
11 1.e04 0.120
11 1.905 0.131
11 1.926 0.113
11 r.922 0.L20
11 L.eLg 0.12L
11 1.916 0.120
11 1.907 0.118
11 1.910 0.115
11 L.e22 0.tL9
evE(27) 1.913 0.119
stdev 0,007 0.005

109 L.007 0.12e
109 L.907 0.12e
109 1.894 0.137
109 1.901 0.144
109 1.903 0.134
109 1.905 0.132
109 1.905 0.128
109 1.e07 0.130
109 1.902 0.131
109 1.915 0.115
109 1.8e5 0.140
109 1.903 0.132
avg(12) 1.903 0.132
stdev 0.005 0.00?

I 1,917 0.118
I 1.914 0.111
I L.eOg 0.L28
I 1.897 0.133
I L.e26 0.!2L
I 1.893 0.144
I 1.e11 0.123
I 1 .901 0.133
I 1.899 0.132
I 1.e16 0.125
avg(10) 1.9o8 0.127
stdev 0.010 0.008

I 1.905 0.121
8 1.910 0.125
I 1.912 0.109
8 1.894 0.143
I 1.903 0.120
I 1.919 0.130
8 \.8e7 0.L23
I 1.946 0.106
I 1.900 0.123
I 1.902 0.123

Structural formula normalized to 4 cations and 6 (O)

0.100 0,015 0.006
0.091 o.021 0.o05
0.099 o.018 0.006
0.o99 0.022 0.o03
0.090 0.031 0.o07
0.088 0.033 0.o03
0.071 0.045 0.005
0.086 0.036 0.o05
o.079 0.030 0.oo5
0.093 0.038 0.006
0.096 0.025 0.006
0.085 0.034 0.008
0.081 0.036 0.007
0.086 0.035 0.004
0.083 0.031 0.005
0.088 0.033 0.005
0.08? 0.o37 0.005
0.o85 0.034 0.o04
0.0s6 0.024 0.009
0.0e5 0.036 0.007
0.0?4 0.039 0.002
0.078 0.042 0.000
o.oEl 0.040 0.006
0.084 0.036 0.00?
0.093 0.025 0.006
0.090 0.025 0.020
0.07E 0.041 0.006
0.087 0.032 0.006
0.007 0.o08 0.003

0.093 0.036 0.004
0.093 0.036 0.o01
0.106 0.031 0.008
0.09s 0.045 0.005
0.09? o.037 0.004
0.095 0.037 0.006
0.095 0.033 0.006
0.093 0.037 0.004
0.098 0.o33 0.o05
0.085 0.030 0.006
0.105 0.035 0.000
0.097 0.035 0.o02
0.097 0.035 0.oo5
0.005 0.004 0.002

0.083 0.035 0.004
0.0E6 0.025 0.004
0.091 0.037 0.004
0.103 0.030 0.004
0.074 0.047 0.oo2
0.107 0.037 0.006
0.08e 0.034 0.008
0.099 0.034 0.005
0.101 0.031 0.o05
0.084 0.041 0.007
0.092 0.035 0.005
0.010 0.009 0.001

0.0s5 0.026 0.003
0.090 0.035 0.o05
0.o88 0.021 0.00€
0.106 0.037 0.ooe
0,o9? 0.023 0.o05
0.081 0.04e 0.o04
0.103 0.020 0.005
0.054 0.052 0.003
0.100 0.023 0.004
0.098 0.025 0.003

Cr Mg Ca

0.015 0.006 0.851
0.016 0.006 0.E50
0.014 0.006 0.854
0.015 0.007 0.831
0.016 0.006 0.85?
0.014 0.o07 0.E53
0.015 0.006 0.8?1
o.015 0.007 0.851
o.015 0.007 0.847
o.015 0.007 0.848
0.017 0.008 0.842
0.015 0.006 0.885
0.014 0.o08 0.E47
0.o15 0.008 0.847
o.016 0.008 0.808
0.014 0.006 0.854
0.015 0.007 0.E40
0.013 0.o07 0.852
0.015 0.008 0.851
0.013 0.008 0.884
0.012 0.006 0.E52
0.016 0.o06 0.831
0.015 0.008 0.834
0.015 0.007 0.854
0.017 0.007 0.e49
0.014 0.00E 0.825
o.o13 0.008 0.86r.
0.015.0.007 0.851
0.001 0.001 0.014

o.014 0.010 0.850
0.013 0.007 0.850
0.014 0.006 0.841
o.014 0.007 0.824
0.016 0.009 0.E28
0.012 0.007 0.E21
0.013 0.008 0.855
0.013 0.009 0.847
0.017 0.007 0.854
0.0r7 0.008 0.834
0.011 0.008 0.8€5
0.012 0.007 0.871
0.014 0.00E 0.845
0.002 0.001 0.015

0.015 0.004 0.848
0.015 0.007 0.820
0.015 0.o07 0.845
o.016 0.008 0.844
0.013 0.o07 0.868
o.015 0.007 0.867
0.015 0.o05 0,850
0.013 0.o07 0.844
0.016 0.006 0.847
0.014 0.006 0.E87
0.o15 0.006 0.852
0.001 0.001 0.01?

0.013 0.008 0.800
0.014 0.006 0.846
0.015 0.008 0.849
0.015 0.007 0.895
0.017 0.006 0.845
0.018 0.007 0.8e2
0.016 0.007 0.851
0.015 0.009 0.900
0.01? 0,007 0.859
0.016 0.007 0.848

236

Mn Ni Co

0.8?0 0.002 0.000
0.8?2 0.001 0.000
0.861 0.000 0.000
0.886 0.001 0.001
0.848 0.001 0.001
0.844 0.002 0.001
0.839 0.000 0.000
0.858 0.O00 0.001
o.876 0.002 0.000
0.851 0.000 0.001
0.884 0.002 0.000
0.792 0.001 0.oo0
0.8õ1 0.003 0.o01
0.860 0.001 0.000
o.E35 0.000 0.001
o.84? 0.001 0.001
0.802 0.001 0.o00
0.8ã3 0.001 0.000
0.857 0.000 0.000
0.788 0.000 0.000
0.862 0.002 0.o00
0.8€7 0.001 0.o02
0.864 0.000 0.000
0.845 0.000 0.000
0.808 0.001 0.o01
0.879 0.001 0.000
0.E34 0.O01 0.000
0.854 0.001 0.000
0.023 0.001 0.o01

o.E24 0.000 0.001
0.851 0.002 0.o00
0.839 0.000 0.000
o.856 0.O01 0.000
0.868 0.000 0.001
0.878 0.000 0.001
0.825 0,O00 0.001
0.854 0.000 0.000
0.815 0.001 0.000
0.8?1 0.002 0.000
0.799 0,002 0.000
0.802 0,001 0.000
0.840 0.001 0.000
o.026 0.001 0.000

0.8€? o.ool 0.o02
0.913 0.001 0.o00
0.874 0.001 0.001
0.E66 0.000 0.000
0.843 0.000 0.000
0.836 0.002 0.001
0.859 0.002 0.000
0.800 0.002 0.001
0.863 0.000 0.001
0.823 0.001 0.000
0.861 0.001 0.001
0.023 0.001 0.001

0.665 0.O02 0.000
0.872 0.OO1 0.001
0.882 0.000 0.000
0.793 0.001 0.000
0.873 0.001 0.001
0.831 0.O00 0.001
0.896 0.001 0.o00
0.?95 0.003 0.002
0.850 0.001 0.o01
0.8?9 0.001 0.001

Ne Fe2+ Fe3+ Cat

0.020 0.138 0.077 4.OO0
0.019 0.148 0.062 4.000
o.o22 0.14ø O.O7Z 4.OOO
0.020 0.139 0.o76 4.000
0.019 0.168 0.047 4.000
0.020 0.1?0 0.o53 4.000
0.01e 0.182 0.019 4.000
0.020 0.162 0.045 4.000
0.017 0.162 0.041 4.000
0.022 0.164 0.050 4.000
0,o19 0.136 0.061 4.000
0.01s 0.203 0.036 4,000
0.018 0.180 0.035 4.000
0,019 0.165 0.040 4.000
0.016 0.1?8 0.043 4.000
0.018 0.172 0.048 4.OO0
o.o20 0.199 0.o45 4.000
0.018 0.171 0.04? 4.000
0.021 0,156 0.060 4.000
0.016 0,201 0.046 4.000
0.01e 0.170 0.035 4.oo0
0.020 0.182 0.026 4.000
0.019 0.182 0.033 4.000
0.020 0.178 0.039 4.000
0.01e 0.151 0.056 4.OO0
0.01e 0.180 0.030 4.000
0.020 0.1E5 0.031 4.000
0.o1s 0.168 0.047
0.001 0.017 0,014

0.020 0.187 0.053 4.000
o.020 0.100 0.0e2 4.oo0
0.018 0.161 0.061 4.0óO
0.019 0.1E2 0.04e 4.000
0.019 0.104 0.054 4.000
o.019 0.168 0.053 4.O00
0.019 0.185 0.055 4.000
0,022 0.158 0.05? 4.000
o.021 0.18e 0.060 4.000
0.021 0.106 0.046 4.O00
0.020 0.1E7 0.065 4.000
0.019 0.1E8 0.064 4.000
0.020 0.175 0.0ó8
0,001 0.011 0.006

0.o17 0.165 0,041 4.000
0.014 0.152 0.048 4.000
0.018 0.151 0.047 4.000
0.020 0.144 0.069 4.000
0.016 0.178 0.025 4.000
0,019 0.149 0.0e2 4.000
0.020 0.1e3 0,047 4.000
0.019 0.155 0.000 4.000
0.019 0.151 0.062 4.000
0.020 0.167 0.035 4.000
0.019 0.157 0.050
0.002 0.010 0.013

0.o23 0.r27 0.073 4.000
0.024 0.143 0.055 4.OdO
0.019 0.141 0.058 4.000
0.019 0.16E 0.0ó9 4.000
0.023 0.137 0.069 4.000
0.021 0,181 0.026 4.000
0.025 0.129 0,082 4.000
0.018 0.202 0.000 4.000
0.021 0.139 0.072 4.000
0.020 0.r.31 0.071 4.000



Sample Si Al Aliv Àl"i

Table B.2 Chernical composition of clinopyroxene (continued)

I L.SO7 0.L24
evg(l1) L.eog o.L22
etdev 0.014 0.009

6 1.895 0.125
g 1.900 0.11?
0 1.881 0.123
€ 1.91.1 0.132
6 1.902 0.127
6 1.896 0.112
ø L.Egz 0.L2e
6 1.E87 0.130
6 1.916 0.114
0 1.894 0.128
avg(10) 1.897 O.L24
stdev 0.010 0.007

5 1.918 0.130
5 1.898 0.147
s 1.902 0.130
5 t.947 0.O7ø
5 1.E94 0.142
5 1.e24 0.113
5 1.883 0.145
5 1.908 0.133
5 1.S31 0.129
5 1.915 0,125
avg(10) L.9L2 o.127
stdev 0.O18 0,020

LOz 1.925 0.101
702 1.e14 0,102
toz 1.923 0.110
102 1.906 0.106
LOz 1.919 0.107
102 1.893 0.111
LOz 1.906 0.114
ro2 1.910 0.112
102 1.891 0.111
102 1.915 0.102
toz 1.910 0.109
LOz 1.e03 0.10?
toz 1.910 0.109
avg(13) 1.910 0.108
stdev 0.010 0.0O4

467 1.911 0.100
4ø7. 1.909 0.101
4ø7 1.925 0.099
467 1.e23 0.094
4A7 1.926 0.O95
467 1.811 0.099
4A7 !.922 0.702
467 1.914 0.097
4ø7 1.90€ 0.103
4ø7 L.gz! O.LO2
467 1.e19 0.098
avg(11) 1.917 0.100
stdev 0.007 0.003

468 1.887 0.110
468 1.900 0.110
468 1.8e7 0.113
468 1.906 0.111
468 1.893 0.112
468 1.901 0.105
4øA 1.893 0.L14
468 1.906 0.110
468 1.891 0,11?

Structural formula normalized to 4 cations and 6 (O)

0.093 0.o31
0.0e1 0.031
0.014 0.011

0.105 0.020
0.100 0.017
0.119 0.004
0.089 0.043
0.098 0.029
0,104 0.008
0.108 0.021
0.113 0.017
0.084 0.030
0.10€ 0,022
0.103 0.021
o.010 0.011

0.082 0.048
0.102 0.045
0.098 0.032
0.053 0.023
o.106 0.036
0.07€ 0.037
0.117 0.028
0.092 0.041
0.069 0.000
0.085 0.o40
0.088 0.039
0.018 0.010

o.0?5 0.026
0.08€ 0.010
0.07? 0.033
0.094 0.012
0.081 0.026
0.107 0.004
0.094 0.020
0.090 0.022
0.109 0.002
0.085 0.017
0.0e0 0.019
0.097 0.o10
0.101 0.008
0,091 0.017
o.010 0.009

0.089 0.017
0.091 0.o10
0.0?5 0.024
o.077 0.o17
o.o74 0.o2L
0.089 0.010
0.078 0.024
0.086 0.011
0.094 0.009
0.079 0.023
0.081 0.017
0,083 0.017
0.00? 0.006

0.110 0.000
0.100 0.010
0.103 0.010
0.o94 0.017
0.107 0.005
0,099 0.006
0.107 0.007
0.094 0.016
0.109 0.008

Ti Cr Mg

0.001 0.016 0.000
0.004 0.016 0.oo7
0.001 0.001 0.001

0.003 0.012 0.009
0.003 0.015 0.009
0.006 0.014 0.00?
0.006 0.012 0.007
0.001 0.008 0.006
0.003 0.013 0.00E
0.005 0.010 0.007
0.004 0.017 0.o09
0.00ó 0.012 0.008
0.007 0.014 0.007
0.004 0.013 0.008
0.002 0.002 0.o01

0.oo4 0.014 0.006
0.006 0.015 0,006
0.005 0.015 0.007
0.001 0.00€ 0,006
o.005 0.015 0.006
0.005 0.010 0.007
0.004 0.015 0.007
o.003 0.014 0.006
0.004 0.011 0.007
0.003 0.013 0.007
0.oo4 0.013 0.007
o.o01 0.003 0.001

Ca Mn Ni Co

0.850 0.808 0.001 0.001
0.860 0.853 0.001 0.001
0.018 0.031 0.001 0.001

0.85€ 0.854 0.001 0.000
0.840 0.879 0.001 0.000
0.E81 0,E15 0.000 0,000
0.843 0.860 0.001 0.000
0,846 0.896 0.000 0.000
o.947 0.734 0.001 0.000
0.839 0.865 0.001 0.000
0.850 0.85E 0.O00 0.001
0.871 0.E51 0.001 0.001
0.850 0.8e8 0.002 0.002
0.E62 0.848 0.001 0.000
0.031 0.043 0.001 0.001

0.82? 0.876 0.000 0.o00
0.836 0,858 0.000 0.002
o,E00 0.815 0,002 0.001
0.885 0.874 0.O00 0.001
0.842 0.867 0.O02 0.000
0.853 0.850 0.001 0.001
0.859 0.849 0.002 0.000
0.861 0.823 0.000 0.001
0.857 0.821 0.001 0.001
0.838 0.8?5 0.002 0.000
o.E52 0.851 0.001 0.001
0.016 0.022 0.001 0.001

Na Fez+ Fe3+ Cat

0,023 0.136 0.060 4.000
0.021 0.149 0.057
0.002 0.023 0.023

0.021 0.138 0.0E8 4.000
0.019 0.135 0.083 4.000
o.o22 0.t41 0.109 4.000
o.o22 0.t92 0.044 4.000
0.019 0.119 0.078 4.000
0.o15 0.179 0.092 4.000
0.020 0.145 0.081 4.000
o.o20 0.1s5 0.o91 4.o00
0,018 0.155. 0,050 4.000
0.016 0.141 0.073 4.000
0.019 0.145 0.079
0.002 0.016 0.018

o.020 0.17e o.029 4.000
0.020 0.162 0.050 4.000
0.020 0.185 0.058 4.000
o.017 0.148 0.039 4.000
0.018 0.149 0.060 4.000
0.019 0.180 0.038 4.000
0.020 0.134 0.087 4.O00
0.020 0.181 0,050 4.000
o.018 0.213 0.007 4.000
0.019 0.160 0.045 4.000
0.01e 0.169 0.046
o.001 0.022 0.020

0.014 0.151 0,051 4.O00
0.016 0.161 0.072 4.000
0.013 0.177 0.042 4.000
0.016 0.150 0.085 4.OOO
0.016 0.136 0.091 4.000
o.013 0.111 0.100 4.000
0.018 0.132 0.072 4.000
0.017 0.144 0.099 4.O00
0.016 0.123 0.107 4.000
0.014 0.124 0.069 4.000
0.018 0.130 0.076 4.000
0.010 0.156 0.085 4.000
0.018 0.131 0.093 4.000
0.016 0,140 0.076 4.000
0.002 0.017 0.018 4.000

0.016 0.171 0.0?1 4.000
0.018 0.149 0,084 4.000
0.016 0.15E 0.054 4.000
0.014 0.148 0.059 4.O00
0.016 0.1?4 0.060 4.000
0.o15 0.154 0,086 4.000
0,01? 0.173 0.o55 4.000
o.018 0.142 0.084 4.000
0.016 0.L50 0.087 4.000
0.016 0.169 0.065 4.000
o.o16 0.160 0.070 4.000
o.016 0.159 0.070 4.000
o.001 0.011 0.012 4.000

o.015 0.13€ 0.112 4.000
0.018 0.136 0.096 4.000
0.018 0.147 0,096 4.000
0,018 0.157 0.OE1 4.000
0.o18 0.137 0.100 4.000
0.o10 0.132 0.095 4.000
0.017 0.145 0.098 4.OO0
0.014 0.148 0.083 4.000
0.018 0.134 0.106 4.000

o.o04 0.003 0.874
o.004 0.005 0.942
0.005 0.003 0.924
0.005 0.003 0.931
0.004 0.003 0.E71
0.006 0.005 0.890
0.007 0.003 0.867
0.006 0,004 0.879
0.006 0.002 0.929
0.004 0.003 0.E94
0.005 0.003 0.881
0.00? 0.003 0.939
0.006 0.004 0.892
0.005 0.003 0.901
0.001 0.001 0.027

0.o07 0.002 0.8e9
0.006 0.002 0.EEE
0.005 0.001 0.E78
0.005 0.003 0.885
0.003 0.002 0.908
0.002 0.003 0.898
0.006 0.002 0.890
0.003 0.003 0.872
o.oo5 o.oo3 0.E85
0.002 0.002 0.873
0.004 0.003 0.890
0,004 0.002 0.888
0.002 0.001 0.011

0,o08 0.003 0.907
0.004 0.002 0.8e4
0.005 0.003 0.899
0.o07 0.001 0.895
0.007 0.003 0.885
0.005 0.003 0,E87
0.007 0.004 0.881
0.004 0.o01 0.893
0.004 0.002 0.890

Cycle 3
0.872 0.004 0.o02 0.000
0.770 0.006 0.002 0.000
0.797 0,005 0.001 0.001
0.792 0.005 0.001 0.001
0.8?8 0.000 0.001 0.000
0.865 0.006 0.000 0.000
0.873 0.004 0.003 0.oo1
0.853 0.006 0.000 0.000
0.809 0.004 0.001 1.000
0.869 0.005 0.000 0.001
0.861 0.006 0.000 0.002
0.775 0.OO6 0.002 0.001
0.841 0.006 0.001 0.001
o.E35 0.005 0.001 0.0?6
o.038 0.001 0.001 0.266

0.813 0.004 0.001 0.000
0.832 0.006 0.001 0.002
0.855 0.006 0.o01 0.001
0.860 0.000 0.002 0.000
0.812 0.005 0.001 0.000
0.825 0.006 0.000 0.001
0.829 0.O02 0.001 0.001
0.860 0.007 0.o01 0.000
0.839 0.005 0.001 0.000
0.841 0.00? o.001 0.001
0.834 0.006 0.001 0.001
0.830 0.006 0.o01 0.001
0.016 0.002 0.000 0.001

0.81? 0.004 0.001 0.001
0.833 0.006 0.000 0.o00
0.81€ 0.006 0.000 0.000
0.818 0.005 0.001 0.001
0.836 0.006 0.000 0.002
0.E49 0.007 0.000 0.000
o,835 0.005 0.001 0.001
0.83S 0,007 0.001 0.001
0.827 0.006 0.002 0.002
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Sample Si Al Al¡, Al"¡ Ti Cr

Table 8.2 Chernical cornposition of clinopyroxene (continued)

468 1.894 0.110 0.106
408 1.89? O.111 0.103
avg(11) 1.897 0.111 0.103
etdev 0.006 0.0O9 0.005

46ø 1.9L9 0.O98 0.081
4øS 1.914 0.095 0.086
4ø9 1.909 0.100 0.091
469 1.910 0.0e9 0.090
409 1.901 0.097 0.097
4øg 1.905 0.101 0.095
469 1.S12 0.09? 0.088
4Ag 1.905 0.104 0.095
46e 1.907 0.103 0.093
465 1.918 0.0S6 0.082
46e 1.904 0.102 0.0e6
4As 1.892 0.103 0.103
4A9 1.893 0.10e 0.r.06
4e9 1.891 0.103 0.103
avg(14) 1.900 0.100 0.093
stdev 0.009 0.003 0.007

47L 1.885 0.123 0.115
47L 1.902 0.121 0.0e8
47r 1.899 0.119 0.101
47L 1.894 0.122 0.106
471 1.E97 0.121 0.103
47r 1.911 0.119 0.089
47L 1.883 0.122 0.117
47L 1.902 0.115 0.098
47L 1.904 0.119 0.0e6
47L 1.900 0.117 0.100
47L 1.e09 0,119 0.O91
471 1.904 0,119 0,096
47L 1,905 0.121 0.095
47L 1.881 0.123 0.11e
47r 1.8e1 0.122 0.109
47r 1.904 0.122 0.096
47L 1.899 0.1r4 0.101
471 1.E90 0.117 0.110
477 1.880 0.121 0.120
477 1.S01 0.121 0.099
avg(zO) 1.897 0.120 0.103
stdev 0.00e 0.002 0.0O9

472 1.914 0.098 0.086
472 1.e18 0.096 0.082
472 1.906 0.103 0.094
472 1.el6 0.09e 0.084
472 1.900 0.108 0.100
472 1.910 0.102 0.090
472 1.935 0.087 0.065
472 1.e18 0.104 0.082
472 1.916 0.100 0.084
472 1.911 0.102 0.0E9
472 1.920 0.103 0.080
472 1.899 0.109 0.101
472 1.907 0.106 0.0e3
472 1.903 0.105 0.0e7
472 1-905 0.105 0.095
472 1.910 0.103 0.090
avg(r0) 1.912 0.102 0.088
stdev 0.O09 0.005 0.009

473 1.902 0.10e 0.098
473 1.914 0.109 0.086
473 1.907 0.114 0.0s3
473 1.904 0.107 0.096
473 1.895 0.112 0.105
473 1.898 0.105 0.102

Structural formula normalized to 4 cations and 6 (O)

0,004 0.004 0.003
0.008 0.00ã 0.o02
0,008 0.005 0.002
o.o05 0.001 0.oo1

o.017 0.008 0.002
0.009 0.o06 0.003
0.009 0.004 0.002
0.009 0.004 0.002
0.o00 0.006 0.001
o.006 0.008 0.003
0,009 0.006 0,001
0.009 0.005 0.002
0.010 0.008 0.002
0.o14 0.005 0.o00
0.006 0.004 0.000
0.000 0.006 0.002
0.000 0.005 0.002
0.000 0.006 0.001
0.007 0.006 0.o02
0.005 0.001 0.o01

0.008 0,005 0.000
0.023 0.005 0.oo4
0.018 0.007 0.oo5
0.016 0.005 0.004
0.018 0.007 0.003
0.030 0.004 0.oo4
o.005 0.007 0.004
0.01? 0.007 0.005
0.0?3 0.006 0.003
o.017 0.00? o.o04
o.028 0.007 0.004
0.023 0.001 0.005
0.026 0.005 0.005
0.004 0.008 0.oo5
0.013 0.006 0.003
0.020 0.006 0.006
0.013 0.006 0.006
0.o07 0.007 0.o05
0.o01 0.005 0.006
0.022 0.003 0.004
0.017 0.00e 0.005
0.008 0.oo2 0.001

0.012 0.004 0.003
0.014 0.006 0.003
0.009 0.005 0.002
0.015 0.000 0.002
o.008 0.004 0.000
0.012 0.005 0.003
0.022 0.002 0.000
0.022 0.003 0.000
0.01€ 0,008 0.002
0.013 0.003 0.001
0.023 0.007 0.003
0.008 0.007 0.003
0.018 0.004 0.o02
0.008 0.006 0.002
0.010 0.005 0.002
0.013 0.004 0.002
0.014 0.005 0.002
o.oo5 0.002 0.001

0.0r.1 0.005 0.002
0.023 0.005 0.002
0.021 0.004 0.o02
0.011 0.006 0.003
0.007 0.005 0.001
0.003 0.007 0.003

Mg Ca Mn

0.894 0.82S 0.006
0.893 0.E40 0.005
0.893 0.830 0.006
0.007 0.010 0.001

0.8e1 0.835 0.006
0.892 0.827 0.O06
0.898 0.821 0.006
0.892 0.825 0.000
0.880 0.848 0.006
0.872 0.859 0.004
0.896 0.825 0.006
0.E83 0.830 0.007
o.E96 0.821 O.006
0.865 0.863 0.006
0.903 0.814 0.006
0.88E 0.845 0.000
0.891 0.842 0.O05
0.E7? 0.851 0.006
0.888 0.830 0.000
0.010 0.01s 0.001

o.880 0.880 0,005
0.87e 0.8?3 0.003
0.870 0.E75 0.004
0.868 0.877 0.005
0.874 0.880 0.004
0.874 0.872 0.004
0.882 0.87e 0.005
0.874 0.8?4 0.006
0,885 0.879 0.O0?
0.882 0.880 0.00€
0.873 0.870 0.005
0.EE0 0.879 0.OO3
0.8?3 0.8?2 o.O06
0.887 0,E7? 0.006
0.874 0.883 0.004
0.873 0.875 0.006
0.E76 0.874 0.004
0.874 0.883 O.004
0.881 0.884 0.004
0.874 0,876 0.005
o.877 0.877 0.OO5
o.oo5 0.004 0,o01

0.872 0.89? 0.006
0.884 0.88e 0.004
0.878 0.8e0 0.004
0.8E3 0.896 0.006
0.888 0.902 0.003
0.E86 0.889 0.O04
0.866 0.914 0.005
0.878 0.891 0.002
0.EEg 0.886 0.005
0.886 0.8e3 0.005
0.867 0.907 0.O05
0.889 0.894 0.O03
0.887 0.884 0.005
0.877 0.E88 0.006
0.88e 0.886 0.003
0.872 0.905 0.005
0.881 0.E94 0.004
0.008 0.o08 0.001

0.881 0.881 0.006
0.865 0.8e1 0.005
0.869 0.880 0.007
o.877 0.88S 0.O05
0.882 0.889 0.003
0.885 0.887 0.005

238

Ni

0.001 0.o02
0.000 0.000
0.001 0.001
0.001 0.o01

0.000 0.o00
0.000 0.o01
0.002 0.o00
0.001 0.000
0.001 0.001
0.001 0.000
0.002 0.002
0.o01 ,0.000
0.001 o.003
0.000 0.001
0.001 0.001
0.000 0.o00
0.001 0.o00
0.002 0.o01
0.001 o.oo1
0.o01 0.001

0.000 0.001
0,o00 0.000
0.000 0.001
0.000 0.001
0.000 0.000
0.001 0.002
o.o02 0.000
0.001 0.001
0.000 0.000
0.002 0.000
0.001 0.001
0.000 0.002
0.000 0.000
0.001 0.000
0.001 0.o00
0.001 0.000
0.001 0.o01
0.000 0.000
o.000 0.000
0.000 0.000
0.001 0.o01
0.001 0.o01

0.001 0.000
0.000 0.000
0.002 0.001
0.000 0.000
0.000 0.o02
0.000 0.002
0.001 0.000
0.001 0.001
0.001 0.001
0.001 0.001
0.000 0.000
0.002 0.000
0,o02 0.001
0.001 0.001
0.002 0.001
0.002.0.000
0.001 0.001
0,o01 0.001

0.000 0.000
0.001 0.000
0.000 0.001
0.001 0.000
0.002 0.o02
0.002 0.o01

Na Fe2* Fe3* Cat

0.017 0.133 0.107 4.000
0.018 0.130 0.100 4.000
0.017 0.140 0.098 4.000
0.001 0.o08 0.009 4.o00

o.015 0.167 0.060 4.000
0.016 0.162 0.0?E 4.000
0.017 0.155 0.oEE 4.000
0.017 0.157 0.088 4.000
o.010 0.132 0.104 4.000
0.018 0.142 0.087 4.O00
0.013 0.162 0.07e 4.000
0.016 0.158 0.0E9 4.000
0,015 0.101 0.078 4.000
o.017 0.156 0.074 4.000
0.015 0.153 0.0e7 4.000
0.01€ 0.128 0.115 4.000
0.014 0.132 0.107 4.000
0.01E 0.124 0.119 4.000
0.019 0.149 0.090 4.000
0.001 0.014 0.016 4.o00

0.015 0.090 0,104 4.000
0.016 0.124 0.079 4.000
0.016 0.125 0.080 4.000
0.015 0.119 0.091 4.000
0.014 0.119 0.0E0 4.000
0.016 0.131 0.062 4.000
o.017 0.o90 0.110 4.ooo
0.015 0.124 0.078 4.000
0.017 0.107 0.0?5 4.000
0.015 0.108 0.080 4.000
0.016 0.136 0.059 4.000
0.017 0.108 0.082 4.000
o,oLg 0.L22 0.071 4.000
0.017 0.oE6 0.109 4.o00
0.013 0.109 0.095 4.000
0.019 0.118 0.0?1 4.00c
0.015 0.120 0.086 4.000
0.016 0.104 0.100 4.000
0.018 0.082 0.121 4.000
0.015 0.120 0.081 4.000
0.016 0.112 0.086 4.000
0.o01 0.015 0.016 4.000

0.o17 0.110 0.0?9 4.000
0,016 0.120 0.097 4.000
0.017 0.103 0.089 4.000
0.015 0,102 0.081 4.O00
0.016 0.077 0.100 4.000
0.013 0.111 0.075 4.000
0.018 0.118 0.055 4.000
0,o18 0.113 0.071 4.000
0.016 0.115 0.004 4.000
0,012 0.105 0.081 4.000
0.018 0.112 0.05e 4.000
0.015 0.090 0.0e1 4.000
o.016 0.102 0.085 4.000
o.014 0.108 0.090 4.000
0.015 0.100 0.087 4.000
0.011 0.10e 0.077 4.000
0.015 0.106 0.078 4.000
0.002 0.010 0.012 4.000

0.015 0.110 0.091 4.000
0,015 0.131 0.064 4.000
0.016 0.122 0.077 4.000
0.017 0.108 0.087 4.000
0.015 0.095 0.101 4.000
0.015 0.094 0.097 4.000



Sample

Table 8.2 Chernical cornposition of clinopyroxene (continued)

473 1.894 0.112 0.106
473 1.S02 0.113 0.Oe8
473 1.886 0.118 0.114
avg(9) 1.900 0.111 0.100
stdev 0.008 O.004 0.008

474 1.901 0.117 0.099
474 1.905 0.115 0.O95
474 1.903 0.118 0.Oe7
474 1.904 0.119 0.09e
474 1.908 0.120 0.092
474 1.910 0.119 0.090
474 1.898 0.12? 0.102
474 1.900 0.117 0.100
474 1,884 0.127 0.116
474 1.888 0.124 0.112
474 1.892 0.124 0.108
474 L.878 0.t22 0.L22
474 1,908 0.128 0.0e2
474 1.89e 0.120 0.104
474 1.883 0.125 0.117
474 1.892 0.119 0.10E
474 1.882 0.119 0.118
474 1.890 0.127 0.110
474 1.900 0.0e3 0.093
avg(19) 1.896 0.120 0.104
stdev O,009 0.00? 0.O10

47ø 1.e03 0.095 0.095
47e 1.90? O.095 0.O93
47ø 1.897 0.094 0.0s4
47ø 1.908 0.103 0.0e2
47A 1.8e4 0.101 0.101
47A 1.903 0.097 0.097
47ø 1.902 0.100 0.098
47ø 1.906 0.105 0.094
476 1,893 0.111 0.107
476 L.923 0.LO7 0.077
avg(ro) 1.904 0.101 o.oe5
stdev 0.008 0.005 O.007

47A 1.895 0.097 0.Oe7
47A 1.911 0.099 0.089
47A 1.913 0.100 0.087
478 1.e02 0.096 0.096
478 1.e13 0.097 0.087
47A 1.910 0.093 0.090
47A 1.904 0.102 0.096
47A 1.908 0.089 0.OEe
47A 1.914 0.101 0.080
avg(9) 1.908 0.097 0.091
stdev 0.006 0.O04 0.014

481 1.S18 0.101 0.082
481 1.939 0.100 0.061
481 1.902 0.100 0.098
481 1.909 0.101 0.091
4E1 1,e52 0.093 0.04E
461 1.906 0.103 0.094
481 1.918 0.094 0,082
481 1.917 0.094 0.083
481 1.S29 0.099 0.0?L
481 1.933 0.095 0.067
481 1.916 0.097 0,O84
481 1.921 0.095 0.079
avg(12) 1.922 0.098 0.07E

Structural formula normalized to 4 cations and 6 (O)

Al ÄI¡, Alri
0,006 0.004
0,015 0.005
0.004 0.00€
0.011 0.005
0.007 0.001

0.018 0.o05
0.020 0.004
0.021 0.006
0.023 0.004
0,o28 0.003
0.029 0.004
0.020 0.005
0.017 0.005
0.011 0.005
0.012 0.005
0.016 0.005
0.000 0.007
0.03e 0.005
0,016 0.004
0.008 0.004
0.011 0.o03
0.001 0.002
o.01? 0.004
o.000 0.005
0.01€ 0.004
0.009 0.001

0.000 0.004
0.002 0.006
0.000 0.o05
0.011 0.004
o.000 0.005
o.000 0.004
0.002 0.000
0.011 0.o04
0.004 0.004
0.030 0.005
0.006 0.005
o.009 0.001

0.000 0.005
0.010 0.008
0,o13 0.006
0.000 0.008
0.010 0.005
0.003 0.o05
0.000 0.006
0.000 0.000
0.015 0.008
0.006 0.006
0.006 0.001

0.019 0.006
0.039 0.002
0.002 0.00?
0.010 0.004
0.045 0.o07
0.009 0.o05
0.012 0.006
0.011 0.003
0.028 0.005
0.028 0.006
0.013 0.003
0.016 0.008
0.019 0.005

C¡

0.002 0.883
0.003 0.870
0,002 0.873
0.o02 0.87€
0.001 0.007

0.003 0.885
0.001 0.E84
0.001 0.E79
0.001 0.8e4
0.004 0.877
0.003 0.892
0.002 0.8r1
0.001 0.E81
0.004 0.873
0.o04 0.872
0.003 0.876
0.003 0.885
0.004 0.880
0.003 0.884
0.o03 0.890
0.o02 0.89?
0.003 0.880
0.oo4 0.880
0.002 0.880
0.003 0.883
0.001 0.007

o.o05 0.898
0.005 0.902
0.005 0.904
0.004 0.898
0.o03 0.895
0.004 0.894
0.003 0.903
0.004 0,900
0.004 0.888
0.oo3 0.8?5
0.004 0.896
0.001 0.008

0.005 0.8s5
0.003 0.892
0.oo4 0.895
0.003 0.89E
0.004 0.892
0.004 0.Ee3
0.005 0.8e3
0.004 0.912
0.004 0.894
0.o04 0.896
0.o01 0.009

0.o03 0.863
0.002 0.873
0.003 0.875
0.004 0.E54
0.003 0.872
0.004 0.859
0.003 0.846
0.003 0.849
0.003 0.885
0.003 0.905
0.003 0,920
0.002 0.863
0.003 0,872

Mg

0.E88 0.005
0.8E0 0.005
0.896 0.005
0.886 0.005
0.005 0.001

0.880 0.o04
0.881 0.005
0.882 0.005
0.880 0.005
0.886 0.005
0.871 0.004
0.877 0.006
0.889 0.O05
0.895 0.O05
0.8e1 0.004
0.889 0.005
0.892 0.004
0.875 0.004
0.E86 0.004
o.E87 0.003
0.886 0.004
0,896 0.004
0.878 0.005
o.936 0.005
0,887 0.O06
0.013 0,001

o,866 0.004
0.867 0.003
0.863 0.006
0.803 0.005
0.865 0.006
0.806 0.006
0.860 0.006
0.859 0.005
0.870 0.006
0.866 0.004
0.865 0.005
o.003 0.001

0.891 0.005
0.844 0.003
o.E41 0.004
o.847 0.005
0.849 0.O05
0.870 0.005
0.848 0.004
0.832 0.006
0,837 0.003
o.848 0.004
0.011 0.001

0.832 0.006
0.814 0.007
0.842 0.008
0.866 0,005
0.809 0.005
0.825 0.007
0.866 0.006
0.879 0.007
o.E06 0.007
0.789 0.008
0.750 0.008
0.843 0.006
0.827 0.00?

Mn

0.o01 0.002
0.001 0.002
o.001 0.001
0.o01 0.001
0.001 0.001

0.001 0.001
0.001 0.000
0.o01 0.000
0.002 0.000
0.001 0.001
0.001 0.001
0.001 0.001
0.000 0.000
0.002 0.000
o.o01 0.001
0.000 0.000
0.001 0.001
0.002 0.001
o,o01 0.000
o.o01 0.001
0.000 0.001
0.001 0.000
0.o01 0.001
0.000 0.001
0.001 0.001
0.001 0.000

0.002 0.001
o.001 0.000
0.001 0.001
0.000 0.002
0.002 0.001
0.004 0.001
0.002 0.002
0.003 0.000
0.001 0.001
0.000 0.000
0.o02 0.001
0.o01 0.001

0.000 0.000
0.003 0.000
0.o00 0.000
0.001 0.000
0.001 0.002
0.000 0.001
0.000 0.000
0.001 0.000
0.001 0.000
o.001 0.000
0.001 0.001

0.001 0.oo2
0.002 0.000
0.000 0.000
0.000 0.000
0.000 0.000
0.003 0.001
0.000 0.000
0.001 0.001
0.001 0.001
0.000 0.001
0.000 0.001
0.000 0.000
0.001 0.001

Na Fe2+ Fe3+ cat

o.016 0.088
0.016 0.118
0.01€ 0.086
0.016 0.106
0.001 0.015

0.016 0.104
0.016 0.108
o.o16 0.111
0.015 0.098
0.014 0.114
0.010 0.115
0.016 0.107
0.o13 0.105
0.016 0.083
0.010 0,093
0.016 0.0e6
0.017 0.070
o.otí 0.L22
o.o16 0.095
o.014 0.07E
0.015 0.080
0.015 0.075
0.018 0.089
0.008 0.067
0.015 0,0s5
0.002 0.016

0.015 0.106
0.016 0.109
0.016 0.096
0.016 0.113
0.014 0.104
0.015 0.107
0.010 0.105
0.015 0.113
0.013 0.107
o.020 0.145
0.01€ 0.111
0.002 0.012

0.018 0.103
0.013 0.151
0.o14 0.152
0.010 0.129
0.017 0.136
0.o13 0.119
0,010 0.135
0.016 0.132
0.016 0,158
0.015 0.135
0.002 0.016

0.018 0.185
0.016 0.215
0.01E 0.151
0.016 0.156
0.o19 0.235
0,018 0.182
0.016 0.175
o.018 0.14E
o.o77 0.202
0.018 0.201
0,016 0.210
0.01e 0.179
0.017 0.187

0.105 4,000
0.o80 4.000
0.1 11 4.OO0
0.091 4.000
0.014 4.000

0.oE4 4.000
0.081 4.000
0.0?7 4.oo0
0.078 4.000
0.067 4,000
0.004 4.000
0.085 4.000
0.084 4.000
0,10? 4.000
0.100 4.000
0.094 4.000
0.121 4.000
0.o57 4.000
0.o92 4.000
0.112 4.000
0.104 4.000
0.123 4.000
0.099 4.000
0.104 4.000
0.091 4.000
0.018 4.000

0.102 4.000
0.090 4.000
0.113 4.000
0.084 4.000
0.109 4.000
0.100 4.000
0.096 4.000
0.085 4.000
0.102 4.000
0.052 4.O00
0.093 4.000
0.016 4.000

0.115 4.000
0,0?3 4.000
0.070 4.000
0.095 4.000
0.080 4.000
0.086 4.000
0.088 4.000
0.0e4 4.000
0.067 4.000
0.0E5 4.000
0.014 4.000

0.067 4.000
0.031 4.000
0.096 4.000
0.085 4.000
0.004 4.000
0.088 4.000
0.o08 4.000
0.081 4.OO0
0.047 4.000
0.042 4.000
0.077 4.000
0.094 4.000
0.063 4.000
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Sample

Table 8.2 Chernical cornposition of clinopyroxene (continued)

485 L.949
485 1.931
485 1.S58
485 L.922
485 !.s22
485 1.922
485 L.g4L
485 1.91e
avg(8) 1.933
stdev 0.014

486 r..8e3
486 1.895
486 1.900
486 1.8E7
486 1.899
486 L.9L4
486 1.885
486 1.895
486 L.ø24
486 L.902
avg(10) 1.900
stdev 0.01 1

Structural fo¡mula normalized to 4 cations and 6 (O)

Al Al¡, À1"¡

0.092 0.051
0.098 0.069
o.089 0.042
0.102 0.078
0.097 0.078
0.096 0.078
0.084 0.05e
0.099 0.081
0.095 0.067
o.009 0.014

0.116 0.107
0.113 0.105
0.110 0.094
o.tlz 0.LLz
0.115 0.101
0.111 0.086
0.L37 0.115
0.113 0.105
o.110 0.076
0.11? 0.098
0.115 0.100
0.008 0.011

0.041 0.00õ
0.o29 0.o07
0.047 0.005
0.024 0.009
0.019 0.004
0.018 0.009
0.025 0.004
0.018 0.004
0.028 0.006
0.010 0.002

0.009 0.005
0.008 0.005
0.010 0.007
0.000 0.o00
0.014 0.006
0.025 o.oo4
0.022 o.ooe
0.008 0.004
0.o34 0.o05
0.019 0.005
0.015 0.005
0.009 0.001

Cr

0.005 0.949
0.007 0.e23
0.006 0.928
0.006 0.8?1
0.007 0.934
0.007 0.885
0,005 0.890
0.007 0.883
0.006 0.908
0.001 0.027

0.007 0.875
0.004 0.858
0.006 0.87E
0.000 0.861
0.006 0.863
0.006 0.884
0.005 0.E82
0.005 0.E78
0.o05 0.E7E
0.006 0.860
0.006 0.872
0.001 0.009

Mg

Cycle 2
0.783 0.006 0.o01 0.o00
o.814 0.OO4 0.O01 0.000
0.801 0.004 0.000 0.000
0.883 0.005 0.000 0.000
0.774 0.005 0.000 0.000
0.861 0.006 0.003 0.001
0.876 0.005 0.001 0.001
0.853 0.005 0.o02 0.000
o.831 0.005 0.001 0.000
o.040 0.001 0.00r 0.000

0.815 0.008 0.001 0.001
0.859 0.006 0.001 0.001
0.827 0.008 0,001 0.o01
0.852 0,00? 0.003 0.000
0.847 0.007 0.001 0.000
0.819 0.00e 0.000 0.000
0.822 0.008 0.000 0.000
0.823 0.006 0.001 0.000
o.823 o.OO5 o.OOO O.OO1

0.851 0.007 0.000 0.000
0.834 0.007 0.001 0.000
0.016 0.001 0.001 0.000

Mn Ni Co Ne Fez+ Fe3+ Cet

0.015 0.1E6
o.017 0.164
0.010 0.189
0.01E 0.138
0.018 0.178
0.018 0.141
o.o23 0.126
0.018 0.144
0.018 0.15E
0.002 0.023

0.017 0.167
0.018 0.140
0.018 0.104
o.018 0.135
0.016 0.r55
0.018 0.1?4
0.014 0.152
0.015 0.161
o.o17 0.1E9
0.018 0.154
0.017 0.159
0.001 0.015

0.011 4.000
0.035 4.000
0.000 4.000
0.046 4.000
0.0€2 4.000
0.053 4.000
o.043 4.000
o.06E 4,000
0.040 4.000
0.022 4.000

0.096 4.000
0.100 4.o00
0.075 4.000
0.112 4.000
0.085 4.000
0.005 4.000
0.oEr 4.000
0.099 4.000
0.o43 4.000
0.080 4.000
0.084 4.000
0.019 4.O00
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Sample SíO2 TiO2 At2O3 Cr203 MnO MgO CaO NiO CoO Na2O FeO Fe2O3 Total

Table 8.3¡ Chernical composition of clinopyroxene chadacrysts

458 t2.37 4.26 2.40
45E 51.69 0.08 2.4ø
avg(2) 52.03 0.17 2.63
etdev 0,34 0.09 0.13

4 5 5 52.2L 0.15 2.5ø
455 53.09 0.0? 2.58
455 52.31 0.14 2.52
4t5 52.43 0.15 2.59
455 52.60 0.16 2.75
avg(5) 52.53 0.13 2.60
stdev 0.31 0.03 0.08

453 52.44 0.19 2.ø4

466 52.A7 0.14 2.38
456 52.70 0.07 2.62
456 52.48 0.11 2.47
450 52.øg 0.16 2.57
avg(a) 62.52 O.tz 2,55
stdev 0.14 0.Og 0.06

407 53.34 0.18 2.41
40? 52.54 0.19 3.01
407 52.80 0.18 2.87
avg(3) 52.90 0.18 2.7ø
stdev 0.33 0.00 O,28

375 52.A9 0.O9 2.47
375 51.46 0.18 3.3L
375 51.19 0.10 2.84
375 51.53 0.05 3.36
375 tL.øz 0.19 3,20
avg(5) 51.70 0.13 3.04
stdev 0.52 0.05 0.33

318 53.18 0.18 2.4e
318 53.72 0.15 2.47
31E 53.06 0.24 2.øl
318 5 2.81 0.15 2.3e
avg(4) 53.20 0.18 2.4ø
gtdev 0.33 0,04 0.08

31? 5L.74 o.O? 2.e2
317 51.€6 0.15 2.63
aL7 51.86 0.11 2.33
3L7 5 2.06 0.15 2.62
evg(a) 51.83 O.L2 2.52
stdev 0.15 O.03 O,Lz

316 t2.54 0.O7 2.68
316 52.ø3 0.08 2.47
316 s2.44 0.L7 2.øC
316 52.6e 0.15 2 .78
316 52.84 0.17 2.5E
evg(s) 52.A2 0.13 2.ø4
stdev 0.13 0.O4 0,11

314 52.7ø O.24 2.6L
314 52.44 0.04 2.øl
314 52.A4 0.18 2.69
314 62.28 0.18 2.83
314 52.4L 0.06 2.lA
avg(6) 52.51 0.14 2.67
stdev 0.18 0.08 0.09

313 52.23 0.L2 2.29
313 52.08 0.18 2.26

Weight percent oxides

0.51 0.24
0.51 0.25
0.51 0.26
0.00 0.01

0.38 0.2r
o.4r o.22
0.53 0.2L
0.43 0.19
0.48 0.19
0.45 0.20
0.05 0.01

0.43 0.15

o.2g 0.13
0.33 0.16
0.35 0.14
0.33 0.17
0.32 0.17
o.o2 0.02

0.43 0.11
o.49 0.12
0.49 0.14
o.47 0,L2
0.o3 0.01

0.63 0.11
0.8e o.L2
0.E6 0.13
0.86 0.16
o.89 0.16
0.82 0.14
0.10 0.02

o.44 0.15
0.37 0.20
o.44 0.L7
o.42 0.L7
0.41 0.18
0.03 0.02

o.42 0.16
o.44 0.18
o.47 0.13
o.42 0.13
o.44 0.15
o.o2 0.02

o.53 0.16
0.54 0.00
0.51 0.L4
0.€0 0.21
0.60 0.10
0.56 0.13
0.04 0.0 5

0,51 0.1 7
o.52 0.17
0,49 0.1E
0.60 0.15
u.oo u.La
0.53 0.17
0.04 0.01

0.45 0.15
o.49 0.17

Zone L5
16.51 2r.24 0.00
L5.70 22.OO O.O2
16.1 5 2L .e3 0.01
0.30 0.37 0.01

15.84 22.O4 0.04
15.82 22.24 0.O4
16.15 2r,44 0.04
16.00 22.O4 0.05
15.91 21.83 0.04
15.94 2L,92 0.04
o.Lz 0.27 0.O0

L5-52 22.t4 O.O3

15,E6 22.57 0.03
19.03 22.r7 0.04
15.80 22.64 O.O3
78.29 2L.54 0.01
10.19 2L.77 0.03
0.19 0.45 0.01

Zor.e t4
16.52 22.8ø 0.04
Le.L7 2 3.18 0.00
7ø.72 22.24 0.0e
16.47 22.77 0.03
o.23 0.38 0.O2

r.6.E7 2L.9r 0.03
16.14 22.23 0.08
16.56 2L.AL 0.03
16.00 22.44 0.10
16.41 2L.73 0.05
Lø.40 22.O2 0.06
0.31 0.27 0.03

Zone Lt
L6.24 22.4r 0.03
L7,35 2L.Or 0.00
15.e6 23.00 0.11
16.18 22.59 0.00
10.51 22 .20 0.O4
0,50 0.75 0.05

16.31 22.27 0.02
1A.73 2L.64 0.02
LA.ø4 22.32 0.05
16.16 22.72 0.O2
76.46 22.23 0.03
o.23 0.39 0.01

L6.80 2L.44 0.Oe
16.45 22.60 0.03
L6.87 2L.OO 0.05
16.18 22.37'O.O2
16.61 22.LL 0.05
16.58 2t .gO 0.0 5

Q.25 0.€0 0.02

16.36 21.80 0.06
16.30 2L.33 0.O3
15.93 27.95 0.07
15.55 22.t8 0.10
16,00 22.r4 0.O0
16.03 27.9e 0.O5
o.29 0.41 0.03

10.38 22.13 0.06
16.06 2L.gA 0.06

0.01 0.20
0.o5 0.23
0.03 0.22
o.o2 0.o1

0.06 0.16
0.00 0.18
0.05 0.18
0.00 0.22
0.00 0.L7
o.02 0.18
0.03 0.02

0.04 0.2L

0.o4 0.22
o.00 0.22
0.00 0.23
0.0€ o.27
0.02 0.2r
0.03 0.o1

0.00 0.17
0.06 0.2 0
0,08 0.17
0,0? 0.18
0.01 0.01

0.04 0.18
0.00 0.24
0.02 0.19
0.00 0.26
0.02 0.22
0.02 0.22
0.01 0.03

0.03 0.2L
0.02 0.19
o.o3 0.25
0.05 0.23
0.04 0.23
0.01 0.o2

o.o0 0.23
0.02 0.22
0.04 0.20
0.02 0.22
0.02 0.22
0.01 0.01

0.07 0.22
0.02 0.2L
0.05 0.22
0.03 0.2L
0.01 0.23
0.o4 Q.22
o.o2 0.o1

o.03 0.22
0.05 0.2ø
o.o0 0.22
0.06 0.23
0.06 0,25
0.04 0.24
o.o2 0.o2

0.05 0.1€
0.03 0.19

5.02 0.81 99.61
4.20 1.84 99.31
4.58 1.35 99.48
0.41 0.ã1 0.15

5.08 1 .17 99.90
5.79 0.24 100.68
5.32 0.90 SS.7g
4.A4 1 .16 100.1 1

5.73 0.01 99.87
5.37 0.A7 100.06
0.37 0.48 0.32

5.66 0.65 100.11

4.91 0.00 99.44
4.gL 0.46 øs.ø2
4.43 0.e1 99.33
5.S3 0.66 e5.97
5.00 0.52 gg.42
o.32 0.26 0.24

4.25 0.55 100.e1
3.43 L.27 100.68
s.g  1.31 101.02
3.87 L.O4 100.86
0.34 0,35 0.14

3.96 1.06 100.05
3.\7 1.05 99.43
2.87 2.06 98.74
2.9ø 1.81 99.53
3.59 1.70 99.78
3.2ø 1.68 99.52
0.41 0.33 0.44

4.ø4 0.31 100.61
5.3e 0.65 101.55
4.32 0-e2 100.80
4.25 1.10 100.34
4.øL 0.E3 100.92
o.47 0.28 0.45

3.11 2;2A øe.22
3.15 2,24 e8.98
2.74 2.ø3 99.52
3.32 1.82 99.e5
3.08 2.24 99.33
0.21 0.2ø 0.26

4.77 1.54 100.31
3.68 1.48 100.25
4.ø6 1.01 99.81
4.40 0.75 100.37
4.2L L.20 100.71
4.22 t.20 r.00.29
o.32 0.29 0.2e

5.01 0.91. 100.70
4.94 0.61 9e.34
5.35 0.31 100.01
4.øg 0.39 99.64
4.48 1.13 99.82
4.87 0.69 99.90
0.30 0.31 0.44

1.O5 1 .60 SS .67
4.22 1.36 100,25

24t



Table 8.3: Chemical composition of clinopyroxene chadacrysts (continued)

Sample SiOz TiO2 Al2O3 Cr203 MnO MgO CaO NiO CoO Na2O FeO Fe2O3 Totel

313 51 .41 0.L2 2 .57
evg(3) 52.11 o.14 2.37
stdev 0.53 0.03 0.14

3L2 53.36 0.15 2.47
3L2 52.4A 0.10 2.52
3L2 52.67 0.16 2.80
avg(3) 52.84 0.14 2.60
stdev 0.38 0.03 O.15

306 52.23 0.00 2.eL
306 52.02 0.11 2.48
306 52.40 0.20 2.7L
306 51 .8 5 0.13 2.7ø
evg(a) 52.L2 0.13 2.7o
stdev 0.21 0,05 0.06

303 52,22 0.20 2.77
303 t2 .35 0.1 7 2.ô9
303 53.57 0.16 2.34
303 62.øe o.L2 2.42
avg(4) 12.70 0.16 2.54
stdev 0.53 0.03 0.10

Weight percent oxides

o.44 0.16 16.01 22.44
0.40 0.16 16.35 22.31
0.02 0.01 0.27 0,38

0.36 0.25 18.39 18.OE
o.40 0.15 15.94 22.59
o.36 0.16 16.19 21.88
0.3? 0.r.8 16.E4 20.78
0.02 0.o4 1.10 L.gz

0.51 0.20 18.00 L7.A6
0.58 0.24 77.49 18.49
o.62 0.2t 16.95 rs.25
o.62 0.22 16.10 21.24
0.58 0.23 17.15 19.16
0.o4 0.o2 0.72 1.33

o.48 0.25 15.55 22.4L
0.43 0.20 10.93 L5.72
0.30 0.15' 1s.E9 20.09
0.40 0.1 5 rt .74 22.At
o.42 0.19 tø.28 2L.26
0.04 0.04 0.04 L.37

oo

56
oÞ
õ6
avg( 5 )
stdev

51.15 0.20
51 .39 0.27
51.48 0.08
50.65 0.16
51.41 0.17
57.22 0.18
0,30 0.06

0.04 0.03 o.zL 2.61
0.06 0.04 0.19 3.60
0.01 0.01 0.o2 0.72

0.00 0.00 0.19 6.90
0.04 0.08 0.2L 4.14
0.03 0.00 0.20 5.15
o.o2 0.03 0.20 5.55
0.02 0.04 0.01 1.oo

o.o0 0.00 0.19 ø.84
0.0 7 0.05 0,23 6.05
o.o7 0.00 0.23 6.01
0.06 0,00 0.23 4.89
0, 05 0.o1 0.22 6.05
0.o3 0.o2 0.o2 0.71

0.00 0.00 0.19 5.03
0.03 0.00 0.20 6.18
o.L2 0.03 0.18 5.7ø
0.09 0.03 0,2L 4.5s
0.07 0.01 0.10 5.79
0.03 0.02 0.01 0.62

24A 50.94 0,26
24ø 50.81 0.10
avg(2) 50.88 0.18
stdev 0.07 0.08

245 50.52 0.77
24t 50.68 0.13
245 52.22 0.17
avg(3) 51.14 o.16
stdev O.77 0.02

3.O2
2.e5
2,e6
3.10
2.72
2.95

2.80-
2.96
2.88
o.08

3.r2
2.90

2.55
0.61

3.50
3.27
2.93
3.2L
o.z3

2.98
2.43
2.97
3.04
2.9r
0.18

¿.4 I

2.es
3.13
2.go
0.1 5

2.øg

2.58
0.11

2.43

0.58
u.oo
0.58
o.a2
U. OU

0.59
0.02

Zone I
0.14 15.e4 2L.22
o.24 r5.44 22.L9
0.15 15. E6 2L.61
o.25 15.43 2L.Aø
0.19 15. e9 22.34
0.19 15.77 21,84
0.04 0.21 0.40

Zone I

247 50.52 0.14
241 51.29 0.2A
24t 51.48 0.24
avg(3) 51.1o O.2L
stdev O,42 0.05

2.55 99.40
2.00 ø9 .7e
0.70 0.35

o.o5 100.19
1.0? eg.s2
0.60 100.20
o.55 100.10
o.42 0.13

L.62 99.78
1.69 ø9.70
0.34 gg.e2
1.51 Sg.ø4
L.2S 99.øg
0.55 0.06

1.14 100.24
r,25 100.16
0.00 99.65
L.27 100.49
o.47 100.08
o.53 0.31

2.70 99.19
2.49 100.06
2.L5 99.55
2.66 98.84
2.54 99.89
2.45 9ø.52
0.32 0.45

3.48 øø.22
3.18 98.70
3.31 98.95
0.15 0.26

4.O4 9e.20
3.36 98.52
2.39 89.30
3.2e 99.01
0.66 0.35

4.15 99.01
2.32 5s.46
3.03 100.03
3.15 99.70
0.75 0.24

3.40 øø.7L
3.24 99.89
3.66 e9.44
3.57 LOO.42
3.46 eg.A7
0.16 0.35

3.06 9.9.44
3.65 100.76
3.36 99.85
3.38 100.02
o.24 0.5 5

2.L3 99.99
2.81 99.11
2.44 99.5 5
0.34 0.44

1.90 100.60
t.52 101.04

240 51.18 0.2L
240 51.55 0.10
240 50,90 0.19
240 51.35 0.1E
avg(4) 51.25 o.L7
stdev O,24 0.04

239 51.29 0.20
23A 57.47 0.19
23ø 51.16 0.14
avg(3) 57.97 o.18
stdev O,22 0.03

23A 52.11 0.15
236 5t.42 0.23
evg(2) 57.77 o.19
stdev 0.34 0.04

2r7 52.51 0.09
2L7 sz.AA 0.18

0.3? 0.23 15.54
0.36 0.24 15.30
0.37 0.23 L5.42
0.00 0.00 0.12

0.46 0.24 L5.52
0.50 0.1? 15.23
o.25 0.t7 L5.97
0.40 0.20 15.5?
0.11 0.03 0.30

0.33 0.19 !5,27
0.35 0.77 15.48
0.48 0.15 16.01
0.39 0.17 15.59
0.07 0.02 0.s1

0.35 0.21 15.00
0.46 0.21 L5 .44
o.34 0.18 15.52
o.40 0.2L 15.43
0.39 0.20 15.30
0.05 0.01 0.18

o.42 0.15 16.04
0.34 0.18 16.13
0.41 0.15 15.58
0.39 0.16 L5.92
0.04 0.o1 0.24

0.03 0.20 15.33
0.04 0.19 15.61
0.04 0,1e t5.47
0.00 0.01 0.14

0.o0 0.03
0.00 0.07
0.07 0.01
0.o0 0.01
0.00 0.00
0.01 0.03
0.03 0.o2

2L.24 0.O2 0.O2
2L.42 0.09 0.03
21.33 0.05 0.02
0.09 0.03 0.00

2L.32 0.00 0.00
2L.47 0.02 0.06
22.t2 0.O2 0.10
2\.77 0.01 0.05
0.53 0.01 0.04

22.L3 0.04 0.03
2L.22 0.03 0.00
20.64 0.03 0.00
2L.33 0.03 0.01
0.6L 0.00 0.01

22.40 0.01 0.00
22.2L O.O2 0.04
27.59 0.03 0.00
21.49 0.03 0.05
22.O2 0.02 0.02
0.31 0.01 0.o2

21.30 0.O2 0.01
2L.22 0.L2 0.06
2L.AL 0.O8 0.00
21.38 0.O7 0.02
o.L7 0.04 0.03

22.L2 0.0 7 0.00
2L.A8 0.O3 0.04
2L.90 0.05 0.0 2
o.22 0.02 0.o2

o,22 4.59
o.23 4.O4
o.24 4.38
o.24 3.86
o.22 3.33
o.23 4.05
o.01 0.43

0.46 3.86
o.44 3.7e
0.45 3.84
0.01 0.05

0.43 3.38
o.51 3.48
0.35 3.40
0.43 3.43
0.07 0.04

0.39 2,93
0.41 4.72
o.44 4.øO
0.41 4.10
0.02 0.82

0.48 3.43
o.42 3.57
o.40 3.08
0.41 .3.80
0.43 3.64
0.03 0.16

0.3€ 3.81
o.4L 3.E0
0.39 3.84
0.39 3.80
o.o2 0.o2

0.3E 4.78
0.35 4.24
u.óÞ *.oo
0.01 0.27

o.37 3.77
0.43 3.87

Zone 6
0.59 0.1ã 15.6e 22.A5 0.02 0.06
0.63 0.13 15.8? 22.ø4 0.06 0.06

242



Table 8.3: Chemical composition of clinopyroxene chadacrysts (continued)

Sample SiO2 TiO2 Al203 Cr203 MnO MgO

2L7 53.04
evg(3) 52.80
stdev O,22

209 50.83
209 51.68
209 51.54
209 to,72
20ø 5r.47
209 5r.27
20e 50.69
avg(7) 5L.L7
stdev 0,39

208 52.64
208 tr.75
208 t2.L3
20a 52.10
20E 6L,57
208 t2.47
avg(6) 62.Og
stdev 0.35

199 tt.L7
199 5L,2L
199 5L.7L
199 57 .74
199 5L.23
199 51.49
19e 50.98
LVV Or.rl
199 51.52
avg(9) 51.35
stdev O,25

110 51.61
110 51.65
110 51.85
110 51 .61
110 6L.46
110 5t,77
1 10 52.21
avg(7) aL.74
stdev O,Z2

11 52.34
1 1 t2.79
11 51.92
11 5L.77
rl ot.rr
avg(5) ã1.ee
stdev O.24

109 51.44
109 5L .67
109 5L .72
109 52 .32
109 5 2 .03
avg(5) 5L.82
stdev O.32

e 52.4!
s 5r.92
e 51 .85
I 51 .36
I 51 .61
avg(5) 51.83
stdev 0.35

0.18 2.43
0.15 2.68
0.04 0.08

0.18 2.84
0.10 2.tø
0.09 2.72
0.15 3.02
0.10 2.58
0.18 2.7L
0.0€ 2.8s
o.r2 2.7e
0.04 0.15

0.05 2.8ø
0.09 2.42
o.20 2.63
0.1 7 z.ll
0.21 3.07
0.1 2 2.41
0.14 2.72
0.06 0.22

0.09 2.94
0.13 2.69
0.00 2.88
0.13 2.øO
0.14 2.64
0.10 3.10
o.ze 2.85
0.10 2.70
0.10 2.48
0.12 2.79
0.05 0.16

o.27 3.29
0.13 3.14
0.23 2.O9
o.24 2.99
o.zL 3.00
0.16 2.42
0.26 2.72
o.zt 2.9e
0.05 0.2L

0.13 2,87
0.26 2.49
o.22 2.45
o.17 2.82
o.L7 2.70
0.19 2.7r
U.Uð U.Ið

0.18 2 .70
0.17 3.17
o.L2 3.28
0.19 2.E5
0.19 3.25
o.L7 3.0 5

0.03 0.23

o.17 2.50
0.19 2.45
0.20 2.4ø
0.14 3.O2
0.32 3.34
o.20 2.83
0.06 0.33

Weight percent oxides

0.69 0.L8 Lø.20
o.a4 0.15 15.91
0.04 0.02 0.22

o.77 0.19 15.82
0.69 0.r3 L6.29
o.74 0.17 15.89
o.79 0 .r7 16.40
0.64 0.19 L6.L2
0.70 0.20 16.48
o.7L O.19 16.39
o.72 0.18 16.20
0.05 0.02 0.24

0.63 0.18 1?.03
0.44 0.18 16.01
0.05 0.19 15.81
0.62 0.r7 Le.zL
0.88 0.1€ 10.00
0.61 0.17 Le.L7
o.64 0.18 74.2L
0.13 0.o1 0.3e

o.74 0.19 Lt.47
o.43 0.15 15.?e
0.66 0.26 L6.44
0.53 0.16 L6.72
0.49 0.17 15.73
0.66 0.20 15.2t
0.60 0.17 15.7s
0.51 0,23 15.73
0.58 0.2L 15.98
0.58 0.19 15.67
0.09 0.o3 0.20

CaO NiO CoO Na2O FeO Fe2O3 Totai

22.7r 0.05 0.00
22.73 0.04 0.04
0.09 0.02 0.03

22.25 0.08 0.O1
2r.93 0.03 0.03
22.07 0.01 0.O2
20.oo 0.02 0.00
22 .2e 0.10 0.o0
2L.42 0.10 0.00
2L.29 0.04 0.03
2L.73 0.05 0.01
0.49 0.04 0.01

20.42 0.06 0.03
22.59 0.00 0.05
22.83 0.00 0.o2
22.7L O,O0 0.05
2L.øL 0.03 0.00
22.73 0.04 0.05
22.20 0.02 0.03
0.85 0.o2 0.o2

21.96 0.00 0.02
2L.A4 0.02 0.01
22.r9 0.00 0.o0
22.48 0.O2 0.00
2L.98 0.04 0.O2
22.5L 0.06 0.03
21.33 0.01 0.01
22.2L 0.02 0.O5
2t.96 0.00 0.00
22.O5 0.02 0.02
o.34 0.02 0.o2

0.34 3.84
0.38 3.83
0.o4 0.04

0.45 1.e0
0.36 2.e3
o.42 3.00
o.38 2.85
0.4s L.86
0.46 2.25
0.36 2.28
o.42 2.43
0.o5 0.45

0.40 4.2e
0.38 2.52
0.4 5 2.42
0.39 2.47
0.40 3.14
o.37 2.97.
0.40 3.03
0.03 0.00

0.4 5 3.29
o.39 3.27
o.41 3.45
0.40 3.16
o.44 2.ø5
0.51 3.O2
0.43 3.64
0.36 2.81
0.34 3.32
0.41 3.23
o.o5 0.24

0.28 4.23
0,24 4.9L
o.24 4.2L
0.30 4.5E
0.30 6.o0
o.24 4.58
0.30 5.51
o.27 4.AB
0.o3 0.62

o.2ø 6.04
0.31 5.50
o.27 4.El
o.2ø 5.07
0.28 5.28
0.28 L4A
0.02 0.63

0.31 5.28
0.30 5.23
o.29 5.4E
0.33 5.84
0.30 5.77
0.31 5.50
0.01 0,25

o.24 5.18
0.23 4.76
0.31 4.73
0.31 4.50
o,29 5.7e
o.27 5.02
0.03 0.4ø

2.20 102.06
L.87 tOL.23
0.28 0.61

4.01 9e.33
2.40 99.13
2.48 99.15
3,30 98.?0
3.46 9s.27
3.80 59.57
3.68 98.S1
3.32 99.10
0.59 0.32

2.35 100.82
3.05 99.E9
2.47 100.20
3.01 100.41
2.57 100.01
2.35 100.4€
2.64 100.2I
0.2e 0.31

2.83 99.1 5
2.SO 98.83
2.6ø 99.e5
3.01 99.95
3.09 98.92
3.40 100.33
z.AL 98.04
3.34 9e.20
2.53 9e.22
2.91 99.34
o.29 0.55

2.81 100.87
2.Lt 100.24
2 -29 100.5 5
3.14 100.86
2.70 100.39
2.40 too.30
1.S0 100.e4
2.48 100.5I
0.39 0.27

0.51 99.86
1.53 100.81
1.61 99.E0
2.05 100.26
1.88 99.87
1.51 100.13
0.54 0.38

2.L3 99.46
2.40 100.68
2.42 101.10
1.51 tOO.77
1.48 100.84
2.O2 100.5I
o.42 0.57

1.30 100.33
1.88 99.91
2.42 100.60
2.t3 99,56
L.32 100.2 0
1.78 1 00.1 1

o.44 0.36

0.35 0.18 15.64
0.37 0.22 r5.42
0.35 0.2L 1 5 .5 7
0.39 0.22 15.69
0.51 0.26 16.08
o.47 0.23 15.34
0.40 0.19 15.38
0.41 0.22 15.59
0.06 0.o2 0.24

0.53 0.22 15.63
o.52 0.22 15.18
0.55 0.2L 15.33
o.ø4 0.18 15.43
0.53 0.r.5 L5.32
0.55 0.20 15.38
0.04 0.03 0.15

0.45 0.26 15.33
0.60 0.18 15.09
0.56 0.16 14.98
0.46 0,16 15.34
0.5 5 0.22 15.16
0.52 0.20 1 5.18
0.06 0.o4 0.14

o.42 0.19 15.61
u.iu u.lo lo.oo
0.57 0,24 L5.73
0.54 0.18 15.10
0.51 0.27 15.0s
0.51 0.2L 1 5.41
0.05 0.04 0.28

Zone 4
22.O4 0.09 0.08
2L.92 0.08 0.O2
22.56 0.01 0.04
21.68 0.OO 0.03
19.81 0.00 0.06
22.49 0.00 0.00
21.98 0.00 0.o3
2L.78 0.03 0.04
0.86 0.04 0.o2

20.89 0.02 0.o2
22.20 0.00 0.02
22,3ø 0,07 0.00
21.85 0.00 0.o0
21,81 0.04 0.00
21.82 0.03 0.01
0.51 0.03 0.01

2r.39 0.00 0.00
2L.ø7 0.00 0.00
22.08 0.00 0.01
2L.7e 0.00 0.01
2L.79 0.05 0.05
21.E0 0.01 0.o2
o.24 0.o2 0.02

22.20 0.0 5 0.06
22.27 0.02 0.00
2L .97 0.08 0.00
22.26 0.02 0.00
2r.70 0.00 0.00
22,OL 0.03 0.01
o.ze 0.03 0.02
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Table 8.3: Chernical cornposition of clinopyroxene chadacrysts (continued)

Sample SiO2 TiO2 Al2O3 Cr203 MnO MgO CaO NiO CoO Na2O FeO Fe2O3 lotal

8 50.82 o.LL
I 51.91 0.14
I 51.69 0.10
avg(3) 51.4E O.t2
stdev O,47 O.O2

2.79 0.53 0.22
2.38 0.52 0.18
2.51 0.50 0.20
2.5e 0.51 0.20
o,77 0.01 0.o2

Weight percent oxides

L5.79 21.24 0.O2 0.01
15.46 22.54 0.02 0.OO
15.71 2L.95 0.00 0.03
15.65 2L.9L 0.01 0.01
0.14 0.53 0.01 0.01

0.33 3.76 3.63 5e.25
0.26 4.39 1.77 99.57
o.ze 4.23 2.36 99.57
o.ze 4.L7 2.54 99.44
0.03 0.27 0.7E 0. L 5
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Table 8.3: Chemical cornposition of clinopyroxene chadacrysts (continued)

Sample Si

458 L.920
458 1.915
avg( 2 ) L.szl
stdev 0,007

455 L.924
45 5 1 .939
4 5 5 \.927
4 5 5 \.ø25
455 1.935
avg(5) 1.930
stdev 0,006

453 1.930

456 1.948
45ø 1.940
4 56 L.937
4t6 L.034
avg(a) 1.930
stdev 0.005

407 1.93e
407 1.913
407 1.915
avg(3) r.92L
stdev 0.010

375 L.927
375 1.8e6
375 1.898
375 1.897
375 1.896
avg(5) 1.90s
stdev 0.012

318 r.g3ø
318 1.931
318 1.931
avg(3 ) L,932
stdev O,O02

3L7 1.911
3L7 1.911
3L7 1.910
317 1.915
avg(+) L.gr2
stdev 0.002

316 1.919
316 L.924
316 L.523
316 L.923
evg( 5 ) L.922
stdev 0,002

3L4 t.Szt
3L4 1.934
314 1.933
3L4 L.527
314 L.927
avg(5) L.sze
stdev 0.004

Structural formula normalized to 4 cations and 6 (O)

.A,I AIiv Al,i Ti Cr

0.104 0.071
0.116 0.O85
0.110 0.079
0.006 0.00?

0.111 0.076
0.111 0.0€1
o.109 0.073
o.1L2 0.O75
0.119 0.065
0.113 0.070
0.003 0.006

0.114 0.070

0.103 0.052
o.109 0.060
0.107 0.063
0.109 0.066
o.111 1.930
0.002 0.005

0.103 0.064
0.129 0.087
0.123 0.085
o.11E 0.079
0.011 0.010

0.100 0.073
0.144 0.104
0.125 0.102
0.146 0.103
o.13e 0.104
o.132 0.0e7
0.015 0.012

0.105 0.0€4
0.112 0.069
0.103 0.069
0.107 0.068
0.004 0.oo2

0.114 0.089
0.110 0.089
0.101 0.090
0.114 0.085
o.110 0.088
0.005 0.002

0.115 0.081
0.106 0.076
o.tLa o.o77
0.111 0.077
o.LLA L.972
0.005 0.002

0.1L2 0.075
0.115 0.066
0.116 0.067
0.123 0.0?3
0.112 0.073
0.116 0.071
0.o04 0.004

0.099 0.070
0.097 0.073

0.033 0.007 0.015
0.031 0.002 0,015
0.031 0.005 0.015
0.001 0.002 0.000

0.035 0.004 0.011
0.050 0.002 0.0r.2
0.03€ 0.004 0.015
0.037 0.004 0.o12
0.054 0.004 0.014
0.043 0.004 0.013
0.o08 0.001 0.001

0.044 0.005 0.013

0.051 0.004 0.008
0.o49 0.002 0.010
0,044 0.003 0.010
0.043 0.004 0.0L0
0.044 0.o03 0.009
0.003 0.001 0.001

0.039 0.005 0.012
o.042 0.005 0.014
0.038 0.005 0.014
0.039 0.005 0.o13
0.002 0.000 0.001

0.033 0.o02 0.018
0.040 0.005 0.o25
0.023 0.004 0.025
0.043 0.001 0.025
0.035 0.005 0.o20
0.035 0.004 0.o24
0.007 0.002 0.003

0.041 0.004 0.o11
0.043 0.007 0.013
0.034 0.004 0.012
0.03e 0.005 0.o12
0.004 0.001 0.oo1

o.o25 0.002 0.012
0.021 0.oo4 0.013
0.011 0.003 0.014
0.029 0.004 0.012
0.022 0.003 0.013
0.007 0.001 0.001

0.o34 0.002 0.015
0.030 0.002 0.016
0.039 0.005 0.015
0.034 0,005 0.o17
0.015 0.004 0.016
0.005 0.001 0.001

0.03? 0.00? 0.015
0.o49 0.001 0.015
0.049 0.005.0.014
0.o50 0.005 0.017
0.o39 0.002 0.016
0.045 0.004 0.015
0.006 0.002 0.001

0.023 0.003 0.013
0.024 0.005 0.014

Mg

Zone tl
0.008 0.907
0.008 0.872
0.008 0.889
0.000 0.017

0.007 0.870
0.007 0.802
0.007 0.88?
o.o06 0.876
0,006 0.872
0.006 0.873
0.000 0.008

0.005 0.851

0.004 0.871
o.005 0.880
0.004 0.E?0
0.005 0.8e2
0.005 0.890
0.000 0.00e

Zon.e t4
0.003 0.894
0.004 0.E77
0.004 0.904
0.004 0.892
0.000 0.011

0.003 0.920
o.004 0.88?
0.004 0.916
0.005 0.878
0.005 0.899
o.004 0,900
0.001 0.016

Zone tt
0.006 0.934
0.005 0.866
0.005 0.882
0.000 0.894
o.o00 0.029

0.005 0.89E
0.006 0.922
0.004 0.e14
o.o04 0.88e
0.005 0.905
0.001.0.014
0.005 0.915
0.002 0.896
o.oo4 0.922
o.003 0.901
0.004 0.903
0.001 0.014

0.005 0.889
0.005 0.896
0.006 0.872
0.005 0.855
0.005 0.877
0.005 0.878
0,000 0.014

0.005 0.899
0.005 0.s09

Ca Mn Ni

o.83e 0.000
0.8?3 0.001
o.E50 0.000
o.017 0.001

0.870 0.001
0.870 0.o01
0.846 0.001
0.867 0.001
0.860 0.001
0,863 0.001
0,009 0.000

0.874 0.001

0.891 0.O01
0.874 0.O01
0.897 0.001
0.E47 0.000
0.860 0.001
0.01s 0.o00

0.889 0.001
o.904 0.000
0.865 0.002
0.886 0.001
0.016 0.001

0.858 0,O01
0.878 0.O02
0.866 0.001
0.885 0.003
u.õöð u.uul
0.808 0.002
0.o11 0.001

0.811 0.000
0,897 0.003
0.885 0.000
0.864 0.O01
0.038 0.001

0.88r.0.001
0.857 0.OO1
0.881 0.001
0.89e 0.001
0.879 0.001
0.014 0.000

0.839 0.003
0,885 0.001
0.825 0.001
0.8€2 0.001
0.857 0.001
0.022 0.001

0,852 0.002
0.843 0,001
0.864 0.002
0.892 0.003
0.873 0.000
0.864 0.001
0.017 0.001

0.8?3 0.002
0.E61 0,002

0.000 0.014
0.001 0.017
0.001 0.016
0.o01 0.001

0.002 0.011
o.000.0.013
0.001 0.013
0.000 0.016
o.ooõ 0.012
0.o01 0.013
0.001 0.002

0.001 0.015

0,001 0.010
0.ooo o.o16
0.000 0.016
0.002 0.015
0.001 0.015
o.o01 0.000

0.002 0.0L2
0.002 0.014
0.002 0.012
0.o02 0.013
0.000 0.001

0.001 0.013
0.oo0 0.01?
0.001 0.014
0.000 0.019
0.o01 0.0r-6
0.oo1 0.016
0.000 0.002

0.o01 0.013
0.001 0.018
0.001 0.01€
0.o01 0,016
0.000 0.002

0.000 0.016
o.oo'1 o.o1o
0.001 0.014
0.001 0.o16
0.001 0.016
0.000 0.001

0.002 0.016
0.001 0.015
0.001 0.016
0.000 0.01.6
0.001 0.016
0.001 0.000

0.001 0.016
0.001 0.01e
0.000 0.016
0.002 0.016
0.002 0.o18
0.001 0.017
0.001 0.001

0.001 0.011
0.001 0.013

Na Fe2* Fe3* Cat

0.155 0.022 4.000
0.130 0.051 4.000
0.142 0.038 4.000
0.012 0.014

0.156 0.032 4.000
0.17? 0.007 4.000
0.164 0.025 4.000
0.149 0.032 4.000
0.170 0.000 4.000
o.165 0.019 4.000
0.011 0.013

0.174 0.018 4.000

0.151 0.000 4.000
o.151 0.013 4.000
0.13? O.017 4.000
0.164 0.018 4.000
0.154 0.015 4.000
0.010 0.00?

0.129 0.015 4.000
0.104 0.035 4.000
0.120 0.036 4.000
0.r.18 0.029 4,000
0.010 0.010

0.121 0.O2S 4.000
o.098 0.040 4.000
0.08e 0.057 4.000
0.0e1 0.050 4.000
0.110 0.047 4.000
0.r.01 0.047 4.000
0.012 0.o09

0.162 0.018 4.000
0.131 0.01? 4.000
0.130 0.030 4.000
0.140 0.023 4.000
o.015 0.000

0.096 0.063 4.000
0.098 0.062 4.000
0.084 0.073 4.000
0.102 0.050 4.000
o.095 0.o€2 4.000
o.007 0.o08

o.L27 0.O42 4.OOO
0.112 0.041 4.000
0.143 0.028 4.000
0.128 0.033 4.000
0.129 0.033 4.000
0.010 0.008

0.163 0.025 4.000
0.152 0.017 4.000
0.164 0.O09 4.000
0.145 0.011 4.OOO
0.137 0.031 4.000
0.150 0.019 4.000
0.009 0.008

0.125 0,044 4.000
0.129 0.037 4.000

313 7.924
313 L.927
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Table 8.3: Chernical cornposition of clinopyroxene chadacrysts (continued)

Sample Si Al AI¡" AI"i Ti

313 1.900 0.112 0.100 0.012 0.003
avg(S) 1.917 0.103 0.083 o.020 0.004
stdev 0.012 0.007 0.012 0.005 0.001

3L2 1,943 0.106 0.057 0.049 0.004
3t2 1.e29 0.109 0.071 0.038 0.003
312 1.928 0.121 0.072 0.049 0.004
avg(3) L.934 O.LI? 0.066 0.046 0.004
stdev 0.007 0.006 O.007 0.005 0.000

306 1.918 0.113 0.082 0.031 0.002
300 1.915 0.110 0.085 0.031 0,O03
30€ 1.930 0.118 0.070 0.04E 0.006
306 L.sL4 0.r2L 0.080 0.035 0.004
avg(4) 1.919 0.117 0.081 0.036 0.004
stdev O.006 0.003 0.006 0.007 0.001

303 1.919 0,117 0.081 0.03e 0,006
303 1.920 0.116 0.080 0.036 0.005
303 1.901 0.101 0.039 0.062 0.004
303 1.e28 0.104 0.072 0.032 0.003
avg(a) 1.934 0.11o 0.0o6 0.044 0.004
stdev 0.017 0.0O7 0.017 0.012 0.0O1

Structural formula normalized to 4 cations and 6 (O)

C¡ Mg Ca Mn Ni

0.013 0.005 0.882 0.905 0.001
0.013 0.005 0,897 0.8?9 0.002
0.000 0.000 0.01L 0.019 0.oo0

0.010 0.008 0.9e9 0.705 0.000
0.012 0.005 0.874 0.882 0.001
0,010 0.005 0.884 0.858 0.o01
0.011 0.006 0.919 0.t15 0.001
0.001 0.001 0.05? 0.078 0.000

0,015 0.000 0.989 0.695 0.000
0.017 0.007 0.960 0.729 0.002
0.018 0.008 0.931 0.760 0.002
0.018 0.007 0.886 0.840 0.002
0.017 0.007 0.941 0.756 0.001
0.001 0,001 0.038 0.054 0.o01

0.014 0.008 0.852 0.E83 0.002
0.012 0.006 0.926 0.775 0.001
0.010 0.005 0.922 0.788 0.004
0.012 0.005 0.859 0.895 0.O03
0.012 0.006 0.891 0.836 0.OO2
0.001 0.001 0.034 0.054 0.001

Zone I
56 1.8e8 0.132
56 1.894 0.128
56 1.903 0.129
56 1.889 0.136
avg(5) 1.8e4 0.118
stdev 0.005 0.003

246
240
avs( 2 )
stdev

0.102 0.oso
o.106 0.022
0.097 0.032
0.111 o.o25
o.106 0.012
0.005 0.004

Co Na Fe2* Fe3* Cat

0.001 0.015 0.081 0.082 4.000
0.001 0.014 0.111 0.055 4.000
0.000 0.002 0.o22 0.o20

0.000 0.013 0.210 0.001 4.o00
0.002 0.015 0.13e 0.030 4.o00
0.000 0.o14 0.158 0.017 4.000
0.001 0.014 0.170 0.015 4.o00
0.001 0.o01 0.030 0.012

0.000 0,014 0.204 0.045 4.000
0.001 0.016 0.180 0.047 4.000
0.000 0.010 0.203 0.009 4.000
o.000 0.016 0.151 0.042 4.000
0.000 0.016 0.186 0.036 4.000
0.000 0.oo1 0.021 0.016

0.000 0.014 0.155 0.032 4.o00
0.000 0.014 0.190 0,035 4.000
0.001 0.013 0.176 0.000 3.985
0.001 0.015 0.141 0.035 4.000
0.000 0.014 0.178 0.013 4.oo0
0.001 0.oo1 0.019 0.015

1.894 0.123 0.106
1,898 0.130 0.102
1..E96 0.126 0.104
o.002 0.004 0.002

246 1.879 0.137 0.121
245 1,896 0.128 0.104
245 1.933 0.076 0.067
avg(3) 1.902 0.114 0.098
gtdev 0.023 0.027 0.023

24L 1.871 0.153 0.129
24L 1.900 0.140 0.100
24L 1.8e6 0.127 0.104
avg(3) 1.889 0,140 0.111
stdev 0.013 0.011 0.013

240 1.894 0.130 0.100
240 1.903 0.114 0.097
240 1.888 0.130 0.112
240 1.888 0.132 0.112
avg(4) 1.893 0.127 0.107
stdev 0.009 0.007 0.OOo

239 1.898 0.121 0.102
239 1.889 0.129 0.111
23e 1.889 0.13€ 0.111
avg(3) 1.892 0.L28 0.10E
stdev O.004 0.005 0.004

0.006 0.017 0.004 0.882 0.844
0.007 0.o16 0.007 0.859 0.87€
0.002 0.017 0.005 0.874 0.E56
0.o04 0.018 0.008 0.858 0.874
0.005 0.o17 0.006 0.8?8 0.882
0.002 0.001 0.002 0.010 0.013

Zone I
0.017 0.007
0.028 0.003
0,022 0.005
0.006 0.002

0.016 0.oo5
0.024 0.oo4
0.009 0.005
0.016 0.004
0.006 0.000

o.o24 0.004
o.040 0.00?
0.023 0.007
0.029 0.006
0.008 0.001

0.024 0.006
0.017 0.003
o.018 0.005
0.020 0.005
0.020 0.005
o.003 0.001

0.019 0.006
0.018 0.005
0.025 0.004
0.o20 0.005
o.003 0.001

0.011 0.007
0.011 0.008
0.011 0.007
o.000 0.o00

o.014 0.008
0.015 0.005
0.00? 0.005
o.012 0.006
0.004 0.001

0,o10 0.006
0.o10 0.005
0.014 0.005
0.011 0.005
o.002 0.000

0.010 0.007
0.013 0.007
0.010 0.006
0.012 0.00?
0.011 0.006
0.001 0.oo0

0.012 0.005
0.010 0.o06
0.012 0.o05
0.011 0.005
0.001 0.000

0.000 0.001 0.016 0.142
o.oo0 0.002 0.016 0.125
0.002 0.000 0.01? 0.135
0.000 0.oo0 0.017 0.120
0.oo0 0.000 0.016 0.102
0.001 0.001 0.000 0.009

0.801 0.846 0.O01
0.852 0.857 0.O03
0.857 0.852 0.001
0.004 0.005 0,o01

0.860 0.E49 0.000
0.849 0.800 0.001
0.881 0.893 0.OO1
0.E64 0.868 0.000
0.o13 0.019 0.000

0.843 0.878 0.O01
0.855 0.842 0.O01
0.879 0.E15 0.001
0.859 0.E45 0.001
0.015 0.026 0.000

0.831 0.888 0,000
0.850 0.878 0.001
0.858 0.858 0.001
0.846 0.E62 0.001
0.846 0.872 0.001
0.010 0.012 0.000

0.885 0.844 0.OO1
0.87e 0.831 0.004
0.858 0.855 0,002
0.874 0.844 0,O02
0.010 0.008 0.001

236 1.92! O.L77 0.079 0.O38 0.004 0.001 0.006 0.842 0.873 0.002 0.000 0.027 0.147 0.059 4.000
236 1.e12 0.i.08 0.088 0.020 0.006 0.001 0.006 0.865 0.864 0.001 0.001 0.025 0.132 0.079 4.000
avg(2) 1.91s 0.113 0.084 o.o29 0.005 0.001 0.006 0.854 0.809 0.001 0.001 0.026 0.141 0.068 4.000
stdev O.OO4 0.004 0.005 0.009 0.001 0.000 0.000 0.011 0.004 0.000 0.001 0,001 0.007 0.010

Zone 6
2L7 L.9L9 0.113 0.081 0.032 0.002 0.017 0.005 0.853 0,895 0.001 0.002 0.026 0.115 0.115 4.000
21r L.920 0.119 0.080 0.039 0.005 0.018 0.004 0.800 0.E81 0.002 0.002 0.030 0.11E 0.118 4.000

o.001 0.033
0.001 0.o32
0.001 0.033
0.000 0.001

0.000 0.o31
0.o02 0.037
0.003 0.025
0.001 0.031
0.o01 0.005

0.001 0.028
0.000 0.o2e
0.000 0,031
0.000 0.02e
0.000 0.001

o.000 0.034
0.001 0.030
0.000 0.029
0.001 0.029
0.001 0.o31
0.001 0.o02

0.000 0.026
0.002 0.029
0.000 0.028
0.001 0.028
0.001 0.001

o.059 4.000
0.069 4.000
0.060 4.000
0.o75 4.000
0.081 4.000
o.007

0.120 0.0e? 4.o00
0.118 0.08e 4.000
0.120 0.0s3 4.o00
0.o01 0.004

0.105 0.113 4.OOO
0.10e 0.095 4.000
o.105 0.067 4.000
0.107 0.091 4.000
0.002 0.019

o.oel 0.116 4.000
0.146 0.065 4.O00
0.142 0.084 4.000
0.127 0.oEE 4.000
0.025 0.021

0.106 0.095 4.000
0.110 0.0e0 4.000
0.114 0.102 4.000
0.119 0.099 4.000
0.113 0.0e6 4.O00
0.o05 0.005

o.118 0.085 4.000
o.116 0.r.00 4.000
0.11S 0.093 4.000
0.117 0.094 4.000
o.001 0.005
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Table B.S: Chernical cornposition of clinopyroxene chadacrysts (continued)

Sample Si Al Al¡' Al"i Ti Cr

zrL 1.911 0.112 0.089
avg(5) 1.944 0.080 0'056
stdev 0.034 0.044 0.034

20e 1.882 0.124 0.118
20s 1.910 0.112 0.090
20a 1.907 0.119 0.093
209 1.885 0.132 0.115
209 1.901 0.112 0.09e
209 1.889 0.118 0.111
20ø 1.886 0.127 0.114
avg(7) 1.E94 0.120 0.106
stdev 0.O11 0.007 0'011

208 1.910 0.123 0.090
208 1.901 0.122 0.099
208 1.910 0.114 0.090
208 1.904 0.108 0.096
208 1.893 0i133 0.10?
20a 1.916 0.104 0.0E4
avg(0) 1.906 0.117 0.0e4
stdev 0.007 0.010 0.007

199 1.899 0.129 0.101
199 1.904 0.118 0.096
199 1.903 0.125 0.097
19e 1.S05 0.113 0.095
1S9 1.903 0,116 0.097
199 1.891 0.134 0.109
199 1.900 0.125 0.100
].99 1.897 0.118 0.103
199 1,907 0.117 0.0e3
avg(9) 1.901 0.122 0.0e9
st-dev O.005 0.007 0.005

110 1.E87 0.007 0.142
110 1.901 0.004 0.136
110 1.901 0.006 0.129
110 1.890 0.007 0.129
110 1.895 0.006 0.130
110 1.e07 0.004 0.114
110 1.912 0.007 0.117
avg(7) 1,899 0.12E 0.101
stdev 0.OOB.0.001 0'009

11 1.932 0.11e 1.886
11 1.912 0.125 1.883
11 1.e19 0.107 0.114
LL l.goe 0.122 0.rr7
11 1.912 0.118 1.8E0
avg(5) 1.917 0.118 0'083
stdev 0.009 0.006 0.009

109 1.910 0.005 0.118
109 1.895 0.005 0.137
109 1.894 0.003 0.142
109 1.91? 0.005 0.123
10e 1.907 0.005 0.140
avg(5) 1.e04 0.132 0.096
stdev 0.009 0.001 0.010

I 1.925 0.108 0.075
I 7.9L7 0.107 0.083
I L.øOz 0,124 0.09E
I 1.903 0.132 0.097
I 1.903 0.145 0.097
evg(s) r.910 0.123 o.o9o
stdev 0.009 0.014 0.009

Structural formula normalized to 4 cations and 6 (O)

0.023 0.005 0.020
0.024 0.003 0.014
0.011 0.002 0.006

0.006 0.005 0.023
0.022 0.003 0.020
0.026 0.003 0.022
0.017 0.004 0.023
0.013 0.003 0.019
0.007 0.005 0.020
0.013 0.002 0.021
0.014 0.003 0.021
0.007 0.001 0.001

0.033 0.001 0.018
0.023 0.002 0.013
0.o24 0.006 0.019
0.012 0,005 0.01E
0.026 0.o06 0.026
0.020 0.003 0.018
0.023 0.004 0.019
0.00€ 0.002 0.004

0.028 0.003 0.022
0.022 0.004 0.o13
0.028 0.o02 0.o19
0.018 0.004 0.015
0.019 0.004 0.014
0.o25 0.003 0.o19
0.025 0.007 0.018
0.015 0,o03 0.015
0.024 0.003 0.017
o.023 0.003 0.017
0.004 0.001 0.003

0.113 0.029 0.010
0.099 0.037 0.011
0.099 0.030 0.010
0.110 0,019 0.011
0.105 0.025 0.015
0.093 0.021 0.014
0.o88 0.029 0.013
0.027 0.006 0.012
0.008 0.006 0.002

0.048 0.004 0.o15
0.037 0.007 0.015
0.026 0,006 0.016
0.028 0.005 0.019
0.o30 0.005 0.o15
0.035 0.005 0.016
0.008 0.001 0.002

0.090 0.o28 0.013
0.105 0.032 0.017
0.106 0.036 0.o16
0.083 0.040 0.013
0.093 0.047 0.016
0.036 0.005 0.015
0.009 0.00? 0.002

0.033 0.005 0.012
0.024 0.004 0.015
0.026 0,006 0,017
0.035 0.004 0.016
0.048 0.oo9 0.015
0.o33 0.006 0.015
0.008 0.002 0.002

Mg Ca

0.005 0.870
0.005 0,861
0.001 0.020

0.006 0.873
0.004 0.898
0.005 0.877
0.005 0.909
0.006 0.888
0.o06 0.905
0.006 0.90e
0.00e 0,894
0.001 0.014

0.006 0.923
0,006 0.877
0.000 0.864
0.005 0.EE3
0.005 0.E7e
0.005 0.881
0.000 0.884
0.001 0.01E

0.006 0.856
0.oo5 0.8?5
o.008 0.85E
0.005 0,E63
0.005 0.871
0.006 0.835
0.005 0.875
0.o07 0.8?0
0.007 0.882
0.006 0.E65
0.001 0.013

Zone 4
0.006 0.853
0.007 0.846
0.00? 0.851
o.00? 0.E57
0.008 0.883
0.o07 0.842
0.006 0,840
0.007 0.853
0.001 0.013

0.007 0.860
0.007 0.829
0.007 0.845
0.006 0.847
0.o05 0.845
0.000 0.845
0.001 . o.010

0.008 0.849
0.006 0,827
0.005 0.818
0.005 0.838
0.007 0.828
0.006 0.832
0.001 0.011

0.006 0.855
0.005 0.856
0.007 0.860
0.006 0,834
0.008 0.E27
0.007 0.847
0.001 0.013

Mn Ni

0.E77 0.001
0.915 0.002
0.042 0.001

0.E83 0.002
0.899 0.001
0.875 0.000
0.832 0.001
0.881 0.003
0.846 0.003
0.849 0,001
0.892 0.001
0.o18 0.001

0.795 0.O02
0.889 0.000
0.896 0.000
0.EES 0.000
0.862 0.001
0.889 0.001
0.870 0.001
0.035 0.001

0.873 0.000
0.870 0.001
0.875 0.000
0.88? 0.001
0.8?5 0.001
0.88e 0.002
0.852 0.000
0.883 0.001
0.871 0.O00
0.875 0.001
0.010 0.001

0.864 0.003
0.865 0.O02
0.880 0.000
0.851 0.000
0.781 0.000
0.887 0.000
0.8€2 0.000
0.857 0.001
0.033 0.001

0.826 0.001
0.872 0.000
0.886 0.002
0.862 0.000
0.864 0.001
0.862 0.001
0.020 0.001

0.851 0.000
0.865 0.000
0.866 0.000
0.854 0.000
0.855 0.001
0.858 0.000
0.006 0.o00

0.874 0.001
0.881 0.001
0.840 0.002
0.8E4 0.001
0.857 0.000
0.869 0.001
0.014 0.001

Co Na Fe2* Fe3* cat

0.000 0.024
0.001 0.020
o.001 0.o09

0.000 0.032
0.001 0.020
0.001 0.030
0.o00 0.02?
0.000 0.035
0.000 0.033
0.001 0.026
o.000 0.030
0.000 0.o03

0.001 0.028
0.001 0.027
0.001 0.032
0.001 0.028
0.oo0 0.028
0.001 0.026
0.o01 0.028
0.000 0.002

0.001 0.032
0.000 0.o28
0.000 0.029
0.000 0.029
0.001 0.032
0.001 0.036
0.ooo 0.031
0.001 0.o26
0.000 0.024
0.001 0.029
0.000 0.003

0.002 0.020
0.001 0.017
0.001 0.017
0.oo1 0.o21
0.002 0.021
0.o00 0.017
0.001 0.021
o.o01 0.019
o.o01 0,o02

0.001 0.019
0.001 0.022
0.000 0.019
0.o00 0.021
o.000 0.020
0.000 0.020
0.000 0,o01

0.000 0.022
0.000 0.021
0.000 0.o21
0.000 0.023
0.001 0.021
0.001 0.022
0.000 0.o01

0.002 0.017
0.000 0.016
0.000 0.022
0.o00 0.022
0.000 0.021
0.000 0.0r.9
0.o01 0.003

0.116 0.116 4.000
0.125 0.125 4.O00
0.015 0.015

0.059 0.059 4.000
0.091 0.091 4.000
0.093 0.o93 4.000
0.089 0.089 4.000
0.o57 0.o5? 4.000
0.069 0.069 4.000
0.071 0.071 4.000
0.075 0.o?5 4.000
o.014 0.014

o.130 0.130 4.000
0.077 0.077 4.000
0.080 0.086 4.000
0.075 0.o75 4.000
0.0e7 0.oe7 4.o00
0.091 0.0e1 4.000
0.093 0.093 4.000
0.018 0.01E

0.102 0.102 4.000
0.102 0.102 4.O00
0.106 0.106 4.000
0.097 0.0e7 4.000
0.092 0.092 4.000
o.093 0.093 4.000
0.113 0.113 4.000
0.087 0.o87 4.000
0.103 0.103 4.000
0.100 0.100 4.000
0.00E 0.008

0.129 0.077 4.O00
0.151 0.059 4.000
0.129 0.063 4.000
0.140 0.080 4.000
0.185 0.075 4.000
0.141 0.067 4.000
0.109 0.o52 4.000
0.149 0.0e9
0.019 0.011

0.205 0.014 4.000
0.168 0.042 4.000
0.149 0.045 4.000
0.156 0.05? 4.000
0.103 0.o52 4.000
0.108 0.042
0.019 0.015

0.164 0.O59 4.000
0.161 0.oee 4.000
0.108 0.06? 4.o00
0.179 0.042 4.000
0.177 0.041 4.O00
0.169 0.056
0.007 0.011

0.159 0.036 4.000
0.147 0.052 4.000
0.145 0.067 4.000
0.139 0.05e 4.000
0.178 0.037 4.000
0.155 0.O49
0.014 0.012
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Table B.S: Chernical cornposition of clinopyroxene chadacrysts (continued)

Somple Si Al Al¡" Al't îi
I
I
I
avg(
stde

1.889 0.122 0.111 0.011 0.003
L.gzt o.Lo4 0.079 0.025 0.004
1.S12 0.109 0.088 0.021 0.003

3) 1.908 0.112 0.0e2 0.020 0.003
v 0.013 0.008 0.013 0.OOe 0.000

Structural formula normalized to 4 cations and 6 (O)

C¡ Mg Ca Mn Ni Co

0.01€ o.007 0.875 0,E46 0.001 0.000
0.015 0.006 0.853 0.894 0.001 0.000
0.015 0.006 0.867 0.870 0.000 0.001
0.015 0.006 0.8e5 0.E70 0.000 0.000
0.000 0.000 0.009 0.020 0.000 0.ooo

Na Fe2+ Fe3+ cet

o.o24 0,tL7 0.102 4.000
0.019 0.136 0.049 4.000
0.021 0.131 0.0e€ 4.000
0.021 0.12e 0.0?1
0.002 0.008 0.022
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Sample Y zO s

375 0.39
375 0.32
3 75 0.27
375 0.2e
375 0.26
375 0.37
375 0.37
375 0.27
a7 5 0.38
375 0.42
avg(10) o.33
stdev 0.06

363 0.31
363 0.25
393 0.37
363 0.23
avs(a) o.29
stdev 0,06

361 0.24
3e1 0.33
361 ô.Ze
361 0.30
361 0.28
361 0.37
361 0.20
361 0.22
361 0.2ø
361 0.36
avg(10) 0.30
stdev 0.O5

35 0 0.22
35 6 0.2L
356 0.31
356 0.34
356 0.28
359 O.22
356 0.25
356 0.25
356 0.27
356 0.33
356 0.32
356 0.30
avg(12) 0.28
etdev 0,04

355 0.24
355 0.30
355 0.27
355 0.31
355 0.24
avg(5) o.27
stdev 0,03

354 0.32
354 0.27
354 0.31
avg(3) 0.28
stdev 0.05

32e 0.55
32ø 0.56
32ø 0.51
avg(3) 0.54
stdev O.O2

318 0.44

Table E}.4 Chernical cornposition of prirnary oxides

Tio2

o.72
o.42
0.39
0.48
0.53
0.73
o.72
0.60
0.66
0.64
0.59
0.13

o.62
o.42
0.48
0.36
0.45
0.06

o.52
0.40

o.40
0.53
0.48
o.44
0.36
0.50
o.47
o.47
0.06

o.50
0.48
0.5?
0.53
0.52
0.53
0.50
u.õÞ
0,5 2

o.45
0.5 2

o.47
U.OI
0.03

0.50
0.58
0.€0
u.oo
0.60
0.56
0.04

0.58
0.50
0.53
0.54
0,03

1.00
0.82
o.97
0.93
0.08

L.20

Cr2 O3

Weight percent oxide

32.7r
24.7r
28.91
30.00
31.36
33.60
32.42
3L.92
31.64
33.50
31.50

1.68

30.91
32.44

4.47
28.44
33.1 4

34.66
3L.76
35.03
30.5 4
35.51
34.87
28.3E
29.4L
31.53
29.81
32.15

2.52

25.74
25.30
26.24
25.72
24.43
25,80
25.74
24.16
30.49
27.7t
2ø.4L
25.50
2e.ae

t.ou

27.42
29.27
30.16
27.øL
29.27
28.81
0.9e

32.47
31.53
3A.L7
33.39

2.OO

23.99
23.24
25.33

0.86

30.3E

Al2O3

10.5 2
23.74
24,96
22.87
22.4L
r7.eL

19.00
18.61
16.35
19.99

2,9e

18.16
1e.05
20.26
25.2ø
2 0.83

2.ø7

19.39
2L.43
19.58
22.98
19.5 5

19.78
25.3L
25.32
22.42
25.49
2L.gí

2.22

L7.2A
20.89
21.30
2L3t
21.53
2L.44
2L.ú4
2L.43
Lg.ø7
22.L2
20.20
27.tA
20.E9
r.25

17.80
20.22
L9.20
rv.oo
18.94

0.80

75.L4

17.Lø
18.O 1

0.83

14.13
13.93
15.00
14.35
0.46

t7,27

MnO

1.38
1.3€

0.30
o.t2
0.95
I.CU

1.94
1.27
o.52

o.2a
L,TT
0.33
L.44
0.94
0.65

o.88
1.63
0.41
o.7a
0.3E
o.44
L.20
0.90
0.3E
1 .11
0.81
o.40

2.26
1.87
0.83
u.òð
u.oo
u.oo
0.85
1.36
o.2g
0.81
o.47

1.04
0.64

o.44
0.37
1.86
o.g2
1.13
o.70

o.29
1.83
o.22
0.78
o.74

1.to
1.60
1.86
L.7e
0.08

1.54

Mgo

1.85
4.28
4.33
4.52
9.15
5.23

3.29
3.23
2.O7
4.76
I.UO

E.43
2.88
7.74
4.27
5.84
2.33

5.99
3.39
õ.bþ
5.E4
8.82
8.98
4.ge
6.t7
6.e2
5.70
ø.54
|.71
2.44
4.05
t.72
6.2e
6.44
ø.23
5.56
4.E6
8.7e
4.27
7.28
3.96
5.66
l.ou

2.O2
7.6E

3.L2
6.L2
5.35
2.37

1.90
E.2g
5.86
3.O2

1.38
1.2E
1.65

0.16

0.56

FeO

30.5E
24.43
28.56
28.01
2L.55

28.92
26.89
29.27
30.24
2A.te

2.39

22.42
29.L2
23.52
28.32
25.85

2.e2

21.57
24.76
2r.e3
24.34
2L.77
2L.37
27.87
2t.46
24.95
26.08
25.05

2.44

2ø.3ø
24.89
24.70
23.31
23.t9
23.L0
24.O3
24.70
20.o7
23.77
2L.95
25.48
25.75

l.þõ

27.LO
22.O1
2L.47
27.O7
23.37
24.22

2.39

23.L6
30.1 5
22.35
2t.22
3.50

30.95
31.10
30.70
30.92

o.L7

33.36

Fe2Og

14.20
L2.2ø
17.12
12.21
13.06
74.2e
14.05
L3.25
13.84
13.60
t 3.19
0.98

L2.øO
tt.49
11 .69
10.90
rt.ø7

0.61

L2,Lø
10.46
L2.O7
11.68
t2.41
L2.2ø
11 .41
10.00
11,3?
10. E3
11 .53
0.68

ra.o2
13.05
13.18
13.37
13.10
13.10
13.03
L2.43
13.38
11 .80
L2.LO
12.58
13.10

1.O0

12.24
L3.75
13.90
12 .85
L4.O4
13.3€
0.70

L4.25
L3.26
14.1L
13.87
o.44

23.49
24.96
21.84
23.43

L.¿t

13.36

Totsl

98.94
uu.oo
9e.87
9ø.42
98.e2

100.03
99.O9
s8.72
99.13
e8.70
s9.2r

0.44

9e.60
98.36
98.90
99.L2
99.O0

o.45

99.44
98.1 6
98.42
98.92
e0.24
98.ã0
9e.89
9E.84
98.56
97.84
98.79
0.58

e0.86
9o.74
92.20
sL.42
s2.oø
go.g7
9L.49

93.45
93.30
s2.25
9L.A7
91.E?

0.84

ag.77
94.24
93.89
92.87
93.45
92.65

1,€0

9ø.42
99.13
v I.ve

0.94

e7.24
97.50
97.a6
97.5ø

o.25

98.11
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Sample VzOs

Table 8.4 Chernical cornposition of prirnary oxides (continued)

300 0.51
30e 0.09
306 0.57
30€ o.o7
306 0.57
308 0.73
evs(6) o.ø2
stdev 0.08

56e I.25
56b 0.35

209 0.ã0
20s o.42
20s 0.51
209 o.44
avg(a) o.47
stdev 0,04

208 0.47
208 0.42
208 0.52
208 0.45
avg(a) o,47
stdev 0.O4

199b O.55
199b 0.49
199b 0.39
19Sb 0.64
199b 0.43
199b 0.45
avg(6) 0.49
stdev 0,08

199a 0.46
199a O.42
199a 0.45
199a O.71
199a O.47
199a 0.49
199a 0.45
199a O,4e
199¿ O.52
199a O.54
avg(lo) 0.50
stdev 0.OE

36 0.69

109 0.61

I 0.05

à I.VI

Tio2
U.ðU
L.42
1 .18

L.L7
1.13
l.ro
o.32

1.72
0. r.3

1.03
1.03
1.13
L.23
1.11
0.o8

U.Uð
I.UC
0.90
0.90
0.95
0.06

L.L2
o.E3
1.03
I.IO

1.00

1.03
0.10

o.97
7.O7
0.93
1.OO
o.e8
1.03

0.83
0.9E
o.93
o.g7
0.06

1.33

o.2e

0.87

0.48

Cr2 O3

\Meight percent olcide

7e.2L
Lg,e4
22.O4
21 .51
22.7L
21,øL
2r.r7
].27

!4.O7
r6.7e

25.28
26.59
25.24
24.43
25.43

o.72

25.62
24.O4
26.ør
25.O4
2t.46
o.73

24.79
24.97
2e.30
20.8L
25.75
24.77
24.t7

L.77

25.37
22.55
22.OO
2L.89
22,32
22.08
2L.L7
22.OO
24.4t
23.44
22.73

r.24

2r.97

18.58

2t.85

13.84

Al2o3

t3.2e
t4.30

13.05
13.19
II.IO

L2.79
1.06

4.O0
38,97

13.e4
13.63
14.33
13.90
13.95
0.25

t4.6ø
15.7E
16.65
16.e8
16.03
0.89

14.1e
13.61
13.95
12.83
L4.73
TÞ.IÞ
L4.25

1.04

t7.44
16.E7
16.95
16.89
LA.g2
16. ?3
L6.74
16.S8
16.00
16.19
16.78
0.39

11 .56

13.31

12.O9

o.ut-

MnO

l.ot
t.a7
l.lÐ
\.79
1.84
t,t I

r.76
o.L2

L.24

1.13
1 .19
|.23
L.t7
o.04

1.e6
t.*Þ
1.28
1.39
1.45
0.14

2.OL
t.97

2.00
L.23
2.r5
l.lo
0.39

0.49
r.79
|.92
L.70
L.82
1.El
1.85
L.g7
L.42
1.Sg
L.67
o.42

1.78

L.29

1.33

0. ?8

Mgo

0.89
L.L2
o.e2
|.o2
o.g2
0.83
0.95
0.10

3,88

0.54
0.51
0.59
0.49
0.53
0.04

0. ?1
o.7E
1.78
1.68
L.24
0.49

1.O1
1.35
2.36
o.g4
2.23
L,25
L.52
0.56

5,57
1.80
1.39
1.59
r.72

L.23
1.69
r.t7
L.92
L.23

0.44

o.47

0.36

2.25

FeO Fe2O3

31.04 29.A3
31.39 25.06
31.68 28.23
31.59 25.24
31.43 24.95
31.90 29.00
31 .51 27 .O5
o.27 2.O2

33.96 43.88
31.06 6.40

32.5E 21.53
32.62 2t.O7
32.77 ZL.zt
32.81 22.35
32.70 2L.55
0.10 0.4ø

32.37 zt.øg
32 .45 21,51
31.70 19.54
31.50 20.t2
82.04 20.89
o.47 0.94

31.7E 23.03
30.4E 23.63

31.56 27.AA
30.61 22.45
3L.20 21 .10
30.99 23.42
o.58 2.O7

2ø.13 20.16
30.31 21.51
29,04 20.23
30.17 19,36
29.81 20.40
30.1€ 20.9ø
2e.a5 21.04
30.48 20.97
30.74 20.3ø
31.45 2L.93
29.50 20.74
7.A4 0.69

32.L5 27.08

32.øO 32.08

32.38 27 .Ot

28.31 42.98

Total

06.75
95.85
98.12
e6.34
e6.78
98.12
99.99

0.85

100.43
99.O2

e6.ó5
9?.00
97.01
s7.ot
96.91

o.27

98.36
98.32
98.98
98.47
98.53

o.26

98.49
s7.33
98.?0
97.81
98.83
ø8,22
98.23

o.62

96.99
9e.3€
93.82
93.31
94.43
94.8E
e3.55
94.93
ge.2r
97.42
95.21

L.42

96.e0

eg.2g

e6.53
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Semple V

375 0.071
375 0.055
375 0.040
375 0.050
375 0.044
3?5 0.0s5
375 0.060
375 0.O4E
375 0.06E
375 0.077
avg(10) 0.059
etdev 0,011

363 0.053
363 0.045
303 0.064
363 0.040
avg(a) 0.051
stdev 0.009

3€ 1 0.042
361 0.059
361 0.048
361 0.052
3€1 0.O4E
301 0.064
361 0.049
361 0.037
3e1 0.050
361 0,063
avg(10) 0.051
stdev 0.008

356 0.043
356 0,040'350 0.057
356 0.063
356 0.052
356 0.041
350 0.047
356 0.047
356 0.049
356 0.060
356 0.059
356 0.056
avg(12) 0.051
stdev 0,007

35s O.O47
355 0.054
355 0.04e
355 0.059
355 0.044
avg(bJ u.uÒr
stdev 0.005

354 0.056
354 0.039
354 0.054
avg(3) 0.050
stdev 0,008

326 0.104
326 0.106
326 0.095
avg(3) 0.102
stdev 0,005

318 0,081

Table 8.4 Chemical composition of prirnary oxides (continued)

Cation abundances normalized to 24 cations and 32 (O)

Ti4+

U.I CU

0.083
0.070
0.o95
0.1 02
0.146
o.L47
ñ 1ta
0.134
0.133
0.118
o.o27

o.102
0.086
0.094
0.071
0.088
0.011

0.1 03
0.081
0.1 12
o.0e0
0.103
0.094
0.08 5

0.0 70
o.098
o.093
0.o93
0.012

0.111
0.104
0.109
o.Ltz
0.109
0.1 12
0.106
0.117
0.10?
0.093
0.109
0.010
0.10?
o.006

0.119
o.t24
0.118
0.126
0,120
0.o05

U.IIÐ
0.1 06
0.105
0.109
0.004

0.215
o.L76
0.206
0.199
0.017

0.253

7.1 50
5.937
5.524
ø.22s
6.364
7.Ot?
6.S87
6.840
ø.77L
7.334
6.660
o.444
a.Ðv I
7.OtA
7.to4
5.E41
6.899
o.a47

7.225
o,to*
7.233
4.302
7.269
7,L65
5.742
5.996
0.489
6.200
e.ø42
0.535

6.035
5.75I
õ.õu I
Ð.lrt
5.819
o.rou
5.734
5.444
a.574
6.O25
6.461
5.72e
5.ø37
0.2E0

6.589
6.258
ø.537
o.23ø
6.442
ø.42L
o.134

ø.794
7.000
7.520
I.IU'
0.305

5.430
5.2ø2
c,oor
o.*Ð r
0.164

ø.73L

Mg

5.382
7.377
7.625
7.OL6
4.778
5.606
5.A57
6.O6E
5.936
5.335
a.272
o.7gg

5.57L
ø.291
6.223
7.7øO
€.461
0.801

8.O24
6.792
6.026
7.068
5.964
0.058
7.486
7.ø94
9.e38
7.282
4.7t3
0.659

6.038
7.OA7
7.O2ø
7.O52
7.Oø5
7.122
7.L52
7.138
6.321
7.1 58
4.6L4
7.2L6
6.e16
0.364

6.283
6.485
ø.202
6.584
6.22ø
6.356
0.1 51

5.969
5.870
5.377
õ.tlu
o.247

4.767
4.A97
4.996
4.820
0.1 28

Mn

0.4ô1
0.306
o,zgs
o.27ø
0.o65
0.117
0.21 I
o.s44
o.-342
0.45 5
0.288
o.L22

0.057
0.393
0.073
0.318
0.210
0.148

0.196
0.371
0.o91
0.108
0.083
0.097
o.262
0.1e7
0.084
o.247
0.180
0.090

0.568
0.456
o.197
0.131
0.132
0.131
0.203
o.32A
o.067
0.1 88
0.111
0.480
0.250
0.100

0.518
0.101
0.086
0.450
o.217
o.274
0.178

0.065
0.435
0.049
0.183
0.178

Q.424
o.402
0.445
o.424
0.018

0.365

F.ez1,

o.762
1.669
7.673
t.770
3.501
2.O7L
1 .511
L.329
1.303
o.E30
I.ø42
0.730

3.272
1 ,166
3,O23
1.660
2.280
0.889

2,354
1.35e
3.329
2.272
3.404
3.47e
L.977
2.372
2.685
2.23ø
2.t4L
0.654

1.088
1.?38
2.387
2.633
2.642
2.6L8
2.334
2.O48
3.561
2.5e7
3.016
L.e77
2.343
o.62E

o.go2
3.1L6
3.184
L.32ø
2.545
2.2L5
0.935

3.038
o.ø70
3.250
2.3te
L.Løø

0.589
0.546
0.695
o.610
0.o63

o.234

Fe3*

7.Oøe
4.2L9
6.191
6.151
4.ø25
6.089
o.oor
6.540
a.ø2ø
7.003
ø.307
0.649

4.EEO
a.atø
5.L27
ø,L73
5.699
0.718

5.A37
6.468
4.7A9
t.754

4.445
6.006
o.Ð | I
5.430
5.736

0.565

0.543
5,991
6.647
5.474
á.399
t.445
5.061
5.83?
4.57e
5.458
ã.IUU
6.051
5.5e8
o.475

6,7E8
5.010
4.953
6.456
5.452
5.732
o.7t4
5.125
7.O79
4.974
5.706
0.9?5

7.4LO
7.440
7.257
7.369
0.080

7.8L7

Iotal

2.etí
2.4L4
2.L70
2.4L4
2.522
2.8õ0
2.863
2.702
2.819
2.833
2.46+
o.245

2.448
2.348
2,293
2.L34
2.3r2
o.119

2.4re
2.1L6
2.372
2.294
2.4L7
2.39E
2.2L3
2.Ot7
2.227
2.743
2.ze$
o.L27

3.674
2.427
2.776
2.424
2.744
2.77e
2.7ø2
2.ø44
2.746
2.451
2.530
2.689

o.264

2.7øO
2.8L7
2.866
2.764

2.E31
0.070

2.437
2.4O2
2.75L
2.810
0.020

5.060
5.3?1
4.844
5.O25
o.294

2,8L6

24.O0
24.O0
24.OO
24.OO
24.OO
24.OO
24.OO
24.OO
24,OO
24.OO

24.OO
24.OO
24.OO
24.OO

24.OO
24.OO
24.OO
24.OO
24.OO
24.OO
24.00
24.OO
24.OO
24.OO

24.OO
24.OO
24.OO
24.O0
24.OO
24.O0
24.OO
24.OO
24.OO
24.OO
24.OO
24.O0

24.OO
24.OO
24.OO
24.OO
24.OO

24.OO
24.00
24.OO

24.OO
24.OO
24.OO

24.OO
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Sample

Table 8.4 Chernical cornposition of prirnary oxides (continued)

306 0.098
306 0.132
306 0.109
30€ o.Lzø
30€ 0.109
306 0.140
avs(6) 0.120
stdev 0.015

56a 0.245
56b 0,O5?

209 , 0.096
20ø o.o80
20s 0.097
204 0.oE4
avg(4) 0.o8e
stdev 0.007

2QA 0.088
208 0.078
208 0.095
208 0.083
avs(a) 0.086
stdev 0.006

199b 0.103
199b O.O93
199b O.O72
19Sb O.L22
199b 0.079
199b 0.083
evs(6) 0.092
stdev 0.017

199a 0.083
199a 0.079
199e 0.087
199a 0.137
199a 0.090
199a 0.093
199a 0.0E?
199a 0.093
199a 0.098
199a 0.101
avg(10) 0.095
stdev 0,015

36 0.114

109 0.1 1 5

I 0.126

5 0.205

Cation abundances normalized to 24 cations and 32 (O)

1i4+

0.109
0.310
o.256
o.322
0.255
0.246
0.250
0.00e

0.384
o.o24

o.22t
o,224
o.245
o.2a7
o.240
0.018

o.203
o.223
0.188
0.188
0,201
0.014

o.239
o.L79
o.2L7
o.245
0.2 10
0.215
0.218
o.o22

0.200
o.22A
0.204
o.220
0.213
o.223
0.213
0.180
0.210
0.198
o.209
o.013

o.293

0.062

o.Ls2

0.11 1

AI

4.583
5.032
4.95 5
5.208
4.953
4.E5E
o.27r
3.301
3.248

5.79A
6.Ot0
5.747
t.62t
5 .813
o.t67
5.725
D.ÐUÞ
t.829
5.509
5.ø42
0.140

o.oo I
5,663
5.833
4.73e
5.688
b.ÞUU
5.497
0.35 5

5.490
5.061
5.071
5.063
5.1o2
5.036
4.896
5.023
5.5 20
5.240
D.IOU
0.194

5.096

4.1 E5

5.O77

3.368

Mg

4.919
3.995
4.480
4.509
3.80e
4.374
0.369

1.399
rL.32t
4.7ø5
4.ø45
4.865
4.73L
4.752
0.079

4.911
5.247
5.436
5 ,56E
5.2e 1

o.247

4,747
4.600
4.611
4.355
4.E49
5.358
4.7t2
0.310

6.ø25
5.643
5.823
6.823
5.765
5.087
5.?85
5.779
5.384
5.3e5
5.671
U.IOO

3.996

4.46e

4.!47
1.83e

Mn

o.372
0.460
o.428
o.442
o.452
0.435
o.432
o.o29

o.aLz
0.307

0.280
o.277
0.290
o.301
o.287
0.009

0.399
0.349
o.300
0.328
0.344
0.036

0.483
o.470
o.2a7
0.488
o.zsL
U.ÐII
o.423
0.095

0.114
o.430
o.474
o.42L
o.444
o.442
0.458
o.482
0.343
0.469
0,40E
o.105

o.442

0.311

0.331

0.203

Fe2*

0.386
0.485
0.396
o.443
0.398
0.359
0.411
o.041

o.La7
L.427

o.234
o.220
o.253
O.zLL
0.230
0.016

0.300
0.328
0. ?35
o.497
U.OIO
o.202

o.427
o.t77
o.9E7
0.404
o.g2e
o.523
o.641
o.232

2.273
o.7ø2
0.604
0.693
o.74L
o.692
0.628
0.5 30
O.7Lø
0.493
0.814
0.494

o.L92

0.200

0.1 58

7.O32

Fe3*

7.54A
7,030
?.€50
7.6øø
7.ø24
7.733
7.ø47
0.058

8.424
€.405

7.903
7,888
7.89€
7.924

0.013

7.680
7.703
7.343
?.330
7.6L4
0.178

7.536
7.30e
7.088
7.eoz
t.lou
7.348
?.339
0.146

5.980

7.2e9
7.381
7.20ø
7.276
7.go2
7.35ø
7.344
7.437
7.174
0.405

?.888

7.741

7.956

7.2A6

8.52ø
5.480
9.135
5.533
5.445
6.326
5.908
o.437

L797
1.188

4.700
4.586
4.øO7
4.t5t
4.08E
0.10?

4.494
4.56ø
4.O74
4.2e8
4.408
o,240

4.eL4
5 .100
4.905
€.043
4.804
4.4øO
5.O38
0.48e

4.235
4.603
4.434
4.261
4.437
4.550
4.631
4.557
4.381
4.466
4.47ø
0.143

5.9 78

6.877

e.955

24.OO
24.OO
24.00
24.OO
24.OO
24.OO

24,OO
24.OO

24.OO
24.OO
24.OO
24,OO

24.O0
24.OO
24.OO
24.00

24.OO
24.00
24.OO
24.OO
24.OO
2400

24.OO
24.OO
24,OO
24.OO
24.OO
24.OO
24.OO
24.OO
24,OO
24.OO

24.OO

24.OO

24.OO

24.00
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Sample

458 0.42
45E 0.o4
3?s 0.16
375 0.OS
375 0-o9
375 0.22
375 0.17
3?5 0.15
375 0.1.0
375 0.16
3?5 0.14
361 0.20
361 0-22
361 0.14
361 0.28
3€1 0.14
361 0.28
356 0.19
356 0.13
356 0.06
355 0.14
314 0.24
314 o.13
314 0.17
31{ 0.15
308 0.40
308 0.s4
306 0.37
303 0.2L
58 0.99
58 0.80
õ8 1.16
58 0.7 4
58 0.99
58 o.80
58 1 .16
56 0.?5
56 0.77
56 0.88
244 2.24
244 2.56
208 0.34
199b o.11
199a 0.49
199a 0'36
199e 0.14
199a O.29
199e O.27
199a 0.19
40 0.46
40 0.22
40 0.53
3e 0.14
36 0.22
33 0.43
33 0.56
33 0.48
110 1.55
110 1.56
110 L.37
110 1.03
110 L.ø7
110 0.81
110 1.23
11 0.58
11 0.63

vzos Tio2

o.43 ].7.79 0.18
o.98 22,LL o.32
0.E6 2A.24 1.81
1.05 20.53 1.11
1.0? 24.72 1.93
0.84 24.45 0.75
0.87 25.9A 2.4e
1 .01 29.07 1 .65
1.01 27.21 0.66
0.9? 29.09 L.74
1 .11 29.ø3 0.44
1.18 27.94 0.6e
1.04 25-96 L.zl
o.el 23,22 0.54
0.84 23.ø6 0.50
1.00 25.46 0.97
0.95 25.øø 2.O4
0.E5 21.96 1.45
0.83 23.99 1.€6
0.93 22.44 0.77
1 .L7 24.2A 1.88
L.zA 18.85 0.47
LO7 18.4E 0.20
L.52 19.75 0.47
1.20 21.75 0.90
1.48 18.35 0.33
1.32 17.08 0.96
1.85 19.31 0.36
L.23 16.83 0.20
0.55 8.73 0.11
0.57 ?.50 0.12
1.0s L2.A4 0,19
o.44 6.83 0.15
0.55 9.06 0.11
0.57 7.78 0.12
1.O4 13.34 0.19
r.20 L2.A4 0.09
L.27 15.84 0.09
o.e2 8.29 0.10
1 .61 t7 ,ø6 1.30
L.77 18.21 1.38
1.18 22.95 0.65
o.27 0.04 0.03
0.?8 2L.34 2.00
o.72 20.31 1.75
0.13 0.06 0.02
0.60 20.7 2.67
o.?0 18.54 0.60
0.15 0.1e o.00
0.95 15.71 0.14
0.65 6.51 0.35
r.73 16.54 0.17
o.32 0.70 0.18
1.15 13.82 0.23
L .e7 L7.24 0.17
1.88 16.69 0.35
1.97 l7 .O4 0.14
0.30 7.75 0.39
0.57 r7.4A 1.58
0.58 1?.93 L.ø2
0.50 10.93 1.20
0.45 11.41 0.72
0.35 18.07 1 .34
0.15 6.23 . O.32
o.27 1.7.64 1.€5
o.28 L7.93 2.22

Cr2O3

Weight percent oxide

Al2O3 MnO MgO FeO

1.33 0.08 30.35
1.59 0.15 30.E1
1.87 0.43 2e.49
L.73 0.44 29.A7
L.7L 0.39 29.7A
1.61 0.25 30.0E
1.53 0.46 30.41
1.89 0.3? 29.9ø
2.Ot 0.34 2Ð,26
1.87 0.39 2ø.78
r.g2 0.49 28.95
L.7g o.30 29.86
L.7L 0.28 29.81
L.44 0.23 30.09
L.7g 0.19 29.87
r.76 0.29 29.05
1.69 0.33 29.98
z.Oe 0.39 2ø.9ø
2.2L O.3? 2€.85
2.25 0.34 26.03
2.O2 0.35 27.72
1 .1 1 0.16 2g .65
1 .08 0.17 29.00
1.02 0.10 30.94
1.10 0.56 28.5
1.19 0.19 3L.4e
1.O7 0.20 30.29
1.58 0.51 29.80
1.13 0.13 31.37
0.36 0.01 33.10
0.35 0.03 32-ø4
0.5? 0.06 33.0e
0.25 0.o4 32.49
o.3g o.01 33.19
0.35 0.03 32.72
o.57 0.0e 33.23
o,77 0.11 32.ø6
1.08 0.14 32.16
0.36 0.o5 33.04
0.91 0,o2 31.24
1.04 0.o3 35.51
1 .1S 0.09 3L.27
0.10 0.03 29.3ø
1.?3 0.24 2e.53
1.58 0.14 2e.25
0.o4 0.o2 2ø.2e
1.55 0.24 29.38
1.70 0.L2 24.45
0.0? 0.00 27.70
L.20 0.02 2s.76
o.44 0.48 2A.72
1.30 0.10 3L.23
0.02 0,2r 29.83
o.92 0.o2 31.30
1.38 0.15 3L.72
1.31 0.20 31.59
L.zL O.14 32.07
0.34 0.04 aa.74
o.73 0.o4 33.51
o.77 0.0€ 33.37
o.7z 0.03 32.58
0.48 0.01 33.7S
o.74 0.05 32.09
o.22 0.00 33.07
0.91 0.03 31.5€
0.84 0.06 31.90

Fe2Os Totel

47.47
41.00
34.40
34.5 1
37.75
39.89
37.L4
34.21
3ø.21
33.78
33.17
35.24
3e.47
41.29
40.45
36.5 5
36.07
36.18
34.1E
35.9?
33.56
41.89
42.74
43.O9
39,07
44.ø3
43.70
4l,27
48.57
56.?8
s8.18
49.56
59.21
Ðo.oo
5E.07
49.78
5L.94
47.A6
57.ee
39.e4
37.62
40.27
?0.63
38.78
39.93
70.86
39.ø2
42.ø4
70.4ø
46.54
59.17
44.9L
09.13
50.87
45.69
44.89
41.øL
56.43
43.5 6
44.O2
40.L4
51.04
4t.73
58.78
46.55
45.72

98.04
97.64
s7.27
98.34
97.44
98.O9
99.03
98.31
96.e0
ú,.14
90.05
s7.r7
96.74
9?.86
97.58
9t.22
97.00
90.04
go.2t
88.79
9L.12
93.64
ø2.89
97.t2
93.68
98.13
ø4.97
95.05
99.66

100.63
100.20
98.92

100.15
100.92
100.44
99.37

100.16
99,20

101.04
98.62
97.97
9E.14

100.60
94.86
94,04
97.54
9õ.00
03.o2
9E.79
9a.77
95.95
sø.52

100.52
98.53
98.04
97.44
98.6?

r 00.54
99.03
99.72
99.13
99.17
9S.18

100.00
99.19
99.5 8
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Samplc

Table 8.5 Chemical composition of seconda¡y oxides (continued)

109
109
€
I

g
I
6
6
e
6
g
Ð

5

Vzos

0.õ9
o.52
0.90
o.8?
1.O0
o.7e
0.5?
0.ae
0.82
0,85
o.6e
0.82
1.30
1 .13

Tio2

0.30
0,43
0.31
o.44
0.38
o.31
0.31
o.51
o.47
0.49
0.43
o.50
0.50
0.52

Cr2Og

lVeight percent oxide

15.73
15 .€O
19.21
22.75
18.06
18.38
16.€1
L5.2ø
16.82
15.06
10.75
14.06
15.95
13.31

.Al2O3

3.51
0.34
2.Ot
1.76

3.5r.
o.76
1.45
r.74
1.35
o.91
1 .16
t.Ð I
1.34

M¡O
0.93 0.14
0.86 0.07
L.22 0.03
1 .15 0.o9
o.95 0.05
o.gs o.11
o.77 0.04
0.76 0.02
0.9 0.04

o.72 0.04
0.56 0.05
0.66 0.00
o-?e o.00
0.?1 0.o0

Mgo

32.06
31.O8
32.10
31.91
32.43
32.23
31.53
31.4ø
3L.1-4
31.91
32.24
32.2t
32.90
32.63

Fe2O3

46.7E
4e.44
44.Oø
40.o9
41.52
43.51
4E.58
45.4E
44,08
47.57
t4.43
49.43
45.69
4E.79

Total

100.0s
98.34
99.8e
99.06
99.83
99.78
99.16
96.22
90.o1
9?.99

100.o0
98.84
9E.6e
98.32
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Sample

Table 8.5 Chemical cornposition of secondary oxides (continued)

458 0.086 0.100
458 0.131 0.229
3?5 0.o3? 0.199
s7t o.o1E 0.241
3?6 0.018 0.248
3?5 0.045 0.195
37t 0.034 0.1e7
3?5 0.030 0.242
3?6 0.033 0.236
3?5 0.032 0.223
37t 0.029 0.2e1
361 0.041 0.275
361 0.045 0.243
361 0.029 0.212
301 0.o5? 0.190
301 0.029 0.238
361 0.057 0.22L
356 0.042 0.213
356 0.029 0.207
356 0.013 0.237
35s 0.080 0'289
st4 0.051 0.3L2
914 0.028 0'263
3L4 0.035 0.35?
314 0.032 0.290
308 0.100 0.345
3OE o.o72 0.316
306 0.078 0.443
303 0.042 0.283
58 0.199 0.126
58 0.162 0.131
58 0.236 0.244
ãE 0.150 0.101
5 8 0.199 0.12ø
58 0.1e1 1.310
58 0.235 0.240
56 0.151 o.27 5
56 0.156 0.293
56 0.1?6 0.141
244 0.464 0.3?1
244 0.521 0.396
208 0.069 0.274
199b o,o22 0.002
199a 0.102 0.180
1994 0.0?6 0.173
199e O.O29 0.031
199e 0.060 0.142
199¿ O.O5E O.t72
1994 0'039 0'035
40 0.099 o.2a2
40 0.046 0.155
40 0.110 0'410
36 0.028 0.073
36 . 0.028 0.073
36 0.045 0.268
33 0.088 0.434
33 0.115 0.441
33 0.098 0.417
110 0.315 0'131
110 0.274 0.132
110 0.208 0.115
110 0.338 0.104
110 0.163 0.080
110 0.249 0.035
11 0.117 0.062
11 0.L2ø 0.064

Cation abundances normalized to 24 calior;s and 32 (O)

T¡ Cr Al Mn

4.372 0.066 0.350
5.431 0.117 0.418
6.8?1 0.056 0.487
?.131 0.400 0.448
a.ol2 0.?00 0.446
5.956 0.272 0.420
6.190 0.E85 0.391
?.006 0.593 0.488
ê.?oø 0.242 0.530
7.044 0.628 0.485
7.337 0.236 0.509
6.856 0.241 0.470
6.3E4 0.458 0.450
5.680 0.19? o.a77
5.EO6 0.183 0.471
6.3?1 0.3ø2 0.472
6.2e4 0.742 0.442
6.793 0.570 0.582
6.303 0.650 0.a22
ø.o24 0.308 0.ø47
6.30? o.72E 0.662
4.82ø 0.179 0'305
4.782 0.077 0.299
4.E78 0.173 0.270
5.530 0.341 0.316
4.4ø2 0.120 0.3L2
4.306 0.361 0.289
4.800 0.135 0.420
4.Oø7 0.072 0.292
2.LO2 0.0s9 0.0e3
1.814 0.043 0.091
3.133 0.069 0.149
1.€53 0.054 0.0€5
2.L74 0.039 0.093
L.877 0.043 0.090
3.230 0.069 0.148
3.047 0.032 0.199
3.848 0.033 0.2E1
1.98E 0.036 0.092
4.2AL 0.470 0.236
4.438 0.501 0.272
5.594 0.309 0.311
o.olo 0.011 0.026
5.340 0.746 0'464
s.L42 0.660 0.424
o.o15 0.00? 0.011
5.154 0.991 0.413
4.782 0.231 0.470
0.046 0.000 0.018
4.040 0.054 0.331
1.630 0.131 0.118
4.L25 0.0s3 0.347
0.108 0.065 0.005
0.16E 0.065 0.005
3.385 0.084 0.24I
4.204 0.062 0.300
4.LL4 0.129 0.346
4.155 0.051 0'316
4.219 0.568 0.18e
4.296 0.5?e 0.198
4.094 0.432 0'186
2.7A2 0.260 0.L24
4.3ø2 0.4a2 0.191
1.510 0.116 0.o5?
4.253 0.593 0.23 5

4.29L o.7s2 0.215

Mg

0.o37
0.069
0.19?
0.200
0.1?9
0.115
o.207
0.168
0.15E
0.1 78
o.229
0.139
0.o13
0.106
0.o88
0.137
0.152
0.194
0.1 83
o.L72
o.L77
o.o77
0.083
0.075
o.2øa
0.088
0.095
o.242
0.o59
0.005
0.o14
0.028
0.018
0.o05
0.014
0.o27
0.o50
0.064
0.o23
0.o09
0.o14
0.o41
0.o14
0.1 13
0.o67
0.009
0.1 13
o.058
0.000
0.o10
o.227
o.o47
0.o95
0.o95
0.o09
0.o69
0.os3
0.o64
0.018
o.o27
0.014
0.o05
0.023
0.o00
o.o14

Fe2*

7.887
8.004
7.588
7.O30
7.€60
7.760
?.608
7.ø3ø
7.6L1
7.629
?.582
7.748
7.754
7.746
7,753
7.089
7.741
7.62L
7.4øO
?.390
7.6L7
a.033
7.938
8.O83
7.770
8.146
8.076
7.931
a.0i.6
8.427
8.351
8.540
a.318
a.426
8.350
8.536
a.329
8.261
a.379
9.O34
9.1 54
8.O60
T.482
7.4L4
7.831
6.853
7.73A
7.76L
7.L57
8.090
7.446
8.238
?.590
7.590
8.108
a.180
a.234
a.272
8.554
a,417
8.331
8.e50
8.193
8.476
8.O47
8.074

Fe3*

11.102
9.600
7.965
7.932
E.738
9,244
8.428
7.A47
8.480
7.744
7.AL?
4.229
8.536
9.613
9.447
8.?03
8.3t1
9.O84
8.540
9.190
8.296

10.213
10.630
10.1 29
9.453

10.398
10.48ã
9.886

11.168
13.009
13.395
11.€01
13.641
12.939
13.334
11.505
LL.9l7
11 .064
13.165
9.146
8.704
ø.342

16.1 79
9.235
9.422

10.641
9.389

10.469
Lø.392
11.145
t4.og7
10.6€0
Lt.a29
15.829
11.E59
10.604
10.530
10.6E6
10.o0?
10.03E
10.619
11.758
10.505
13.5 56
10.680
to.4L2

Total

24,O0
24.O0
24.OO
24.O0
24.OO
24.OO
24.OO
24.O0
24.O0
24.OO
24.OO
24.OO
24-OO
24.OO
24.OO
24.OO
24.00
24.00
24.OO
23.9E
24.OO
24,OO
24.O0
24.OO
24.OO
24,OO
24.OO
24.OO
24,O0
24.OO
24.OO
24.OO
24.OO
24.OO
24.OO
24.O0
24.00
24.O0
24.OO
24.OO
2 4.O0
24.00
23.80
24.OO
24.OO
23.59
24.OO
24.OO
23.08
24.O0
23.44
24.OO
23.85
23.85
24.00
24.OO
24.OO
24.OO
24,OO
24.OO
24.OO
24.OO
24.OO
24,OO
24.OO
24.O0
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Sample

rl'able 8.5 chemical composition of secondary oxides (continued)

10e
109
I
I
I
v
I
6
6
6
6
6
5
o

0.11? o.oEl
0.106 0.100
0.180 0.0?o
0.175 0.101
0.200 0.087
0.150 0.070
0.115 0.071
0.185 0.127
0.170 0.111
o.r74 0.114
0.139 0.098.
0.166 0.116
0.263 0.1 15

0.230 0.121

Cation abundances normalised to 24 cations and 32 (O)

3.720
3.823
4.547
5.469
4.32e
4.355
4.O27
3. ?98
4.184
3.6E4
2.5EE
3.4L7
3.868
3.244

AI

t.237
o.L24
0.?15
0.631
U.DTA
1..240
o.27s
0.538
0.645
o.4ø2
o.327
o.420
0.56?
0.487

Mn

o.236
o.226
o.312
0.296
o.244
o.244
o.200
0.203
o.240
0.1E9
0.144
v.Lta
o.205
0.186

Mg

o.062
0.o32
o.014
0.041
0.023
0.o{9
0.018
0.o09
0.o19
0.o18
o.023
o.000
0.000
0.000

Fe2*

8.017
ö.uco
L105
8.144
8.22L
8.079
8.OE5
8.280
8.194
8.25s
8.20e
a.277
a.437
8.396

Fe3*

10.530
11.532
10.018
9.t74

10.383
9.813

1 1.209
10.867
10.436
t1.uao
r2.472
't L.432
to.544
11 .331

TotaI

24.OO
24.00
24.OO
24.OO
24.OO
24.00
24.OO
24.OO
24.OO
24.OO
2{.O0
24.OO
24.OO
24.OO
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Sample

58a 56.19 0'03
58b 56.Oe 0.14
58f 58.57 0.01
evg(s) 50.95 0.06
stdev 1.15 0.06

56a 57.07 0.10
56b 17.a2 0.00
avg(z) 57.45 o.o5
stdev 0.38 0.05

110a 58.39 0.O0

1lob 58.54 0.05
11oc 58'69 0.o2
1lod 58.50 0.01
110e 57 .77 O.00
110f 57 .70 0.00
110i 57.s1 0.00
lloj 57.80 0.06
ûrg(8) 58.13 0.o2
stdev O.42 0.02

472b 53.81 0'o0
4?2c 53'52 0.Og
avg(2) 53.6? o'o5
stdev 0.14 0.05

47!a 54.90 O'Lz
47Lb 64.32 0.00
47Lc 13.4ø O.13
47Ld 54.46 0.17
47le 52.83 0.O4

avg(s) 54.00 o.o9
stdev O.74 0.06

4?3a 48.23 0.63
473b 53.00 0.61
4?3c 48.53 0.69
avg(3) 49.92 0.64
etdev 2.18 O.03

476a 56'51 0.05

4?84 55.s4 0.Og
478b 53.19 0.04
avg(2) 54-37 0'o4
stdev 1.1? O.0O

481a 55.31 0.14
481b 55.83 0.oo
481c 54.99 0.06
481d 55.35 0.07
481e 56.3€ O.03

481f á4.o0 0.03
481g 54.L7 0.oo
481h 12.42 0.34
481i 54.05 0.L7
481j 55.50 O.04
481k 54.80 0.22
avg(rr) 54.80 o.1o
stdev 1.04 0.1O

4854 55.14 0.00
485f 5 5.03 0.26
avg(2) 5s.09 o.13
etdev 0.0€ 0.13

486a 54.85 0.02
486b 52.78 0.06
486c 56'14 0.O5

486d 52.23 0.o8

sio2

Table 8.6 Chernical corrtposition of arnphiboles

:rio2 Al2o3

Replacing clirioþYroxene
1.15 0.22 L9.44 12.95 0.11 0.o3
L.22 0.20 2L.21 72.68 0.01 0.03
o.o8 0.1? 22.5ø 13.43 0.00 0.00
0.82 0.20 ?1.20 13.02 0.04 0'02
0.52 o.o2 1.44 0.31 0.05 0'01

Weight percent oxide

MnO MeO CaO Na2O

0.90
0.39
0.65
o.28

0.35
o.22
o.28
0.20
0.28
0.31
o.2t
0.31
0.28
0.05

3.66
4.58

0.46

2.t4
2.LO
2.79
2.20
3.69
2.58
0.ô1

8.30
4.21
8.77
7.lL
2.06

1.51

2.05
3.5e
2.42

2.O3
2.OE
2.OA
r.80
0.91
2.7L
2.O4
2.48
2.ø1
L.73
2.52
2.Oe
0.49

2.O2
2.37
2.20
0.17

2.Oø
3.78
0.99
4.28

0.19 2L.4L L2.92 0.11 0.o2
o.19 21.71 13.38 0.03 0.01
o.19 21.56 13.15 0.o7 0'02
o.oo 0.15 0.23 0.o4 0.o0

o.os 21.91 13.33 0.01 0.01
o.1o 22.OO 13.51 0.00 0.00
o.L2 23.26 13.13 0.oo 0.01
o.19 21.05 13.36 0.00 0.o1
o.1ó 2L.O4 13.46 0.o0 0.o1
0.16 2r.26 13.48 0.02 0.02
o.1o 21.36 13.47 0.o0 0.o0
0.12 20.93 13.36 0.o2 0'02
o.13 zL.øa 13.3e 0.o1 0.01
o.o3 0.?o o.12 0.01 0.01

0.14 1?.31 13.03 0.47 0.L2
o.1o L7.øg L2.7ø 0'19 0.o4
o.Lz 1?.50 12.90 0.33 o'OE
o.o2 0.19 0.r3 0.14 0.04

0.14 1?.59 12 -95 0.19 0.05
0.16 1?.80 12.E9 0.19 0.o5
o.11 16.70 12.70 0.32 0.10
0.11 17.72 !2.9s o.24 0.o7
0,10 1?.O8 L2.77 0.49 0.13
o.r2 1?.38 12.86 0.2s o.o8
o.o? 0.42 0.11 0.11 0.03

0.14 15.28 L2.A8 L.4t 0.06
0.11 L7.75 12.E9 0.68 0'10
o.L  15.58 12.42 1 .63 0.O5

0.13 rø.20 12.o6 1.28 0'o7
o.o1 1.10 0.1e 0.41 0.o2

0.14 20.05 13.35 0.12 0.o2

0.13 LA.22 12.88 0.22 0.04
0.15 16.65 12.75 0.42 0.12
0.14 L7.44 L2.A2 0.32 o.o8
o.o1 o.?9 0.06 0.10 0.o4

0.19 L7.29 13.07 0.22 0'o5
0.15 1?.50 L3.O2 0.24 0'o7
o.o9 1?.31 L2.9ø O.23 0.07
o.Lz L7.44 13.20 0.21 0.o3
o.L7 19.94 12.85 0.10 0.o3
0.16 L7.17 13.10 0.32 0.O7

0.18 L7.22 L2.9ø O.24 0.O7
o.23 15.06 20.51 0.2ø 0.00
0.13 16.86 12.94 0.3? 0.0e
0.18 L?.74 13.09 0.18 0'o7
o.2r 1?.55 L2.42 0.39 0.03
0.16 1?.10 13,65 0.2t o.o5
o.o4 0.69 2.1E o.oE 0.o2

0.18 18.õO 13.02 0'20 0.06
o.22 18.18 13.17 0.24 0.o5
o.2o 18.3? 13.10 0.22 0.0€
o.o2 0.19 0.07 0.o2 0-o1

o.17 77.27 13.04 0.20 0.o5
o.23 16,42 L2.99 0.51 0.14
o,22 18.41 13.14 0.o9 0.o2
0.18 16.06 13.0? 0.56 0.20

FeO Total

7.58 57.70
5.70 97.28
2.9L 98.13
5.40 97.70
2.35 0.35

4.84 97.sø
4.2L 9?.74
4.23 97.ø5
0.45 0.09

4.45 9E.54
4.37 98.?9
3.09 98.€0
4.75 98.ø7
5.65 98.36
5.39 98.34
5.21 e8.00
5.86 98.48
4.90 98.47
o.s4 0.23

r.84 97.38
8.11 97.0E
8.48 97.23
0,23 0.15

8.11 96.19
8.45 95.96
a.74 95.08
8.38 96.34
9.30 96.43
8.60 90.oo
o.4s 0.49

10.68 87.51
8.60 98.01
9.A7 97.48
9.O7 97.47
1.01 0.24

o.o2 97.77

8.63 97.74
10.37 97.28
9.50 97.5r
L.23 0.23

10.2E 98.58
10.16 99.05
10.57 98.34
10.59 9E.81
11.50 98.95
10.17 97 .73
10.43 97.31
?.E6 99.16
9.83 97.02
9.88 98.41
9.68 97.82

10.09 98.29
0.90 0.69

a.23 e7.47
9.06 98,56
8.65 98.00
0.5e 0.õ8

10.50 98.16
11 .00 97 .s1
9.66 sa.72

11.82 98.50
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Sample

486f 54.43 0.01
4869 53.71 O.07
486k 57.48 0.19
4861 55.84 0.00
486m 54.5€ 0.06
486n 55.69 0.13
avg(3) s4.61 o.o8
stdev 1.53 0'06

4O7t 58.08 O.00
407b 58.28 0.00
4O7c 5?.Eg 0.00
40?d 58.16 0.02
4O?e 17.69 0.O0
avg(s) 58.00 o.oo
stdev O.24 O.O1

381a 58.52 O.Oo

381b 5E.88 0.00
381c 58.04 0'0O
381d 57.94 0,00
evg(a) 58.3s O.o2
stdev 0.38 0.03

321e 5E.O2 0.00
321b 58.99 0,00
avg(Z) 58.51 o.oo
stdev 0.4E 0'00

319a 57.84 0'06
319b 67.70 0.o4
3l9c 57.33 0.00
avg(3) t7,ø2 0.03
stdev O.22 0'02

3L7o 55.?O 0.00
31 7b 5 7,51 0.04
3L7c 57,76 0.O0
avg(3) 5a.79 0.01
stdev 0.96 O.O2

313a 5 5.O9 O.04
313b s5.40 0.00
avg(z) 55.25 o.o2
stdev O.22 O.O3

?8a 57 '37 0.03
?8b 57.07 0.O0
?8c 87.73 O.O0

avg(3) 67.37 0.o1
stdev O,27 0.01

58c 58.17 O.0O

58d 58.93 0.o0
5Ee 58.85 0'OO

avg(3) 58.65 0.o0
stdev 0.34 0.0O

56c 58.23 0.00
õ6d 58.70 0.oo
avg(2) 58.47 0.00
stdev O.23 0 'OO

233a 58.97 0.O0
233b 59.06 0.00
233c 58.90 0.00
233d ta.T? 0.00
233e 58'03 0.O0
avg(5) 58.?5 0.oo
stdev 0.37 0.00

Table 8.6 Chernical cotr.Position of arnphiboles (continued)

sio2 Tio2 Al2O3

rtreight percent oxide

2.27
3.O2
1.80
1.30
2.ø5
1.09

1.14

o.23
0.17
o.49
o.25
o.24
o.28
0.11

o.27
o.09
o.22
o.L2
o.1E
o.0?

o.33
0.15
o.24
o.09

o.12
0.16
0.10
0.13
0.o2

0.34
o.44
0.23
0.34
o.11

0.18
0.33
o.2e
0.11

0.41
0.41
o.30
0.37
0.0s

0.18
o,09
0.o9
o.I2
0.04

0.o5
0.05
o.o5
0.o0

0.04
0.04
o.14
0.1E
0.s3
0.15
o.11

MnO MgO

0.15 17.55 13.03
0.16 r7.O7 12 '47
0.11 2r.69 73.24
o,20 77 .63 13.0€
0.18 17.18 13.08
0.20 L7.ø5 13.06
o.1e 17.s6 13.06
0.04 1.43 0.10

Replacing olivine
o.11 21.80 L3.25
0.07 2L.74 L4.47
o.o8 2L.48 t3.42
o.o8 21.86 13.53
o.11 2L.93 13.33
0.o9 2L.76 13.40
0.o2 0.15 0.10

0,13 2L.70 13.46
0.09 22,Ar 13.43
0.10 21.30 13.62
0.09 22.40 L3.72
o.10 22.05 13.56
0.o2 0.59 0.L2

o.o8 2L.68 13.46
0.0? 22.46 13.63
0.o8 22.07 13.5 5

0.o0 0.39 0.0E

o.72 21 .53 13.18
0.13 20.71 13.19
0.o9 2r.49 13.15
o.11 2L.24 13.17
0.02 0.38 0.02

o.Lz 18.60 13.04
0.14 2L.72 13.41
0.1? 2r.23 L3.L2
o.14 20,52 13.19
0.o3 1.68 0.19

0.1? r5.7e r2.?3
0.14 16.63 L2.43
0.16 la.zL L2.74
0.o2 0.59 0.07

0.13 22.L4 13.1s
0.09 21.88 13.28
0.10 22.L6 13.18
0.11 22 .06 13.2 0

0.02 0.13 0.06

0.18 20.89 73.32
0.11 23.23 13.66
o.19 22.99 L3.52
0.16 22 .37 13.50
0.04 1.05 0.14

o.22 2r.a2 13.28
o.21 2L.7e 1a.37
o.22 2L.Ar 13.33
0.00 0.o2 0.05

0.o5 22.AO 13.61
0.10 22.A0 13.55
0.o8 22.31 13.69
o.13 22.32 13.66
o.15 20.33 12.80
0.10 22.rr 13.46
o.o4 0.92 0.33

CaO Na2O FeO

o.21 0.06
0.40 0.10
0.20 0.o5
o.1? 0.06
o.29 0.o9
0,13 0.o2
0.31 0.o9
o.17 0.00

o.o0 0.00
0.00 0.o1
0.01 0.o0
0.00 0.o0
o.o0 0.00
o.00 0.oo
o.00 0.oo

o.00 0.o3
0.o0 0.o0
0.00 0.o0
0.00 0.oo
0.o0 0.o1
0.00 0,o1

0.03 0.o3
o.o0 0.o1
o.o2 0.o2
0.02 0.o1

o.01 0.o1
o.03 0.o3
0.02 0.o2
0.02 0.02
0.o1 0.01

0.00 0.o0
0.o7 0.01
o.02 0.02
o.o3 0.o1
o.04 0.01

0.00 0.o0
o.02 0.00
0.01 0.o0
0.o1 0.00

o.01 0.o0
o.01 0.02
0.02 0.o0
o.o1 0.01
0.oo 0.o1

o.o0 0.o0
0.o1 0.o1
0.o0 0.01
0.00 0.o1
o.00 0.o0

o.o0 0.o1
0.o0 0.00
0.00 0.o1
0.o0 0.01

0.01 0.02
o.o0 0.03
0.03 0.o1
0.o2 0.o2
0.0? 0.o0
0.02 0.02
0.01 0.o1

Total

9.4E
10.78

4.15
9.8?

10.15
9.9€
9.A7
2.O2

97.19
96.18
9E.86
98.13
9A.24
97.S3
96.23

o.45

4.?2 98.19
4.75 98.49
4.86 98.23
4.25 98.15
4.13 9?.33
4.54 98.OE
0.33 0.39

4.20 98.37
2.ø7 97.97
4,Tt 9?.99
3.20 97.47
3.?0 s7.95
0.93 0.32

4.63 gB.2ø

3.33 98.64
3.98 98.45
o.92 0.19

3.80 gø.ø7

4.A7 96.86
3.66 95.86

. 4.11 96.44
0.66 0.43

8.49 9ø,29
4.L2 97.46
5.06 97.Ot
5.80 ga.øz
2.30 0.59

12,4A 96.48
11.43 96.?8
11.99 96.ø3
0.?0 0.21

4.04 97.22
4.44 e7.20
4.33 ø7.42
4.27 97.4L
o.27 0.2ø

5.32 98.26
2.54 98.68
3.0e 98.71
3.7r 9E.52
1.59 0.19

4.29 9?.90
4.e5 58.47
4.32 98.19
0.o4 0.29

2.88 98.38
3.O2 98.€0
3.22 98.48
3.50 98.00
6,4ø 98.12
3.81 98.44
1.50 0.18
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Semple

36a 53.49 0.04
36b 53.09 0.o1
36c 62.95 0.00
avs(3) 63.18 o.O2
Btdev 0.23 0.O2

1109 57.89 0.00
110h 5?.58 0.00
avg(2) 57.74 O.0o
stdev 0.15 0.OO

486h 56.14 0.o0
486i 56.58 0.00
486j 56.9E o.00
avg(3) 50.56 0.oo
stdev 0.34 0.00

485b 57.11 0.09
485c 57.59 0.0o
485d 57.58 0.o0
485g 56.61 0.1O
485h 67.32 0.00
485i 56.92 0.00
4B5j 54.64 0.04
avg(Z) 56.82 0.o4
stdev 0.95 0.04

Table 8.6 Chernical cornPosition of arnphiboles (continued)

sio2 T¡O2 A.l2O3 MnO MgO

0.07 0.33 14.67
o.05 0.33 L4.97
0.05 0.30 15.01
0.0€ o.32 14.88
0.01 0. 01 0.15

Weight percent oxide

o.23 0.10 2r.67
o.z\ 0.o9 21.07
o.22 0.13 2L.37
0.o1 0.04 0.30

1.11 0.22 18.50
0.84 0.22 18.E9
1.24 0.20 L9.44
1 .06 0 .2L 1E.94
o.t? 0.01 0.39

1.13 0.14 20.42
o.95 0.16 22.27
L.O4 0.16 21.25
1.61 0.23 19.88
1.60 0.16 20.83
1.18 0.13 Ls.97
2.33 0.22 1E.34
1.41 0.1? 20.4E
0.45 0.04 I .1 5

After orthopyroxene

CeO Na2O

24.70 0.00
24.A2 0.o0
24.8ø O.O0
24.8t 0.00
0.o4 0.00

L3.47 0.O1
13.57 0.00
13.52 0.O1
0.0ã 0.01

lg,2ø 0.10
L3.34 0.11
13.14 0.2L
L3.25 0,14
0.08 0.05

13.38 0.r5
13.38 0.10
13.11 0.12
13.01 0.16
13.50 0.17
13.30 0.13
13.14 0.22
13.26 0.15
0.16 0.04

FeO

0.00
o.02
o.00
0.o1
0.01

Total

6.O1
5.74
6.46
5.74
o.28

o.01 5.14 98.58
0.o1 a.49 9E.02
o.o1 s.32 98.30
0.00 0.25 0.24

o.02 8.83 98.1E
o.01 8.29 98.2ô
o.o3 7.O7 98.31
o.02 8.O8 98.25
o.01 0.90 0.o5

o.o3 5.39 9A.24
0.o1 3.40 e?.86
o.00 4.e7 98.19
o.03 6.48 98.09
o.03 6,28 98.89
0,03 6.47 9E.13
0.06 8.49 97.48
o.03 5.77 98.13
o.02 1.59 0,39

99.37
99.05
9E.63
99.O2

o.30

259



Tetrahedral=8
Somple Si Al¡y Fe3*

56a ?.8S6 0.134 0.ooo 0.012 0.253 o.o1o 4.39E 0.305 0.o22 1'908 0.029 1.93? O.OOO O.OOO 0.004 0.oo4 14'941 23'000

5ob ?.9?o o.o3o o.ooo 0.033 0.036 o.ooo 4.460 0.450 o.o22 7.ø7e o.oo8 1.984 o.OOO O.OOO O.OO2 o'oo2 14'986 23'000

avg(2) ?.918 0.O82 O.ooo o.023 O.145 O.OO5 4-42g O-alao.o22 r'g42 O'019 1'901 O'OOO 0'OOO O'OO3 O'0O3 14'964

stdevo.o520.o52o.oooo.o10o.109o.o05o.o31o.o?20'ooo0'0340'0100'0230'ooo0'ooo0'0010'0010'022
58a?.849o.151o.oo00.0380.1950.0034.o4?o.6e10.0261.9380.0301.9680.0000.o000.0o50.00514.97323'00o
5Eb 7.?42 0.LSg 0.059 o.ooo 0.470 0.o15 4.3€3 0.12e 0.o23 1.E?5 o.oo3 1.8?8 0.ooo o.ooo o.oo5 0'oo5 14'883 23'OO0

58c ?.9?6 0.013 0.O1 2 0.ooo 0.103 o.oo1 4.660 0.2r7 o.o2o 1.960 O.OOO 1.960 o.ooo o.ooo o.ooo o'ooo 14'960 23'000

avg(3) ?.856 0.121 O.o24 O.013 0.256 O.OO€ 4.357 O.346 O.O23 r'g24 O'O11 1',S35 O'OOO O'OOO 0'003 0'003 14'939

stdev 0.096 0.o?9 0.o25 0.o18 0.156 o.006 0.250 a.247 0.002 o'036 0'013 o'041 o'ooo o'ooo o'oo2 0'002 0'o40

1108?.e690.o31o.ooo0.025o.1030.0004.4560'4o5o.o101.949o.oo31.9520.o0oo.0o2o.oo2o.0o224.95423.000
11ob ?.98o o.o2o o.ooo o.o1.o o.o.l? o'005 4.4?o 0.451 0.012 1'9?3 0.ooo 1's?3 0.ooo o.ooo o'0oo o.oo0 14.973 23.000

110c?.9160.0450.o40o.0ooo.2830.O024.6?50.o250'0141'8980'Oool'8980'OOOO'OOOO'OOOO'OOO14'89923'OO0
rlod ?.9e3 o'oo? o.oo0 o.02o o.065 o.oo1 4.4og a.477 o.o22 1.956 o.ooo 1.956 o.ooo 0.ooo 0.002 o.oo2 14.958 23.000

11oe?.9630'03?o.oooo.oo9o.o5oo.o0o4.322o.øo:.o'o181.988o.ooo1.888o.oooo.oooo.0o2o.o0?14.s9023.000
tlof 7.g47 0.o50 0.o03 o.ooo 0.066 o.OOO 4.364 0.552 o.Ot9 1,989 0.0O5 1.994 o.ooo o.ooo 0.ooít 0'oo4 14'998 23'000

l10i ?.952 0.041 0.o07 o.ooo 0.063 o.OOO 4.394 0.531 0.O12 1.992 0.OOO 1.9g2 0.ooo o.ooo o'ooo o'ooo L4'992 23'000

1loj ?.95e 0.041 o.ooo o.o1o 0.06? o.oo€ 4.295 0,608 0.014 1.e?1 o.o05 1.e?? o-o0o o.ooo o-ooit o.0o4 14'980 23'000

avg(8) ?.9e0 0.034 o.ooo o.011 0.093 0.002 4.423 O.45A 0.O15 1'965 O'OO2 1 '966 O'0OO O'OOO 0'002 0'oo2 14'968

stdev 0.022 0.013 0.o13 0.010 0.074 0.002 0.111 0.1?6 o.oo4 0'029 0'OO2 0'030 o'ooo o'oo0 0'001 0'001 0'030

47La ?.8?5 0.125 0.000 0.237 o.Oo0 o'013 3.?60 O.e73 o.o1? 1'ego 0'010 2'ooo o'ooo o'o43 0'oo9 o'os2 15'O52 23'0e0

471b ?.801 0.199 0.000 0.156 0.014 o.ooo 3.80S l.OOO 0.019 1.g83 0.01? 2.000 o.ooo 0.036 o.oog o'o45 15'045 23'000

4?Lc 7.798 0.2f,2 o.ooo 0.278 0.000 0.o14 3.628 1.066 0'O14 L'984 0'016 2'OOO O'OOO O'O?4 0'019 0'og3 L5'093 23'091

4?1d ?.806 0.194 0.ooo o.178 o.OOO 0.O18 3.?8s 1.005 0.o1s 1.995 0,005 2'0oo 0.ooo 0.062 0-013 0'o?5 15'075 23'046

47|e ?.58g 0.4t.4 o.ooo 0.211 0.104 o.oo4 3.655 1.o13 0'012 1.96õ 0.035 2.ooo o.ooo o.to1 o.o24o.125 15.125 23'000

avg(5)7.7730.2270.O0O0.2120.0240.0103.?2?1.0110.0151'g83O'01?2'OOOO'OOO0'063O'0150'o?815'0?8
stdev o.098 0.o98 o.ooo o.043 0.o41 0.oo? o'o?2 0.o30 o.oo3 o'o10 0'o1o o'o0o o'0oo o'023 0'006 0'o29 0'o29

472b ?.6ã0 0.350 0.ooo 0.264 0.ooo o.ooo 3.688 1.051 0.0171.985 0.015 2.000 o.ooo 0.115 0.o220.r3Ê 15'136 23'018

472c ?.544 0.456 0.Ooo o.3oe 0.2170.010 3.776 0.7gøo.ol2 1.g270.O52 l.g7go.00oo.oooo.oo?o'oo? 14'986 23'O00

arg(2) 7.5g7 O.4Og O.OOO 0.285 O.109 O.OO5 3.692 0.895 0.O15 1'956 O'034 1'990 O'OOO 0'058 O'A14O'O72 15'061

stdev 0.053 0,053 o.oo0 0.021 0.L09 o.oo5 0.024 0.156 o.oo3 0.029 0'o18 0'011 0'ooo 0'058 o'o08 0'065 0'o?5

473a 6.937 1.0e3 o.ooo 0.35ó O.248 o.Og8 3.2?5 1.036 o.O1? 1'S54 o'046 2'OOO O'OOO 0'358 0'011 o'36e 15'309 23'000

473b 7.472 0.62e 0.o00 0.1?2 0.129 0.065 3.?29 0.892 0.013 1.947 0.053 2.OOO O.OOO 0.133 0.018 o'151 15'151 23'000

473c ø.s47 L.O53 0.OOO 0.427 0.206 0.074 g.324 0-g52 o.o1? 1.905 0.095 2.OOO O.OOO 0.357 o.OO9 o'367 15'367 23'000

avg(3) 7.119 0.881 o.ooo O.318 0.194 0.069 3.443 0.960 O.o1O 1'935 O'Oo5 2'0oo o'oOO o'283 0'013 0'296 ls'296

stdev 0.250 0.250 o.ooo 0.10? 0.049 o.oo4 o'203 o'059 0'oo2 0'022 o'o22 o'ooo o'oo0 o'106 0'004 0'102 0'102

Table 8.6 chernical cornposition of amphiboles (continued)

Cation abundances normalized to L5 cations and 23 (O)

G-site=5
Ally Fe3*

B-site A-eite
Ti Mg Fez* Mn Ce Na B Ca N¿ K A Cations 'A'nions

Replacing clinopYroxene

476a ?'869 0'131 o.ooo o.11? o.ooo o.oo5 4.1€1 o.?01 o.o1? 1.992 o.oo8 2.ooo o'0oo 0.024 0.004 o.02e

478a?.8090.101o.ooo0.1490.0880.0033.818o.e2?o.o151.94oo.0602.oooo.oooo.o000.0070.oo8
47Ab ?.593 0.40? o.ooo 0.197 0.163 o'oo4 3.542 1.0?5 0.018 1'950 O'O5o 2'OOO O'O00 0'066 0'022 0'088

evg(z) 7.7Or O.299 O.OoO O.1?3 0.120 O.OO4 3.680 1.0O1 0'01? 1.945 O.055 2'OOO 0'000 0'033 0'014 0'048

srdev 0.108 0.108 0.ooo 0.024 0.038 0.001 0.138 0.074 o.oo1 0.005 o'oo5 o'ooo 0'000 0'033 0'008 0'040

481a7.?870.2L30.OO00.1240.0470.o153.6281.1640.O251'9720'0282'OOOO'OOOO'0320'OO9o'04i15'O4123'O00
481b ?.805 0.195 o.ooo 0.148 0,06s o'o0o 3.€46 1.120 0.018 1.950 o.o5o 2.ooo o'ooo 0.o15 0.012 0.028 15.o28 23.000

481c7.765o.2450'oo0o'0980.1'420.0063.6381.1o50.0111.9580.0422.0000.000o.o210.0130'o3415.03423.000
481d ?.?81 0.219 o.OOO O.O?9 0.086 o'oo? 3.054 1.160 0.014 1'e88 0'012 2'OOO O'OOO O'046 o'OO5 o'O51 15'O51 23'000

481e ?.s20 o.o8o o.ooo o.o?o 0.101 o.oo3 3.548 1.25? O.O20 1.935 0.O27 L.9,e2 o.0oo o.ooo o.oo5 0'oo5 14'967 23'OO0

4E1f 7.676 0.324 0.OOO 0.131 0.095 o.oo3 3.638 1.114 0.O19 1.9e5 o.oo5 2.oOO O.OOO 0.084 0.013 o'oeo 15'096 23'000

481g 7.72g O.27r O.OOO 0.0?2 0.157 O.OOO 3.662 1.08? 0.022 1.981 0.019 2.OOO O.OOO O.O48 0.013 O'060 15'Oeo 23'0o0

4E1h 8.035 o.ooo o.ooo 0.4,18 0.000 0.039 3.440 1.008 O.O3O 2.OOO O.OOO 2.000 1.334 O.O7? 0.OOO 1.411 16.446 24',705

4E1i 7.74A 0.254 0.OOo 0.187 0.OOO O.Ot8 3.601 1.178 0.016 1.98? 0.013 2.OOO 0.OOO O.O9O 0.011 0'101 15'101 23'029

481j ?.806 0.194 0,OOo 0.093 0.084 O.OO4 3'?19 1.0?8 0.021 1'9?3 O'02? 2'OOO O'OOO 0'022 O'013 O'034 15'034 23'OO0

481k 7.713 0.2A7 0.OOO 0.131 0.252 0.o23 3.681 0,888 0.O25 1.8?3 0.106 1'9?g O.ooo o.ooo o.oo5 0'005 14'985 23'000

avg(11) 7.?gø o.2o7 o.oo0 0.144 0.094 0.011 3.623 1.1O5 O.O2O 1'Se5 o'o3o 1'995 O'121 O'O40 0'009 0'170 15'168

stdev o.o9? o.o8e o.ooo 0.102 o.o€9 0.0L1 0.0?1 0.092 o.oo5 0.035 o'oo8 0'012 0'383 0'031 0'004 0'394 0'406

485o
485f
avg(2)
stdev

7.77go'2270.00oo.1090.1190.00o3.8990.8510.0211.96?0.0332'0000.00oo.0210.011o.03215.03223'00o
7.7020.2g80.o000.o940.L250.o273.7s20.gs60.o261.9?50'0252'OOOO'OOOO'0400'Oo9o'04915'O4923'000
7.7g8 0.263 0.ooo 0.102 0.r220.oL43.846 0.894 0.O24 1.gzL O'O29 2'O0o O'Ooo o'031 0'010 0'o41 15'041

ó.òãi ó.oas o,o0o o.oo? o.oo3 0.014 0.053 0.042 0.o02 o.oo4 0.004 o.ooo o.ooo o.ooe 0.001 0.oo8 0'oos

7.714o.24ø0.0000.098o.1300.0023.6391.1120.0201.9?50'0252.0000.0000.0300.0090.03915.o3923.000
7.52ao.4720.oo00.1640.1590.0063.4901.1530.0281.985o.0152.0000.0000.126o'o250.]-6215.15223'000
?.8440.1560.0000.0070.1??0.0053.8330.9520.0261.96?O'O241'9910'OOO0'OOOO'OO4o'O0414'99523'000
7.4ÍJ6 0.5ø4 o.ooo 0.155 0.208 0.009 3.408 1.199 0.o22 1'F/ç.4 0'006 2'OOO 0'OOO O'154 0'036 o'190 15'190 23'O00
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486a
48eb
486c
486d

15.028 23.008

15.O08 23.000
15.O88 23.000
15.048
0.o40



Tetrahedral=8
Sample Si Âl¡y Fe3*

486e ?.60A 0.492 0.000 0.207
486f 7.748 0.252 0.oo0 0.129
486g ?.596 0'404 0.000 0.100
48€k ?.826 0.174 0.000 0.115
4E6l ?.884 0.116 0.000 0.101
486m 7.7L2 0.288 0.000 0.153
486n 7.8EO 0.120 0.000 0.062
avg(l1) 7.7Or O.29ø 0.000 0.117
stdev 0.152 0.152 0.000 O.052

Table 8.6 Chernical corr¡Position of arnphiboles (continued)

Cation abundances normalized to 15 cations and 23 (O)

RePlacing olivine
40?a ?.958 0.03? o.oo5 o.ooo 0.152 o.ooo 4.4s1 0.384 0,013 1.945 0.OOO 1.945 o.OOO O.OOO 0.000 0.000 14.945 23'OOO

40?b ?.983 0.017 0.ooo o.o1o o.os2o.ooo 4.4s8 0.492 o.OO8 1.9??O.OOO1.9??O.OOOO.OOOO'OO20.OO2 14.979 23'000

407c ?.954 0.046 0.ooo 0.o31 o.05E O.OO0 4.399 0.501 o.oo9 1.9?6 o.OO0 1.9?6 0.OOO O.OOO O'OO0 0'000 r4.9?8 23'000

40?d 7.9E6 0.014 0.ooo 0.027 0.001 o.oo2 4.474 0.4A7 0.009 1.991 0.OOO 1.9e1 0.OOo o.ooo o-o00 0.ooo 14'991 23'000

407e 7,956 0.039 0.005 0.oog 0.0980.0004.515 0.3740.O13 1.9730.000 1.9730.OO00.0000.0000.000 14.973 23'000

avg(s) ?.90? 0.031 O.OO2 0.014 O.O?2O.OOO4.45s 0.4480.010 1.9?2O.OO0 1.9?2O.OOOO'0000.0000.oo0 14.973

stdev 0.014 0.013 0.002 0.o14 o.o5oo.ool 0.038 0.o5oo.o02o.o15o.oooo.o15o.ooo0'0000'001 0'oo1 0.o15

381a 8.021 o.OOO O.ooo 0.o44 0.0000.oo04.433 0.4800.015 1.956o.OOO1.956o,OOOO'OOOO.OO50.O05 L4.SA2 23.O28

38tb 8.033 o.ooo o.ooo 0.o14 o.oooo.ooo4.630 o.3050.o10 1.9300.000 1.9300.O00o.o000.0000.oo0 14.963 ?3'003

3E1c 8.021 o.O0o O.Ooo 0.036 o.oooo.ooo4.38? 0.5440.O12 1.9960.OO0 1.9960.0000'o000.0ooo.oo0 15.017 23'O56

381d ?.994 o.006 o.ooo 0.014 o.ooo o.ooo 4.006 0.s69 0.o11 2.OOO O.OOO 2.OOO O.OOO O.OOO O.OOO 0.028 15.028 23.033

avg(a) 8.o1? O.OO2 O.ooo 0.o2? o.oooo.oo24.516 0.4250.0121.9?r0.000 1.9?1 o'ooo0.o0oo.0o1 o'oo8 14.998

etdev 0.014 0,003 0.ooo 0.o13 0.OOOO.OO3o.1o8 0.0930.oo2o.o290.oooo'o290.0000'0000.0020.o12 0.o2e

321e ?.968 0.032 o.OOO 0.022 0.030 o.ooo 4.437 0.49ø O.OO9 1.981 o.OO8 1.989 o.OO O.OO 0.005 0.005 14.994 23'000

32Lb 8.031 0.ooo o.ooo 0.024 o.oo0o.ooo4.557 0.3?90.008 1.95?O.OOOr.95? O.O0 o.oo0'0020.oo2 14.990 2s'033

avg(2) 8.OOO 0.016 O.OOO 0.023 O.O18O.OOO 4.4ø? O.498O.OO91.9690.0041.9?3 O.OO 0.0O0.0040.oo4 r4.992

stdev 0.032 0.o16 o.o0o o.oo1 0.018 0.ooo o.oeo o.o58 0.OOO O.O12 0.OO4 o.O1o o.oo 0.o0 0.00L 0.001 0.002

319e 8.O51 0.OOo 0.000 o.o2o o.ooo0.006 4.46ø O.4420.014 1.91õO.OO3 1.81?O.OOOO.OOOO.OO20.002 14.9?0 23'035

319b 8.068 0.Ooo o.ooo o.026 o.ooo o.oo4 4.316 0.5?O O.015 1.908 o.OO8 1.91€ 0.OOO O.OOO O'OO5 0.005 14.990 23'O09

319c E.04? O.OOO O.OOO O.O1? O.OOO O.OOO 4.496 0.430 0.011 1.930 O.OO5 1.936 0.OOO O.OOO O.O04 0.oo4 14.øA7 23'O3E

avg(e) E.055 O.OOO O.OOO 0.021 O.OOO O.OO3 4.426 O.4A7 O.O13 1.918 O.OO5 1.923 O.OOO 0.000 0.004 0.004 14.982

stdev o.oo9 o.ooo o.0oo o.oo4 0.oooo.oo2o.o?9 0.0630.0020.0090.0020.o0e0.0ooo.0000.001 0-oo1 0'009

377a 8.OO? O.OOOO.O00 0.o31 o.OOOO.OO4 3.420 L.5L7 0.021 1.9?eO.OOO1.9?6o.OOOO.OOOO'0O00-OOo 14.9A2 23'OOø

31?b ?.980 o.o2oo.oo0 0.036 0.0180.0003.5?o 1.3590.01?1.9800.006 l.98eo.oooo.oooo-0o00.000 14.986 23'000

3!7c ?.955 o.O450.OOO O.O12 0.041 0.0003.959 0.9730.015 1.996o.OOO1.996o.OOOO.OOOO.OO00.000 14.996 23'OOO

avg(3) 7.98L O.O22 O.Ooo 0.026 o.o2oo.oo1 3.650 1.2830,0181.9840.OO2 1.986O.OOOO'O0O0.0000.o0o 14'98E

stdev o.o2o 0.023 0.ooo 0.013 0.0210.0020.2?8 0.2800.oo3o.o11o.oo3o.o10o.oooo.oo0o.0000.oo0 0.00?

313a 7,ø54 0.O4ø O.ooo 0.026 o.o1?o.oo4 4.477 0.4AO0.016 1.9870.0132.OOOO.OOO0.006o-O020.008 15.008 23'000

313b ?.952 o.O3E 0.010 0.000 0.128 o.OOO 4.402 0.4t1 o.o2o 1.956 0.O05 1.961 o.OOO O.0oO O.OO4 0-004 14'965 23'000

avg(2) ?.953 0.042 O.OO5 O.O13 O.O?30.0024.440 0.456O.0181.9?2O.OO9 1.981 O.OOOO.O030.0030.006 14.9E7

stdev 0.001 0.006 o.oo? 0.018 o.o?8 0.002 0.053 0.006 o.oo3 0.022 0.006 0.028 o.ooo o.oo4 0.o01 0.oo3 0'030

78e ?.901 0.067 0.033 o.ooo 0.206 o.oo3 4.549 0-227 0.015 1.942 o.OO3 1'945 0.OOO O'OOO O'OO0 0-000 14.945 23'000

?8b ?.8e? 0.06? 0.036 o.ooo 0.1590.o004.512 0.3180.011 1.9090.003 1.9?20.OOOO.OOOO.OO4o.O04 14.9?5 23'000

?Ec ?.915 0.049 0.036 0.ooo o.2o7o.ooo 4.528 0.25go.o121.936o.O051.942o.OOOO.OOOO.OOOO.OO0 14.942 23'O00

avg(s) ?.904 O.061 0.035 O.OOO 0.191 O.OOL 4.530 0.266 0.013 1.949 O.OO4 1.953 O.OOO O.0O0 0.001 0.001 14.954

etdev o.oo8 0.008 0.001 o.ooo 0.022 0.001 0.o15 0.038 o.oo2 0.014 o.oo1 0.013 0.000 0.000 0'002 0.oo2 0'015

58c 8.021 o.O0o O.oo0 0.029 o.OOO0.OOO 4.2ç,g O.6g?o.o2rL.947 0.000 1.94?O.OOO0.OoOo'0000.oo0 14.968 23'O03

58d ?.9e1 0.009 0.ooo o.oo5 0.031 0.ooo 4.as4 0.257 0.0131.e850.003 1,988o.OOOO.OOOO.OO20.002 14.989 23'000

58e 7.g74 0.OL4 0.011 o.ooo o.o98o.ooo4.o43 0.238 0,022L.963 o.OOO1.9o3o.OOOO.OOOO.OO20.002 14.905 2S'O00

avg(2) ?.995 O.OOS O.oo4 0.011 0.043 o.OOO 4.543 O.3?? 0.019 1.965 O.OOI 1.966 0.000 0.000 0.001 0.001 14.974

stdev 0.019 0.006 0.005 0.013 o.o410.oooo.1?8 0.1840.0040.0160.001 0.0160.0000.0000.oo1 0.001 0.011

56c 8.004 o.OOO O.OOO O.OO8 o.o?1 o.ooo 4.470 0.422 0.026 1,9s2 o.ooo 1,952 o.ooo o.ooo 0'002 0.002 14.958 23'000

56d 8.028 0.000 o.ooo o.oo8 0.016 o.ooo 4.442 0.4AL O.OzE 1.931 o.ooo 1.931 o.ooo o.oo0 o.ooo 0.ooo 14.959 23'000

avg(2) 8.016 O.OOO O.OOO O.OO8 O.O44O.OOO 4.4tO O.452O.O25r.942 0.OOO1.9420.000O.00O0.001 o.oo1 14.959

srdev 0.012 o.ooo o.ooo o.ooo o.o28 o.ooo 0.014 0.029 o.ool 0.010 0.ooo 0.010 o.ooo o.o00 0.001 0.oo1 0'000

233a 8.O32 0.OOO O.OO0 o.006 o.oooo.ooo4.628 0.3280.006 1.9540,006 1.957o.OOOO.OOOO.OO3o.OO3 14.992 23'O24

233b 8.023 o.ooo o.o0o 0.006 o.oooo.ooo4.61o O.3430.0121.9490.000 1.94SO.OOO0.OOOO.0o5o.o05 14.978 23'OO1

233c 8.04? O.OOO 0.ooo 0.o23 o.ooo o.ooo 4.t42 0.g7g o.oo9 1.e5? o.oo8 1.965 o.OOO O.OOO O.OO2 0.002 l5.oL4 23'Oø7

2gí,ð, 8.018 o.OOO O.ooo 0.029 o.ooo o.0oo 4.538 0.399 0.015 1.9?9 0.005 1,984 o.OOO O.OOO O.OO3 0.003 15.006 23'034

233e 8.004 o.OOO O.OOO 0.054 0.1490.000 4.L79 0.697 0.0181.t8?O,OO51.8e3o.OOOO.O00o.ooo0.000 14.897 23.000

avg(5) 8.O25 O.OOO O.OOO O.O24 O.O3OO.OOO4.501 0.409O.0121.9450.004 1.95OO.OOOO.O000'0030.003 14'977

srdev 0.014 0.000 0.ooo 0.o18 o.060o.ooo0.165 0.09?0.0040.031 0.0030.031 o.ooo0-0000.0020.002 0'o42

26L

C-site=5
Ally Fe3*

0.150 0.000 3.440 L.L72 0.030 1'9?1 0.029 2.O00 0.000 0.133 0.O31 0'164

o.o7? o.oo1 3.72c L,O52 o.O1E 1.98? O.O13 2.O00 0.000 0.o45 0.011 0'056
0.260 o.oo? 3.598 1.015 0.019 1.950 O.O5o 2.000 0.000 0.060 0.018 0'o78

0.o82 0.019 4.381 0.391 o'013 1.939 o'O53 1.992 0.000 0.000 0'009 0'009

0.0060.ooo 3.?10 1.1€O 0.o241.97a 0.024 2.o00 0.000 0.o22 0.011 0'033

0.065 0.006 3.619 1.135 0.022 1.981 0.019 2.OOO 0.000 0.060 0.010 0.07?

0.o32 o.014 3.722 L.147 O.024 1.980 O.O2O 2 'OOO O.OOO O.O16 0.004 )'o?5
o.122 0.006 3.688 1.044 0.O22 r.973 o.O2ã 1.998 0.000 0'059 0.016 0'075
0.074 o.006 0.252 0.218 o.oo5 o'015 0.014 0'o03 0.000 0.o52 0.010 0'o€3

B-gite A-eite
Ti Mg Fc2* Mn C¿ Ne B ce No K A Cetions Ânions

1 5.164
I 5.056
15.078
15.O00
15.033
L5.O77
15.019
15 .0?3

0.064

23.O00
23.OOO
23.000
23.000
23.000
23.000
23.OOO



Tetrahedral=8
Sample Si Al¡y Fcs*

36e 8'O09 0.000 0.000 0.013
30b E.56? 0.000 0.000 0.010
36c 8.5E3 0.000 0.000 0'010
Bvg(3) 8.586 o.ooo o.ooo 0.o11
etdev 0.O17 0.000 0.0O0 0'OO1

1109 ?.e31 0.03? 0.032 o.O00
11oh 7.972 0.028 0.000 0.006
avg(2) ?.952 O.o33 0.018 0.O03
etdev O.02O 0.0O4 0.016 0.003

486h ?.8E2 0.118 0.000 0'066
486i 7.92L O.O79 0.000 0.060
4E6j 7.925 O.O77 0.000 0.120
avg(3) 7.900 0.091 o.ooo o.oE4
gtdev 0.O19 O.019 0-000 0'O30

4E6b ?.884 0.116 0.000 0.068
4E5c ?.891 0.109 0.000 0.044
485d ?.902 0.098 0.000 0.070
4859 ?.445 0.155 0'0OO O-1O8

485h 7.860 0.140 0.000 0.119
4a5i ?.906 0.094 0.000 0.099
485j 7.rLA O,2A2 0.000 0.106
avg(?) 7.858 0.142 0.00o 0.088
etdev 0.061 0.061 0.000 0.025

Table 8.6 Chernical cornpositiotx of arnphiboles (continued)

Cation abundances normalized to 15 cations and 23 (O)

C-site=5
.Al¡y Fe3f

o.ooo o.oo5 3.519 0.809 0.o45 2.OOO O.OOO 2.0O0 1.001 0'000 0'oo0
o.ooo o.ool 3.600 o.??? 0.045 2.OOO O.OO0 2'000 1.725 0.000 0'004
o.ooo o.ooo g.62ø o.740 0.041 2.000 o.ooo 2.000 1'735 0'O00 0'000
0.000 o.oo2 g,582 0.775 0.044 2.OOO O.OOO 2.000 1.707 0'000 0'o01

o.ooo o.oo2 0.o4€ o.028 0.002 o.ooo o.ooo o.000 0.033 0.000 0'002

After orthopyroxe¡le
0.110 o.ooo 4.424 0.447 0.019 1.9?? O.OO3 1.e80 0.000 0'o00 0'002
o.ooo o.ooo 4.348 0.636 0.011 2.OOO O.OOO 2'O00 0.o13 0'000 0'002
o.055 o.ooo 4.386 0.542 0.O15 1.S89 o.OO2 1.990 0.00? 0'000 0'002

0.055 o.ooo 0.q38 o.o95 O.OO4 O'O11 O.OO2 0-O10 0.007 0'000 0'oo0

0.o31 o.ooo 3.8?1 1.005 o.0?6 1.995 0'005 2.000 0.000 0'022 0'004
o.ooo o.ooo 3.943 0.9?1 0.026 2.OOO O.OOO 2.OOO 0.002 0.030 0'002
o.0oo o.ooo 4.o2a o.a22 0.024 1.958 0.042 2.000 0.000 0.014 0'oo5
o.olo 0.ooo 3.94? 0.933 0.O25 1.984 0.ot'6 2.OO0 0.001 0.022 0'o04
0.015 0.000 0.064 o.o?9 o.oo1 0.o19 0.019 0'000 0'001 0.007 0'001

o.025 0.009 4.284 0.s98 0.01e 1.9?9 0.021 2.000 0.000 0.019 0'o05
0.108 o.0oo 4.64a o.2A2 0.019 1.964 0'O27 r.ggL 0.000 0.000 0'002
o.1?8 o.o0o 4.346 0.431 0.O19 1.928 0.O32 1.960 0.000 0.000 0'000
o.114 o.Olo 4.106 0.635 0.027 r.932 0.043 1.975 0.000 0.000 0'oo5
0.003 0.ooo 4.257 0.øo2 0.019 1.984 0.016 2.000 0.000 0.029 0'005

o.ooo 0.ooo 4,L34 0.752 0.O151.9?9 0.021 2.000 0.000 0'014 0'005
0.119 o.oo4 3.861 0.883 o.Oze 1.989 0.011 2.000 0.o00 0.049 0'011

o.o?1 o.oo4 4.2ro o.598 o.o2o 1.965 o'024 1.989 0'O00 0'016 0'005
0.054 o.oo4 0.199 0.183 0.004 0.023 0.010 0.015 0.000 0.017 0'o03

B-site -â'-site
Ti Mg Fez* Mn Ca Ne B Ca Na A Cations Á.uions

1.661
L.729
1.73s
1.?OE
0.034

t7.270
L7.256
17.31E
L7.2ø5

0.020

25.891
25.E66
25.SO6

0.002 14.982 23.000
o.015 1õ.015 23.O03
0.009 14.999
0.006 0.017

0.026 15.026 23.000
0.034 15.034 23.008
0.020 15.o20 23.013
o.o27 rl.o27
0.o00 0.006

0.025 15.025 23.000
0.002 14.993 23.000
0.000 14.960 23.000
0.005 14.980 23.000
0.034 15.O34 23.000
o.o20 Lí.o20 23.OO2
0.060 15.060 23.OO0
0.o21 15.010
o.020 0.o32
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Sample

455

407

381
381
avs(2)
stdev

375
375
avs(2)
stdev

318
318
avs(2)
atdev

?a
78
avg( 2 )
stdev

24ø
24ø
evg( 2 )
stdev

241
24L
avs(2)
stdev

110
110
avs(z)
stdev

11
11
11
1L
11
11
t1
1.1

tl
11
avg( 1 o)
stdev

sio2

Table 8.7 Che¡nical cornposition of chlorite

32.72

28.84

29.30
30.55
29.s3

0.62

27.3í
33.29
30.32

2.e7

28.1 1

30.11
2e.tr

1.00

27.22
27.Os
27.L4
0.06

26.24
20.s4
2ø.19
o.35

27.20
27.46
27.33
0.13

2ø.4t
2e.4L
24.5ø

0.18

30.00
28.05

27.23
2ø.74
27.20
26.4r
27.65
27.32
2e.75
27.4ø

0.96

Al2O3

13.94

19.28

17.94
16.11
t7.o4
0.s3

23.17
L2.74
17.96

5.2L

19.98
L6.O7
18.03

t.uo

t9.46
20.00
19.73
o.27

21.O5
19.69
20.37
o.68

79,79
19,33
19.56
0.23

20.31
19.S1
19.E4
o.41

18.2 5
18.64
Lg.2L
19.49
19.7E
Le.s2
20.o2
19.33
18.31
19.05
L9.2e
o.4e

Weight percent oxide

Cr2 O3

o.22

0.05

o.4e
o.32
0.41
0.08

0.o1
0.o0
0.01
0.01

o.02
0.o6
0.04
0.02

0.40
0.oo
o.20
o.20

0.03
0.06
0.05
0.o2

o.o4
0.00
o.o2
0.02

o,t7
0.06
0.10
U.Ub

L.4g
0.04
0.08
0.41
0.06
0.08
0.o4
o.23
o.36
0.50
0.33
o.42

Mgo

31.?0

25.09

24.ø8
26.38
25.53

0.85

28.40
33.60
31.00

2.AO

24.45
2ø.62
2t.54

1.O9

22.39
22.2e
22.34

U.Uò

20.03
21.5S
21 .11

o.4E

21.18
21 .38
2t.24

0.10

20.56
20.93
20.44

0.20

33.ø7
2t.aa
2t.52
2L.23
21.48
2L.r4
20.øe
21.60
2L.74
20.88
22.59

Nio
0.o5

0.07

0.14
o.10
o.L2
0.02

o.oE
U.I I

0.10
o.01

0.04
0.18
0.11
0.o7

o.13
0.09
o.11
0.02

0.15
o.L2
0.14
0,01

0.06
U.Uò
o.06
o.01

0,o0
0.02
0.02
o.o1

o.23
0.06
0.06
0.14
o.o2
o.06
0.o3
o.o4
0.04
0.09
0.08
0.00

FeO

7.37

14.O8

r4.02
13.66
13.84

0.1E

6.42
6.S1
6.67
o.2t

14.08
12.43
t3.44
o.o2

18.04
16.33
16.19

o.15

17.40
t7.28
L7.34
o.o6

18.06
1?.41

0.33

19.38
18.90
19.14

o,20

3.68
18.60
19.31
19.02
18.5 2
19.31
18.98
18.16
19.0ã
19.10
!?.37

4.5E

Total

89.00

87.41

E6.59
87.r2
66.86

o.27

85.83
80.05
85.94

o.11

86.68
85.87
8€.28

0.40

85.64
85.80
a5.72
0.08

85.60
85.6E
85,59

0.09

86.33
85.e2
85.9E

o.35

8€.8?
E5,63
86.50

0.61

87.32
87,O7
8?.39
a7.52
80.60
87.31
86.45
87.01
a7.82
86.3?
E7.09

0.4€
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Semple

455

407

381
381
avg(2)
stdev

375
375
avg(2)
etdev

318
318
avs(2)
gtdev

78
78
avg(2)
stdev
244
244
avs( 2 )
stdev

24L
241
avg(2)
stdcv

110
110
110
avs(3)
stdev

11
11
11
11
11
11

11
11
II

avg( 1O)
stdev

Table B.? Chernical composition of chlorite (continued)

si

3.185

2.862

2.939
3.038
2.9Ae
0.049

2.A43
3.224
2.544
o.280

2,815
3.O2?
2.92L
o.106

2.79A
2.779
2.749
0.009

2.7LA
2.784
2.75L
o.033

2.797
2.435
2.816
0.o19

2.7t5
2.726
2.754
2.74A
0.o14

2.848
2.AøO
2.74ø
2.74L
2.752
2.745
2.730
2.A22
2.780
2.775
2.T93
0.o39

Structural formula normalized to la(O)
AI

1.599

2.265

2-L2g
1.E88
2.006
o.118

2.O59
L.414
2.064
o.603

2.358
1.904
2.131
o.227

2.367
2.417
2.387
o.030

2.570
2.398
2.484
0.080

2.398
2.358
2.376
o.o23

2.409
2.464
2,A77
2.417
0.037

2.O41
2.244
2.318
2..34e
2,399
2.350
2.439
2.325
2.31ø
2.329
2.31 1
0.103

Cr

0.017

0.o04

o.039
0.025
o.032
0.o0?

0.001
0.o00
0.001
0.oo1

o.o02
o.o05
0.o04
o.001

0.o33
0.000
0.o 1?
0.o17

o.002
0.005
0.004
o.001

0.003
0.o00
o.o02
o.o02

0.006
0.014
0.oo5
o.008
o.o04

O.LL2
0.o03
0.o06
0.033
0.005
0.006
o.o03
o.019
0.02e
0.041
o.026
0.032

Mg

4.601

3.713

3.601
3.911
3.801
0.110

4.L23
4.851
4.487
o.364

3.650
3.990
3.820
0.1?o

3.431
3.409
3.420
0.o11

3.116
3.326
3.254
o.070

3.247
3.292
3.270
0.o23

3.219
3.159
3.25e
3.2L2
0.041

4.745
3.303
3.285
3.233
3,29ø
3.224
3.235
3.287
3.208
3.230
3.4Le
0.451

Ni

0.o04

o.000

0.011
o.00E
0.010
0.002

0.006
0.009
0.o08
o.o01

0.o03
0.015
0.ooe
0.oo6

o,011
0.o07
o.o09
0.o02

0.012
0.o10
0.011
o.001

0.o05
0.004
0.005
0,o00

0.002
0.000
0.o02
0.001
0.o01

o.018
o.o05
U.UUb
0.o12
o.o02
0.005
0,oo2
0,003
o.o03
0.o08
0.006
0.005

Fe

o.600

1.169

L.t7ø
1.136
1 .156
0.020

0.555
o.51 1
0.533
o.o22

1.1?9
L.O?g
1.129
o.o50

1,379
1.401
1,390
0.011

1.507
r.453
1.500
0.007

1.553
1.504
L.529
o.025

L.ø44
1.6?0
1.651
1.€55
o.011

o.292
1.58e
1.653
L.ø25
1.5S4
1.654
1.639
1.550
r.ø2L
1.65 7
L.4A7
o.400

Total

10.00?

10.00e

9.9EO
10.006

9.993
o.013

10.007
10.049
10.028

0.o21

10.000
10.019
10.o13

0.006

10.oo8
10.013
10.o11
o.002

9.996
10.015
10.006
0.oo9

10.003
9.988
9.996
o.o08

10.03?
10.034
10.o51
10,041

0.o07

10.0?6
10.010
10.0s 2

10.029
10.046
10.034
10.049
10.00e
10.04e
10.040
10.039

0.020
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Sample

356
356
356
stdev
35õ
355
355
stdev

354
354
354
etdev

353
353
353
stdev

350
350
350
stdev

349
349
349
etdev

330
336
336
stdev

328
32E
324
328
stdev

32ø
32e
32ø
326
32ø
stdev

325
325
325
stdev

314
314
314
st dcv

311

308

303

oo
56
56
5€
56
56
stdev

199
199
199
stdev

Table 8.8: Chernical cornposition of the serPentines

sio 2

43-77
43.6e
43.73

0.04

42.6ø
43.40
43.O3
o.37

4L.ø7
41.89
41.7A
o.11

41.93
42.øO
42,27
o.33

4L.73
41.88
41.81
o.0?

4L.eø
42.47
42.22
0.25

44.O9
43.54
44.L2

0.57

41.t7
40.21
42.r4
41.31

0.E2

4A.43
43.t2

42.5r
42.ø9
0.o6

42.t5
4A.O2
42.7ø
o.23

42.OL
43.1 5
42.54
u.o I

4L.74

42.20

42,24

40.84
43.O9
42.5r
42.38
42.50
42.26
u.lð

4r.52
42.O7
41.80

o.27

Al2O3

o.ø7
o.44
o.50
o.1 1

1.01
U.ÐU
0.80
o.2L

L.32

1.O3
o.29

t.tt
o.€9
0.00
o.2t
r.23
0.sE

o.13

0.75
0.50
0.63
o.13

o.43
u.Þ I
o.50
0.o7

2.03
3.77
L.O7
2-29
L.L¿

0.31
o.42
1.05
0.41
u.Ðð
o.2s

0.?0
o.34
o.52
0.18

L.52
0.?3
1.13
0.40

1 .O2

1 .13

1.39

2.28
0.43
0.8?
1.OE
o.99
1.13
o.a2

1.18
1.10
1.14
o.04

\ileight percent oxide

C12 O3

o.00
0.o0
0.00
0.00

o.00
0.04
o.o2
o.02

0.04
o.05
0.05
0.00

0.03
0.00
o.o2
0.02

0.00
o.00
o.oo
o.00

0.01
0.o6
0,03
o.03

0.01
o.02
o.02
o.o0

U.Uð
o.10
0.01
o.o5
o.04

0.02
o.o0
o.0?
0.00
0.02
0.03

0.o0
o.00
o.00
0.00

0.00
0.00
0.00
0.00

0.02

0.05

0.00

o.42
0.oo
0.00
o.02
0.00
0.09
o.l7
0.00
0.00
0.00
0.00

Mso

38.91
39.03
3E.97

o.06

3?.13
37.43
37.24

U.I Þ

3ø.44
36.79
36.62

o.17

3:.L7
36.11
35.64

35.?4
35.54
35.64

0.10

36.22
35.72
35.97
o.2l

37.57
34.2L
3s.89

1.68

34.14
33.01
34.59
33.91

o.60

37.40
30.91
36.57
35.54
36.01

0.68

36.39
3ô.25
36.32

0.07

34.04
34,2ø
34.15

0.11

32.2L

34.24

32.89

32.2L
33.36
33.54
32.89
32.54
32.99
0.4€

34.68
35.04
34.86

0.18
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Nio
o.t2
0.05
0.o9
0.03

o.t2
o.L2
o.12
o.o0

0.07
o.L2
0.10
0.03

0.13
o.09
U.I I
o.o2

0.07
o.06
o.07
0.o1

0.10
0.0?
0.09
o.o2

0.08
o.11
0.10
0.01

0.08
o.o?
0.09
0.08
0.01

0.13
0.1E
0.13
o.t4
0.15
o.o2

0.oE
0.12
0.10
0.02

o.10
o.10
0.10
o.o0

o.09

0.11

0.11

0.08
0.08
0.o4
o.o2
0.06
o.06
0.02

0.13
0.09
o.10
0.04

FeO

3.40
3.33
3-37
0.o3

ø.t7
5.23
5.?0
o.47

7.23
a.ø4
ø.94
o.2s

õ. òõ
¡.fr
6.15
o.44

8.02
7.82
7.92
0.10

7.24
7.6L
7.38
o.14

5.29
9.50
7.40
2.LO

9.50
10.45

9.32
ø.?ø
0.50

6.91
6.95
T.32
8.52
7.43
0.65

7.35
7.53
7.34
o.01

9.E5
9.80
9.83
0.o2

L2.!ø

9.26

L\.42
11 .35
10.82
10.99

LL.32
11.13

o.20

9.50
8.?9
9.15
0.36

TotaI

86.E?
86.54
86. ?1

0.16

87.O9
E6.E1
86.95

0.14

aø.77
86.23
80.50

o.27

86.95
a7.20
E?.08

0.13

86.?9
86.28
86.54

o.25

86,28
E6.33
86.31

0.o2

88.07
E?.95
E8.O1

o.0€

47.37
8?.e1
87.24
a7.4r

0.15

8E.20
8?.58
86.85
47.r2
87,44

o.51

87.O7
87.06
87.0?

0.00

a7.52
8E.04
87,78

0.26

a7,24

86.9e

88.05

8?,18
a7.7A
87.95
87.56
8?.81
a7.a6

o.27

87.01
8?.06
E7.04

o.o2



Semple

Table B.E: Chernical composition of the serpentines (continued)

350
366
356
atdev

365
355
355
etdev

s54
364
354
gtdev

353
353
363
stdev

350
350
350
etdev

349
349
345
stdev

336
330
336
6tder
328
328
324
a2a
stdev

324
32ø
326
326
32ø
etdev

325
325
325
stdev

314
314
314
stdev

311

308

303

56
56
56
56
56
56
etdev

199
199
199
stdev

si

4.O94
4.100
4.O97
o.o03

4.O43
4.101
4.O72
o.o2e

3.992
4.O27
4.O10
o.o18

4.O32
4.O63
4.048
o.015

4.010
4,O42
4.O24
o.016

4.040
4.0E?
4,Oø4
o.023

4.153
4.142
4.148
0.006

3.994
3.A77
4.O52
3.974
0.0?3

4.O79
4.0E0
3.ø97
4.O77
4.O58
o.035

4.058
4.100
4.O79
0.021

4.035
4.111
4.073
o,o3E

4.O70

4.065

4.061

3.976
4.138
4.082
4.089
4.093
4.076
o.054

4.O12
4.O42
4.O27
0.o15

Structulal formula normalizcd to la(O)

0.074
0.049
0.062
0.012

o.113
0,096
0.o90
o.o23

0.149
o.o84
0.117
o.o32

o.L2ø
0.o78
0.102
o.o24

o.139
o.111
0.125
o.o14

o.o85
0.o57
o.o71
o.ol4
o,o47
o.o64
0.o50
o.oo8

0.230
0.428
o.121
0.260
o,t27
0.o34
o.o47
0.119
0.o46
o.062
0.o34

o.o?9
o.o38
0.o59
0.o20

O.LT2
0,o82
o,L27
o.o45

o.117

o.128

o.157

o.2ø2
o.o49
0.o98
0.123
O.LLz
o.129
0.071

o.134
0.12 5

0.130
o.005

Cr

0.000
0.o00
0,000
0.o00

0.o00
0.o03
o.002
0.o02

o.003
0.o04
0.o04
o.001

0.o02
0.000
0.001
0.oo1

o.o00
0.o00
o.o00
0.o00

0.oo1
0.o05
0.o03
0,o02

0.001
0,o02
0.o02
0.o01

0.o04
0,008
0.o01
0.o04
0.o03

0.o01
0.o00
0.oo5
o.000
0.002
0.o02

0.o00
0.o00
0.o00
0.o00

o.000
0.002
0.oo1
0.o01

0.035

0.o03

0.o00

0.o32
0.oo0
0.o00
0,o02
0.o00
0.007
0.o13

0.o00
0.000
0,000
0.o00

Mg

t.42ø
ó.461
5.444
0.o1?

o-a* a

s.273
5.260
o.o13

5.204
5.272
5.238
0.034

5.O43
5.135
5.O89
0,o46

5,L?L
5.1 14
5.11E
0,o03

5.200
5.125
5.163
o.o37

1.201
4.853
5.029
o.l ?6

4.891
it.?45
4.957
4.864
0.oE9

5.237
5.207

5.O82
5.188
o.o€2

t.L74
5.150
5.L62
0.o12

4.874
4.866
4.A70
o.o04

4.683

4.9L7

4.7L1

4.A74
4.77ø
4.aoz
4.732
4.72e
4.743
0.o43

4.996
5.O19
5.O0E
0.012

266

Ni

o.o09
o.oo4
0.00 7
0.002

0.009
o,o09
0.o09
o.000

o.oo5
o.o09
0.007
o.o02

0.010
0.oo7
o.009
o.001

o.005
o.oo5
o.o05
o.000

o.o08
0.005
0.007
0.001

o.o00
0.008
0.007
o.001

o.006
o.005
0.00 7
0.006
o.001

0.010
o.014
o.010
0.011
o.011
0.002

0.006
o.oo9
o.008
o.001

0.008
0.008
0.008
0.000

0.o07

0.009

0.o09

0.00e
o.006
0.003
0.002
0.005
o.004
0.002

0.010
0.005
0.o08
0.002

o.2øø
o.zel
o.2ø4
o.003

0.4E9
o.413
0.451
o.03E

0.579
0.534
U.DÐ I
o.o22

o.090
o.015
o.653
0.03?

0.645
0.631
0.638
o.007

0.583
0.604
0.ã94
o.010

o.411
0.756
0.584
o.173

o.?€3
o.843
o.74e
0.?85
o.oil1

o.643
o.550
0.587
o.683
u.Ðvt
o,o56

o.586
0.5t4
0.585
o.001

0. ?91
o.?81
0.786
0.005

o.992

o.746

o.918

o.e24
0.8€9
o.883
o.e01
o.912
o.898
0.020

0.768
0. ?06
o,737
o.031

Total

9.E09
9.8?6
s.a?2
0,003

9.901
9.865
9.883
o.o18

9.932
9.930
9.931
0.001

9.903
9.898
9.901
0.002

9,920
9,903
s.sl2
o.009

9.9L7
9.883
9.900
o.o1?

9.823
9.825
9.424
0.o01

9.E89
9.905
9.88?
9.E94
o.008

9.903
9.897
Le4l
9.900
9.910
o.018

9.903
9.E81
9.492
0.011

9.879
9.848
9.804
0.010

9.870

9.869

9.800

9.a77
9.83E
9.86E
9.848
9.851
9.859
0.014

9.921
9.898
9.909
o.012
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