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APPENDIX . J · 

Brief petrographic descriptions of all the samples analysed in this 

work are given belowJalong with sample location and rock type. Samples 

. that are not prefixed with the letters HSS, SC, SD or DC are from the 

Viljoens' collection and Viljoen and Viljoen (1969b,c,d,e) can be consulted 

for further details of these samples. The following abbreviations are 

used:-

KF 

TF 

SF· 

HF 

KrF 

phenos. 

gmass', 

AAM 

diam. 

ld. 
a 

ol. 

Sample No. 

Koma ti Formation 

Theespruit Formation 

Sandspruit Formation 

Hooggenoeg Formation 

Kromberg. Formation 

phenocrysts 

groundmass 

aligned grains of 

amphibole and 

magnetite 

diameter 

longest dimensio11 

olivine 

Location and ·TyE_e 

cpx. · clinopyroxene 

op~r. orthopyroxene 

plag. plagioclase 

cmt. chromite 

mt. magnetite 

qtz. quartz 

serp. serpentine 

actin. actinolite 

trem. tremolite 

amph. amphibole 

chlor. chlorite 

devit. devitrified 

poss. possibly 

DescriEtion 

Ultramafic Komatiites (aphyric group) 

HSS-88C KF. Flow 

HSS-88A KF. Flow 

Aphanitic aphyric rock with 

spherical vesicles (0.5-3 mm diam~) 

lined with mt., gmass. of amph., 

serp. and minor mt. 

Plate spinifex, ol. blades 20-30 mm. 

long and 0.3 mm. wid~ interblade 

areas of cpx. blades(altered) and 

AA.~. 

a Note that where olivine is mentioned in the followine descriptions 

it has usually been pseudomorphed by serpentine and magnetite, and 

when relict grains of olivine are preserved this will be stated. 
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Sample No. · Location· and~ 

HSS-533 KF. Flow 

HSS-95 KF. Flow 

HSS-90 KF. Flow 

HSS-89 KF. Flow 

HSS-531 KF. Flow 

HSS-532 KF. Flow 

HSS-530 KF. Flow 

· ·nescdption 

Plate spinifex, ol. blades up to 

50 mm. long, interb lade areas of 

smaller ol. blades and AAM with 

very minor epidote and chlor. 

Plate spinifex, ol. blades 20 x 2 inm., 

interblade areas of aligned grains 

of amph. and mt. (AAM), some skeletal 

mt. 

Random spinifex, ol~ blades up to 

4 mm. long and 0.1 mm. wide, inter­

bla<le areas of AAM and spherical 

vesicles lined with mt. (up to 0.6 mm. 

in diam.). 

Plate spinifex, ol. blades 20 x 0.4 mm.,_ 

interblade areas of short (0. 7 x 0.1 mm,) 

ol. blades and AAM. 

Random spinifex, ol. blades up to 

20 x 0.4 mm., interblade areas of Alu~ 

often with hopper ol, and sph€rical,mt. 

lined vesicles. 

Sample from junction between random 

and plate spinifex textured ols. in 

Stuarts flow. See HSS-531 and HSS-533 

descriptions for additional information. 

Aphanitic aphyric rock occasional 

micro-phenos.of ol. (both skeletal 

and solid), gmass. of amph., mt. and 

serp. with E:mall patches of o 1. blades. 

Skeletal ol. 0.6 x 0.3 mm., solid ol. 

phenos. 0.1-0.2 mm. across. 



Sample No. 

HSS-523 

AU-5 

HSS-87 

HSS-14 

HSS-15 

53-J 

49-J 

HSS-109 

HSS-150 

- 3 -

Locat:_ion and Type 

KF. Pi.How 

KF. Pillow 

KF. Flow ? 

KF. Flow ? 

KF. Fragmented 

pillow ? 

KF. Dyke 

KF. Flow 

SF. Flow 

TF. Flow ? 

Description. 

Aphanitic aphyric rock, very fine 

grained serp., arr.ph. and mt. 

Aphanitic aphyric rock,occasional 

micro-phenos. of ol. (0.2 to 0.3 mm.) 

gmass. or ol.' amph.' mt.' chlor. and 

. very minor epidote. 

Aphanitic with microphenos. of ol. 

(0.4 - 0. 6 m~. in ld.), gmass. of amph., 

serp. and mt. 

Aphanitic aphyric rock with minor 

small ol. (0.3 mm across), some relict 

cores preserved, gmass.ofamph., minor 

serp. and mt. 

Aphanitic aphyric rock small ol. crystals 

up to 0. 4 mm. long, gmass. of amph., 

serp., mt. and chlor. 

Holocrystalline rock consisting of 

ol. (O. 7 x 0. 4 nnn.) and large irre-· 

gularly shaped cpx. partly altered to 

amph. 

See Green et al. (1975). 

Plate spinifex, poorly preserved, 

long serp. blades (100 nun. or more) 

lined with sheaths of mt., abundant 

largi crystals of chlor. and minor 

calcite. 

Aphanitic aphyric rock consisting 

of serp., amph., mt. and chlor. with 

very mir.or calcite. 



'· 

- 4 -

Sample No. Location and Type Description 

Olivine Phyric Ultramafic Komatiites (porphyritic group) 

HSS-88B 

HSS-535 

HSS-534 

HSS-536 

VU-25 

HSS-93 

V-2 

VU-30A 

HSS-8 

HSS-13 

KF. Flow 

KF. Flow 

KF. Flow 

KF. Flow 

KF. Flow 

KF. Ul tramafic 

horizon 

KF. Flow 

KF. Flow or 

sill 

KF. Flow 

KF. Flow ? 

Aphanitic rock with abundant ol. 

(0.6-0.8 mm. in ld. ); gmass. of amph., 

mt. and very minor epidote. 

Medium to fine grained rock consisting 

of closely packed equant ol. (0.5-0.7 mm. 

across), abundant relict cores; gmass. 

of amph., minor chlor. and serp. 

As above except no relict ol. cores. 

Fine grained rock, abundant ol. in 

matrix of amph., chlor. and serp. 

Fine grained ol. phyric rock, closely 

packed equant ol. (0.5 mm. across); 

gmass. of serp. and mt. 

Fine grained ol. phyric rock 

(ol. o;t+-o.8 nnn. in ld.); gmass. of 

amph. and minor octahedra of mt. 

Fine grained ol. phyric rock 

(ol. 0.2-0.7 mtn. in ld.); gmass. of 

amph. and chlor. 

, 

Medium to fine grained ol. phyric 

rock, ol. rounded,up to 0.8 mm. across 

with r.elict cores; gmass. of amph. 

Fine grained ol .. phyric rock, ol. 

O. 5 mm. across with minor relict ol. 

cores; gmass. of amph. 

·Medium to fine grained ol. phyric 

rock, ol. (up to 1 mm. in ld.) well 

preserved as relict cores, minor 

interstitial cpx. altered to amph. 
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Sample No. Location and Type 

VU-32A KF. Flow 

Description 

Medium to fine grained ol. phyric· 

rock, ol. a~ tabul.:ir (l x 0.5._mw..)and 

smaller (0.5 mm. across) rounded grains, 

abundant relict ol. cores preserved. 

Gmass. of amph. and minor cmt. micro­

phenos. 

Olivine Rich Ult~afic Komatiites (porphyritic group) 

R-13 KF. 

R-16 KF. 

20-J HF. 

Medium grained ol. rich rock, ol. grains 

(2 x 0.7 mm.) in gmass. of serp. and mt. 1 

abundant calcite and minor amph. 

Medium grained ol. rich rock, (ol. up 

to 2 mm. in ld.), sample is entirely 

serp. and mt. with very minor calcite. 

Medium grained ol. rich rock, ol. as 

1-3 mm. long, isolated euhedral grains. 

Rock consists totally of serp. and 

minor mt. 

Olivine-Clinopyroxene Phyric Ultramafic Komatiites (porphyritic group) 

HSS-92 

HSS-27 

KF. Dyke ? 

KF. Sill or 

Flow 

Medium grained holocrystalline rock, 

consisting of 25% rounded ol. ( 1. 2 mm. 

across) grains included in large 

irregularly shaped fresh cpx. crystals. 

Medium to fine grained holocrystalline 

rock, consisting of ~70% rounded ol. 

(0.5-0.7 mm. acr9ss) occasionally rimed 

with opx. all included in large cpx. 

grains. Minor mt. octahedra also 

included in cpx. Very minor amph. and 

biotite. 



Sample No. 

HSS-31 

HSS-33 

HSS-1 

HSS-28 

52-J 

Pyroxenite 

: SD-76 

6 -

Location and Type 

KF. Sill ? 

KF. Ultramafic 

horizon 

KF. Sill ? 

KF. Ultramafic 

horizon 

KF. Dyke 

KF. Stolzburg 

Ultramafic 

Body 

Description 

Medium grained holocrystalline rock, 

consisting of rounded ol. (up to 

1.5 x l mm.) grains in large cpx. 

grains. Minor mt. inclusions in cpx. 

Fine grained holocrystalline rock, 

consisting of rounded ol. (rv80%, 

0. 6 x 0. 3 1mn.) included in large cpx. 

grains (well preserved). 

Fine erained holocrystalline rock, 

ol. rounded (0.3-0.4 nnn. across) as 

inclusions in large cpx. grains~ 

Similar to HSS-1 with mt .. and cmt. 

microphenos. in the cpx. 

Medium to_fine grained holocrystalline 

rock, consisting of rounded ol.(up to 

1 nnn. across) grains included in 

large irregularly shaped cpx. grains. 

Cpx. altered to amph. and minor chlor. 

Medium to coarse grained orthopyroxenite, 

opx. (1-4 mm. in ld.) very fresh with 

only minor alteration to talc on grain 

:margins. Minor euhedral chromite 

gr.ains occur in the opx. 

Sandspruit Formation Ultramafic Komatiites (texturally altered group) 

87-J SF. 

88-J SF. 

Holocrystalline, metamorphic texture, 

mainly actin. (rv70%), large chlor. 

plates and mt. with very minor epidote. 

Similar to 87-J with minor serp. 
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Sample No. Location and Type 

VU-33 SF. 

HSS-131 SF. 

HSS-130 SF. 

HSS-105 SF. 

HSS-107 SF. 

HSS-ll2 SF. 

86-J SF. 

Aphyric High-i'fg Mafic Komatiites 

42-J 

HSS-62 

K-178 

SG-80 

KJ-39 

KF. 

KF. Pillow 

Kaaprouiden-. 

Maleiane area 

Steynsdorp 

Valley 

Kaaprouiden­

Malelane area 

Description 

Holocrystalline, serp., talc chlor., 

mt. and amph. with very minor epi<lote. 

Similar to VU-33. 

Similar to VU-33 with minor calcite. 

Similar to VU-33 except with very 

minor amph. 

Similar to VU-33. 

Similar to VU-33. 

Holocrys talline rock ·cons is ting 

of serp., minor chlor. and mt. with 

very minor calcite, no igneous texture 

preserved. 

Micro-spinifex consisting of pyroxene 

blades, devit. glass 1 equant cpx. 

crystals (altered to amph. and talc), 

minor spinel and plag. 

Micro-spinifex of pyroxene, altered to 

trcm.-actin., patches of. chlor. common, 

very minor epidote . 

.Aphani tic rock, gmass. of amph. , minor 

chlor. and opaques. 

Similar to K-173. 

Aphyric rock with long trem. -act in. 

needles in gmass. of trem.-actin., minor 

chlor. and talc. 



Sample No. Location and Type 

Porphyritic High-Mg Mafic Komatiites 

·HSS-12 KF. Flow 

HSS-9 KF. Flow 

HSS-10 KF. Flow 

HSS-54 KF. 

Aphyric Low-Mg Mafic Komatiites 

SD-82 - SD-85 

sc-2 - sc-13 
KF. Pillows 

TS-1 TF. Steynsdorp 

Anticline. 

HSS-73 KF. Flow 

~escription 

Fine grained altered(serp.), phenos. 

in gmass. of amph., chlor. and minor 

epidote and opaques. Phenos. either 

altered opx. or ol. Minor opaques 

included in altered phenos. 

Fine grained, abundant pyroxene phenos. 

altered to amph., chlor. and serp. 

Gmass. of amph., chlor., serp. and 

minor sphene. Minor spinel often as 

inclusions in pyroxene. 

Fine grained with abundant euhedral 

pyroxene phenos., altered to amph., 

often with small serpentinized inclus­

ions. Gmass. of serp., amph., chlor. 

and sphene, and minor rods of mt. 

Fine-medium graine~pyroxene altered 

to amph., minor serp., possibly 

originally ol. Minor chlor., opaque 

calcite and sphene. 

Detailed description given in Chapter 

2. 

Aphani tic aphyric rock of amph., minor 

qtz. 1 plag., calcite and epidote. 

Aphanitic aphyric rock with laths of 

amph. (O.l nun. ld.),minor altered 

plag. and calcite. 
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Sample No. J,ocation and Type 

HSS-21. KF. Flow 

· HSS-91 KF. Pillow 

HSS-25 KF. Flow 

SD-42C KF. Flow ? 

HSS-65 ·. KF. Flow 

HSS-82 KF. Pillow 

HSS-84 KF. Pillow 

SC-6B KF. Flow 

pescription 

Aphanitic with ocelli, cpx. (partly 

altered to amph.) and plag. (altered) 

microphenos •. (0.1 mm. ld.). Minor 

spinel octahedra throughout. 

Aphanitic with very minor altered 

plag. phenos. (0.6 mm.). Devit. glass 

and glomeroporphyritic spine! octahedra. 

Aphanitic aphyric with minor small cpx. 

and plag. crystals in devit. glass. 

Minor ca lei te. 

Long actin. blades (20 mm. long), poss. 

altered cpx .. spinifex, gmass of fine 

grained plag., pyroxene, qtz., actin. 

and very minor epidote, spinel, calcite 

and s phene. 

Aphanitic with minor cpx. and plag. > 

cpx. as blades up to 1. 5 rnm. long. 

Gmass. of cpx., piag., devit. glass 

and very minor calcite. 

Aphanitic with minor content of cpx. 

and plag. (altered to qtz. and calcite), 

phenos. ( <O. l mm. in ld.). Gmass. of 

amphibole needles, chlor. and very minor 

epidote, spinel, calcite and sphene. 

Similar to HSS-82 but no spinel. 

Aphanitic rock with cpx. (altered to 

amph.), 0.1 mm. long with fine grained 

amph. , q t;z, sphene and very minor 

epidote. 



Sample No. 

HSS-81 

HSS-154 

HSS-70 

\, 

HSS-7 

HSS-Cl 

SC-6A 

HSS-C3 

-10 -

Location ;"1nd Tvr•e 

KF. Pillow 

TF. Flow 

KF. Pillow ? 

KF. Flow 

KF. Flow 

KF. Flow Top 

Breccia 

KF. Basal 

Chilled Margin 

Porphyritic Low-Mg Mafic Komatiites 

HSS-16 KF. Flow 

HSS-517 TF. 

~es.cription 

Similar to HSS-82. 

Aphani tic aphyric rock of act in., minor 

sphene, epidote and qtz. 

Aphanitic consisting of fibrous amph. 

partly replaced. by chlor. Glomero­

porphyritic spinel throughout. Minor 

epidote, qtz. and sphene. 

Aphanitic aphyric rock with laths of amph . 1 

.also with qtz., albite, sphene and 

very minor chlor., epidote and calcite. 

Aphanitic with minor cpx., phen6s 

(altered to amph.). Gma.ss. of amph., 

minor spinel and very minor epidote. 

Aphani tic with amph. needles up to 

1 nnn. long. Gmass. of actin., chlor., 

opaques and very minor epidote. 

Aphanitic with ,amph., chlor., qtz., 

spine!, very minor epidote and occas­

ional altered microphenocrysts of ol. 

Holocrystalline consisting of cpx. 

(altered to amph.), plag., skeletal 

ilmenite and spinel. Cpx. (0. 6 - 1 mm. 

long) with interstitial plag •. (up to 

4 mm. long), minor brown hornblende. 

As fm: HSS-16 but no hornblende. 



Sample No. 

SC-12 

HSS-64 

AB-9 

HSS-20 

HSS-34 

·~. 526 

KJ-55 

HSS-157 

LV-6 

- 11 -

Location and.Type 

KF. Flow 

KF. Flow 

KF. 

KF. Flow 

KF. Flow 

KrF. 

Kaapmuiden­

Malelane area 

TF. Flow 

HF. 

·oescription 

Holocrystalline, cpx. and plag., plag. 

up to 1.5 mm. long, cpx. 0.5 mm. in 

ld., both minerals altered. 

Aphanitic with ~50% cpx. (0.2 mm.) 

and 50% gmass. of amph., qtz. and 

·plag., very minor spinel ~nd sphene, 

Cpx. altered to actinolite. 

Similar to HSS-64, cpx. well preserved. 

Similar to HSS-64, with well preserved 

cpx. 

Holocrystalline with cpx; and inter­

stitial plag., cpx as euhedral grains 

or needles. Minor sphene epidote 

and chlor. 

Holocrystalline coarse grained with 

cpx., plag. and matrix: Cpx. ~so% 

(up to 3 mm. in ld.) well preserved. 

Plag., qtz., amph., chlor. and minor 

epidote in matrix. 

Similar to HSS-64 but poorly preserved 

igneous texture. 

Hypocrystalline, cpx. (amph.) ~so%, 

gmass. of amph., chlor., qtz., sphene 

and very minor epidote. 

Coarse grained plag. and cpx., cpx 

well preserved, plag. altered, minor 

spine 1. 
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Sample No. Location and 1~ 

M-57 KrF. 

HSS-6 KF. Flow 

HSS-32 KF. 

R-14 KF. 

·HSS-C2 KF. Flow 

SD-42A KF. Flow 

HSS-77 KF. 

HSS-78 KF. Flow 

VB-2 KF. Flow 

HSS-51 KF. 

Description 

Holocrystalline, cpx. > plag., cpx. 

well preserved, plag. altered, minor 

opaque material. 

Similar to M-57, but cpx. altered 

to amph. and minor talc, calcite 

and epidote. 

Similar to HSS-16 except no hornblende. 

Holocrystalline, >70% cpx., fresh or 

partly altered to amph., minor qtz. 

and very minor chlor., epidote, sphene 

anci calcite. 

Aphanitic with abundant cpx., phenos. 

(altered to amph.), minor qtz., gmass. 

of amph., spinel and trace of epidote. 

Hypocrystalline ~so% euhedral cpx. 

(alter.ed to amph.), gmass of amph., 

chlor., qtz. and very minor epidote 

and sphene. 

Similar to HSS-16. 

Hypocrystalline with cpx. (altered to 

actin .. and chlor.), gmass. of chlor., 

amph., qtz. and minor epidote and 

sphene.· 

Holocrystalline, predominantly cpx. · 

(altered to amph.), gmass. of qtz., 

· plag. and amph. 

Similar to HSS-16 with more cpx. 
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Sample No. Location artd Type 

HSS-332 KrF. Massive 

SC-6C KF. Flow 

Texturally Altered Mafic Komatiites 

HSS-96 

HSS-108 

HSS-117 

AB-21 

HSS-38 

HSS-118 

HSS-122 

HSS-148 

Helshoogte Pass 

Pillow 

SF. Flow 7 

SF. Flow 7 

TF. 

Helshoogte 

Pass 

SF. Flow ? 

SF. Flow 7 

TF. 

Description 

Hypocrystall:ine, abundant euhedral 

cpx., some fresh or altered to amph. 

and chlor. Gmass. of devit.glass 

(chlor., amph.),very minor epidote 

and spine!. 

Hypocrystalline with abundant cpx., 

phenos. (altered) in gmass. of amph., 

chlor., minor epidote and sphene. 

Minor serp. in places. 

Holocrystalline, actin., minor qtz., 

plag. and sphene, ocelli, altered 

plag. and actin. 

Holocrystalline, interlocking grains 

actin. (~60%) and plag. (~40%), very 

minor sphene and pyroxene. 

Similar to HSS-108. · 

Holocrystalline, actin. in fine grained 

matrix, actin. qtz., minor plag. and 

very minor epidote: 

Similar to HSS-108. 

Holocrystalline; actin with minor 

interstitial chlor., sphene and epi­

dote. 

Similar to HSS-118. 

Long laths of actin. with minor qtz. 

and epidote. 



Sample No. 

KJ-40 

SG-3 

Low-Ti Basalts 

34-J 

V-16 

40-J 

LV-7 

V-36 

M-390 

HSS-518 

- 14. -

Location·and Ty£_e 

Kaapmuiden­

Malelane area 

Steynsdorp 

Valley 

H.F. Pillow 

HF. Pillow 

HF. Massive 

HF. Massive 

HF. Massive 

·HF. Massive 

TF. Massive 

Description 

Fine grained, angular amph. grains 

with interstitial chlor., amph., qtz. 

and minor epidote. 

Fine grained actin. and minor opaques. 

Aphanitic aphyric rockj laths of amph., 

minor qtz., epidote, plag. and sphene. 

Several epidote rich veins. 

·similar to 34-J but without epidote 

veins. 

Aphanitic aphyric rock with abundant 

laths of cpx. (altered to amph.), 

minor p lag._, ep idote, ch lor. and sphene. 

Aphyric fine grained rock with matrix 

of altered cpx.and plag., minor sphene, 

spinel and epidote. 

Aphanitic with abundant cpx. (altered 

to amph. and chlor.), minor plag., 

epi<lote, sphene and spine J.. 

Aphyric fine grained rock,cpx. crystals 

(O.l mm. ld.) partially altered to 

amph. Gmass. of plag., chlor. and 

opaques. 

Fine grained, ~30 cpx.,altered to 

amph., abundant needles (0.4 mm. ld.) 

of qtz., minor epidote and spinel. 



~ple No. 

HSS-56 

HSS-58 

HSS-43 

LV-4 

High-Ti Basalts 

LV-9 

21-J 

SC-9 

HSS-224 

- 15 -

Location and T~ 

KF. Flow 

KF. Flow 

KF. Massive 

_HF. Massive 

KrF. Massive 

to Pillowed 

KrF. Pillow 

KF. Massive 

HF. Pillow 

Description 

Cpx. phyric, with. well preserved 

cpx. (up to 2 mm. ld.). Plag., amph., 

qtz., sphcne and. spinel, chlor. in 

gmass. 

Similar to HSS-56 except cpx. crystcls 

smaller (up to l_mm. ld,). 

Holocrystalline, cpx. (up to 3 mm. ld.) 

and interstitial plag. (altered to 

albite and epidote), cpx.altered to 

amph., amph. and minor spinel in 

gmass. 

Cpx. phyric (cpx. 0.4 mm.), gmass. 

of chlor., plag., qtz., amph. and 

epi<lote, minor spinel. 

Aphanitic aphyric, abundant plag. 

laths (0.2 - 0.3 mm. ld.) with cpx. 

(altered to amph.), chlor. and 

epiclote. 

Aphanitic with abundant altered cpx. 

and plag. and quenched ilmenite. 

Matrix of amph., qtz. and epidote. 

Similar to 21-J. 

Aphyric with altered gmass. (probably 

chlor. and amph.). Abundant light 

coloured ocelli •. Vesicles filled 

with qtz., calciteJ epidote and 

chlor. 
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Sample No. Location and Type 

High-Mg Basalts 

HSS-2 KF. Flow 

HSS-23 KF. Flow ? 

HSS-35 KF. Massive 

Altered Basalts and Other Lava Types 

V-13 

DC-1 

HSS-39 

HSS-83 

.HSS-111 

HSS-52B 

./ 

HF. Pillow 

HF. Pillow 

KF. _He lshoogte 

Pass 

KF. Flow 

SF. 

KF. Pillow 

Description 

Holocrystalline with abundant cpx. 

(0.2 - 0.3 mm.), minor plag. and 

qtz., matrix of amph., chlor., qtz., 

plag., epidote and minor calcite. 

Holocrystalline with plag. > cpx., 

minor sphene and spine!. Plag. altere<l 

to albite, chlor. and epidote, cpx. 

altered to amph. and chlor., minor 

calcite. 

Holocrystalline, plag. (3 - 4 nnn.) 

and pyroxene (up to 1 nnn.), plag. 

altered, minor spinel, chlor., cal­

cite and epidote. 

No thin section. 

Aphanitic with minor cpx., devit. 

glass altered to chlor. Ocelli 

replaced by carbonate. 

Metamorphic texture, interlocking 

grains of plag., actin. and opaque, 

minor epidote. 

Fine grained rock with needles of 

actin., abundant patches of qtz. 

(O.S mm. diam.), epidote, qtz. and 

plag. in matrix. 

Fine grained rock of plag. and actin~, 

plag. altered, minor epidote. 

Aphanitic aphyric rock, minor carbonate. 
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APPENDIX II. 

Large 1 - 3 kg. samples were taken in the field of rocks sampled by 

the author for this project. In the laboratory weathered surfaces were 

removed and the samples reduced to chips using a rock splitter and jaw 

crusher (carbon steel jaws). Two hundred - five hundred gms. of material 

was then reduced to -120:\:1: powder, using either an agate vessel on a swing 

mill grinder, or a carbon steel vessel and Fe-Mn-Si balls in a ball grinder. 

Six gms. of the -120~ material was ground to -300#= in an automatic agate 

pestle and mortar. Five gms. of this material was pressed into a briquette 

(Baird, 1961) and used for the analysis of N~Oand trace elements by X-ray 

fluorescence (XRF). The remaining -300# material was used in the prepar­

ation _ of Li-tetraborate fusion discs (Norrish and Hutton, 1969) for major 

_element analysis and in the detennination of H
2
o+ and co

2 
by gas _chromato­

graphy. Special sampling procedures were adopted for the pillow samples 

that were used in the alteration study (see Chapter 2) as outlined below:-

Margin samples were obtained from five of the ten pillows s&mpled by 

chipping off 200 - 300 gms. of material from the outer rv2 -cm. thick chilled 

rim. Large samples (2 - 3 kg~) were taken from the cores of the pillows 

in order to circumvent any problems that may have been caused by the inho­

mogeneous distribution of ocelli. These ocelli, which have been described 

by Viljoen and Viljoen (1969c) and Ferguson and Currie (1972), were present 

in all the pillow core-samples discussed in Chapter 2, but not in the inter­

mediate (between margin and core) sample SC-3I. The samples were prepared 

for analysis using the procedures described above. 

Ocelli tip to 1 cm. in diameter were cu:= froni 2 mm. thick slaos of the 

SC-13 core sample, using a Natcher saw with a diamond impregnated wire blade, 

and reduced to -120#' powder, using a carbon steel pestle and mortar. The 
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ocelli sample was prepared for analysis as described above. Four gm. 

aliquot;s of -300 powder from two margin-core pillow pairs (SC-2 and 

SC-5) were leached with cold 3M HCl for three hours, washed with distilled 

water, dried and prepared for analysis. The results of this leaching exper­

iment arc discussed in Chapter 2. 

ANAJ,YTICAL METHODS 

ELECTRON MICROPROBE 

Mineral grains were analysed on polished thin sections using 

a Cambridge Microscan 5 electron microprobe. The major elements 

were determined using the methods and instrumental conditions given 

in Le Roex and Reid (1978). Ni was determined in the olivine and 

pyroxene grains using the instrumental conditions -given in Moore 

and Erlank (1979). 

X-RAY FLUORESCENCE 

The bulk rock samples were analysed for 25 major and trace 

elements by XRF using the methods given in Willis et al. (1971, 1972). 

It should be noted thst in order to avoid the effects of possible 

mineralogical problems on the Cr data, all the Cr data reported for 

the komatiite lavas (where Cr is usu~lly present at concentrations 

>600 ppm) were obtained from the Li-Tetraborate discs. The estimated 

precisions of the analyses based on counting statistics (4 standard 

deviations) for typical major and trace element concentrations encotmt­

ered in komatiitic lavas, are given in Table 2-4.FeO was determined 

by standard wet chemical methods. 

In order to ensure consistency between the· olivine Ni data, ob­

tained by electron microprobe, and the ultrarnafic kornatiite Ni data, 
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obtained by XRF, an olivine megacryst (LBM-39B) was analysed by both 

methods. The XRF data for the Onverwacht Group lavas and LBM-39B 

were obtained using the international standards (w-1-, NIM-N, NIM-D 

and PCC-1, Ni values given in Abbey, 1975) and three carefully pre-

pared synthetic standc.rds ranging in Ni concentration from 1000 to 

3000 p~m Ni. The value obtained for LBM-39B under these conditions 

was 29l~3±40 ppm Ni (two standard deviations, calculated from six 

separate determinations) and is essentially identical to that obtained 

from the electron micrcprobe (R. Rickard, 1976, pers. corrnn.) using 

a synthetic glass standard (Ni
2
sio

4
) prepared in 1970 by J, Ito at 

the Geophysical Laboratory (Washington). 

GAS CHROMATOGRAPHY 

+ .. H2o and co2 were determined by gas chromatography using a 

Hewlett Packard 185B CHN Analyser (oxidation furnace temperature of· ~ 

l05o0 c), and 50s combustion time, a 3380A Integrator and 30 - 40 mg. 

0 .of sample powder (-300#) pre-dried at 110 C and accurately weighed 

on a Cahn 4liOO Electrobalance to four decimal places. The following 

+ international standards were used for the H2o calibration; PCC-1, 

T-1, AGV-1, BCR-1, DTS-1, NIM-L, NIM-G, NIM-N, NIM-D, NIM-P and NIM-S 

assuming the concentrations given in Abbey (1975). The co2 calibrat­

, ion was achieved using the above NIM standards (with the co2 values 

given in Abbey, 1975) and synthetic Caco3-quartz mixes. 1~o meta­

morphosed lavas, HSS-64, a ma.fie komatiite consisting mainly of acti-

nolite-tremolite and HSS-112, an ultramafic komatiite consisting mainly 

of serpentine and chlorite, were analysed repeatedly to obtain some 

idea of the precision of the method. These data are tabula tee! be low:-
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Sample (n) s.d. c.o.v. c.o.v. 

HSS -64 (8) 2.82% 0.03% 1.1% 1.10% 0.02% 1.8% 

HSS-112 (8) 9.54% 0.12% L3% 2.87% 0.02% o. 7% 

While the precision of the method is considered satisfactory, it 

should be noted that erratic results do occur, especially in samples 

that have not been ground to -300it-, and that some mineral assemblages, 

particularly talc rich samples, do not break down completely during 

the combustion period. 
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Table2-1.Mnjor Element and Normative data for the Pillow Samples. 

SC-2 SD-82 SD-83 SD-84 SD-85 SC-8 SC-3 SC-13 sc-s SC-11 

Margin Core core Core"" core core Margin Core Margin Inter. Core Core Ocelli Margin Core t1argin Core 

Si02 49.50 51.26 52. 14 so. 72 51.40 52.27 52,L~3 52.06 52.55 53. 01 52.37 53. 71 60.36 52,65 52.62 33. 23 53.98 
Ti0

6 
0,711 0.732 0,752 o. 735 o. 722 0.743 0.770 o. 755 0.759· 0.777 0.768 o. 758 0.630 0.768 0.791 0.759 0.758 

Al2 3 10,38 10.88' 10,97 10.73 10,67 10.91 11.23 11 • 13 10.64 11. 37 11.84 11. 07 11 • 01 11. 63 11. 65 11. 65 1i.61 

Fe203 2.86 2. 21 2.22 2.57 2.47 l. 93 1. 55 1. 51 1. 67 1. 51 1. 67 1.59 7.86a 1.&1 L72 1, 67 1.72 

F.eO 9,02 8,32 8,51 8,74 8.45 8.56 9.54 9.06 9.66 9.35 8,90 9,09 - 9. 50 9.39 8. 77 8. 10 

lfoO 0.200 0.167 o. 1·14 0.187 0.173 o. 169 0.184 o. 184 0.216 0.180 0.165 0.158 o. 119 0.183 0. 165 o. 179 o. 169 

MgO 10.11 9.19 9.10 9.90 9,65 9.25 8.G9 9.52 8.95 9. 37 9.18 9.26 6.47 9.31 8,87 8, 76 8.36 

Cao 12.64 10.38 10.21 11.83 11. 36 10. 14 10.64 10.76 11. 00 9.84 9.83 9.54 8.83. 9.67 , o. 18 10. 35 11. 08 

Na20 1. 23 2.17 2.90 1.70 1,93 2.73 2.44 2.10 2.36 2.'13 2. 59 2.59 3.52 2. 63 2.56 2.96 3.02 "' 
K20 0.414 0,369 0.097 o. 121 0.239 0,252 0.209 0.499 0.217 0.218 0.243 0.273 0. l41f 0.294 0.280 o. 117 0.115 

-'. 

P20~ 0.096 0.094 0.105 o. 108 0.102 0,098 0,098 0.099 0.099 0.097 o. 10 l o. 101 0.000· 0.099 0,105 0.100 0,099 

H20· 3,08 2,84 2.54 2.64 2,80 2,43 1. 76 2.28 2.42 1. 65 l. 81 2. 11 o,52b · 1 .91 1. 89 2.00 1. 51 

H20- 0,03 o.oa 0.05 0.04 0,C4 0.04 o. 04 o. 07 0.05 o.os o. 04 0,05 o.oo 0.06 O.C4 0,04 0.05 

C02 0,40 0,45 0.21 0.22 0,44 0.25 0. 21 0.24 0.39 0.26 0.22 0. 18 - 0. 18 0.15 0.30 0.30 

Total '"f60:47 99. 75 99.97 100. i4 100,45 99. 7.7 99. 79 99.82 100.98 100.41 99.73 100.58 99.54 100.71+ 100.41 100.89 100.87 

C. I. P. W. NORM Sc 
Qz 0.53 : .. 1. 43 0,68 2. 01 2.21 1. 13 2.60 1 .90 2,43 1.60 1. 80 3.11 14.ltl l. 09 1.99 1 .48 2.20 

Or 2.54 2.25 0,59 0.71 1, lf8 1. 54 1.24 3. 01 1. 30 1. 30 1.48 1. 65 0.89 1.77 1.65 o. 71 0.71 

Ab 10. 7 5 19.04 25,22 14.81 16. 75 23. 78 21.07 18.19 20.31 23.44 22.42 23.10 30.04 22.93 22.00 25. 39 25.81 

An 22. 17 19. 56 17.11 .21.89 20.31 17.26 19.47 19.89 18. 13 18.38 20.38 17.56 13.9i 19.09 19.78 18.38 17.91 

Di 33.95 26.S4 27.86 30.70 30,09 27.52 27.56 27.67 30,00 24.81 23.46 24.26 20.26 23.50 25.09 26.89 30.00 

Hy 25.37 26.30 23.93 25 •. 20 24,62 24.28 23.39 24.87 23.17 25.86 25.89 25.68 15.42 26,96 24.74 22.71 19.08 

Mt 2.93 2,62 2.65 2.78 2. 70 2.61 2.74 2.61 2.80 2. 67 2'. 61 2,64 1.75 2.77 2. 73 2.55 2.39 

Cm 0.13 0. 15 0, 13 0.13 o. 15 0. 15 0. 15 o. 15 o. 13 o. 15 o. 15 o. 15 o. 1:3 o. 13 o .. 13 o. 13 o.13 

Il 1.39 1 • ljl.f 1. 4{i 1. 44 1. 4'1 1.44 1. 50 1.46 1. 46 1. 50 . 1. 50 1 ,46 1.22 1.48 , • 52 1.46 l.44 

Ap 0.24 0,2lf 0,26' 0.26 0~24 0,24 0,24 o. 2lf 0.24 o. 21; 0.24 0.24 1. 92. 0.24 0.26 0.24 0,24 

Py 0,04 0,0:+ 0.09 0.05 0.04 0,06 0,04 0.02 o. 04 0.06 0.07 0.13 0.21 o. 04 0.09 0.06 0.07 

a. T.:>tal iron as Fe203 
b. . Figure gi \'El':l is LOI: . -
c. ~ai:a for n?rms recalculated volatile f'ree with the Fe2o3/Fe0 ratio set to O. 20. The data also includes NiO ,cr2o3 and S. 

1-iot det·~rmined. 



Table 2-2. Trace Element data and Interelement Ratios for the Pillow Samples 

sc-2 SD-82 SD-83 SD-84 SD-85 sc-8 SC-3 SC-13 sc-5 sc-11 

Margin Core COr"e"" core COr'e"" core- Margin Core Margin Inter. Core Core Ocelli Margin Core Margin Core 

s 149 189 469 269 203 300 191 144 182 337 348 673 1070 166 523 264 357 Nb 2.4 3.6 3.1 3.7 3.1 2.2 3.2 3.3 3.7 3.4 3.o 2.7 2, lf 3.5 3.6 3.3 3.4 Zr 60 62 62 61 61 63 65 64 65 66 65 64 52 66 66 65 64 y 18.5 18.2 17.3 17.6 17.4 17.1 17.8 18.3 17.6 17.9 18.2 16.8 16.0 18.5 18.8 18.0 18.1 Sr 265 232 156. 203 220 175 203 211 149 141 158 111 130 159 137 149 129 Rbll 9, lf 7.9 <2 <2 5.0 5.2 4.0 13.6 5.1 4.5 7.0 8.0 2.5 7.5 6.9 l. 7 1.9 Rbb - 7.8 1.39 - 4.87 - 4.18 13.63 5.24 - 6.40 - - 7.15 6.86 1. 35 1. 75 Zn 102 92 139 384 81 77 108 127 89 80 102 90 98 89 82 116 77 ·I Cu 67 172 217 559 115 149 160 135 88 121 199 145 157 100 170 162 126 
I\) Ni 209 220 155 184 179 197 194 196 178 190 201 204 21l1 174 160 178 167 I\.) Co 61 62 57 57 57 59 59 60 59 60 59 61 58 60 61 56 59 Cr 622 662 567 618 635 663 695 653 633 646 643 652 661 613 582 623 639 v 192 192 191 193 192 196 201 193 204 195 195 196 172 199 204 192 196 Ba 113 106 21 32 48 59 44 58 31 24 29 33 17 61 40 19 14 Ga 14.1 11.5 12.0 12.2 12.8 . 11.9 11.0 11. 2 10.2 11.4 .11.3 10.8 11.4 11. 7 12.8 9.6 11.0 Sc 26.3 26.3 28.0 27.5 26.8 <27~4 29.6 28.7 28.5 28.3 29.1 27.8 26.6 28.8 28.4 28.5 28.6 

Fe203/FeO 0.32 0.27 0.26 0.29 0.29 0.23 0.16 0.17 0.17 0.16 0.19 0.19 - 0.19 0.18 0.19 . 0.21 CaO/Alz03 1. 22 0.95 0.93 1.10 1.06 0.93 0.95 0.97 1.03 0.87 0.83 0.86 0.80 0.83 0.87 0.89 0.95 
• t"' 

Si/Al 4.2 4.2 4.2 4.2 4.3 4.2. 4.1 4.1 4.4 4.1 3.9 4.3 lf, 8 4.0 4.o 4.0 4.1 Si/Ti 54 55 54 54 56 55 53 54 54 53 53 55 75 54 52 55 56 Al/Ti 13 13 13 13 13 13 13 13 12 13 14 13 15 13 13 14 14 Mg/Ti 14 14 12 13 14 13 11 13 12 12 12 12 10 12 11 12 11 Ca/Ti 21 17 16 19 19 16 17 17 17 15 15 15 17 . 15 15 16 17 Zr/Y 3.2 3.4 3.6 3.5 3.5 3.7 3.7 3.5 ·3,7 3.7 3.6 3.8 3.3 3.6 3.5 3.6 3.5 Ti/Zr 71 71 73 72 71 71 71 71 70 71 71 71 73 70 72 70 71 Zr/Sc 3 2.3 2.3 2.2 2.2 2.3 2.3 2.2 2.2 2.3 2.3 2.2 2.3 2.0 2.3 2.3 2.3 2.2 Ga/AlXlO 2.6 2.0 2.0 2.2 2.3 2.1 1.9 1.9 1.8 1. 9 1.8 1.8 2.0 1.9 2.1 1. 6 1.8 K/Rb~ 366 388 >403 >502 397 402 434 305 353 402 288 283 478 325 337 571 502 K/Ba 30 29 38 31 41 36 39 71 58 75 70 69 70 40 58 51 71 Rb/SrC 0.035 0.034 <0.013 <0.010 0.023 0.030 0.020 0.064 0.034 0.032 0.044 0.072 0.019 0.048 0.050 0.011 0.015 

a. Analysis by X-Ray Fluorescence. 
b. An<>lysis by Isotope Dilution (Allsopp, 1978, pers. com.) 
c. Ratios calculated uoing the XRF Rb C:ata. 
- Not deter'mii!ed. 
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TABLE 2-3. Major B.!ld Trace Element data for the Leached Pillo'W" Samples. 

SC-2 SC-2 
Margin Core Margin Core 

Si02 50.79 53.03 52.82 53.70 

Ti02 0.708 0.741 0.754 0.790 

il203 10.12 10.72 11.17 11.49 

Fe203a 12.55 10.91 11.64 11.68 

MnO 0.199 0.165 0.177 0.167 

MgO 9.97 9.35 8.82 B.68 

eao 12.46 10.15 9.41~ 9.96 

Na20 1.29 2.57 2.76 2.61 

K20 , : ·0.435 0.393 0.220 0.245 

P20s 0.048 0.045 0.032 0.031 

LOib 1.77 1.62 1.27 1.11 

H20- o.oo o.oo 0.11 0.12 
-

Total 100.34 99.69 99.21 100.58 

Trace element data (ppm) 

Nb .c.2.0 2.3 3.2 2.8 
. Zr 61 63 67 66 

y 18.3 18.8 17.7 18.0 

Sr 262 230 162 137 

Rb 8.9 7.5 4.3 4.9 

Zn . - 78 76 

Cu 61 100 

Ni 156 148 

Co 57 58 

Cr 609 595 

V. 194 208 

Ba 67 67 43 36 

Ga 14.0 11.3 10.7 11.6 

Sc 26.3 27.8 28.9 28.6 

a. Total iron as Fe203. 

b. LOI = Loss on ignition at 1000 C. 
/ 

Not determined. 

• 
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Table 2-4. Estimates of the Analytical Error (AE) 
average pillow composition and t~e spread 
in the data from all the pillow samples. 

(~,!) · 4a ·Average .<4a/Ave) .100 RS 

Si02 1.0 53.34 1.9 4.8 

'fi02 0.04 o. 77 5.1 3.9 

Al205 0.5 11.38 4.4 8.1 

Fe203 0.45 1.97 22.8 48.7 

FeO O.l 9.10 1.1 17.1 

MnO 0.015 0.18 8.3 24.5 

MgO o.5 9.45 5.3 15~6 

cao 0.2 10.82 1.9 28.8 

Na20 0.1 2~48 4.0 67.7 , .. 
K20 0.02 0.25 . 7.9 156.1 

P20s 0.012 0.10 11.9 ·-1.9 

H20 0.12 

C02 0.28 -

(~) 

s 8.0 304. 2.6 171.5 

1-11> 1.2 3.3 36.5 4.0 

Zr 2.8 65. 4.3 2.8 

y 2.4 18.3 13.l -2.0 

Sr 3.6 179. 2.0 87.5 

Rb 1.0 6.4 15.6 171+.7 

Zn 2.0 117. 1. 7 268.3 

Cu 2.8 172. 1.6 292.9 

Ni 4.0 191. 2.1 33.9 

Co 4.8 61. 7.9 4.5 

Cr 8.0 648. 1.2 17.0 

v 5.2 200. 2.6 3.9 

Ba 2.0 47. 4.3 214.5 

Ga 0.4 11.9 3.4 36.9 

Sc 1.0 28.7 3.5 7.5 
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TABLE 2-~ Ccmparison of the SC-2 margin elements 
with those of the average "fresher" pillows 

Si02% Ti02% Zr ppm 

SC-2 margin composition 
from Tables 1 and 2 49,50 0.711 60 

SC-2 margin recalculated 
volatile free and to 100% 50.95 0.732 62 

Above recalculated after 
removal of 5,7 ~~.% CaOtFe203 
in the ratio Fe203 = 0.27 54.04 0.776 66 

Cao 

Average "fresher" pillow 
compositio~ recalculated 53.84 0.780 66 
volatile free and to 100% 
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Table 3-1. Olivine compositions in sample HSS-535 

Grain 1 · Graj.n 2 Grain 3 

~ Margin ~ Margin Cor~ Margin 

Si02 39.62 .:39.28 39.91 38.90 40.56 40.57 
FeO 7.84 8.69 8.72 9.37 8.5J S.78 

MnO 0.16 ... 
MgO 50.27 50.06 lt9.79 49.22 50.21 49.78 
Cao 0.25 0.26 0.25 .0.29 0.27 0.29 

Cr203 0.17 0.18 0.19 0.20 0.18 0.18 

NiO 0.46 0.45 0.44 O.li4, 0.45 0.43 

Total 98.77 98.92 99,30 98.42 100.20 100.03 

Mole % 92.0 91.1 91.l 90.I+ 91.3 9l.O 

Fosterite 

- not determined 
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Table 3-2. V..ajor element and Normative mineral data for the 

srunples from Stuart's flow and the basal contact 

sample HSS-530. The major element data has been 

recalculated to 100 % volatile free • 
. . . . . . . . 

!i®=..231. HSS-fil HSS-222 HSS-224 HSS-2.22 nss-226 Wtd. Ave. HSS-2,20 

Si02 47.77 47.72 47.98 47.38 47.38 46.74 47.50 47.06 

Ti02 0.38 0.38 0.40 0.35 0.35 0.30 0.36 0.36 

"203 4.26 4.25 4.32 3.81 J.80 3.29 3.94 3.96 
Fe2 o3 l.95 1.88 1.99 1.74 1.76 1.84 1.37 1.99 
FeOa 9.76 9.42 9.95 S.70 8.78 9.21 9.33 9,93 
MnO 0.19 0.19 0.19 0.19 0.19 0.18 0.19 0.19 
MgO 27.62 28.14 25.65 30.87 30.78 31.68 28.93 28.71 

eao 7.29 7.21 8.72 6.24 6.26 6.06 7.14 7.01 
Na20 0.19 0.20 0.21 0.10. 0.08 0.07 0.14 0.12 

K2 0 0.02 0.02 0.03 0.03 0.03 0.01 0.03 0.02 

P205 0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 

s 0.03 0.04 0.03 0.03 0.03 0.02 0.03 0.05 

Cr2o
3 0.34 0.34 0.37 0.32 0.32 0.35 0.35 o .. 36 

NiO 0.19 0.19 0.15 0.22 0.22 0.23 0.19 0.23 

Total 100.01 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

HO+ 
2 6.79 7.01 6.29 s.59 8.96 8.86 7.66 

co2 0.22 0.20 0.36 0.29 o.67 0.28 0.25 

L.O.I. 6.20 6.26 5.12 7.69 7.71 8.0J 7.07 

~ (volatile free) 

Or 0.12 . 0.12 0.18 0.18 0.18 0.06 0.15 0.12 

Pl 12 • .32 12 • .33 12.5.3 10.70 10.60 9.23 11.21 ll.22 

Di 20.ll. 19.87 25.79 16.62 16.65 16.94 20.08 29.43 
Hy 33.34 32.48 30.57 32.49 32.90 29.73 .31.50 30.92 

01 29.92 31.12 26.63 36.24 .35.87 40.20 33.06 .34.05 
Mt 2.83 2.73 2.89 2.52 2.55 2.67 2.71 2.89 

Cm 0.50 0.50 0.54 0;47 0.47 0.52 0.51 0.53 

Il 0.72 0.72 0.76 0.66 0.66 0.52 o.67 0.68 

Ap 0.05 0.05 0.05 0.05 0.05 0.02 0.04 0.05 

Py 0.06 0.01 0.06 0.06 0.06 0.04 0.06 0.09 

a. Fe analysed as total Fe; Fe2o3 and FeO calculated on the basis that 

Fe0/Fe203 ::: 0.20. 
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Table ~-3. !~ace element data and some inter-element ratios for the > 

samples from Stu.art's flow and the basal contact sample 

HSS-530. The trace element data has been recalculated 

volatile free. 

HSS-.211 HSS-.2:22 HSS-22.2. Hss..:.2.24 HSS-?35 HSS-5.36 Wtd. Ave. HSS-530 

(ppm) 
Nb 1.9 1.7 2.4 1.3 1.9 1.6 1.9 2.3 
Zr 26.8 26.8 29.7 22.B 22.9 19.2 24.9 25.9 
y 7.5 7.0 9.3 4.8. 4.s 1.-9 6.6 8.2 
Sr 32 29 33 25 25 28 29 25 
Rb 1.8 1.7 1.2 1.1 <:1.0 0.9 <l.3 0.9 
Zn 92 81 77 74 70 81 77 87 
Cu 92 62 123 73 66 82 90 45 
Co 121 125 108 113 114 124 115 126 
v UJ 112 119 105 106 90 108 106 
Ba J.8 5.3 4.8 36 35 55 25 8.1 
Ga 5.0 5.0 5.5 4.9 4,6 4.3 4.9 5.0 
Sc 21.9 21.9 2J.8 19.5 19.8 20.l 21.4 20.7 

Ratios 

CaO/Al203 1.7 1.7 2.0 1.6 1.6 1.8 1.8 1.8 
Al/Ti 9.8 10.0 9.4 9.5 9.6 9.6 9.7 9.7 
Ti/Zr 82 85 84 92 93 95 87 83 
Ti/V 20 20 20 20 21 20 20 20 
Si/O (Atomic) 0.291 0.291 0.294 0.287 0~287 0.285 0.289 0.288 
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.Table 3-4a.:. Least squares approximation of the amount of Fo92 that must 

~ 

Si02 
Ti02 

.· Al203 

FeO 

MnO 

. MgO 

Cao 

Cr203 

be removed from the initial magma (Wtd. Ave.) to obtain the 

random spinifex (A2r) composition (ave. of HSS-531 and HSS-532), 

Observed Estimated Difference Trace element ,9bserved Calculated 

47.84 47.85 0.01 Zr 26.8 26.l 

0.38 0.38 o.oo y 7.3 6.9 
4.27 4.13 -0.14 v 113 113 

11.34 11.16 -0.18 Ga 5.0 5.1 

0.19 0.19 0.00 Sc 21.9 22.4 

27.88 '7./.90 0.02 Parameters of the 'Mix' cal_culat:i on 

7.26 7.46 0.20 .92!l!.£· lib-Ji ~]. 

0.34 0.35 0.01 Init. Magma 100.00 

t (Calc.-Obs.) 2 = 0.09 Fo92 -4-58 0.47 

A2r 95.63 0.53 



Table 3-4b. 

~ Observed 

Si02 /;8. 08 

Ti02 0.40 

A1203 4.32 

FeO 11.76 

MnO 0.19 

MgO 25.70 

Cao 8.74 
Cr203 0.37 

l: 
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Least squares approximation 0£ the amount of Fo92 that must be 

removed £rom the initial magma to obtain the lower plate 

spini£ex (A2p) composition (HSS-5JJ). 

Estimated ~!!l.!.1££ Trace element Observed Calculated 

48.33 0.25 Zr 29.7 2S.6 

0.,4.l 0.01 y 9.3 7.6 

4.50 0.18 v 119 124 

11.40 -0.36 Ga - 5.5 5.6 

0.19. 0.00 Sc 2.3.8 24.6 

25.57 -0.13 Parameters of the 'Mix' calculation 

8.11 -0.63 Comp. Wt. 't S.D. 

0.36 -0.01 Init. Magma 100.00 

(Calc.-Obs.) 
2 

= 0.64 Fo92 -13.07 1.03 

A2p 87.7.1 1.17 



Table 3-4c. 

~- Observed 

Si02 47.46 
Ti02 0.35 
A1203 3.82 

FeO 10.33 
MnO 0.19 
MgO 30.88 

Cao 6.26 

Cr203 0.32 

I 
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Least sq11ares approximation of the a.mount of Fo92 that 

must be added to the initial magma to obtain the upper 

B zone composition (ave. of HSS~534 and HSS-535). 

Esti?:Jated Difference Trace element. Observed falcu.lated 

47.25 -0.21 Zr 22.9 22.9 

0.3.3 -0.02 y 4.8 6.1 

3.65 -0.17 v 106 99 

10.84 0.51 Ga 4.8 4.5 

0.19 o.oo Sc 19.7 19.6 

30.96 0.08 Parameters of the 11'-flx' calculation 

6.62 . 0.36 QQ.!lill• ~ §...Jh 

0.33 0.01 !nit. Magma 100.00 

(Calc.-Obs.) 2 = 0.47 Fo 92 8.94 l.38 

Upper B zone 108.16 l.53 



'!'able 3-4d. 
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l€ast squares approximation of the amount of Fo92 that 

~ust be added to the initial magma to obtain the lower 

B zone compositior.., (HSS-536). 

. Oxide Observed Es ti~ Diff{)rence Trace element ~ed CalcuJated 

Si02 46.83 46.79 -0.04 Zr 19.2 21.8 
Ti02 0.30 0.32 0.02 y 4.9 5.8 
Al203 .3 • .30 3,47 0.17 v 90 94 
FeO 10.8<;1 10.68 -0.21 Ga 4,3 4,3 
MnO 0.18 0.19 0.01 Sc 20.l 18.7 
MgO 31.74 .31.80 0.06 Parameters of the 'Mix' calculations 
Cao 6.07 6.31 0.24 ComR• Wt. % S.D. 
Cr203 0.35 0.32 -0. 03 Init. Magma 100.00 

l: (Calc.-Obs.) 2 = 0.14 Fo92 14 • .35 0.82 
Lower B zone 11.3.8.3 0.92 
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Observed &nd calculated DN. values for the 
. l. 

olivine (Fo92) - random spinifex textured 

sample (HSS-531) pair from Stuart's f.low • 

·Source 

Observed 

Calculated from 

Hart and Davis 

(1978) equation 

Calculated from 

Arndt (197'/) equation 

Calculated from· 

equation 2 in text 

.··.r. 

3.6 

. 2.3 
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Table 3-6a. Major element and normative mineral dat11 for the samples from Tonl'.'s Flow. 

The major element data have been· recalculated to 100% volatile free. 

SC-6A HSS-Cl SC-6B HSS-C2 SC-6C HSS-C3 Wtd. Ave. ---
Si02 53.12 52.32 52.71 54.74 50.03 53.09 52.63 
Ti02 0.60 0.66 0.76 0.51 0.55 o. 54 0.63 
Al203 6.53 6. 77 7.99 4.88 6.27 5.82 6.67 
Fe203 2.02 1. 97 2.28 1. 76 2.06 1. 97 2.04 
Feoa 10.08 9. 8/~ 11.38 8.82 10.28 9.84 10.20 
MnO 0.22 0.24 0.19 0.23 0.20 0.19 0.22 
MgO 14.59 14.29 11. 98 15.18 18.74 16.27 14.55 
Cao 11.04 12.04 10. 511 12.06 10.90 10. 58 11. 26 
Na 20 1.43 1.45 1. 90 1.45 0, lf7 1.34 1.42 
K,,O 0.04 0.08 0.08 0.05 0.03 0.06 0.06 I 

w 
P;o5. 0.06. 0.07 0.07 0.03 0.06 0.04 0.06 .~ 

s 0.01 ND 0.01 ND 0.02 0.01 <0.01 
,. 

Cr2o5 0.20 0.22 0.10 o. 26 0.28 0.19 o. 20 
NiO 0.05 0.06 0.03 0.04 0.10 0.06 0.05 
TOTAL 100.00 100.00 100.00 99.99 100.00 100.00 

+ H20 2.86 2.56 2.82 3.15 4.35 3.15 
co2 0.15 0.25 o. 23 o.44 0.17 0.15 
LOI 1. 57 1.52 1. 21 1. 51 3.05 2.24. 

NORMS 

QZ 1.37 - 1. 26 2. 72 - 0.24 
OR 0. 24 0.47 0.47 0.30 0.18 o.35 
PL 23.38 24.00 29.11 18.93 18.89 21.03 
DI 34.78 38.36 31.59 42.57 31.11 34.22 
HY 35.70 32.00 32.51 31.53 37.25 39.89 
OL - 0.59 - - 7.93 
MT 2.93 2.86 3.31 2.55 2.99 2.86 
CM 0.29 0.32 o.15 0.38 0.41 0.28 

1.11. 1.25 1.44 0.97 1.04 1.03 
. 

IL -
AP O. llf 0.17 0.11 0.07 o.14 0.09 
PY 0.02 - 0.02 - 0.04 0.02 

a FeO calculated such that Fe 203/Fe.O = 0.2 
ND Net detected. 



Table 3-6b. Trace element data and some inter-element ratios for the sam2les from Ton:i::'s Flow. 

The trace element data has been recalculated volatile free. 

(ppm) SC-6A HSS-Cl SC-6B HSS-C2 SC-6C HSS-C3 Wtd; Ave. 
Nb 2.2 3.5 3.7 2.4 2.·2 2.3 2.9 
Zr 46.0 51 60 37.5 42.6 43.0 49.0 
y 13.3 15.8 17.6 12.2 13.5 12.6 14.8 
Sr 74 45 62 34.5 20.8 53 51 
Rb 0.8 <1.0 1. 2 <1.0 1.0 1.9 <l.O 
Zn 117 132 202 119 98 85 139 
Cu 40.0 109 245 103 58 77 118 
Ni 412 453 202 299 752 /~92 lf02 
Co 80 78 76 66 97 83 79 
Cr 1384 1483 669 1813 1948 -1316 1366 
v 161 186 215 150 159 154 178 
Ba 56 35.8 32.1 17.5 7.3 23.5 33.0 w 

(J1 

Ga 8.3 7.6 10.0 6.1 7.2 7.2 8.1 
Sc 31.1 33.5 39.9 32.0 28.8 27.4 33.6 

RATIOS 

CaO/Al203 l.S9 1. 78 0.98 2.47 1. 74 1. 82 ~ 1. 65 
Al/Ti 9.6 9.l 10.9 8.4 10.l 9.5 9.7 
Ti/Zr 78 78 76 81 77 75 78 
Ti/V 22 21 21 20 21 21 21 



<F..<ide 

Si02 
Ti02 

Al203 

FeO 

MnO 

MgO 

Cao 

;... 36 -

Table 3-7a. Leas.t squares approximation of the amount of olivine, 

clinopyroxene an<l quartz that must be added to or removed 

from the initial magma (SC-6A) to obtain HSS-Cl composition. 

Observed Estimated Dif fercnce - - Parameters of· the· 'Mix' calculations 

52.42 52.42 o.oo Comp. Wt.% S.D. 

0.66 0.60 -0.06 Initial Magma 99.28 1. 70 

6.78 6.56 -0.22 Clinopyroxene 5.66 1.32 

11.63 11.80 0.17 o.livine -2.77 0.52 

0.24 0.22 -0.02 .Quartz -2.36 o.48 

14.32 14.28 -0.04 HSS-Cl 100.00 

12.06 12.07 0.01 

2 
1: (Calc.-Obs.) 0.08 



oxide 

Si02 

Ti02 

Al2o 3 
FeO 

MnO 

MgO 

Cao 
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Table 3-7b. Lease squares approximation of the amount of olivine, 

clinopyroxene and quartz that must be added to SC-6B 

composition to obtain the initial magma (SC-6A). 

~ed Estimated Difference Trace Element Observed Calculated 

52.83 52.83 o.oo Zr 60 56 
0.76 o. 73 -0.03 y 17.6 15 
8.01 8.10 0.09 Ni 202 252 

13.46 13.40 -0.06 Co 76 75 
0.19 0.24 0.05 v 215 182 

12.01 12.03 0.02 Ga 10.0 10 
10.56 10.56 o.oo Sc 39.9 34 

2 
I (Cale. -Obs.) 0.02 

Parameters of the 'Mix' calculations 

Comp. Wt.% S.D. 

SC-6B 78.74 0.59 

Clinopyroxene 14.08 0.46 

.Olivine 5.37 0.18 

Qua1·tz 1.94 0.17 

Initial Magma 100.00 



Oxide 

Si02 

Ti02 

Al203 

FeO 

MnO 

MgO 

Cao 
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Table 3-7c. Least squares approximation of the amount of olivine, 

clinopyroxene and quartz that must be added to the initial 

magma (SC-6A) to obtain HSS-C2 composition. 

Observed Estimated Difference Parameters of the 'Mix' calculations 

54.84 54.84 o.oo Comp. Wt.7. S.D. 

o.51 ,o,49 -0.02 Initial Magma 75.94 2.28 

4.89 5.19 0.30 Clinopyroxenc 18.82 1. 77 

10.42 10.20 -0.22 Olivine 1.35 o. 70 

0.23 0.20 -0.03 Quartz 3.73 0.64 

15.21 15.27 0.06 HSS-C2 100.00 

12.08 12.07 -0.01 
2 

I: (Calc.-Obs.) = 0.15 



i. 

Oxide 

Si02 

Ti02 

Al203 

FeO 

MnO 

MgO 

Cao 
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Table 3-7d. Least squares approximation of the amount of oliviue, 

clinopyroxene and quartz that must be added to or removed 

from the initial magma to obtain SC-6C composition. 

Observed EHimated Difference · ·Parameters of the· 'Mix' calculations 

50.13 50.13 o.oo Comp. Wt.% s.n. 
o.55 0.56 0.01 Initial Magma 91.85 1. 72 

6.28 6.05 -0.23 Clinopyroxene 3.78 1.33 

12.16 12.33 0.17 Olivine 9.80 o.53 

0.20 0.22 0.02 Quartz -4. 74 o.48 

18.78 18.74 -0.04 SC-6C 100.00 

10.92 10.93 0.01 
2 

l: (Calc.-Obs.) 0.08 



Oxide 

Si02 

Tio~ 

Al203 

FeO 

YmO 

MgO 

Cao 
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Table 3-7e. Le&st squares approximation of the amount of olivine, 

clinopyroxene and quartz that must be added to the initial 

magma (SC-6A) to obtain HSS-C3 composition. 

Observed Calcul&ted Difference ·parameters of 'Mix' calculations -----
53.19 53.19 0.00 ·comp. Wt.% S.D. 
0.54 0.55 0.01 Initial Magma 90.13 0.78 
5.83 5.93 0.10 Clinopyroxene 3.12 0.61 

ll.64 11.56 -0.08 Olivine 5.45 0.24 
0.19 0.21 0.02 Quartz l.34 0.22 

16.30 16.32 0.02 HSS-C3 100.00 
10.60 10.60 0.00 

2 
l: (Calc.-Obs.) 0.02 



Table 4-1. 

Major 

elements 

Si02 
Ti02 
A12o3 

. a Fe2o3 
FeO 

MnO 

MgO 

Cao 

Na20 

K20 

P205 
Cr2o3 
NiO 

Total 

H20 

H20 + 

co2 
Orig. Total 

Trace elements 

Nb 

Zr 
y 

Sr 

Rb 

Zn 

Cu 

Ni 

Co 

v 
Ga 

Ratios 

CaO/Al203 
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Comparison of high-Mg Meimechite with komatiite HSS-109 

from Barberton and Ultramafite from South Greenland 

(Upton and Thomas, 1973). 

Meimechite Ultramafic Ul tr=afi te 

1202 (dyke) Komatiite 85935 

. 40. 91 1+6. 53 39.23 

2.63 0.28 3.74 

2.83 3.11 6.01 

2.08 1.89 2.88 

10.40 9.47 14.37 

0.18 0.17 0.24 

32.60 32.91 23.98 

6.20 4.77 7.49 

0.09 0.07 o.68 

1.18 0.01 0.69 

0.32 0.02 0.43 

0.34 . o.49 0.12 

0.27 . 0.25 0.12 

100.00 100.00 100.00 

0.47 0.18 

3.53 9.18 3.38 

0.23 1.10 0.18 

100.24 99.74 100.36 

45.9 l.o 
215 20.1 186 

15.1 7.5 31 

583 .36.9 352 

31. 7 0.6 21 

85 67 93 

88 <1.0 

2132 2001 973 

133 136 85 

169 84 259 

8.3 2.0 

2.19 1.53 1.25 

a Fc 2o3 content calculated such that FeO/Fe203 .. 0.2 
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TABLE 4-2. SUMMARY OF 
KOMATIITIC 

PARAMETER 

Textures 

ULTRAMAFIC 
KOMATIITES 

Non-cumulate samples 
and aphyric rocks 
(pillows and chilled 
margins) as well as 
olivine spinifex 
textured lavas 

Main · b Olivine 
Phenocrysts 

Minor 
Mineralsb 

Normative 
Minerals 

MgO wt.% 

Cr ppm 

Additional 
Information 

Spinel, clinopyroxene 
and orthopyroxene 

Olivine 
(Emafic mineralstV90%) 

>24% 

~5% 

>2200 ppm 

1.2 - 2.5 

PARAMETERSa USED FOR CLASSIFYING 
LAVAS FROM THE ONVERWACHT GROUP. 

HIGH-Mg MAFIC 
KOMATIITES 

Non-c1.nllulate and 
aphyric rocks 
(pillows and 
chilled margins) 

Clinopyroxene and 
orthopyroxene (?) 

Spinel, olivine (?) 
and plagioclase 

Olivine or quartz 

24-19(?)% 

~9% 

. >1700 ppm 

0.8 - 2.6 

LOW-Mg l1AFIC 
KOMATIITES 

Non-cumulate and 
aphyric rocks (pillows 
and chilled margins) 
as well as clinopyroxene (?) 
spinifex textured lavas 

clinopyroxene 

Spine!, plagioclase 
and olivine 

Quartz 

16(?)-8% 

. ~12% 

>600 ppm 

0.8 - 1.8 

a Where doubt exists about a certain feature it is followed by (?) 

b Primary igneous minerals have often been pseudomorphed by secondary greenschist 
facies mineral assemblages, 



·Table 5-1. 

Olivine, Clino2~roxene and Ortho2~roxene com2ositions in Ultramafic Komatiite Rocks 

OLIVINE CLINOPYROXENE ORTHOPYROXENE 

Sample HSS-535 HSS-8 VU-32A HSS-28 HSS-28 HSS-31 HSS-27 HSS-27 SD-76 --- --- ---
n 6 11 10 6 10 4 9 4 4 

Si02 39.81 40.00 39.77 39.97 53.31 51.46 52.17 51.99 56.75 

Ti02 - nd 0.02 nd . 0.27 0.64 0.46 0.46 0.03 

Al203 - 0.05 0.06 0.05 1. 38 3.08 2.18 5.06 0.86 

FeO* 8.66 11.02 9.81 10.60 5.89 5.23 6.50 11. 96 6.86 

MnO 0.16 0.15 0.13 0.16 o. l'• 0.14 0.14 0.18 0.14 
r 

MgO 49.89 47.73 48.96 47.56 19.50 18.25 19.04 28.!0 34.27 
+ 

Cao 0.27 0.31 0.29 0.27 18.05 19.30 17.67 1.88 1.01 "' 
N~20 - - - - 0.20 0.32 0.28 0.01 0.07 

K20 - - .. - - nd 0.01 nd nd nd 

Cr203 0.18 0.12 0.17 0.13 0.55 0.78 0.80 0.30 0.50 

NiO 0.445 0.367 - 0.393 - - 0.150 0.125 --·- -- --
Tota.l 99.42 99.75 99.21 99.13 99.29 99.20 99.39 100.13 100.49 

lOOMg/(Hg+Fe) 91. 2 88.5 89.9 88.9 85.5 86.l 83.6 80.7 89.9 
~ 

Range 92.0 89.6 91.4 89.2 87 .4. 87.1 87.3 82. 7 89.9 

90.4 87.0 83.1 88.7 83.0 8'·· 5 79.0 74.3 89.8 

not determined 

nd not detected 

FeO* is total Fe expressed as FeO. 



Table 5-2. Com2osition of secondar:z: minerals in komatiitic rocks from the Komati Formation. 

Mineral Ser2enti.ne Ser2entine Ser2entine Act:i.nolite Chlori.te Bi.otite Clinozoisite Clinozoisite 

Sample HSS-8 HSS-27 HSS-28 HSS-56 SC-11 HSS-43 SC-9 SC-11 

n 4 1 2 2 1 1 l 1 

Si02 43.02 44.70 43.19 44.16 24.76 34.53 39.15 38.8~ 

Ti02 - 0.03 0.03 0.17 nd 1. 30 0.03 0.09 

A1203 0.31 0.29 0.22 11.01 20.00 18.13 31.00 30.55 
FeO* 2.93 3.64 1. 76 16.60 21.18 16.05 4.63 4.58 
MnO - - 0.11 0.25 0.25 0.11 0.10 0.16 

MgO 38.23 37.85 39.51 10.75 17.65 13.98 0.05 0.03 
Cao 0.10 0.08 0.06 11. 61 0.05 0.13 22.89 22.32 

+ Na20 - . 0.05 - 1.11 0.06 0.10 0.04 0.04 + 
K20 - nd - 0.17 0.02 8.19 nd ud 

Cr203 0.05 0.05 ,. 0.14 0.01 0.90 0.17 0.01 0.03 
' 

NiO . 0.27 

·Total 84.91 86.69 85.00 95.84 84.89 92.69 97.90 96.67 

'.. not determined 

nd not detected 

FeO* is total Fe expressed as FeO. 



Table 5·3a. Major element and normative mineral data for spinifex-textured and aEhxric samEles of Ultramnfic Komatiite lavas. 

SAMPLE HSS-88C HSS-88A HSS-533 HSS-95 HSS-90 HSS-89 HSS-531 HSS-532 HSS-530 

Si02 49.51 47.95 47.98 47.34 48.21 47.37 47. 77 47.72 47.06 
Ti02 0.39 0.43 0.40 0.27 0.39 0.41 0.38 o .. 38 0.36 
Al203 4.05 4.64 4.32 4.92 4.18 4.50 4.26 4.25 3.96 
Fetft3 1.81 1.98 1.99 2.11 1. 99 1. 98 1. 95 1.88 1. 99 
Fe 9.06 9.89 9.95 ' 10.56 9.93 9.88 9.76 9.42 9.93 
MnO 0.18 0.22 0.19 0.21 0.20 0.20 0.19 0.19 0.19 
MgO 24.09 24.96 25.65 25.68 26.08 26.97 27.62 28.14 28.71 
CaO 10.07 9.09 8. 72 7.39 8.25 7.90 7.29 7.21 7.01 
Na20 0.25 0.16 0.21 0.63 0.13 0.20 0.19 0.20 0.12 
KzO 0.03 0.02 0.03 0.10 0.01 0.02 0.02 0.02 0.02 
P205 0.02 o.ot. 0.02 . 0.03 0.02 0.03 0.02 0.02 0.02 
s 0.03 0.05 0.03 0.03 ND 0.04 0.03 0.04 0.05 

Cr203 0.37 0.40 0.37 0.54 0.42 0.39 0.34 o.34 0.36 
Ni.O 0.15 0.17 0.15 0.19 0.18 0.18 0.19 0.19 0.23 

I 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 + 

U'I 
I 

LOI 4.67 4.99 5.12 5.44 5.41 5.72 6.20 6.26 7.07 
HzO+ 0.27 0.32 0.22 0.31 0.43 0.22 0.34 0.32 0.27 
H20 4.81 5.41 6.29 6.07 6.03 6.70 6.79 7.01 7.66 
C02 0.33 0.21 o.36 0.22 0.32 0.33 0.22 0.20 0.25 

ORIG, TOTAL 100.45 100. 96 . 100.83 100.14 99.91 100.6.1 100. 73 100.95 100.98 

NORMS 

QZ 
OR 0.18 0.12 0.18 0.59 0.06 0.12 0.12 0.12 0.12 
PL 11.96 13.24 12.53 15.63 11.89 13.01 12.32 12.33 11.22 "' DI 31.84 26.26 2.5.79 20.88 23.90 22.03 20.14 19.87 19.43 
HY 33.08 31.18 30.57 25.59 34. 72 29. 6l• ' 33.34 32.48 30.92 
OL 18.93 24. 72 26.63 32.80 25.12 30.84 29.92 31.12 34.05 
HT 2.62 2.87 2.89 3.06 2.89 2.87 2.83 2.73 2.89 
CM 0.54 0.59 0.54 0.80 0.62 0.57 o.50 0.50 0.53 
IL 0.74 0.82 0.76 0.51 0.74 0.78 0.72 0.72 0.68 
AP 0.05 0.09 0.05. 0.07 0.05 0.07 0.05 0.05 0.05 
PY 0.06 0.09 0.06 0.06 - 0.07 0.06 0.07 '0.09 

T0 c 1495 1511 1524 1525 1532 1549 1561 1571 1581 ( . ,a 4.08 3.62 3.54 3.68 2.87 2.75 2.81 2.82 1. 91 z poues1 
J'a 2.99 3.02 3.02 3.03 3.00 3.01 3.01 3.00 3.00 

ND not detected b FeO calculated such that Fe2o3/Fe0 = 0.2 
not determined 

a calc~lated to nearest 5o0 c interval. 



------------ ------------ ----~ 

Table 5·3a. "(Cont,) 

SAMPLE HSS-523 AU•5 HSS-87 RSS-14 HSS-15 53-J 49-J HSS-109 HSS-150 

Si02 47.38 46.27 46.20 46.64 46. 77 48.36 46.JO 46.53 44.86 
TiOz 0.38 .0.42 0.35 0.35 0.33 - 0.19 0.28 0.28 
Al203 4.00 3.83 3.57 3. 77 3.42 3.04 3.57 3.11 3.12 
Fe203 1. 91 2.02 2.07 1. 90 1. 88 1. 82 1. 73 1.89 2.31 
FeO 9.53 10.08 10.34 9.51 9.38 9.12 8.68 9.47 11.53 
MnO 0.17 0.21 0.20 0.20 0.19 - 0.21 0.17 0.18 
MgO 29.42 29. 72 30.60 30. 79 31.51 32.44 32.86 32.91 33.0l 
cao 6.46 6.67 5.54 6.01 5.67 4.61 5.08 4. 77 3.76 
Na20 0.15 0.13 0.20 0.19 0.12 0.26 0.49 0.07 0.01 
K20 0.01 0.03 0.01 0.02 0.08 0.07 0.18 0.01 0.01 
F205 0.03 - 0.03 0.02 0.03 - 0.01 0.02 0.03 
s 0.02 0.05 0.04 . 0.01 0.03 0.06 - 0.03 0.04 

Crz03 0.33 0.33 0.67 0.33 0.34 - 0.43 o.49 0.64 
NiO 0.22 0.23 0.20 0.23 0.27 0.22 0.27 0.25 0.22 
TOTAL . 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
LOI 7.01 - 7.43 7.09 7.57 - - 9.13 8.73 
H20+ 0.20 . 0.18 0.29 0.35 0.48 0.15 0.55 0.18 0.32 + 
H20 7.68 9.03 - 7.41 - 7.96 6.63 9.18 9.43 en 
COz 0.34 - - 0.89 - - 0.20 1.10 0.13 ·I 

ORIG. TOTAL 101. 24 99.42 ~\ 100.02 100.29 99.14 98.29 100.05· 99.74 99.69 

NORMS 

QZ 
OR 0.06 . 0.18 0.06 0.12 0.47 0.41 1.1 0.06 0.06 
PL 11.48 10.88 10.51 10.98 9.57 9.12 11.2 8.73 8.52 
DI 17.19 18.53 14.68 16.12 15.37 12.65 14.6 12.20 7.97 
HY ' 33.33 26.92 29.98 28.89 30.47 37.24 21. 7 32.99 31.38 
OL 33.86 39.16 39.98 39.87 40.14 37.80 50.l 41.90 47.08 
MT 2.77 2.93 3.00 2.75 2.73 2.64 1.4 2.74 3.35 
C:-1 0.49 0.49 0.99 0.52 o.so - 0.6 o. 72 0.94 
IL o. 72 o.so 0.66 0.66 0.63 - 0.3 o.53 0.53 
AP 0.07 - 0.07 0.05 0.07 - - 0.05 0.07 
PY 0.04 0.09 0.07 ' 0.02 0.06 0.11 - 0.06 0.07 

T0 c 1595 1600 1617 1621 1634 1652 1650 1660 1662 
z (poises) 4 1. 96 1. 78 1. 78 1.84 1. 28 1.40 - 1. 23 1.08 pa 2.99 3.01 3.02 3.00 2.98 2.96 - 2.99 3.04 



Table 5-3b. 

Trace element data8 (PPM) and inter-element ratios for s2inifex-textured and a2h~ric sam2les of Ultramafic Komatiite lavas 

SAHPLE HSS-88C HSS-88A HSS-533 HSS-95 HSS-90 HSS-89 HSS-531 HSS-532 HSS-530 

Nb 2.5 1.9 2.4 <l.O 2.2 1.9 1. 9 1. 7 2.3 
Zr 27.2 29.6 29.7 12.9 27. 9 29 .9 26.8 26.8 25.9 
y 8.7 9.4 9.3 5.6 8.1 8.9 7.5 7.0 8.2 
Sr 34.5 40.2 32.8 34.3 35.5 33.1 32.2 28.9 24.8 
Rb 1.2 0.5 1. 2 2.7 <1.0 0.7 1.8 1. 7 0.9 
Zn 79 79 77 64 78 74 92 81 87 
Cu 58 78 123 145 198 63 92 62 45.4 
Ni 1145 1305 lllfl 1499 1426 1375 1467 1497 1780 
Co 109 119 108 130 ' 123 120 121 125 126 
v 112 125 119 120 116 122 113 112 106 
Ba 8.4 <2.0 4.8 5.2 11..8 7.5 3.8 5.3 8.1 
Ga 4.8 5.6 .5. 5 5.0 4.6 5.6 5.0 5.0 5.0 
Sc 22.6 - 23.8 19.2 - - 21.9 21. 9 20.7 

RATIOS 

CaO/Alz03 2.49 1.96 2.02 1.50 1.97 1. 76 1. 71 1. 70 1. 77 
Si/Ti 99 87 94 137 96 90 98 98 102 .+:' 

Al/Ti 9.1 9.5 9.4 16.3 ' 9.4 9.8 9.8 9.9 9.8 -..J 

Fe/Ti 36 35 38 60 39 37 39 38 42 
Mg/Ti 62 58 65 96 67 66 73 75 80 
Ca/Ti 31 25 -~ 26 33 25 23 23 23 23 
Ti/Nb 937 1362 996 - 1094 1266 1186 1315 942 
Ti/Zr 86 88 82 124 84 81 85 84. 82 
Ti/Y 271 276 260 286 292 274 305 324 260 
Ti/Ni 2.1 2.0 2.1 1.1 1. 7 1. 8 1. 6 , -•• ::> 1.2 
Ti/Co 22 24 24 14 19 22 20 19 17 
Ti/V 21 21 20 14 20 20 20 20 20 
Ti/Ga 489 463 ' 458 316 - 438 427 390 450 
Ti/Sc 103 - 101 84 - - lOlf 104 104 
Al/V 191 196 192 217 191 195 200 201 198 
Ga/ AlxlO S' 22 23 24 19 21 24 22 22 24 
Zr/Nb 11 16 12 - 13 16 14 16 11 
Zr/Y 3.1 3.2 3.2 2.3 3.4 3.4 3.6 3.8 3.2 

- not determined 
a data recalculated volatile free. 



Table 5·3b. (Cont.) 

SAMPLE HSS-523 AU-5. HSS-87 HSS-14 HSS-15 ' 53-J 49-J HSS-109 · . HSS· 150 
Nb 2.5 <0.9 1.2 <2.0 1.9 <0.9 - 1.0 <l.O 
Zr 32.3 33.4 25.2 33.7 26.6 9.7 - 20.l 21.2 
y 7.7 9.2 9.0 9.7 8.1 4.1 - 7.5 6.8 
Sr 26.9 14.5 28.5 73 52 15.6 - 36.9 6.9 
Rb 1.0 0.9 o. 7 <2.0 2.6 2.1 - 0.6 1.0 
Zn 78 75 62 <1.0 67 51 85 67 80 
Cu 22.6 28.9 30.7 2.5 5.0 18.9 85 <1.0 36 
Ni 1696 1802 1579 1833 2095 1706 2122 2001 1745 
Co 123 121 137 127 129 128 128 136 159 
v 104 107 105 97 94 89 95 Bl• 83 
Ba 2.9 5.9 9.0 2.7 9.9 8.0 - <2.0 35.8 
Ga 4.7 4.9 4.5 4.7 4.2 4.1 - 3.8 3.9 
Sc 20.6 21.8 - - - - - - 14.9 

RATIOS 

CaO/Al203 1.62 1. 74· 1. 55 1. 59 1.66 1. 52 1.42 1.53 1.21 
Si/Ti 97 86 103 104 111 - 190 130 125 
Al/Ti ' 9.3 8.0 9.1 9.6 9.3 - 16.6 9.8 9.7 
Fe/Ti 38 37 45 42 44 - 70 52 63 ~ 

CD 
Mg/Ti 78 71 88 89 96 - 174 118 119 
Ca/Ti 20 19 19 21 21 - 31 20 16 ,. 
Ti/Nb 918 - 1749 - 1033 - - 1647 
Ti/Zr 70 76 33 62 73 - - 83 80 
Ti/Y 293 274 232 216 241 - - 224 250 
Ti/Ni 1.3 1.4 1.3 1.1 . o.9 - 0.5 o.s 1.0 
Ti/Co 19 22 17 17 11 - 9 13 12 
Ti/V 22 23 17 22 21 - 12 19 21 
Ti/Ga ;,. 480 518 464 - 462 - - 441 435 
Ti/Sc 111 116 - - - - - - 113 
Al/V 5 204 189 180 206 193 181 199 196 199 
Ga/AlxlO 22 24 24 21~ 23 25 - 23 24 .. 
Zr/Nb 13 - 21 - 14 
Zr/Y 4.2 3.6 2.8 3.5 3.3 2.4 - 2.7 3.1 



Major element and normative mineral data for 2or2h:iritic Ultramafic Komatiite lavas 

Table 5·4a, Olivine Phz:ric 

SAMPLE HSS-88B HSS-535 HSS-534 HSS-536 VU-25 HSS-93 V-2 VU-30A HSS-8 HSS-13 VU-32A 

Si02 47.52 47.38 47.38 46.74 46.57 46. 85 . 46.62 44.63 45.30 45.0l 44.38 
Ti02 0.34 0.35 0.35 o. 30 0.33 0.21 0.34 0.26 0.22 0.22 0.45 
Al203 3.75 3.80 3.81 3.29 3.63 4.46 2.35 2.51 2 • .JO 2.l.9 2.17 
Fe203 1.85 1. 76 1. 74 1.84 1.92 1. 75 1. 78 1.85 1. 72 1.66 1.68 
FeOa 9.25 8.78 8.70 9.21 9.61 8.75 8.91 9.23 8.58 8.32 8.39 
MnO 0.17 0.19 0.19 0.18 0.21 0.17 o.18 0.19 0.17 0.16 
MgO 30.64 30.78 30.87 31.68 31. 68 32.10 33.18 34.91 36.70 38.20 38.68 
Cao 5. 11. 6.26 6.24 6.06 4.90 4.65 5.74 5.64 4.36 3.14 3.79 
Na20 0.07 0.08 0.10 0.07 0.31 0.18 o.18 0.08 0.10 0.13 0.05 
K20 0.01 0.03 0.03 0.01 0.05 0.04 0.02 0.02 0.01 O.OJ 
P20 S 0.02 0.02 0.02 0.01 - 0.01 0.02 - 0.02 0.01 
s 0.06 0.03 0.03 0.02 0.05 0.02 0.07 0.04 0.03 O.G2 0.05 
Cr203 0.36 0.32 o. 32 0.35 O.!d 0.59 0.34 0.31 0.21 0.30 - I 

+:" NiO 0.22 0.22 0.22 0.23 0.32 0.21 0.26 0.27 o. 29 0.32 0.34 \D 
I 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

LOI 7. 62 7. 71 7.69 8.03 - 7.73 - - 8.95 8.64 
H20+ 0.32 0.34 0.36 0.32 0.24 0.27 0.15 0.20 0.25 o.41 0;21. 
H20 - 8.96 8.59 8.86 7. Olf - 8.62 9.50 - - 7.76 
C02 ~ 0.67 0.29 0.28 0.36 

-
ORIG. TOTAL 99.73 100. 77 101. 18 101.03 99.72 98.78 99.29 99.24 98.65 99.72 99.33 

NORMS 

QZ 
OR 0.06 0.18 0.18 0.06 0.30 0.24 0.12 0.12 0.06 0.06 
PL ~ 10.48 10.60 10.70 9.23 10.99 12. 77 7.07 7.27 6.64 7.28 6.12 
DI 14.64 16.65 16.62 16.94 12.65 9.31 18.06 16.94 12.41 7.37 10.35 
HY 36.66 32.90 32.49 29.73 29.74 33.92 26.50. 16.54 22.20 23.59 18.67 
OL 34.12 35.87 36.24 40.20 42.18 39.37 44.32 55.40 55.36 58. 31+ 61.43 
HT 2.68 2.55 2.52 2.67 2.78 2.54 2.58 2.68 2.49 2.41 2.44 
CM 0.53 0.47 0.47 o.52 0. 60 0.87 o.50 0.46 0.31 0.44 0~85 
IL 0.65 0.66 0.66 o.57 0.63 0.40 o.65 0.49 0.42 o. b.2 
.IV! 0.05 0.05 0.05 0.02 - 0.02 0.05 - 0.05 0.02 
PY 0.11 0.06 0.06 0.04 0.09 0.04 o. lJ 0.07 0.06 O.Ol• 0.09 

ND 110t detected a Fe) calculated s•1ch that re2o3/I:eo = O. 2 
not determined 



Table 5·4a. (Cont.) 

Olivine rich· Olivine and ClinoE;i:roxene Ph;i:ric P;i:roxenite 
SAMPLE R-13 R-16 20-J HSS-92 HSS-27 HSS-31 HSS-33 HSS-1 HSS-28 52-J . SD-76 

Si02 45.07 44.37 . 43.52 46.86 44.76 43.83 44.23 46.26 45.30 47.44 56.61 
Ti02 0.24 0.12 0.06 0.25 0.47 0.32 0.33 0.23 0.25 - 0.04 
Alz03 3.05 1.12 2.85 4.51 3.80 3.62 3.82 3.83 2.82 2.47 1.01 
Fe203 2.00 1.60 1.19 1.89 2.06 2.05 1. 89 1.44 1. 79 1. 69 1.13 
FeO 9.99 8.02 5.94 9.47 10.29 10. 23 9.44 7.22 8.95 8.46 5.67 
MnO 0.18 O; 12 0.08 0.18 o. 19 0. 19 0.17 0.13 0.16 - 0.16 
NgO 35.42 43.07 45.16 30.27 32.45 34.92 34.94 35.52 36.09 36.~8 33.47 
cao 2.64 0.65 0.11 5.17 4.85 3.68 4.19 4.57 3.84 2.70 1.15 
Na2o 0.02 0.02 0.02 o. 39 0.05 0.03 0.05 0.08 0.02 0.12 0.04 
KzO 0.02 0.01 0.02 0.26 0.07 0.04 0.04 0.02 0.02 0.05 0.02 
P205 - - 0.02 0.02 0.04. 0.03 0.03 0.02 0.02 - ND 
s 0.09 0.10 0.06 0.02 0.08 0.02 0.06 0.05 0.03 0.09 ND 
Cr203 1.02 0.37 0.67 o.43 0.55 o. 71 0.47 0.35 O.l13 0.44 0.63 
NiO 0.25 o.42 0.31 0.26 o.34 0.33 0.34 0.27 0.28 0.27 0.07 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
LOI - - - 7.05 8.73 9.46 9.73 9.35 9.36 - 0.06 <.n 

0 
H20: 0.44 0.45 o.57 0.37 0.28 0.61 o. 71 0.66 0.31 0.17 0.07 
H20 11.34 11.27 12.86 - - - - - - 9.86 
COz - 1.50 0.09 ... 
ORIG, TOTAL99.54 99.29 . 99.61 99.50 99.54 99,39 . 100.44 99.36 99.69 97.20 101.15 

NORHS 
QZ - - (CO 2.64) - - - - - - - 0.41 
OR 0.12 0.06 0.12 1. 54 0.41 0.24 0.24 0.12 0.12 0.30 0.12 
PL 8.34 3. ll 0.58 13.09 10.36 9.88 10.50 10. 71 7. 72 7.07 2.86 
D! 3.90 0.23 - 12.49 11.00 6.69 8.32 9.87 9.00 5.80 2.51 
HY 33.69 26.27 24. 72 28.30 25.87 23.48 22.31 27.96 27.24 39.09 91.47 
OL · 48.88 67.01 68.93 40.62 47.39 54.97 54.36 48.13 52.11 44.45 
MT 2.90 2.32 1. 73 2.74 2.99 2.97 2.74 2.09 2.60 2.45 1. 64 
CH 1.50 C.54 0.99 0.63 0.81 1.05 o.69 0.52 0.63 0.65 o. 93 
IL 0.116 0.23 O. ll 0.1+7 o. 89 0.61 0.63 0.44 0.47 - 0.08 
AP - - 0.05 0.05 0.09 0.07 0.07 0.05 0.05 
?Y 0.17 0.19 O.ll 0.04 0.15 0.04 O. ll 0.09 0.06 0.17 
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Trace element data
8 

(PPM) and inter-element ratios for Eor2hiritic Ultramafic Komatiitc lavas 

Table 5-4b, Olivine Ph;i:ric 

SANPLE HSS-88B HSS-535 HSS-534 HSS-536 VU-25 HSS-93 V-2 VU-30A HSS-8 HSS-13 VU-32A 

Nb <l 1. 9 1. 3 1. 6 <0.9 <2.0 <0.9 <0.9 <0.9 1.1 <l.O 
Zr 24.2 22.9 22.8 19.2 14.2 13.9 16.6 16.8 15.8 18.9 211 
y 7.7 4.8 4.8 4.9 5.2 3.3 5.1 5. 1 4.9 4.7 2.8 
Sr 24.2 25.l 24.9 28.3 34.9 17.2 14.4 15.7 11. l . 14. 5 10.2 
Rb 0.6 <0.6 l. 1 0.9 '~. 3 2. 7 0.6 0.5 <0.3 0.8 0.7 
Zn 76 70 74 81 86 52 61 67 62 57 55 
Cu 35 66 73 82 50 14.5 28 38.2 21.4 <2.0 <2.0 
Ni 1759 1738 1709 1804 2488 1648 2043 2124 2300 2514 2701 
Co 117 114 114 124 130 121 120 153 124 124 125 
v 106 106 105 90 95 107 95 100 70 70 73 ; 

Ba 15.4 34.9 35.S 55 19.6 14.9 4.9 <2.0 <2.0 3.0 4.5 
Ga l~. 5 4,(i 4.9 4.3 4.6 4. 7 3.4 3.3 3.2 3.0 2.8 
Sc - 19.S . 19.5 20. l - - - - - - 13. 1 

RATIOS 
I .,. 

CaO/Al203 1.53 1.66 l. 64 l. 84 1.35 1.04 2.44 2.19 l.90 1. 26 1. 75 (JI 

Si/Ti 109 106 106 121 110 174 107 134 161 160 77 ~ 

Al/Ti 9.8 9.5 9.6 9.6 9.8 19 6.0 8.8 9.3 9.9 4.2 . I 
Fe/Ti 42 38 38 47 45 64 40 54 GO 58 29 
Mg/Ti 91 88 89 106 97 154 98 135 168 175 86 
Ca/Ti 20 21 21 24 18 27 20 26 24 17 10 
Ti/Nb - 1139 1624 1115 - - - - - 1193 
Ti/Zr 84 92 93 95 138 90 124 92 83 70 13 
Ti/Y 263 440 443 372 375 376 404 306 . 270 234 983 
Ti/Ni 1.2 1.2 1. 2 1.0 0.8 0.8 1.0 0.7 o.6 0.5 1.0 
Ti/Co 19 19 20 15 15 10 17 10 11 11 22 
Ti/V. 19 20 21 20 21 12 22 15 19 19 .. 37 
Ti/Ga 449 450 433 478 428 268 600 475 415 4h2 983 
Ti/Sc - 106 108 89 - - - - - - 206 
Al/V 187 190 192 193 202 221 130 135 174 188 1.5 7 
Ga/ AlxlO 5 23 23 21~ 25 24 20 27 24 .26 23 24 
Zr/Nb - 12 18 12 - - - - - 17 
Zr/Y 3.1 4.8 4.8 3.9 2.7 4.2 3.3 3.3 3.2 4.0 75 

not determined 
a data recalcul~ted volatile free 



Table 5·4b, (Cont,) . 
r 
" 

Olivine rich Olivine and Clinopyroxene Phyric Pyroxenite ~ 
.t 

SA...'1PLE R-13 R·l6 20-J HSS-92 HSS-27 HSS-31 HSS-33 HSS-1 HSS-28 52;,J SD-76 
Nb 1.1 <1.0 <l.O <2 ._o <0.8 <2,0 <O, 9 <O. 9 1.1 <0.9 <1. 5 
Zr 21. 7 8.1 <1.0 15.4 29. 7 22.2 20. 2 11. 1 18.0 10.5 4.3 
y 6.3 1.9 <LO 5.7 9.7 8.2 6.2 l1, 5 5.7 4.3 3.6 
Sr 10. l 3.2 3.0 29.6 13.7 6.6 9.9 7.6 8.2 10.6 4.5 
Rb 0.7 <0.3 1.6 4.1 4.7 3.3 3.5 2.9 2.9 2.5 <1. 7 
Zn 54 35.0 31.2 59 57 46.4 51 44.0 62 47.3 53 
Cu 37.7 <l. 5 <1.4 32.9 51 32.8 43.8 13.5 24.7 <2.0 5.0 
Ni 1993 3339 2457 2071 2664 2617 2704 2143 2174 2145 559 
Co 117 146 113 125 138 151 135 - ll8 136 l18 85 
v 74 3 5.o so 102 127 114 102 93 70 78 32.9 
Ba 4. 7 2.6 5.8 14.3 8.5 5. 1 I~. 6 <2.0 <2.0 3.7 . 5. 7 
Ga 3.9 1.2 2.2 4 . ., 6.7 5.o 5.1 4.5 3.7 3.8 0.9 
Sc - - - - - - - - 12.0 - 10. 7 

RATiOS 

CaO/Al203 0.87 0.58 0.04 1.15 1. 28 l.02 1.10 1.19 1.36 1.09 1.1 
Si/Ti 146 288 566 146 74 107 105 157 141 - 1103 (J1 

Al/Ti 11.2 8.5 43. 16 7. 1 10 10 15 10 22 
I\) -

Fe/Ti 64 102 151 58 34 49 44 48 . 55 - 217 
Mg/Ti 148 361 757 122 69 110 107 155 . 145 - 842 
Ca/Ti 13 6. 7 2.2 24 12 14 15 24 19 - 30 
Ti/Nb 1354 - - - - - - - 1319 
Ti/Zr 66 87 - 98 95 86 99 125 82 - 63 
Ti/Y 229 375 - 265 291 234 324 307 259 - 75 
Ti/Ni 0.7 0.2 0.1 0.7 1.1 0.7 0.7 0.7 0.7 - 0.5 
'"J.i/Co. 12 4,8 3.1 12 20 13 15 12 11 - 3.2 
Ti/V 19 20 7.0 15 22 17 20 15 21 - 8.2 
Ti/Ga 370 600 158 319 l120 384 396 307 400 
Ti/Sc - - - - - - - - 125 - 22 
Al/V 218 169 302 234 158 168 198 218 213 168 162 
Ga/ Alx10 5 24 20 15 20 33 26 25 22 25 29 17 
Zr/Nb 20 - - - - - - - 16 
Zr/Y 3.4 4.3 - 2.7 3.1 2.7 3.3 2.5 3.2 2.4 1. 2 



Table 5-5a. Major element and normative mineral data for Sands2ruit Formation Ultramafic Komatiites, 

SAMPLE 87-J 88-J VU-J3 HSS-131 HSS-130 HSS-105 HSS-107 HSS-112 86-J 

Si02 48. 83 48.61 46.51 48. 93 43.75 46.58 46.68 44.19 45.14 
Ti02 o. 72 0.55 0.35 0.61 0.48 0.29 0.32 0.25 0.23 
A1203 3.96 2.89 3.69 3.40 3.39 3.38 3.07 3.25 1.94 
Fe203 2.05 2.04 1. 86 1.98 2.39 1.62 1. 71 1. 85 1.48 
FeOa 10.23 10.25 9.28 9.92 11. 95 . 8.12 8.56 9.26 7.40 
MnO 0.20 0.22 0.21 0.24 0.19 0.14 0.17 0.15 0.10 
MgO 23.20 27.06 31.48 31.80 33.82 33.97 34.42 35.28 42.33 
Cao 9.59 7.61 5.23 2.52 3.19 5.14 4.35 4.51 0.32 
Na20 0.56 0.44 0.57 ND 0.01 0.05 ND ND 0.15 
K20 0.06 0.05 0.05 0.01 0.01 0.01 0.01 ND 0.02 
P205 - - - 0.06 0.04 0.02 0.03 0.03 
s 0.09 0.08 0.10 0.02 0.03 0.02 0.10 0.24 0.11 
Cr203 o. 38 0.39 . 0.21 o. 37 0.35 0.31 0.73 o. 39 I - tn 
NiO 0.15 0.20 0.28 o.32 0.38 0.29 0.27 0.26 0.39 (J.) 

I 

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 . 100.00 

LOI - - - 8.36 9.80 8.37 9.30 11. 76 
H20+ 0.10 0.34 0.16 0.17 0.18 0.21 0.25 0.29 0.19 
H20 4.31 6.10 6.32 - - - - 9.54 11.84 
C02 0.07 0.20 0.50 - - - - 2.87 0.03 

ORIG. TOTAL 99.78 99.36 99.89 99.91 99.34 99.61 99.22 99.00 99. 86 

NORMS 
QZ..; - - - - - - - - (Co 1.09) 
OR 0.35 0.30 0.30 0.06 0.06 0.06 ·0.06 - 0.12 
PL 12.85 9.09 12.05 9.25 9.26 9.39 8.35 8.87 2.86 
DI 31.50 24.46 14. 58 2.27 5.08 12.97 10.31 10.53 
HY 28.60 44.85 24.88 57.65 27.67 29.96. 34.42 22.19 31.39 
OL 21.62 17.29 42.03 26.26 52.84 44.09 43.03 53.59 61.14 
M1' 2.97 2.84 2.67 2.87 3.47 2.35 2.48 2.68 2.15 
CM 0.56 - 0.56 0.31 0.54 0.52 0.46 1. 08 . 0.57 
IL 1.37 1.01 0.61 1.16 0.91 o.55 0.61 O.Lf7 0.44 
AP - - - 0.14 0.09 0.05 0.01· 0.07 
PY 0.17 0.15 0.17 0.04 0.06 0.04 0.19 0.45 0.21 

ND not detected a FeO calculated such that Fe2o3/Fe0 = 0.2 
not determined 



~ , 

Table 5-5 b. Trace element dataanncl inter-element ratios for SandsEruit Formation Ultramafic Koma!:iites. 

SAMPLE 87-J 88-J VU-33 HSS-131 HSS-130 HSS-105 Hss:..101 HSS-112 86-J 

Nb < l.O l. l < 0.9 4.1 3.1 1.1 1.1 < 0.9 <0.8 
Zr 28.5 26.0 17.3 42.1 30.6 20.0 21.4 20.9 10.l 
y 9.8 8.4 6.5 10. l 7.6 6.8 5.6 6.0 4.0 
Sr 46.4 39.1 32.4 32.1 79 13.3 11.3 26.7 l. 9 
Rb 0.6 0.9 1.4 l.O l. 3 0.7 0.6 o. 7 7.3 
Zn 56 69 59 89 112 52 55 75 46.9 
Cu 263 7.1 10. 8 25.5 < l.O < l.O < l.O 9.9 < 2.0 
Ni 1140 1572 2198 2533 2996 2281 2137 2083 3105 
Co 90 109 120 123 151 118 115 132 114 
v 150 124 94 96 100 91 82 77 51 
Ba < 2.0 9.7 4.3 < 2.0 123 < 2 < 2.0 < 2.0 3.4 
Ga 6.8 5.9 5.2 4.5 5.0 3.7 3.9 3.7 2.5 
Sc 

CaO/Al203 2.4 I 2.6 1.4 0.7 0.9 1.5 1.4 1.4 0.2 
Si/Ti 53 69 105 63 71 125 114 138 . 153 
Al/Ti 4.9 4.6 9.4 5.0 6.2 10 8.4 12 7.5 
Fe/Ti 22 28 . 41 25 38 43 41 57 49 
Ng/Ti 32 49 92 52 71 118 

.. 
108 142 185 Ul 

Ca/Ti 16 16 18 5.0 7.9 21 16 22 l. 7 + 

Ti/Nb - 3057 - 886 946 1583 1727 
Ti/Zr 151 127 120 86 95 88 91 71 136 
Ti/Y 438 397 320 360 381 25~ 345 247 343 
Ti/Ni 3.8 2.1 0.9 1.4 1.0 0.8 0.9 0.7 0.4 
Ti/Co 48 31 17 30 19 15 17 11 12 
Ti/V 29 27 22 38 29 19 2l; 19 27 
Ti/Ga 637 566 480 800 580 480 493 401 545 
'l'i/Sc 

not determined 

a data as ppm and recalculated volatile free. 
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Table 5-6, Average compositions for the aphyric group, porphyritic group 
of rocks and the average ultramafic rock from the Komati and 
Theespruit Formations compared to the average ?andspruit 
Formation rock. 

Selected Selected Aver2ge Average 
average average ultramafic Sandspruit 
aphyric porphyritic rock Formation 
lava rock rock 

n 13 
(wt.%) 

10 9 

Si02 47.11 45.75 46.43 46.59 
Ti02 0.36 0.32 0.34 0.42 
Al203· 3.93 3.35 3.64 3.22 
Feo* 11.67 10.82 11.25 11.14 
MnO 0.19 0.17 0.18 0.18 
MgO 28.95 33.72 31.34 32.60 
Cao 6. 74 4.84 5.79 4. 71 
Cr203 O.l12 0.40 ·o.41 0.39 

(ppm) 

Zr 27.3 21.4 24~4 24.1 
y 8.2 6.2 7.2 8.1 
Ni 1611 2199 1905 2227 
Co 127 127 127 119 
v 106 96 102 96 
Ca 4.8 4.5 4.7 4.6 
Sc 20.8 17.9 19.4 
CaO./Al203 1. 72 1.44 1.58 1.46 

* Total iron as FeO. 



- 56 -

Table 5-7. Regression equations and X-interccpt cc1:1po!:itions for 

oxide/element versus MgO data for selected
8 

aphyric 

ultramafic komatiite lavas from the LUU. 

Comp. at Comp. at Comp. at Comp. at 

Slope Intercept R n Ti02=0 CaO=O Mg0=33% Mg0=24% 

Si02 -0.2982 55.745 o. 76 13 40.35 43.62 45.90 48.59 

Ti02 -0.0160 0.826 0.89 13 0.00 0.18 0.30 0.44 

Al203 -o.1777 9.075 0.91 13 -0.10 1.85 3.21 4.81 

FcO*b -0.0589 13.187 0.19 12 10.15 10.79 11.24 11. 77 

MnO -0.0030 o.279 0.37 13 0.12 0.16 0.18 0.21 

MgO 51.63 40.66 33.00 24.00 

Cao -0.5759 23.417 0.97 13 -6.32 o.oo 4.41 9.60 

Crz03 0.0196 -o .150 0.21 13 o.86 o.65 o.5o 0.32 

Crz03c -0.0101 0.646 o.52 10 o.13 0.24 o.31 o.4o 

Zr -o. 7743 /19. 8 o. 29 13 9.8 18.3 24.2 31. 2 

Zr 
d -1.137 58.7 o.92 10 o.o 12.4 21.2 31.4 

y .• I -0.1443 12.4 0.17 13 5.0 6.6 7.6 8.9 

yd •0.2013 13.9 o.37 10 3.5 5.7 7.3 9.1 

Ni 89.44 -978.7 0.75 13 3639 2658 1973 1168 

Co 3.643 21. 7 0.65 13 210 170 142 109 

V· -4.898 247.9 0.94 13 -4.9 48.8 86 130 

Ga -o.1950 10.4 o. 78 13 o.4 2.5 4.0 5.7 

Sc -1. 222 55.8 0.97 6 -7.3 6.1 15.5 26.S 

a - HSS-88C, HSS-95, AU-5, 53-J and 49-J excluded from the regression 

calculations. 

b - HSS-150 excluded. 

c - HSS-87, HSS-109 and HSS-150 excluded. 

d - HSS-523, HSS-14 and HSS-15 excluded. 



Table 5-8. Regression equations and X-intercept compositions 

for oxide/element versus MgO data for selected8 

ultramafic komatiite porphyritic rocks from the LUU. 

Oxide/Element Slope Intercept R n MgO intercept 
value ----

Si02 -0.3673 58.13 0.54 10 

'rio2 -0.0185 0.94 0.48 10 50.78 

Al 203 -0.1677 9.00 0.61 10 53. 71 

FeO* -0.0639 12.98 0.05 10 

MnO -0.0030 0.28 0.44 10 

Cao -0.3889 17.95 0.86 10. 46.16 

Ca Ob -0.2845 13.89 0.70 8 48.82 

CaOc -0.3188 16.10 0.99 5 50.50 

Cr203 0.0002 00.40 o.oo 10 

Zr -0.8562 50.3 0.37 10 58. 71 

y -0.1105 9.9 0.03 10 59.45 

Ni 102.0 -1243 0.46 10 

Co 1.952 62 0.20 10 

v -4.885 261 o.45 10 53.43 

Ga -0.2154 11.8 o.32 10 54.78 

Sc -1.513 66.8 0.95 4 44.15 

a - Samples selected:- HSS-88B. HSS-535, HSS-534, HSS-536, HSS··8, 

HSS-13. HSS-27, HSS-31. HSS-33, HSS-28. 

b All samples in Table 5-4b with Ca0/Al 203 raticsin the range 1.0 - 1.3. 

c - All samples in Table 5-4b with Ca0/Al203 ratios in the range 1.6 - 1.9. 
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Table 5-9. Ultramafic rocks considered to be representative of magma 

compositions from other greenstone belts. 

Sample Numbers 

Rhodesia 

NG'-213, NG-214 

B-4, SF-134, NG-7622, NG-7639, NG-152, 

NG-7638, NG-7625, NG-7628, NG-7621 

}kstern Australia 

SD-3/266, 331/87, 331/89 

3 

1,2 

331/277,· 331/346, 3Jl/347, 

331/144/5, 331/144/25, 

331/144/42, SD-4/193 

106, 108, 59, 170, 171, 172 

SD-8/507, 331/307, 331/326 

331/496, 331/497, 331/498, 

331/531, 331/533 

Munro Townshi.E_ 

SA-1160 

P9-191, P9-168, P9-137, P9-117 

P9-139 

422/91, 422/95, 422/98 

A1M2, A2M2, A1M3, A2M3, P9-118, 

P9-120, SA-2048 

Al, A2 

· Source of D11ta 

Bickle et al.(1975) 

Nisbet et al. (1977) 

Nesbitt (1971) 

Williams (1972) 

Hallberg and Williams (1972) 

Nesbitt and Sun (1976) 

Naldrett. and Turner (1977) 

Sun and Nesbitt (1978) 

Nesbitt et al. (1979) 

Pyke et al. (1973) 

Arndt (1975) 

Nesbitt and Sun (1976) 

Arndt et al. (1977) 

Arth et al. (1977) 



Table 5-10. 

Trend 

Rhodesia 

Ti02-MgO 

Al2o3-Mg0 

CaO-MgO 

Western Australia 

Ti02-MgO 

Al2o3-Mg0 

CaO-MgO 

Munro Townshi:e_ 

TiOrMgO 

Al2o3-Mg0 

CaO-MgO 

Lower Ultramafic 

Ti02-MgO 

A1203-MgO 

CaO-MgO 
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Regression equation data for element trends observed in 

ultrama(ic lavas from other greenstone belts. 

Slope Intercept R n MgO intercept 
value 

-0.01574 0.744 0.82 11 47.3 

-o. 2232 12.44 o. 73 11 55.7 

-0.2742 13.83 0.86 11 50.4 

-0.01731 0.834 o. 73 27 48.2 

-0.2338 12.95 0.44 27 ·55.4 

-0.3182 15.70 0.83 27 49.3 

-0.02814 1.057 0.61 18 37.6 

-o.3863 17.66 0.82 17 45.7 

-0.5803 22. 72 . 0.88 18 39.2 

Unit 

-0.01600 . 0.826 0.89 13 51.6 

-0.1777 '9.os 0.91 13 51.4 

-0.5759 23.42 0.97 13 40.7 



·, .· 

. !' 

CaO/Al203 

Al/Ti 

Ca/Ti. 

Ti/Zr 

Ti/V 

Table 5-11. 

LUU 
(GrouE II) 

1.72 

9.6 

22.6 

79 

20.0 

.... 60 -

Average inter-element ratios calculated· for the 

aphyric ultramafic lava composition~ for Belingwe, 

Western Australia and Nunro Township greenstone belts. 

LUU Belingwe Western Australia Munro Township 
(GrouE I) 

1.46 1.01 1.07 . 1.00 

16 .• 5 17.6 16.9 21.3 

32.0 24.0 . 23.6 28.4 

12la 112 119 

13.0 15.6 14.1 

a Zr data for 49-J froin Nesbitt and Sun (1976). 

; ... 



Table 6-1 Mineral comEositions from hi~h-and low-Ms Mafic Komatiites. 

Sub-Calcic 
Olivine Pyroxene Augite Clinopyroxene Clinopyroxene Clinopyroxene Plagioclase • 

SAMPLE HK-4 HK-4 HSS-10 HK-4 HSS-21 HSS-64 HK-4 
n 4 1 1 5 4 2 2 

Si02 39.59 53.90 55.87 53.97 53.53 53.44 4l •• 24 
Ti02 Nl> - - ND 0.16 0.21 ND 
Al203 0.04 1.13 1.47 1.81 1.19 1.31 35.69 
FeO* 12.41 6.89 10.12 4.64 5.20 6.47 0.34 
MnO 0.18 - - 0.13 0.16 0.16 ND. 
!1g0 47.43 28.41 17.94 20. 71 18.63 18. Bl• 0.26 
Cao 0.18 8.76 12.51 18.47 19.32 18.28 19.19 
Na20 0.06 - - 0.10 m o.23 0.29 0.88 
K20 · ND - - ND ND ND 0.01 
Cr2o3 0.04 0.11 0.37 0.22 0.82 0.54 0.01 
NiO 0.192 0.073 0.076 0.065 0.063 

TOTAL 100.12 99 .• 27 98.36 100.39 99.30 99.53 100.62 

100 Mg/(Mg+Fe) 87.2 88.0 76.0 88.8 86.5 83.9 
RANGE 87.8 - - 89.1 87.5 86.8 

86.8 - - 88.5 85.3 80.9 

Ab . - - - - - - 7.6 
An - - - - - - 92.4 
Or - - - - - - 0.04 

. ND not detected 

not determined 
FeO* total Fe P.xpressed as FeO. 



Table 6-2 a · Major element and normative mineral data for a2h~ric hi~h-M~ Mafic Komatiites. 

SAMPLE 42-J llSS-62 K-178 SG-80 KJ-39 

Si Oz 53.76 52.58 53.44 50.02 51.13 
Ti Oz 0.38 o. 29 0.34 0.60 0.38 
Al203 8.26 8.65 4.03 7.37 6.49 
Fe203 1.24 1.40 1.47 1. 81 1.47 
FeOa 6.22 7.01 7.35 9.07 7.37 
MnO 0.14 o. 15 0.16 0.17 0.18 
?1g0. 20.40 20. 78 22.22 22.39 22.92 
Cao 6.69 7.40 10.60 7. 93 9.17 
NazO 2.25 1. 17 0.04 0.10 0.53 
KzO 0.04 0.03 0.01 0.04 0.11 
PzOs - 0.01 0.06 
s 0.03 0.01 0.07 0.03 0.10 
Cr2o3 0.44 0.40 - 0.32 
NiO 0.14 0.12 0.20 0.15 0.15 

TOTAL 100.00 100.00 100.00 100.00 100.00 
I 

en 
l'V 

LOI - 4.46 - I - -
HzO+ 0.14 0.33 0. 56 o. 29 0.12 
HzO !~.96 - 3.74 5.89 4.86 
COz 0.10 - - 0.02 0.07 

-
ORIG. TOTAL 99.29 100.01 98.43 99.67 99.54 

NORMS 

QZ - - o. 88 
OR 0.24 0.18 0.06 0.24 0.65 
PL 31.36 28.16 11.13 20.39 19.49 
DI 16.55 14.61 32.91 15.78 24.21 
HY 38.22 47.99 51. 95 50.33 39.88 
OL 10.39 5.84 - 8.47. 12.70 
MT 1.80 2.03 2.13 2.62 2.13 
CM 0.65 0.59 - 0.47 
IL o. 72 0.55 0.65 1.14 o. 72 
AP - 0.02 0.14 
PY 0.06 0.02 0.13 0.06 0.19 

T
0

c 1425 1432 1460 1463 1473 
z (poises) 13.2 10.4 6.7 6.1 6.7 
p 2.863 . 2.900 2.941 2. 987 i.949 

not determined a FeO calculated such that Fe2o3/Fe0 = 0.2, 



Table 6-2b. · Trace element dataaand inter-element ratios of aEh~ric high-Mg Mafic Kornatiites. 

SAMPLE 42-J HSS-62 K-178 SG-80 KJ-39. 

Nb < 0.9 < 2 1.1 1.2 < 0.9 
Zr 31.9 13.8 2/f. 6 32.0 23.2 
y 8.8 6.1 7.5 9.5 8.6 
Sr 14.9 12.7 17. 1 10.9 7.9 
Rb < 0.4 < 2 o. 7 0.6 0.8 
Zn 49 77 89 77 71 
Cu 1.9 75 77 41 13. 7 
Ni 1127 963 1582 1181 1162 
Co 92 89 85 113 l.03 
v 155 154 94 169 112 
Ba 8.3 6.7 21. 4 6.2 15.6 
Ga . 6.9 7.5 5.0 8.1 5.5 
Sc - 31. 5 - 27.8 

CaO/Al203 0.81 0.86 2.63 1.08 1.41 
Si/Ti 110 141 123 65 105 
Al/Ti 19.1 26.0 10.4 10.9 15.1 
Fe/Ti 25 37 33 23 30 
Mg/Ti 54 72 66 38 61 en 
Ca/Ti 20.9 30.l 37 .o 15.S 28.8 w 

Ti/Zr 72 . 128 83 112 98 
Ti/Y 260 

,. 
286 274 377 266 

Ti/Ni 2.0 1. 8 1. 3 3.0 2.0 
Ti/Co 27.7 19. 8 26. 6 3l~. 3 24.5 
Ti/V 15 12 22 21 20 
Ti/Ga 332 232 . 408 442 415 
Ti/Sc - SS - 129 
Al/V 282 297 227 231 307 
Ga/Alx10S 15.8 16.4 23.4 21 16.0 
Zr/Nb - - 23 27 
Zr/Y 3.6 2.2 3.3 3.4 2.7 

not determined 

n data ns ppm and recalculated volatile free. 



Table 6-3a. Major element and normative mineral data for 2oreh:z:ritic hish-Mg_ Mafic Komatiites. 

SAMPLE HSS-12 HSS-9 HSS-10 HSS-54 

Si02 51.26 48.97 48. 71 45.94 
Ti02 0.51 0.51 0.47 0.73 
Al 203 5.53 5.41 6.53 6.44 
Fe203 1. 97 2.17 2.19 2.18 
FeOa 9. 85 10.87 10.95 10.88 
MnO 0.19 0.17 0.21 o. ll1 

. MgO 19 .94 20.61 21.78 25.06 
Cao 10.25 10.43 8.40. 7.71 
Na 20 0.03 0.32 0.17 0.06 
K20 0.02 0.03 0.03 0.03 
P205 0.04 0.05 0.06 0.05 
s 0.03 0.08 0.04 0. Ol+ 

Cr203 0.28 o. 25 0.37 0.49 
NiO 0.09 0.14 0.10 0.25 I 

~ 

TOTAL 100.00 100.00 100.00 100.00 -<= 
I 

LOI 3.61 3.98 5.18 6.43 
H20+ 0.27 0.25 0.42 0.27 
HzO 
COz 
-
ORIG; TOTAL 99.20 100.25 99.87 100.32 

NORMS 

QZ 
OR 0.12 0.18 0.18 0.18 
PL 15.15 15.94 18.40 17. 72 
DI 28.57 30.61 19.47 16.53 
HY 51.60 34.02 43.11 30.82 
OL 0.16 14.48 14.00 29.28 
MT 2.86 3.15 3.18 3.16 

. CM 0.41 0.37 0.54 0.72 
IL 0.97 0.97 0.89 1. 39 
AP 0.09 0.12 0.14 o; 12 
PY 0.06 0.15 0.07 0.07 

· not determined 

a FeO calculated such that Fe2o3/Fe0 =0.2 



Table 6-3b. Trace element dataaand inter-element ratios for EOrEh~ritic hish-M& Mafic Komatiites. 

SA..'IPLE HSS-12 HSS-10 HSS-54 HSS-9 

Nb < LO 1. 6 3;4 2.2 
Zr 31.8 35.4 44.0 39.0 
y 11. 7 11. 8 11. l 11.6 
Sr 37.1 37.6 lJ..O 17.9 
Rb 1.0 1. 3 0.7 0.6 
Zn 81 91 80 92 
Cu 57 51 116 109 
Ni 722 761 1937 1089 
Co 106 . 112 117 111 
v 140 146 165 150 
Ba < 2.0 < 2.0 4.5 7.4 
Ga 5.5 7.3 8.9 7.2 
Sc 30.9 - 24.3 26.6 

CaO/Al203 1. 85 1.29 1. 20 1.93 
Si/Ti 78 81 49 75 
Al/Ti 9.5 12.2 7.8 9.4 
Fe/Ti 29.6 35.6 22.8 32.6 
Mg/Ti 39 47 35 41 
Ca/Ti 23.8 21. 2 12.6 24.6 Ol 

Ti/Zr 97 80 100 78 (}1 

Ti/Y 264 -, 240 397 262 
Ti/Ni 4.3 3.7 2.3 2.8 
Ti/Co 29.1 25.4 37.5 30.0 
Ti/V 22.0 19 .4 26.6 20.3 
Ti/Ga 559 3e8 493 lf23 
Ti/Sc 99 - 180 115 
Al/V s 209 237 207 191 
Ga/AlxlO 18.8 21.1 26.1 25.1 
Zr/Nb - 22 13 18 
Zr/Y 2.7 3.0 4.0 3.4 

not determined 

a data as ppm and recalculated volatile free. 



Table 6-4a. Major element and nonnative mineral data for aEh;t:ric low-Mg Mafic Komatiites. 

SAMPLE PILLOWS(5) TS-1 HSS-73 HSS-21 HSS-91 HSS-25 SD-42C HSS-65 HSS-82 

Si02 53.85 54.93 52.11 56.66 53.37 54.81 57. 25 56.38 53.56 

Ti02 o. 78 0.76 0.96 0.77 0.77 0.83 0.56 o.77 0.81 

Al203 11. 54 12.08 11.64 9.24 11.46 9.66 7.85 9 .29 9.86 

Fe203 1. 83 1. 61 1. 92 1.66 1. 81 1. 85 1. 78 1. 55 1. 95 

Fe if 9.13 8.05 9.61 8.31 9.03 9.23 8. 89 7.74 9.73 

MnO o.18 0.17 0.18 0.18 0.19 0.19 0.18 0.13 0.21 

HgO 9.18 9.18 9.81 10.00 lC.12 . 10.34 10.38 10.74 11. 30 

Cao 10.38 9.48 9.94 9.67 10.03 11.47 9.97 9.70 9.69 

Na20 2.67 3.31 3.42 2.98 2.81 1.10 2. 71 .3.44 2.47 

K20 0.26 0.15 0.06 0.23 0.18 0.31 0.14 0.04 0.21 

P20 5 0.10 6.12 0.12 0.08 0.10 0.08 0.07 0.06 0.07 

s 0.03 0.04 0.03 0.06 0.03 0.03 0.03 0.01 0.01 

Cr203 0.10 0.10 o. i6 0.11 0.09 0.09 0.15 0.11 0.11 

NiO 0.02 0.03 0.04 0.03 0.03 0.02 0.03 0.02 0.02 I 
en 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
(j) 

. I 

LOI 0.81 1.19 5.25 1. 97 1.06 2.13 2.35 2.97 2.54 

H20+ 0.05 - 0.21 0.09 0.02 0.08 0.04 0.10 0.24 

H20 1.95 - - - 2.06 - - 2.50 3.54 

C02 0.23 - - - 0.22 - - 1.53 o. 54. 

-
ORIG. TOTAL 100.46 99.78 99.49 99.15 100.32 98.44 100.90 98.39 99.86 

oz 2.14 1.97 - 5.06 0.32 8. 70 6.55 2.40 1.05 

OR 1. 51 0.89 0.35 1.36 1.06 1. 83 0.83 0.24 1.24 

PL 41.33 45.67 45.17 36.37 41.90 29.81 31. 77 38.90 36.l.O 

DI 26.14 23.20 26.29 29.41 25.16 29 .13 32.60 30.62 26.31 

HY 24.31 24.00 14.17 23.44 27 .06 25. 90 24.15 23.80 30.60 

OL - - 8.83 - -
MT 2.65 2.33 2.78 2.41 2.62 2.68. 2.58 2.25 2.83 

CH 0.14 0.15 0.24 0.16 0.13 o.13 0.22 0.16 0.16 

IL 1.48 1.44 1. 82 1.46 1.46 1. 58 1.06 1.46 1. 54 

AP 0.24 0.28 0. 28 o.19 0.24 0.19 0.11 0.14 0.17 

PY 0.07 0.07 0.06 0.11 0.06 0.06 0.06 0.02. 0.02 . 
T0 c 1215 1214 1226 . 1230 1232 1236 1237 1244 1254 

Z (poises) 424 . 565 202 21+2 209 - - 238 159 

? 2~921 2.876 2.930 2.872 2.914 - - 2.865 2.945 

ND not detected a FeO calculated such that Fe203/Fe0 = 0,2 
not determined 



Table 6-4a. (Cont.). 

SAMPLE HSS-84 SC-6B HSS-81 HSS-154 HSS-70 HSS-7 HSS-Cl sc-6A HSS-C3 

SiOz 53.65 52~ 71 50.09. 50.65 53. 71 55.13 52.32 53.12 53.09 
Ti Oz 0.79 0.76 0. 77 0.87 0.59 0.65 0.66 0.60 0.54 
Al203 9.76 7.99 9.42 9.57 7.40 7.36 6.77 6.53 5.82 
Fe203 1. 94 2.28 2.16 2. 19 1. 91 1. 65 1. 97 2.02 1. 97 
FeO 9.70 11. 38 10.79 10.96 9.55 8.24 9.84 10.08 9.84 
MnO o. 20 0.19 0.23 0.22 0.20 0. 18 0.24 0.22 0.19 
MgO 11. 55 11.98 12.28 12.2S 13.21 13 · '·4 14.29 14.59 16.27 
Cao 9.56 10.54 12.64 12.42 10.87 11. 29 12.04 11.04 10. 58 
Na20 2.44 1.90 1. 31 0.45 2.19 1. 71 1. 45 1.43 1. 34 
K 0 . 2 . 0.21 0.08 0.08 0.16 0.02 0.06 0.08 0.04 0.06 
PzO 5 0.07 0.07 0.07 o.os 0.05 0.07 0.01 0.06 0.04 
s 0.01 0.01 0.01 ND ND 0.01 ND 0.01 0.01 
Cr203 0.11 0.10 0.12 0.12 o. 25 0.20 0.22 0.20 o.19 
NiO 0.03 0.03 0.03 0.03 0.011 0.03 0.06 0.05 0.06 

TOTAL 100.00 100.00 100.00 99.99 100.00 100.00 100.00 100.00 100.00 

LOI 2. 39 1. 21 3.24 1.38 3.91 2.30 1. 52 1. 57 2.24 
H20+ ND 0.07 0.25 0.05 0.12 0.22 0.09 0.03 _0.22 
HzO 3.08 2.82 - - - - 2.56 2.86 3.15 
COz 0.50 . 0.23 - - - - 0.25 0.15 0.15 oi 

....J . 
ORIG. TOTAL 99.30 99.10 ,. 99.19 100.89 99.70 99.78 100.50 100.58 101. 23 

QZ 1.11 1. 26 - 2.92 0.47 4.41 - 1. 37 0.24 
OR 1.24 o.47 0.47 0.95 0.12 0.35 0.47 0.24 0.35 
PL 35.70 29 .11 30.67 27.43 28.86 26.70 24.00 23.38 21. 03 
DI 25.88 31.59 34.65 30.60 34.96 34.84 38.36 34.78 34.22 
HY 31.43 32.51 24.98 32.97 31.24 29.61 32.00 35.70 39 .89 
OL - - 4.27 - - - 0.59 
MT 2.81 3.31 3.13 3.18 2. 77 2.39 2.86 2. 93 2.86 
CM 0.16 0.15 0.18 0.18 0.37 0.29 0.32 o. 29 0.28 
IL 1.50 1.44 1.46 1. 65 1. 12 1. 23 1.25 1.14 1.03 
AP 0.17 0.17 0.17 0.12 0.12 0.11 0.17 0.14 0.09 
PY 0.02 0.02 0.02 - - o.oz - 0.02 0.02 

T
0

c 1259 1267 1273 1273 1290 1294 1311 1316 1348 
Z (poises) 156 105 84.2 82. 6 57. 9 63.4 - 42.6 22.4 

' 
2.945 3.008 3.031 . 3.036 2.953 2.921 - 2.989 2.979 



. Table 6-4b. Trace element dataaand inter-element ratios for aEhlric low-M~ Mafic I<omatiites • 

SAMPLE PILLOWS(5) TS-1 HSS-73 HSS-21 HSS-91 HSS-25 SD-42C HSS-65 HSS-82 

Nb 3.3 3.5 2.3 3.3 3.8 2.8 2.5 2.4 < 2.0 
Zr 66 65 40.8 61 65 67 39.0 59 62 
y 18.2 16.4 12.2 17.7 19 .0 20.0 11.3 16.5 18.7 
Sr 153 136 55 75 148 81 48.2 59 67 
Rb 6.4 2.2 2.8 3.9 3.1 5.o 1. 3 < 2.0 < 2.0 
Zn 98 83 105 90 77 88 95 109 115 
Cu 14!• 132 120 88 122 . 125 142 157 125 
Ni 189 .225 277 207 197 185 263 188 185 
Co 61 64 68 62 59 64 65 59 68 
Cr 649 648 1103 754 615 626 1059 775 757 
v 201 196 255 ... 185 199 199 162 202 213 
Ba 36.4 20.4 17. 4 19.8 30.5 16.8 57 25.4 20.8 
Ga 11.3 10. l 11. 3 10.2 10.2 9.8 8.8 9.3 lo.3 
Sc 29.0 28.3 31. 8 33.0 - - 30.l 35.8 

Cao/ Al2o3 0.90 0.78 o.85 1.05 0.88 1.19 1. 27 1.04 0.98 
Si/Ti 54 56 42 57 54 51 80 57 52 
Al/Ti 13.1 14.0 10.7 10.6 13.l 10.3 12.4 10.7 10.7 
Fe/Ti 17.9 16.2 15.3 16.5 17.9 17.0 24.3 15.4 18.4 
Hg/Ti 11. 8 12.2 10.3 13.1 13.2 12.5 18.6 14.0 14.0 C'l 

Ca/Ti 15.9 14.9 12.3 15.0 15.5 16.5 21. 2 15.0 14.3 a:> 

Ti/Zr 71 ', 70 141 76 71 74 86 78 78 
Ti/Y 257 278 472 261 243 249 297 280 260 
Ti/Ni 25 20 21 22 23 27 13 25 26 
Ti/Co 77 7l 85 74 78 78 52 78 71 
Ti/V 23 23 23 25 . 23 25 21 23 23 
Ti/Ga 414 451 509 453 453 503 382 496 471 
Ti/Sc 161 161 181 140 - - 112 129 
Al/V 304 326 242 264 305 257 256 243 245 
Ga/ AlxlO 5 18.5 15. 8 18.3 20.9 16.8 19.2 21.2 18.9 19. 7 
ZriNb 20 18.6 17.7 18.5 17.1 23.9 15.6 24.6 
Zr/Y 3.6 4.0 3.3 3.4 3.4 3.4 3.5 3.6 3.3 

- not determined 

a data as ppm an·d :-ecalculated volatile free. 



Table 6·4b, (Cont.) 

SAMPLE HSS-84 . SC·6B HSS·81 HSS-154 HSS-70 HSS·7 HSS-Cl SC-6A HSS·C3 
Nb < 2.0 3.7 < 2.0 4.2 < 2.0 2.5 3.5 2.2 2.3 
Zr 62 60 62 64 49.7 47.7 51 46.0 43.0 
y 17.7 17.6 21. 2 19.8 13.5 14.5 15.8 13.3 12.6 
Sr 149 62 133 35.6 31. 7 33.2 45.0 74 53 
Rb < 2.0 1.2 < 2.0 1. 7 < 2.0 1.4 < 1.0 0.8 1. 9 
Zn 113 202 125 118 112 72 . 132 . 117 85 t· 

Cu 86 245 100 < 2.0 155 31.1 109 40.0 77 
Ni 208 202 240 228 290 241 453 412 492 
Co 64 76 72 77 78 59 78 80 83 
Cr 756 669 789 848 1742 1377 1483 1384 1316 
v 212 215 220 235 167 170 186 161 154 
Ba 51 32.l 13.9 42.7 15.8 17.6 35.8 56 23.S 
Ga 10.7 10.0 12.4 11. l 7.8 8.1 7.6 8.3 7.2 
Sc - 39.9 - - 29.7 36.0 33.5 31. l 27.4 

Ca0/Al2o3 0.98 1. 32 1. 34 . 1. 30 1.47 1. 53 1. 78 1. 69 1.82. 
Si/Ti 53 54 51 45 71 66 62 69 77 
Al/Ti 10.9 9.3 10.8 9. 7 . 11. 1 10.0 9.1 9.6 9.5 (j) . 

Fe/Ti 18.8 22.9 21.4 19.3 24.8 19.4 22.8 25.7 27.9 lO 

Ng/Ti 14.7 15.9 16.0 14.2 22.5 20.8 21. 8 24.5 30.3 
Ca/Ti 14.4 16.5 19.6 17.0 22.0 20.7 21. 7 21. 9 . 23.4 
Ti/Zr 76 76. 74 81 71 82 78 78 75 
Ti/Y 268 259 218 263 262 269 250 270 257 
Ti/Ni 23 23 19 23 12 16 8. 7 8. 7 6.6 
Ti/Co 74 60 64 68 45 66 51 45 39 
Ti/V 22 21 21 22 21 23 21 22 21 
Ti/Ga 443 456 372 470 453 481 521 433 450 
Ti/Sc - 114 - - 119 108 118 116 118 
Al/V 244 197 227 216 235 229 193 215 200 
Ga/ Alxl0 5 20.7 23.6 24.9 21.9 19.9 20.8 21. 2 24.0 23.4 
Zr/Nb - 16.2 - 15.2 - 19 .1 14.6 20.9 18.7 
Zr/Y 3.5 3.4 2.9 3.2 3.7 3.3 3.2 3.5 3.4 



Table 6·5a. Major element and normative mineral data for 2orEhlritic low•Mg Mafic Komatiit~s. 

'SAMPLE HSS-16 HSS-517 SC-12 HSS-64 AB-9 HSS-20 HSS-34 526 KJ-55 HSS-157 LV-6 M-57 

Si02 49.91 54.02 56.73 55.37 53.42 53. 77 54.77 53.75 56.16 54.51 52.48 52.57 
Ti02 1. 27 0.93 0.60 0.82 o. 73 0.63 0.62 0. 74 0.48 o.54 1.10 0.56 
Al203 10.90 8.56 6.38 8.89 8.80 8.11 9.79 10.10 10.66 7.97 9.94 6.41 
Fe203 2.46 1.98 1. 73 1. 71 1. 87 1. 82 1. 67 l. 57 1. 76 1. 72 1. 92 2.13 
Feoa 12.32 9.92 8.63 8.55 9.33 9.09 8.34 7.87 8.78 8.58 9. 59 10.67 
Mr.O 0.24 0.21 0.21 0.17 0.23 0.17 0.15 0.21 0.17 0.19 0.18 0.26 
MgO 9.26 10.26 11. 50 11. 51 11.64 11. 77 12.02 12.26 12.35 13.07 13.11 13.33 
Cao 10.95 11. 89 11.16 9.81 10.83 11.80 9.43 10.29 7.74 11. 16 8.99 12.24 
NazO 2.17 1.85 2.78 2.91 2.93 2.53 2.91 2.96 1. 54 1. 90 2.21 l. 61 
KzO 0.23 0.13 0.02 0.05 0.06 0.04 0.05 0.16 0.11 0.08 0.32 0.05 
PzOs 0.09 0.10 0.06 0.07 0.07 0.07 0.05 - 0.06 0.05 - 0.08 
s 0.12 0.01 0.01 ND 0.05 0.02 0.06 0.03 0.06 ND 0.06 0.05 
cr2o3 0.04 0.10 0.17 0.12 - 0.17 0.13 - 0.11 o. 20 
NiO 0.04 0.04. 0.03 0.03 0.03 0.02. 0.03 0.06 0.03 0.03 0.10 0.04 I - -..J 

TOTAL· 100.00 100.00 100.00 . 100.op 100.00 100.00 100.00 100.00 100.00 99.99 100.00 100.00 0 
I 

LOI 2.93 1.24 0.61 2.93 - 1.11 2.31 - 3.19 1. 20 - 1. 76 
HzO+ 0.11 0.08 0.06 0.14 0.25 0,08 0.15 0.07 - 0.08 0.11 
HzO - - - 2.82 1. 69 - - 2.37 - - 3.81 
COz - - - 1.10 0.14 - - 0.03 - - 0.14 
-

ORIG.TOTAL 99.41 100.82 100.06 100.64 100.13 100.35 99.05 99.70 98.93 101. 55 99.63 99.55 

NORV.S 

QZ - 4.69 4.18 2.29 - - o. 86. - 9.06 2.75 - 0.05 
OR 1.30 o. 77 0.12 0.30 o. 35 0.24 0.30 0.95 0.65 0.47 1.89 0.30 
PL 36.90 30.32 28.39 35.67 35.48 32.06 38.13 38.85 34.88 29.06 34.96 23.74 
DI 27.89 35.54 40.52 30.02 34.50 38.37 26.58 29.99 13.05 33.89 22.88 40.60 
HY 17.76 23.64 22.75 27.36 20.72 25.03 30.12 21.32 38.48 29. 90 32.85 30.87 
OL 9.82 - - - 4.57 0.01 - 5.15 - - 2.43 
MT 3.49 2.87 2.51 2.48 2. 71 2.64 2.42 2.28 2.55 2.49 2.78 3.09 
CM 0.06 0.15 C.25 0.18 - 0.25 0.19 - 0.16 0.29 
IL 2.37 1. 77 1.14 1. 56 1.39 1. 20 1.18 1.41 0.91 1.03 2.09 1.06 
A:? 0.21 0.24 0.14 0.17 0.17 0.17 0.12 - 0.14 0.12 - 0.19 
PY 0.21 0.02 0.02 - 0.09 0.04 0.11 0.06 0.11 - 0.11 0.09 

ND not detected a FeO calculated such that Fe2o3/Fe0 =0.2 
. not determined 



Table 6-5a, (Cont.) 

SAMPLE nss-6 HSS-32 R·ll~ HSS-C2 SD·42A HSS-77 l!SS-78 VB-2 HSS-51 HSS-332 SC-6C 

Si Oz 52.80 51.65 54.20 54.74 52.97 49.84 50.87 51. 36 49.62 50.50 50.03 
Ti Oz 0.39 l.10 0.36 0.51 0.63 0.86 0.54 0.68 o. 72 0.57 0.55 
Alz03 7.52 8.16 4.54 4.88 8.60. 8.54 7.43 5.32 8.49 6.58 6.27 
Fe2 o3 1.46 1.91 1.53 1. 76 1. 83 2.10 2.08 1. 86 2.15 2.28 2.06 
FeO 7.30 9.55 7.63 8.82 9.16 10.52 10. 38 9.32 10.75 11.41 10. 28 
MnO 0.17 0.19 0.20 0.23 0. 20 0.22 0.23 0.29 0.21 0.21 0.20 
MgO 14.72 14.74 15.14 15.18 15.41 15.53 15. 71 15.76 15.91 16.74 18.74 
Cao 12.35 10.38 14.52 12.06 9.23 10.30 11. 57 13.34 10.18 10.43 10.90 
Na2 o! 2.52 1. 1+7 1.49 l. l.5 1. 51 1. 55 0.76 1. 62 1. 30 0.63 0.47 
KzO 0.49 0.33 0.04 0.05 0.06 0.14 0.07 0.06 0.08 0.02 0.03 
PzOs 0.03 0.12 0.01+ 0.03 0.07 0.06 0.04 0.07 0.08 0.04 0.06 
s 0.03 0.03 0.01 ND 0.04 ND 0.01 0.05 0.05 0.02 0.02 
Cr203 0.18 0.26 0.28 o. 26 0.22 0.27 0.28 0.24 0.38 0.41 0.28 
NiO 0.04 0.10 0.03 0.04 0.05 0.09 0.05 0.03 0.09 0.12 0.10 

TOTAL 100.00 100.00 100.00 99.99 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

LOI 2.52 2.91 1.00 1. 51 2.96 4.07 3.23 - 3.21 3.12 3.05 -.] 

H20+ 0.19 0.28 0.07 0.15 0.09 0.23 0.18 0.09 0.02 0.18 0.06 
H20 - - - 3.15 - - - 1. 78 - - 4.35 
COz - - - 0.44 - - - 0.23 - - 0.17 

-
ORIG.TOTAL· 100.19 99.42 100.15 101.16 98.67 99.76 99.97 99.52 99.93 100.22 100.48 

NORMS 

QZ - - 0.50 2.72 1.05 
OR 2.90 1.95 0.24 0.30 o. 35 0.83 o.41 0.35 . 0.47 0.12 0.18 
PL 29.08 27.13 18.19 . 18. 93 29.29 29.05 23.09 20. 78 28.09 20.60 113.89 
DI 42,68 28.98 53.02 42.57 23.16 28.04 32.64 47.14 26.51 29.56 31.11 
HY - 7.11 34.26 24.64 31. 53 41. 71 24.51 37.29 16.28 28.83 41. 59 37.25 
OL 14.97 2.09 - - - 12.38 2.02 10.85 10.76 3.01 7;93 
MT 2.12 2. 77 2.22 2.55 2.65 3.04 3.02 2.70 3.12 3.31 2.99 
CM 0.27 0.38 0.41 0.38 0.32 0.40 0.41 0.35 0.56 0.60 0.41 
IL o. 74 2.09 0.68 o.97 1. 20 1. 63 1.03 1. 29 1. 37 1.08 1.04 
AP 0.07 0.28 0.09 0.07 0.17 0.14 0.09 0.17 0.19 0.09 0.14 
PY 0.06 0.06 0.02 - 0.07 - 0.02 0.09 0.09 0.04 0.04 



Table 6-Sb. Trace element data8 and inter-element ratios for EOrEhx:ritic low-Mg Mafic Komatiites, 

SA.'1PLE USS-16 HSS-517 SC-12 HSS-64 AB-9 HSS-20 HSS-34 526 KJ-55 HSS-157 LV-6 M-57 

Nb <2.0 5.2 3.0 3.5 2.7 2.9 <1.0 6.0 2.1 1.5 7.4 2.4 
Zr 81' 80 46.7 60 49.9 47. 9 29.3 42.l 53 35.3 135 38.3 
y 26.2 21. 3 13.2 13.9 15.3 15.3 10.9 8.1 11. 6 13. l 19.2 13.4 
Sr 116 149 89 51 38.7 40.8 79 47.2 74 34.2 195 43.4 . 
Rb 2.8 l. 7 0.5 0.9 0.6 o.6 0.6 < 2.0 2.8 1.4 5.9 2.8 
Zn 101 125 61 160 88 78 65 59 80 68 92 108 
Cu 396 219 104 90 141 116 64 57 40 < 2.0 133 124 
Ni 358 302. 210 224 249 162 232 507 209 209 772 307 
Co 89 70 61 65 69 63 68 64 69 70 80 81 
Cr 258 728 1133 841 - 1136 888 - 762 1392 
v 330 180 162 214 200 . 204 238 207 188 217 172 174 
Ba 57 117 70 18.6 7.5 s.o 11. 8 24.6 26 10.8 138 19.3 
Ga 17.0 10.9 7.0 10.S 8.6 8.9 10.3 - 9.9 9.3 15.4 9.8 
Sc - - - - 36.6 - - - - - 25.l 

CaO/Alz03 l.Ol 1.39 1. 75 1.10 l. 23 1.45 . 0.96 1.02 o. 73 1.40 0.90 1.91 
Si/Ti 30 45.3 74 53 57 67 69 57 91 79 37 73 
Al/Ti i.5 8.1 9.4 9.6 10.6 11.4 13.9 12.0 19.6 13.0 8.0 10.1 
Fe/Ti 14.8 16.3 22.0 16.0 19.6 22.l 20.6 16.3 28.0 24.3 13.3 29.1 
Mg/Ti 7.3 11.1 19.3 14.l 16.0 18.8 19.5 16.7 25.9 24.4 12.0 23.9 

.....:i 
Ca/Ti ' 10.2 15.2 22.2 14.3 17.7 22.3 18.l 16.6 19.2 24.6 9.7 26.1 ,, I\) 

Ti/Zr . 95 70 77 82 88 79 127 105 54 92 49 88 
Ti/Y 292 262 27 3 260 286 247 341 548 248 247 343 251 
Ti/Ni 21 18 17 22 18 23 16 8.8 14 15 8.5 11 
Ti/Co 86 80 59 76 63 60 SS 69 42 46 82 41 
Ti/V 23.2 31.0 22.2 23.0 21.9 18.S 15.6 21. 4 15.3 14.9 38.3 19 .3 
Ti/Ga 449 512 514 468 509 424 361 - 291 348 428 343 
Ti/Sc - - - - 120 - - - - - 263 
Al/V 175 252 208 220 233 210 218 258 300 194 306 195 
Ga/AlxlO 5 29.6 24.l 20.7 22.3 18.S 20.7 19.9 - 17.S 22.0 29.3 28.9 
Zr/Nb - 15.4 15.6 17.l 18.S 16.5 - 7.0 - 25.2 18.2 16.0 
Zr/Y 3.1 3.8 3.5 3.2 3.3 3.1 2.7 5.2 - '·· 6 7.0 2.9 

not determined 

a data as ppm and recalculated volatile free. 



---------

Tab le 6-5b, (Cont.). 

SAMPLE HSS-6 HSS-32 R·14 HSS-C2 SD-42A HSS-77 HSS-78 VB-2 HSS-51 HSS-332 SC•6C. 

Nb <1.0 3.7 1.0 2.4 1. 9 < 2.0 < 2.0 1.8 1.6 < 2.0 2.2 
Zr 19. 7 101 \ 26.5 37.6 48.6 57 38.8 37.9 45.8 38.7 42.6 
y 10.9 18.9 11. 2 12.2 14.8 18.7 12.8 12.3 15.6 16.7 13.5 
Sr 54 49.4 42.8 34.5 24.3 101 18.4 56 71 16.7 20.8 
Rb 8.2 . 6.0 0.8 < 1.0 1.4 < 2.0 < 2.0 1.2 1.8 < 2.0 1.0 
Zn 69 83 65 119 132 101 91 78 80 110 98 
Cu 69 192 22.4 103 222 181 79 72 93 136 58 
Ni 332 750 243 299 360 686 354 241 696 931 752 
Co 61 79 65 66 83 93 92 79 100 115 97 
Cr 1217 1790 1943 1813 1518 1857. 1914 1666 2616 2802 1948 
v 193 225 151 150 179 243 183 175 235 181 159 
Ba 87 91 7.6 17.5 28. 5. 28.6 21. 5 24.6 37.5 36.6 7.3 
Ga 7.5 13.3 5.2 6.1 10.0 11. 7 8.2 6.9 10.5 8.2 7.2 
Sc - - 34.R 32.0 - - - - 37.1 - 28,8 

CaO/Al203 1.64 1. 27 3.20 2.117 1.07 1. 21 1. 56 2.51 1. 20 1. 59 1. 74 
Si/Ti 106 37 117 84 66 45 73 59 54 69 71 
Al/Ti 17.0 6.5 11. 1 8.4 12.1 8.8 12.l 6.9 10.4 10.2 10. l 

-....] 

w 
Fe/Ti 28.6 13. 3. 32.4 26.5 22.2 18.71 29.4 21.0 22.8 ·30,6 28.6 
Mg/Ti 38.0 13.5 42.3 29.9 24.6 18.2 29.3 23.3 22.2 29.5 34.3 
Ca/Ti 37.8 11. 2 48.1 28.2 17.5 14.3 25.5 23.4 16.9 21. 8 23.6 
Ti/Zr 119 65 81 81 78 90 83 108 94 88 77 
Ti/Y · 215 349 193 251 255 276 253 331 277 205 2Lf4 
Ti/Ni 7.0 8.8 8.9 10 10 7.5 9.1 17 6.2 3.7 4.4 
Ti/Co 38 83 33 46 46 53 35 52 43 30 34 
Ti/V 12.l 29.3 14.3 20.4 21 •. 1 21.2 17.7 23.3 18.4 18.9 20. 7 
Ti/Ga 311 496 415 501 378 L141 395 . 591 411 417 458 
Ti/Sc - - 62 96 - - - - 116 - 114 
Al/V. 206 192 159 172 254 . 186 215 161 191 19;? 209 
Ga/ AlxlO :5 18.8 30.8 21. 6 23.6 22.0 25.9 20.9 24.5 23.4 23.5. 21. 7 
Zr/Nb - 27.3 26.5 15.7 25.6 - - 21. l 28.6 - 19.4 

· Zr/Y 1.8 5.3 2.4 3.1 3.3 3.0 3.0 3.1 2.9 2.3 3.2 



Table 6-6a. Major element and ~ormative mineral data for texturall~ altered Mafic Komatiites. 

SAi.'ll'LE HSS-96 HSS-108 HSS-117 AB-21 HSS-38 HSS-118 HSS-122 HSS-148 KJ-40 SG-3 

Si02 51. 65 53.61 53.43 48.18 50.90 51.86 52.20 54.04 52.00 4Cl.12 
Ti02 0.87 0.81 0.65 1.48 0.90 0.52 o. 72 o.42 o.5o o.4o 
Al203 10. 66 10.41 . 9 .63 9.35 9 .19 8.10 4.14 3.75 9.10 7.23 
Fe203 2.16 1. 76 1. 89 2. 72 2.09 1.93 2.44 1.72 1. 81 2.07 
FeOa lo.Bl 8.81 9.47 13.58 10.45 9.63 12.18 8. 58 9.04 10.34 
Nr:O 0 "? ·"-- 0.17 0.21 0.28 0.19 0.21 0.29 0.20 0,23 0.27 
MgO 9.62 9.97 10.96 11. 20 11. 27 13.60 13.67 15.57 16. 53. 20.80 
cao 10.99 11.49 11. 27 11.15 12.46 12.39 13.20 14.36 9.48 9.13 
Na20 2.46 2.38 1. 89 1. 73 1. 71 o. 79 o. 70 0.60 1.11 0.29 
K20 0.39 0.37 0.41 0.11 o. 56 0.62 0.33 0.04 0.03 0.03 
P20s 0.06 0.06 0.04 0.10 . 0.05 0.03 0.03 0.03 0.08 0.07 
s 0.02 0.01 ND 0.04 0.07 ND 0.02 0.04 0.02 0.08 
Cr2o3 0.06 0.11 0.12 - 0.11 0.26 0.04 0.26 
NiO 0.02 0.02 ' 0.02 0.07 0.03 0.06 0.05 0.04 0.06 0. 1!l I 

-..J 
TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 +: 

I 

LOI 0.96 0.85 o.85 - 1.17 1.37 0.80 1. 69 2. 77 3.80 
H20+ 0.14 0.10 0.06 0.23 0.16 0.11 0.06 0.21 
H20 - - - 2.35 
COz - - - 0.25 

ORIG. TOTAL l00.24 100.34 100.90 99.19 100.08 100. 77 100.38 100.36 100.04 99.28 
NORMS 

QZ - l.47 2.05 - - 0.71 1.87 4. 33 . 
OR 2.30 2.19 2.42 0.65 3.31 3.66 1. 95 0.24 0.18 0.18 
PL 37. 71 36.77 32.57 32.06 30.22 23.44 13.10 12.50 29.15 20.79 
DI 30.46 32.46 31. 72 30.52 37.18 35.96 47.25 51.06 21.47 21.24 
HY 20.23 22.69 26.99 18. 69 18.73 32.00 30.77 28.06 44. 75 . 40. 44 
OL 4.23 - - 11.00 5.38 - - - 0.64 13.27 
MT 3.13 2.55 2.74 3.94 3.03 2.80 3.54 2.49 2.62 3.00 
CM 0.09 0.16 0.18 - 0.16 0.38 0.06 0.38 
IL 1.65 1.54 1.23 2.81 1. 71 0.99 1. 37 o. 80 0.95 0.76 
AP 0.14 0.14 0.09 0.24 0.12 0.07 0.01 0.07 0.19 0.17 
PY 0.04 0.02 - 0.07 0.13 - 0.04 0.07 0.04 0.15 . 

ND not detected a FeO calculated such that Fe20/Fe0 = 0,2 
not determined 



Table 6·6b. Trace element data8 and inter-element ratios for texturall~ altered Mafic Komatiites. 

SAMPLE HSS·96 HSS-108 HSS-'117 AB-21 HSS-38 HSS-118 HSS-122 HSS-148 KJ-40 SG-3 

Nb < 2.0 3.5 1.4 6.7 3.6 1. 7 7.3 1.9 < 2.0 1. 6 
Zr 58 64 38.4 67 49.2 33.5 83 33.8 45. 7 25.5 
y 20.1 19.2 14.1 18.7 19. 5 13.7 33.6 12. 3 15.6 8.1 
Sr 118 215 181 63 167 78 85 28.7 33.2 27.6 
Rb 6.6 11.4 11.1 3.9 5.4 29 .4 3.5 0.7 J..1 1. 7 
Zn 141 70 112 120 70 108 135 62 97 100 
Cu 262 18.3 14.1 124 82 < 2.0 874 76 < 2.0 60 
Ni 195 183 170 561 238 447 370 310 l158 1395 
Co 81 65 69 89 70 90 103 72 84 124 
Cr 416 765 8111 - 747 1771 292 1747 2i1+5 146 
v 219 202 242 249 220 192 190 126 182 69 
Ba 24.5 40.6 45.4 58 401 43. 6 201 11.0 10.l 8.4 
Ga 9.9 10.9 10.5 12.7 10.6 9.4 7.9 4.9 9.1 
Sc 35.6 - - - - - - 33.7 

CaO/Al203 1.03 1.10 1.17 1.19 1. 36 1. 53 3.19 3.83 1.04 1. 26 
Si/Ti 46 52 64 25.4 44 78 56.5 100 81. l 96 .f 

Al/Ti 10.8 11.3 13.1 5.6 9.0 13.8 5.1 7. CJ 16.1 15.8 -..J 

Fe/Ti 19.0 16.6 22.3 14.0 17.8 28.3 25.9 31. 3 27.7 39.6 U1 

Mg/Ti 11. l 12.4 17.0 7.6 12.6 26.3 19.l 37.3 33.3 52 
Ca/Ti 15.l 16.9 20.7 9.0 16.5 28.4 21. 9 40.8 22.6 27.0 
Ti/Zr 90 76 101 '" 132 110 93 52 74 95 66 
1'i/Y 259 253 276 474 277 228 128 205 192 300 
Ti/Ni 27 27 23 16 23 7.0 12 8.1 6.5 1. 7 
Ti/Co 64 75 56 100 77 35 42 20 36 19.5 
Ti/V 23.8 24 16.1 35.6 24.5 16.2 22.7 20 16.5 16.5 
Ti/Ga 527 446 371 699 509 332 546 514 329 288 
Ti/Sc 147 - - - - - - 75 
Al/V 257 273 211 199 221 223 115 158 265 262 
Ga/AlxlOS 17. 5 19 .8 20.6 25.7 21. 8 21. 9 36.1 24.7 18.9 22.0 
Zr/Nb - 18.3 27.4 10.0 13.7 19. 7 11.4 17.8 - 16 
Zr/Y 2.9 3.3 2.7 3.6 2.5 2.4 2.5 2.7 2.9 3.2 

not determined 

a data as ppm and recalculated volatile free. 
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Table 6-7. Average compositions of the high-Mg and low-Mg mafic komatiites 

and the texturally altered mafic komatiites. 

High-Hg Maf ic Komatiites Low-Mg Mafic Komatiites 
Texturally 

Aphyric Porphyritic Aphyric Porphyritic Rock Altered Mafic 
Komatiites 

Si02 52.19 48.72 53.74 52.87 53.30 51.70 

Ti02 0.40 0.56 o. 74 0.69 o. 72 0.73 

A1203 6.96 5.98 9.07 7.95 8.51 8.16 

FeO* 8.73 12.55 11.15 11.12 11.14 12.14 

MnO 0.16 0.18 0.19 0.21 0.20 0.23 

MgO 21. 74 21.85 11. 72 13. 72 12.72 13.32 

cao 8.36 9.20 10.63 10.94 10. 78 11.60 

P20s 0.04 0.05 0.08 0.06' 0.07 0.05 

Cr203 0.39 o.35 

Zr 25.1 37.6 56 52 54 so 
y 8.1 11. 6 16.4 15.0 . 15. 7 17.S 

Ni 1203 1127 260 408 334 433 

Co 96 ll2 69 78 74 85 

Cr 964 1485 1224 1103 

v 137 150 196 198 197 197 

Ga 6.6 7.7 9.7 9.7 9.7 9.4 

Sc 29.7 27.3 32.1 . 32 •. 4 32.3 34.7 

CaO/Al203 1.20 1.54 1.17 1.38 1.27 1.42 
. ;.,; 
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TP.ble 6-8 Distribution coefficients for clinopyroxene-liquid 
and olivine-liquid used in this work • 

Element 0
cpx/liq 

Source . . ~ol/liq Sout"ce --
Zr 0.25 1 0.03 1 
y 0.70 1 0.13 1 
Ni 2.40 2 · '11L33-:l. 71 6 

MgO 
Co 1.22 3 1.9 Assumed 
v 0.70 4 0.10 1 
Ga 0.30 5 0.04 5 
Sc 1.00 Assumed 0.22 1 

Sources of data 

1 

2 

3 

4 

5 

6 

Le Roex (1980) 

This work- ppm Ni(cpx)/ppm Ni(bulk rock) for sample HSS-21 

Dale and Henderson (1972) 

Lindstro m (1976) 

Goodman (1972) 

This work-see Chapter 3 

. · .. 



... 

Oxide 

Si02 

_Ti02 

Al203 

FeO* 

V..nO 

MgO 

Cao 

Trace 

Zr 

y 

Ni 

Co 

Ga 

Sc 
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Table 6-9a Least squares approximation of the amount of Fo97 
that must be added to the basic low-Mg mafic komatiite 

. compositio~ to obtain the average Ultramafic 
komatiite liquid. 

Observed Estimated Difference Parameters of the -----
47 .11 47.33 0.22 calculation 

0.36 0.35 -0.01 Comp. Wt. % 

3.93 3.89 -0.04 !nit.Magma 100.0 

11.67 11.04 -0.63 Fo37 44.6 

o.19 0.18 -0.01 Basic low-Ng MK 55.1 

28.95 28.91 -0.04 

6. 74 6.37 -o.37 
2 

t (Cale-Obs) o.59 

Table 6-9b ·Estimated trace element content of the average basic 
low-Mg mafic komatiite assuming '•4. 6 wt. % 

olivine has been removed from the average 
ultramafic liquid composition. 

element Observed Calculated 

48.6 48.8 

14.3 13.8 

349 404 

74 74 

8.0 8.5 

32.6 33.2 

. ;. ~ 

'Mix' 

S.D. 

o.90 

0.98 
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Table 6-10. Average composition of the basic low-Mg mafic komatiites 

Si02 

Tio 

Al2o~ 
FeO* 

MnO 

MgO 

Cao 

!Zr 
y 

Ni 

Co 

v 
Ga 

Sc 

(13-15% MgO) and the evolved low-Mg mafic komatiites (9-13% MgO). 

The estimated composition of the evolved lavas obtained by the 

removal of 40 wt.% clinopyroxene from the basic lavas is' also 

given. 

Calculated evolved 
Basic low-Mg Evolved low-Mg Endiopside mafic komatiite 

mafic komatiite mafic komatiite composition 

53.57 53.85 52.78 53.52 

0.63 o. 79 o.35 0.82 

7.02 9.95 1.83 10.50 

11.13 11.12 5.86 14.69 

0.21 0.19 0.15 0.25 

13.88 10.70 18.85 10.55 

11.31 10.42 18.52 6.48 

48.6 59 71 

14.3 17.4 16.7 

349 215 201 

74 66 66 

171 207 200 

8.0 10.4 11.5 

32.6 32.6 32.6 



··--------- ·-----------

Table 7-la. Major element and normative mineral data for the low-Ti ba:rnlts. 

SA.~PLE 34-5 V-16 40~ LV-7 V-36 M-390 HSS-518 HSS-56 HSS-58 HSS-43 LV-4 

Si02 51. 76 50.33 50.87 51.18 52.99 52.07 55.65 so. 71 52.05 50.07 S0.15 
Ti02 0.65 o. 70 0.73 o.57 0.11 0. 62 0.47 o. i2 0.65 o .1~s · o.51 
A1203 14.90 15.81 15.07 15.68 14.61 15.05 13. 66 15.57 15.25 16.14 14.54 
Fe29J 1. 68 1. 72 1. 79 1.47 1. 63 1. 71 1. 52 1. 74 1. 67 1.49 1.66 
FeOa s.1.2 8.60 8.95 7.37 8.16 8.57 7.61 8.72 8.37 7.43 8.32 
:.inO 0.20 0.15 0.18 0.27 0.16 0.17 0.16 0.16 0.17 0.16 0.17 
MgO 6.82 7.69 8.16 8.69 9.32 9.36 8.26 8.59 9.45 9.50 9.76 
Cao 11. 21 12.40 12.22 10.85 9.44 9.86 9.16 11.32 9.27 12.90 10.17 
Na2o 4.13 2.23 1. 73 3.01 2.67 1. 94 1. 74 2.08 2.74 1. 58 2.47 
K20 0.14 0.23 0.13 0.83 0.22 o.52 1.56 0.09 0.20 0.18 2.11 
P205 - 0.04 0.06 - - - 0.05 0.05 0.06 0.04 
s 0.03 0.05 0.06 0.04 0.03 0.06 0.07 0.20 0.06 ND 0.03 
Cr203 0.03 0.03 0.03 0.03 0.04 0.04 . 0.06 0.02 0.03 0.05 0.04 I 

NiO 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0;02 0.02 (X) 

0 
I 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.99 100.00 

LOI. - - - - - 2.80 0.91 2.91 2.54 1.63 
·H 20+ 0.10 0.03 0.16 0.12 0.08 - 0.09 0.10. 0.19 0.17 0.06 
H20 2.40 2.60 2.36 2.48 3.36 - . - - - - 2.90 . 
C02 0.86 0.02 0.53 0.14 - - - - - - 0.10 

-
ORIG.TOTAL 98.64 99.14 99. 71 100.53 99. 99 100.21 100.48 101. 28 99.87 100.83 99.26 

NORMS 

QZ (Ne 1.51) - 1.66 - 0.95 1.48 6.65 0.25 - -· (Ne 1. 58) 
OR o.83 1.36 0.77 4.90 1. 30 3.07 9.22 o.53 1.18 1.06 12.47 
PL 53.87 51. 32 47.61 52.29 49.82 47.24 39.58 50.48 51. 91 49.79 40.34 
DI 27.83 23.56 22.28 21.92 15.91 14. 71 16.43 18.70 13. 71 22.13 22.80 
HY - 16.10 23.39 3.64 28.19 29.65 24.66 25.57 27.21 21.10 
OL 12.18 3.60 - 13.92 - - - - 2.03 2.75 19.21 
MT 2.44 2.49 2.60 2.13 2.36 2.48 2.20 2.52 2.42 2.16 2.41 
CM o.o4. 0.04 0.04 0.04 0.06 0.06 0.09 0.03 0.04 0.07 0.06. 
IL 1.23 1.33 1.39 1.08 1. 35 1.18 0.89 1.37 1. 23 o .. ss 1.08 

. AP - 0.09 0.14 - - - 0.14 0.12 o.14 tL09 
PY 0.06 v 0.09 0.11 0.07 0.06 0.11 o.13 0.37 0.11 - 0.06 

ND not detected a FeO calculated such that Fe2o3/Fe0 =_0.2 

- not dete!"lllined 



Table 7-lb. Trace element dataa (EEm) and inter-element ratios for low-Ti basalts 

SAMPLE 34-5 V-16 40-J LV-7 V-36 M-390 HSS-518 HSS-56 HSS-58 HSS-43 . LV-4 
Nb <l.O <1.0 2.4 <2.0 <2.0 <1.0 3.2 2.0 ' <1.0 1.5 <2.0 
Zr 44.1 42.5 44.5 35.8 40.4 38.5 58 39.0 .; 37 .4 27.5 34.3 
y 17.8 16.6 17.6 14.3 17.6 15.6 11. 3 16.4 : 16.6 12.2 15.3 
Sr 164 175 172 171 115 172 188 81 130 130 126 
Rb <2.0 10.9 1. 1 27.6 1. 8 79 64 2.2 3.8 2. 3 50 
Zn 72 85 77 150 70 77 69 84 84 137 77 
Cu 113 140 128 168 135 260 69 134 143 33.6 150 
Ni 187 207 172 140 156 178 176 174 193 185 174 
Co 67 73 67 54 56 62 57 55 59 57 so 
Cr 200 197 202 205 286 262 422 167 205 325 250 
v 234 246 240 268 231 232 166 272 242 170 239 
Ba 30.4 41.5 12.4 137 34.2 51 226 9.5 42.6 14.3 114 
Ga . 13.4 13.4 13.1 .12.4 . 11. 6 12.8 13.2 12.5 12.8 12.3 12.7 
Sc 37.5 37.7 - ·42.6 39.2 35.7 32. l 37.8 38.1 36.4 

RATIOS 

CaO/Al203 o. 75 0.78 0.81 • o.69 0.65 0.66 0.67 0.73 0.61 0.80 o. 70 
Si/Ti 62 56 54 70 58 65 92 55 62 87 69 <X> 
Al/Ti 20 20 18 24 1$ 21 26 19 20 32 23 
Fe/Ti 13 13 14 11 13 13 12 13 13 11 13 
Mg/Ti 11 11 11. 15 13 15 18 12.0 14.6 21. 2 17.2 
Ca/Ti. 21 21 20 23 16 19 23 18.7 17.0 34.2 21. 3 
Ti/Zr 88 99 98 95 105 97 49 111 104 98 100 
Ti/Y 219 253 249 239 242 238 249 263 235 221 223 
Ti/Ni 21 20 25 24 27 21 16 25 20 15 20 
Ti/Co 58 82 65 63 76 60 49 78 66 47 68 
Ti/V 17 17 18 13 18 16 17 16 16 16 14 
Ti/Ga 291 313 334 276 367 290 213 345 304 219 269 
Ti/Sc 104 111 - 80 109 104 88 114 102 74 
Al/V 337 340 332 310 335 343 436 303 334 502 322 
Ca/Alxlos 17 16 16 15 15 16 18 · 15 16 14 17 
Zr/Nb - - 19 - - - 18 20 - 18 
Zr/Y 2.5 2.6 2.5 2.5 2.3 2.5 5.1 2.4 2.3 2.3 2.2 

- not determined 
a data recalculated Yolatile free 



----------- -------- --

Table 7-23, Major element and normative mineral data for high-Ti basalts 

SAMPLE LV-9 21-J sc-9 Hss·-224 

Si02 52.50 52.08 50.23 49.78 
Ti02 1. 25 1.30 1.15 1. 70 
Al203 14.32 13.54 13.73 14.23 
Fe203 1. 79 2.18 2.55 2.58 
FeOa 8.93 10.89 12.74 12.88 
MnO 0.21 0.19 0.18 0.23 
MgO 6.22 6.52 7.07 8.08 
Cao 10.31 - . 9 .47 11. 65 7.90 
Na20 3.83 3.14 0.37 1.60 
KzO 0.58 o.55 0.07 0.81 
PzOs - - 0.13 o. "!.8 
s 0.06 0.12 0.09 0.02 I 

co 
Cr2o3 0.01 0.02 0.02 0.01 ="-' 
NiO 0.01 0.01 0.02 0.01 

I 

TOTAL 100.00 . 100.00 100.00 . 100.00 

LOI - - 2.39 4,112 
HzO+ 0.07 0.05 o.oo 0.38 
H20 2.59 3.30 
C02 0.23 0.23 

-
ORIG. TOTAL 99.25 98.58 100.39 99. 75 

NORMS 

QZ - - 8.38 2.10 
OR 3.43 3.25 0.41 4.79 
PL 52.58 47.80 38.73 42.79 
DI 25.49 21.31 17. 73' 7.24 
HY 6.12 21.48 28.35 35.65 
OJ, 7.30 o. 27 
MT 2.60 3.16 3.70 3.74 
CM 0.01 0.03 0.03 0.01 
IL 2.37 2.47 2.18 3.23 
AP - - 0.31 0.43 
PY 0.11 0.22 0.17 0.04 

- not determined a FeO calculated such that Fe2o3/Fe0 = 0,2 



Table 7-2b. Trace element dataa (ppm) and inter-element ratios for high-Ti basalts 

SAMPLE LV-9 21-J SC-9 HSS-224 

Nb 3.6 4.4 3.4 4.6 
Zr 99 109 82 134 
y 29.0 35.8 28.0 42.1 
Sr 95 141 154 80 
Rb 9.3 4.6 0.7 24.8 
Zn 79 108 106 130 
Cu 232 177 113 98 
Ni 56 118 141 81 
Co l12. 5 62 73 59 
Cr 44.6 109 141 92 
v 322 391 338 363 
Ba 37 64 7.5 228 
Ga 10.7 17.2 14.7 19.0 
Sc - 35.8 39.2 34.2 

RATIOS 

CaO/Al203 0.72 o. 70 0.85 o.56 co 
w 

" Si/Ti 33 31 34 23 I !' 
Al/Ti " 10 9.2 11 7.4 
Fe/Ti 14 17 20 20 
Mg/Ti 5.0 5.0 6.2 4.8 
Ca/Ti 9.8 8.7 12 5.5 
Ti/Zr 76 72 84 76 
Ti/Y 258 218 246 242 
Ti/Ni 134 66 49 126 
Ti/Co 176 126 94 173 
Ti/V 23 20 20 28 
Ti/Ga 700 453 469 536 
Ti/Sc - 218 176 298 
Al/V 235 183 215 207 
Ga/AlxlOS 14 24 20 25 
Zr/Nb 28 25 24 29 
Zr/Y 3.4 3.0 2.9 3.2 

- not determined 
a data recalculated volatile free 



Table 7-3a; Major ·element and normative mineral data for hi~h-Mg basalts 

SA."'!PLE HSS-2 HSS-23 HSS-35 

Si02 52.11 52.28 52 ,l,3 
Ti02 0.38 0.32 0.29 
A1203 13.47 13. 56 12.65 
Fe203 1. 54 1. 53 1.44 
FcOa 7.69 7.64 7 .20 
MnO 0.16 0.16 0.14 
MgO 12.00 13.43 14.78 
Cao 7. 91 7.18 7.97 
Na 2o 2.08 3.00 1. 72 
KzO 2.22 0.43 0.88 . 
PzOs 0.06 0.07 0.06 6 

+ s 0.12 0.04 0.03 I 
Cr203 0.22 o. 29 0.30 
NiO 0.07 0.07. 0.10 

TOTAL . 100.00 100.00 100.00 

LOI 3.50 3.40 3.96 
HzO+ 
HzO 

0.18 0.12 0.26 

COz 
-

ORIG. TOTAL 99.94 99.57 100.35 

NORMS 

QZ 
OR 13.12 2.54 5.20 
PL 38.46 47.65 38.75 
DI 14.49 10.36 11. 97 
HY 17.79 . 23.48 35.78 
OL 12.50 12.47 5.01 
MT 2.23 2.22 2.09 
CM 0.32 0.43 0.44 
IL o. 72 o.61 o.55 
AP 0.14 0.17 0.14 
PY 0.22 0.07 0.06 

- not determined a re0 calculated such that Fe2o3/Fe0 = 0.2 



-------------

Table i-3b. Trace element dataa {ppm) and inter-element ratios for high-Mg basalts 

SAMPLE HSS-2 HSS-23 HSS-35 

Nb 2.8 2.4 <2.0 
Zr 56 54 61 
y 16.8 13.7 13.6 
Sr 207 287 268 
Rb '•B. 2 8.4 22.0 
Zn 71 65 57 
Cu 51 42.0 36.7 
Ni 539 574 770 
Co 69 97 79 
Cr 1491 1997 2067 
v 138 135 99 
Ba 349 128 134 
Ga 11. 7 10.5 10. 7 
Sc 36.4 35.4 

RATIOS 

CaO/Al203 0.59 o.53 0.63 
CX> 
C.11 

Si/Ti 107 127 141 
Al/Ti 31 37 39 
Fe/Ti 12 12 11 
Mg/Ti 32 42 51 
Ca/Ti 25 27 33 
Ti/Zr 41 36 . 29 
Ti/Y 136 140 128 
Ti/Ni 4.2 3.3 2.3 
Ti/Co 33 20 22 

. Ti/V 17 14 18 
Ti/Ga · 195 183 162 
Ti/Sc 63 54 

. Al/V 517 532 676 
Ga/Alx105 16 15 16 
Zr/Nb 20 23 
Zr/Y 3.3 3.9 4.5 

- not determined 
a data recalculated volatile free 



Table 7-4a. Major element and normative mineral data for altered basalt and other lava tI2es 

SAMPLE V-13 DC-1 HSS-39 HSS-83 HSS-111 HSS-52B 
' 

Si02 50.39 51.58 52.19 56.70 52.09 66.55 
Ti02 1.68 1.00 0.84 0.94 0.45 1.64 
Al203 15.13 14.05 17.40 11. 72 16.06 13.20 
Fe203 2.23 3.22 1. 55 1. 63 1. 26 0.37 
FecF 11.13 . 16.09 7.76 8.13 6.29 1.84 
MnO 0.23 0.18 0.14 0.16 0.10 . o. 15 
MgO . 5.24 6. 20 6.30 7.40 8.18 1.43 
cao 9.33 6.24 8. 72 7.61 10.07 10.07 
Na20 4.11 ND 3.81 3.96 3.60 1. 70 
K20 0.19 ' 1.27 o. 54 1.35 1.84 2.75 
P205 0.16 0.07 0. 56 0.08 0.03 0.24 I 

CD 
s 0.16 0.04 0.17 0. 29 ND 0.06 ·en 
Cr 2o3 0.01 0.05 0.02 0.02 0.01 0.00. I 

NiO 0.01 0.03 o.oo 0.01 0.04 0.00 

TOTAL 100.00 100.00 100.00 100.00 . 99.99 100.00 

LOI - 8.64 1.08 1. 38 19.08 8.60 
H20+ 0.12 0.23 0.20 0.11 0.10 0.13 
R7,0 3.41 
C02 4.60 

-
ORIG. TOTAL 100.48 99~09 

.. 
99.04 100.40 101.02 99.43 

. NORY.S 

QZ - 12.69 - 1.88 (Ne 3.30) 28.91 
OR 1.12 . 7.50 3.19 7.98 10.87 16.25 
PL 57.05 30.50 61.02 43.72 46.60 34.65· 
DI 19.13 - 8.86 22.03 22.28 8.81 
HY 4.47 40.94 17.53 19.41 - (Wo 7 .09) 
OL 11.07 - 3.87 - 14.20 
MT 3.23 4.64 2.25 2.36' 1.83 0.49 
CM 0.01 0.07 0.03 0.03 0.01 
IL 3.19 1.90 1.60 1. 79 0.85 3.11 
AP 0.38 0.17 1. 33 0.19 0.07 o.57 
PY 0.30 0.07 0.32 o.54 - 0.11 

ND not detected a FeO calculated such that Fe2o3/Fe0 = 3587,67/17938,38 
not determined 



Table 7·4b. Trace element dataa (ppm) and inter-element ratios for altered basalts and other lava types 

SAMPLE V-13 DC·l. HSS-39 HSS-83 HSS-111 HSS·52B 

Nb 5.2 <2.0 <l. 5 <2.0 <l.O 6.9 
Zr 125 60 84 74 33.2 155 
y 35.7 17.8 20.2 19.4 14.5 42.0 
Sr 86 29.3 497 79 60!. 66 
Rb 42 40.6 14.4 7.6 80 60 
Zn 125 214 64 71 54 74 
Cu 114 317 224 91 <2.0 57 
Ni 100 221 22.7 100 281 25.4 
Co 62 85 29.9 53 63 21. 7 
Cr 97 132 107 130 68 20.7 
v 379 333 251 200 183 187 
Ba 71 40.6 882 107 167 109 
Ga 17.7 16.8 16.7 9.3 19.3 16.7 
Sc - - - 34.0 

RATIOS 
CX> 

CaO/Al203 0.62 o.44 0.50 0.65 0.63 o.76 -...J 

Si/Ti 23 40 48 47 90 32 
Al/Ti 8.0 12 18 11 32 7.1 
Fe/Ti 17 25 12 12 96 1. 7 
Mg/Ti 3.1 6.2 7.5 7.9 ~ 18 0.9 
Ca/Ti 6.6 7.4 12 9.7 27 7.3 
Ti/Zr 81 100 60 76 81 63 
Ti/Y 282 337 249 290 186 234 
Ti/Ni 101 27 222 56 9.6 387 
Ti/Co 162 71 168 106 43 453 
Ti/V 27 18 20 28 15 53 
Ti/Ga 569 357 302 606 140 589 ·~ 
Ti/Sc - - - 166 
Al/V 211 223 367 310 464 374 
Ga/AlxlOS 22 23 18 15 23 24 
Zr/Nb 24 - - - - 22 
Zr/Y 3.5 3.4 4.2 3.8 2.3 3.7 

- not determined 
a data recalculated volatile free 
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Table 7-5 Tholeiitic basalt average compositions. 

Average Average Average 
Low-Ti basalt High-Ti basalt higb .. Mg basalt 

Si02 51.62 51.15 52.27 

Ti02 0.62 1.35 0.33 

Al203 15.12 13.96 13.23 

FeO* 9. 71 13.41 8.87 
- ~ 

MnO 0.18 0.20 0.15 

MgO 8.69 6.97 13.40 

cao 10.80 9.83 7.69 

P205 0.05 0.16 0.06. 

Nb <2.3 4.0 <2.6 

Zr 40.2 106 57 

y 15.6 33.7 14.7 

Ni 177 99 628 

Co 60 59 82 

Cr 247 97 1852 

v 231 354 124 

Ga 12.8 15.4 11.0 

Sc 37.5 36.4 35.9 

. ! 
; ' 

r' 



t.-• type Chondrlt•• 

ft . 
tlgO content . 
Al/Ti 18 

Ca/Tl 20 

Ti/Zr 102 

Ti/Y 256 

~:;:, 
8.4 

~3 

1/Alal05 57(22-258) 

r/T 2.5 

/Zr 11.5 

Tftbh• 1•A. AVf!rllf!P lt1tPr•el~P.nt rntlol!I or ehondrftil!ll, kotMtiitil!tt •nd b1111..tts frOtlt thil! Onvet"Vacht And lnvtu r"rOT!t otlH"r 81"11!111. 

STP frOll Lov•TI Aphyrlc 
"ubitt •nd Sun .altraNrle High-~g 

(1976) hVAI ma fie 
komatiite1 

7a Jb 2 5 

30.9 22.4 29.3 21. 7 

18 20 16 16 

24 28 32 27 

111 117 124 99 

265 221 2~6 293 

14 14 I) 17 . . 84 92 . . 19 19 

2.4 1.9 2.) ).0 

8.0 8.4 9,3 5,5 

C II 0 UP I 

. • • STP roc1c.1 tr0111 Yilgarn block 

b • S!P tC'i::k• from Munro tovruhip 

c • Snmple HSS·51S rejected frOlft c°"'pi!atlon 

Low· Tic Famoul!ld 
basalt bsult• 

to . 
8. 7 12. 3 

22 22 

21 24 

100 113 

239 219 

16 19 

too 90 

16 15 

2.4 l. 9 

6.2 6.0 

d • Calcu!Ated primary magma compotitlon fr""' "'•It lnclutiono (t.e l\o .. , 1980) 

'Normal• Main trend B1uic Ev01ved 
11ltU1":t!ic lli~h .. ttg Lov·?!g Low~Mg 

hvu ma!ic ma£ic mn!ic 
kcmiatiitel!I kom11tiite1 kom.iti itu 

15 3 5 17 

29.0 20.8 13.9 10. 7 

10 10 to II 

22 23 21 16 

79 85 78 80 

263 255 264 27Z 

20 21 22 23 

104 107 116 143 

23 22 22 20 

),) 3.0 ·3,4 3.4· 

3.9 4.1 3. 5 3. 5 

CR 0 UP lI 

High·Tl Abyoul 
basal ta ba•alt 

4 . 
7.0 8,5 

9.3 to 
9.0 to 

77 83 

240 194 

23 29 

231 238 

21 22 

3.1 2.3 

3,3 2.9 

Hlgh•l!g 
t-aults 

3 

13.4 

36 

28 

35 

135 

16 

59 

16 

3.9 

2.2 

c P. 0 up 

~on in he 
(Dietrich et el., 

1978) 

5 

13. 5 

47 

34 

38 

. 
7.1 

39 

. 

. 
5.3 

IIt 

I 

a:> 
LC 



Table 7-7 Comparison of Ti02, Zr and Y contents and inter-element ratios of basaltic rocks from 
Onverwacht, Scotia Sea Rise and Chiliean Rocas Verdes ophilites. 

Onverwacht Scotia Sea Chile Onverwacht Scotia Se:1 C H I L E 
Low-Ti Rise Rocas Verdes High-Ti Rise 

besalts basalts basalt basalt R 0 C A S V E R D E S 

SAMPLE ALL D24.14 Gabbro PA31L ALL 20.43B Gabbro PA31D2 Dyke PA23G Lava PB-16 

Ti02 0.62 0.61 0.69 1. 35 1. 29 1. 31 1.45 1.54 

Zr 40 40 35 106 107 92 106 118 

y 16 14 19 34 29 31 36 30 

Al/Ti 22 21 20 9.3 11 9.8 9.4 8.4 

Ca/Ti 21 21 23 9.o 10 10 9.2 6.1 

Ti/Zr 100 91 118 77 72 85 82 78 <.O 

Zr/Y 2.4 2.9 1.8 3.3 3.7 3.0 2.9 3.9 
0 

Ga/AlX10 
5 

15 16 17 21 19 22 26 22 

S~/NdN 1.04 0.99 - 0.95 0.91 - 0.86 



i'io2 % 

Al 2o3 
·II 

MgO II 

Cao II 

i Zr(ppm) 

y it 

.v ... .•... 

Ga " 
Sc II 

.\ . 

. ,. i 

Table 8-1. Bulk composition of orthopyroxene-olivine mixture 

entering melt. The estimated composition of the 

pyroxene is also given. 

Bulk Composition Orthopyroxene D~px/liq(24% MgO) Dopx/liq(33% ~!gO) 

0.20 0.31 0.7 1.0 

2~15 3.31 

38.97 33.00 

0.97 1.50 .... 
14.4 ·22.2 0.7 ··1.0 

6.1 9.3 1.0 1.3 

57 88 0.7 1.0 

2.8 4.3 0.8 1.1 

8.2 '12.6 o.5 o.8 
.. ' 

. '·· .. .. ' 

I,· 
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Table 8-2. Estimates of the amount of material that must be assimilated 

to generate the ultramafic magmas. 

Source composition 

with 38% MgO 

Sour:e composition 

with 42% MgO 

MgO content of 
initial melt 

18% 

24% 

18% 

24% 

% source assimilated 
to generate 24% MgO 

lava 

30% 

0% 

25% 

0% 

';.,"' 

% source assimilated 
to generate 33% MgO 

lava 

75% 

64% 

63% 

50% 



Table 8-3. Calculatedsource mantle compositions for Group I and II ultramafic komatiites 

compared to other proposed mantle compositions. 

. lb 
Average 

Calculated Conti.nenta Calculated Calculated Calculated Calculated African fremier 
mantle spinel mantle mantle PHN-1611 mantle mantle garnet b coarse 

38.0% MgO lherzolite 39.0% MgO 38.0% NgO 39.0% MgO 42% MgO lherzolite grained 
at 38.0% MgO at 42% MgO garnet 

Group I - Group I Group II Group II Group I lherzolite 

Si02 45.6 45.5 45.4 44.4 44.5 44.l 45.00 46,88 45.83 

Ti02 0.13 0.11 0.12 0.22 0.26 0.20 .0.09 0.10 0.11 

Al203 2.6 3.5 2.4 2.3 2.8 2.1 1.85 1.64 2.12 

FeO* 8.7 8.2 8.3 10.9 10. 3 10.9 7.41 7.18 6.95 

MnO 0.21 0.13 0.21 0.17 0.13 0.16 0.21 0.11 0.14' 
<D 

MgO 38.0 38.0 39.0 38.0 37.9 39.0 42.00 42.00 41. 72 (JJ 

Cao 3.4 3.5. 3.1 1.5 3.3 0.96 2.H 1. 27 l. 54 

Cr203 o.45 0.42 0.45 0.26 0.29 0.25 o.43 0.38 0.36 

Zr 6.3a. - 5.8a 16 - 14 4.3a 

y 2.7a - 2.5a 6.3 -. 6.0 l.8a 

Ni 2570 1800 2660 2420 - 2510 2920 2190 2040 

Co 127 - 126 160 - 164 125 

v 77 - 74 62 - 57 63 

Ga 2.58 - 2.4a 3.0 - 2.8 l. 7a 

Sc 9.3
8 - 8. ]fl 9.4 - 8.1 6.38 

a calculated from Ti/element ratio in HSS-95 

b calculated from regression equations given by Maaloe and Aoki (1977). 



Table 8-4. 
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Estimated degree of melting (F ) for tholeiiric basalts 

from source material with 38% MgO given in Table 8-3. 

I" F 

Sourcc/Tholeiite Group I Group II 
Tholeiites ----- Tholeiites 

Ti 0.21 0.16 

Al 0.17 o.16 

Zr 0.16 0.15 

y 0.17 0.19 

Ca 0.20 0.19 

Average F 0.18 0.17 
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concentration and.the textural zones of the flow are de­

marcatEd on the MgO plot only. 
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MgO - Cao - A120 3 relationships between komatiites 

(crosses) and thOlei.ites (dots) .from the Barberton 

greenstone belt. 
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Fig. 6-14. MgO - CaO - A1203 relationEhips between komatiites 

(crosses) and tholeiite (dots) from the Belingwe 

greeristone belt~ Sources of data are referenced in 

·the text. The 'line seperating the komatiites. from 

the tholeiites is taken from Fig~ 6_.:.13. 
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Fig. 7-4. Predicted one atmosphere phase relationships in the ba­

salts from· the Onverwachi: Group. High-Mg basalts as 
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circles... The phase boundaries are from Cox and ge;11 ·'..:. -

··-(1972). 
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Fig. 8-1. Projection from or towards olivine (M
2
s) onto the plane 

CS-MS (enstatite )-A. The phase boundaries are from 

O'Hara (1968). The projected compositions of the LUU 

aphyric ultramafic komatiii:es are shown as circles 

(group I) and dots (group II). opx-·orthopyroxene, cpx~ 

cl:i.nopyroxene, pl-plagioclase and ga-garnet. 
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Fig.8-3. Projection from diopside (CMS 2 ) onto the plane 

c3A-M-s:. ·The phase boundaries. are from O'Hara (1968). 

\ The line from enstatite is the hypersthane-gabbro divide 

and the line from, olivine is the olivine-;-gabbro thermal 

divide. Orna'llentation and letterin.g as in Fig. 8-l. 



166 -

A 

0 
CS ~~--~''---C-M~' d~~2 ...... .....:~----"'-----•a.t-...oi~~ts-""~MS 

Diopside Enstatite 

© 
C2Sict.1C' MS;" v M~ 

Diopside Olivine 

Fig. 8-4 A), Projection from or towards olivine (M
2

S) onto the plane CS-
MS ( enstati te)-A. The pyroxene solid solution coinposi tions _ 
at points N and 0 have been chosen for illustrative purposes 
only. The boundaries of opx and cpx solid solution ( ss) and 
the phase boundaries pertain to 30 kb pressure (O'Hara, 1968). 

~-s) Projection from orthopyroxene onto the plane M
9

S (olivine)-
c2s3--A2s3. Phase boundaries (30 kb) are from O'Hara (1988). 

The outlined field represents the compositions of the group II 
apqyric ultramafic komatiites from the LUU. See text for addi­
tional explanation of the diagram. 
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Projection from or towards olivine (M S) onto the plane CS­
MS (enstatite)-A. The 30 kb cpx-opx toundary has been ex­
trapolated (dashed curve)' fur·ther than the phase boundary 
given in O'Hara (1968). The pyroxene solid solution boun­
daries are from 0 'Hara ( 1968) and points N and 0 have been 
chosen to illustrate solid solution in the residual pyroxene • 

. B) Projection from enstatite (MS) onto the plane M?S (olivine)- · 
c2s3-A2S3• The 30 kb cpx-ol phase boundary_ from O'Hara (1958) 
has been extrapolated as shown (dashed curve). 

The outlined field represents the compositions of the group II 
aphyric ultramafic komatiites from the LUU. See text for addi­
tional explanation of the diagram. 
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Fig. 8-6. 

MgO 

The trends of the group I (dashed lines) and group 

II (heavy and dotted lines·) aphyric ultramafic la­

vas from the· LUU have been extrapolated to higher 

MgO contents. 
. . . 

FeO is total Fe expressed as FeO. 
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Fig. 8-6 (ContinueJ.) The trends labelled CSL, OSL and AGL 

ai~e the trends given in Ma.aloe and Aoki ( 1977) for 

continental spinel lherzolites, oceanic spinel lher­

zolites and African garnet lherzolites respectively. 

The cross is PHN-1611 (~ixon and Boyd, 1973), the 

triangle is the· average fert.ile Premier gar·net lher-, . ' 

: . . .. 

zolite (Danchin_, 1979), the circle is Archaean pyre.-:. 

lite (Green, 1975) ·and the verticle bar represents 

the range of A:J:>chaean mantle compositions suggested 

by Sun and Nesbitt ( 1977). 
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CMS2 
Diopside 

MS 
Enstatite 

Fig. 8-7. Projection from or towards olivine (M 2S) onto the plane 

CS-MS (enstatite)-A •. The phase boundaries are from 

O'Hara ( 1968)~, The _gr_oup II ultramafic field is outl.i-
. . ned. The aphyric high-Mg mafic komatiites as open squares, 

.the porphyritic high-Mg mafic. komatiites as solid squares 

and the field occupied by the low·-Mg mafic komatii tes is · 

outlined (dashed line). A representative range of iow-Ti 

tholeii tes is plotte:i as dots and the high-Ti thole.iites 

are plotted as crosses. Abbreviations are opx-orthopyr-o­

xene, ol-oli vine, cpx-clinopyroxene,. pl-plagioclase and 

ga-ga.Y>Uet. 
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Fig. 8-8. Projecticn from orthopyroxene (MS) onto the plane 

M2S (olivine)~c2 s3-A2$ 3 • Phase boundaries are from 

O'Hara (1968). Ornamentation and ~ettering as in Fig. 

8-7, except for the low-Mg mafic komatiites which are 

plotted as circles. 

.. 
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Tholeiites 

,, 

- ·rig~ 8-9. Projection from diopside_(CMS 2 )_ onto ~he plane c3A-M-S. 

Phase boundaries are from 0 'Ha.ra ( 1968). The line from 

· enstatite is the hypersthene-gabbo divide _and the line. 

from olivine is the olivine-gabbo thermal divide. Orna-
, -

mentation and lettering as in Fig. 8-8~ except both high-

Ti and low-Ti tholeiites plot within. the dashed field. : 

.. 
I 




