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Patrick E. Grattan-Bellew 

A COMPARATIVE STIJDY CF GARNETS FROI'<I AFRICAN KIMBERLITES 

~TRACT 

Gamets from kimberlite occurrences in the Republic of South 

Africa, South West Africa, Southern Rhodesia, Tanganyika, Guinea 

and Sierra Leone were analysed, by physical methods of analysis. 

The purpose of making the analysis was two-fold: 1. To compare 

the composition of garnets from dismond-bearing, with those from 

non diamond-bearing kimberlites. 2. To evaluate the resulta of 

analysis by physical methods, by comparing them with the resulta 

of ehemieal analyses. 

Analyses by physical methode were made by measuring the 

refractive indices, the lattice constants and the specifie 

gravities of the garnets and plotting them, along with chemical 

composition, on a three dimensional tetrahedral diagra.w. (after 

Winchell, 1958). 

No difference was found between the gamets from diamond

bearing and those from non dia.mond-bearing kimberlites. Analysis 

by physical methode was found to be almost as good, and in the 

case of small ssmples, proba.bly better than chemical analyses. 
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Q.hapter 1. 

1 .1 OUTLINE CF THE PURPCSES tF THIS STUDY ----- --..... --
The purpose of this study is tvofo1 d: (1) to compare the garnets 

from diamond-bearing and non diamond-bearing kimber1 i tes ; any 

differences vhich cou1d be detected betveen the garnets from diamond 

bearing and non diamond-bearing kimber~ites vou1d be exceptiona11y 

usefu1 in prospecting for diamonds; and (2) to compare the modal 

composition of gamets calcu1ated from the percentages of the oxides 

found by wet chemica1. analysis, vith the modal composition derived 

from a graph, obtained by plotting physica1 properties against 

chemical composition. 

1,2 MATERIAL S~ 

The material used in this study consista of garnet crysta1s 

from concentrates derived from kimber1ite bodies in Africa (map 

Fig. 1). 

Garnets from the fo,,owing districts, which might be termed 

'kimber1 ite provinces t, vere studied-: 

1. South Africa, Kimber1y province, 

2. South West Africa, Berseba-Gibson province, 

3. Southern Rhodesia, Bulawayo province, 

4. Tanganyika, Singida and Shinyanga provinces, 

5. Sierra Leone, Sefadu province, 

6. Guinea (location unknown). 
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With the exception of the Basutoland and Katanga provinces, the above 

list covers most of the known kimberlite provinces of Africa. 

LJ_12iF..l!ITIQNS 

The term kimberlite and more partioularly the term pyrope may be 

used in several contexte. The terms are defined here in order to 

clarify their usage in this thesis. 

(a) JY.zqberlite 

The term was proposed by C. Lewis {1888) for the diamond bearing 

peridotite from the Kimberly area of South Afriea. This rock is a 

volcanic breccia, rut neither an ash nor a tuff; the peeuliar brecciated 

structure being apparently due to successive paroxismal eruptions. In 

the kimberlite, olivine, with its alteration products serpentine and 

magnetite, is the most ablndant constituent and it is associated with 

bronzite, chrome-diallage, biotite, perovskite, pyrope, ilmenite and 

ether mineral&. For more complete modern definitions one must turn 

to Dawson (1960, p.6) and to Mannard (1962, p.326). Owing to the 

rather variable composition of the rock normally called kimberlite, a 

rather generalized description such as proposed by Mannard (1962) is 

possibly the beat. According to Mannard (1962, p.326) nKimberlite is 

a serpentinized, mica peridotite of volcanic origin, which invariably 

contains pyrope". 

(b) P:yrope 

In the strict sense of the word, the term pyrope is applied to 

the end member or molecule of the garnet series, having a composition 



Mg.3 Al2 (Si0
4

)
3

• The term pyrope, however, bas come to be used 

loosely to refer to any member of the garnet series in which, 

compositionally, the pyrope end member predominates. Unless ether

wise stated, the term pyrope is used in the latter sense throughout 

this thesis. The term pyralspite is sometimea used in place of the 

term pyrope, but this is incorrect usage. Winchell and Winchell 

(1956, p.48.3) apply the term pyralspite to a series consisting of 

pyrope, almandite and spessartite. AB pyrope garnets also contain 

small amounts of the grossularite, andradite and uvarovite molecules, 

the term pyralspite is clearly not applicable to them. 
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Çhapte.r 2, 

f!!!TROLOGY AND GEOLOGY CF THE KIMBERL ms 

~.1 INTRODUCTION~ 

This section is devoted to short descriptions of the petrology 

and geology of the kim.berli te bodies from which the gamets are 

derived, in order to proTide a background against which to view the 

resul ts of the gamet analyses. 

Numer~s thin sections eut from African kimberlites were examined 

by the au thor. The rocks from which the sections were made are highly 

altered, serpentinized and chloritized and contain numerous xenoliths. 

These highly al tered and brecciated rocks are typical of the upper 

portions of kimberlite pipes, but are too altered to be representa

tive of the parent kimberlite magma, from which the gamets are 

derived, and so they will not be described in this thesis. Instead, 

descriptions have been taken from other sources. 

2. 2 MWA!lJI K!MBERL ITE:: 

The Mwadui diamond mine is in the Shinyanga district of 

Tanganyika (longitude ,30° .30' east, latitude .3° .30' south). The mine 

is approximately sixty miles south of Lake Victoria. The diamond mine 

at Mwadui differa from most others in that the diamonds are recovered 

from gravels which overlie a crater, about 4000 feet in diameter, 

filled with tuffaceous rocks. Tremblay (1956, p.l6a) Thirty 

intrusives similar to tbat at Mwadui lie within a radius of fifteen 

miles from it. 
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A general geological map of the Mwadui area is shown in Fig, 2, 

p.6. The kimberlite pipes bave bored their vay up through the 

Basem.ent Cœplax, which underlies the area. The Archaean rocks of 

the Baaement include~ granites, gneiss es, greenschists and some 

quartzites. "No Triaasic rocks could posaibly overlie the Basement 

Complex at the time of the kimberlite extrusion." Tremblay (1956, 

p.l4) 

The rocks of the crater consist of a variety of tuffs vith some 

tuffaceous marls and claye and are described in detail by Tremblay 

(1956, p.49-83). No kimberlite occurs within the crater. Heavy 

.minerais from the .Mwadui mine are diseu.ssed by Tremblay (1956, p.lOl). 

Diamond, garnet and ilmenite occur in the diamond concentrates. The 

presence of these minerais indicates tbat the tuffs of the crater 

.untst be the upper portion of a kimberlite volcano, because in this 

district,py.rope, diamond and ilmenite are not found outside the crater 

rocks. 

The presence of the crater series of rocks at Mvadui is in 

m.arked contrast to the kimberlites of South Africa, where only the 

tbroat, or pipe-like portion of the Tolcanos, is preserved. 

2,3 KIMBERLrr;m g' TBE SINGIDA .RjiGIQN CF TANGANYIKA 

The garnet samples, obtained from kimberlites in the Singida 

district, are num.bers~ 

3, 4, 5, 6, 8, 11, KS-13, 16, 24-2, 24-3, 24-5, 26-2, 

26-3, 27-2, 27-3, 30-2, 30, 30-1, 32-o, 46, 9-R, '"v, 

32-V, 12. 
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Aa aJ.l the ldm.berlites in the Singida district are more or lesa 

similar, a general description will be given here. The description 

is after Mannard (1962, p.lS-346). 

The kimberlite bodies are in the administrative districts of 

Singida and Iramba in Tanganyika; the area is bounded by latitudes 

4° OO' and 5° 15' south, and by longitudes 34° OO' and 34° 1;t east. 

The Singida district is underlain by granites, gneisses, meta

volcanics and greenschists of the Basement (map Fig.3). The Basement 

rocks are eut by doleri te dykes of an unknown age and by kim. ber li te 

pipes and dykes {Mannard, 1962, p.l8). The surface area of the pipes 

varies from 920 to 2500 square yards. In this respect, they are 

similar to the kimberlite pipes of South Africa, Basutoland {Dawson, 

1960) and the Congo (Verhoogen, 1938). 

The outcrop and sub-outcrop of the Singida pipes varies from 

:round to ovaJ. to elongate. "The internaJ. structures of the Singida 

kimberlite pipes confirma the often disputed conclusion of wagner 

(1914, p.5) that kimberlite pipes are eroded tunnel shaped voleanic 

necks of the l.faar type." Mannard (1962, p.268) 

With the exception of the Mamungo pipe, No.l6, the pipes in the 

Singida district fall into the basal tic category (Mannard, 1962, p.346). 

The petrology of the basaltic kimbe:rlites of Singida is 

essentiaJ.ly similar to that of Jagersfontein and Kimberly mines, but, 

oving to the fact that the exposed portion of the eraters is, in 

most eues, filled vith tuff, f:resh kimbe:rlite is not common. As a 

resul t, the petrology of the rocks which form the exposed portions 



of the pipes varies considerably. The petrology of the crater rocks 

hu been dealt vith exhaustively by Manoard {1962, p.lS-.346). 

Conclusions:: 

a. 

The kimberlite bodies of the Singida district are at a stage of 

erosion silldlar to that of the .Mwadui ldmberlite crater. The crater

like form and the shattered condition of the rocks coL.Iprising the 

kimberlite pipes leaves no doubt that the kimberlites vere formed by 

explosive eruption. {.Mannard, 1962, p.270) 

?.:4. COLOSSUS KIMBERLITE CF SOUT~ RHOPF§IA 

The Colossus mine is about 30 miles northeast of Bulawayo. The 

approximate latitude is 19° 50' south, the longitude is 28° 55* east 

(see map Fig.4). 

Three kimberlite bodies occur in the area near Locbard. Tvo more 

kimberlites occur furtber north. The area in which the two groups of 

kimberlites occur ndght be termed The Bulavayan Kimberlite Province. 

The area is underlain, for the most part, by granite and granite gneiss 

of varying age, bu.t mostly Pre...Cambrian. Seme Pre..Cambrian m.eta

volcanics and interbedded sediments {a chis ta, etc.) of the Bulawayan 

and Sebakwian systems also occur. 

The kimberlite bodies of the Bulawayan Province are composed of 

micaceous kimberlite {Wagner, 1914, p.ll4). The kimberlite is com

posed of large porphyritic crystals of olivine, phlogopite, ilmenite, 

pyrope and diopside, set in a holocryatalline groundmass of phlogopite, 
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olivine, apatite and perovskite. As is usual in kimberlites, the 

olivines have been almost completely replaced by psendomorphs of 

serpentine (baatite). The rock is practically free from carbonate; 

this is a rather unusual feature in kimberlites. 

&,.5_ SIERRA LEQNEJ~~ITES (sample number SLl) 

The kimberlite bodies are located about one and one half miles 

south of the administrative post of Sefadu, latitude 8° )SI north, 

longitude 10° 591 west. 

The kimberlite bodies in Sierra Leone occur as a series of 

dykes. These dykes are unusual in that they are highly diamondi

ferous. Kimberlite dykes are also found in the Vinberg district of 

South Atrica about 100 miles east of Kimberly. In the Win berg district 

the swarm of kimberlite dykes is almost 40 miles long {Wagner, 1914, 

p.43). With the exception of a few dykes in the Barkley west area o~ . 
South Africa, most of the dykee have too low a diamond content to be 

of ore grade. 

The rocks which underlie the area are part of the Baaement Seriee. 

Granitee, some foliated, are the dominant rocks, bu.t, in addition, 

there are bands of quartzite, schist and banded ironstone. A few 

dolerite dykes occur and, in one instance, a dolerite dyke is eut and 

displaced by a kimberlite dyke (Grantham & Allen, 1960, p. 7). Apart 

from the fact that the kimberlite dykes are younger than the dolerite 

dykes, there is no evidence for their age. 

The kimberlite dykea are arranged en echelon in a zone 12 miles 

long and 2 miles wide, that trend1 in a northeast direction. 
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The following is a much abbreviated description of the petro

graphy of the Sierra Leone kimberlite dykes after Grantham & Allen 

(1960, p.8-15). The rock 18 claased as a bualtic kimberlite; 

anal.ysis shows it to be si.mllar in composition to kimberlite from. 

Jagersfontein. The fresh unaltered material in the dykes is a hard 

blue-green porphyritic rock with prominent euhedral paeudomorpbs of 

serpentine after olivine, large fragments of black ilmenite and 

sporadic grains of garnet. Som.e of the serpentines contain much ex

aolved magnetite. Pale euhedral phlogopite crystals range in aise 

from a few millemetres to 0.5 mm in diameter, but a few erystals are 

several millemetres in length. The phlogopite crystals frequently 

show alteration to chlorite. Small octahedra of magnetite are comm.on, 

and in conjunction vith magnetite liberated in the formation of 

serpentine, impart a definite magnetism to the kimberlites. Corroded 

pieces of ilmeni te up to sever al millemetres in diameter occur. The 

margina of the ilmenites are altered to perovskite. Radiating, 

slender apatite crystals occur in the groundmass, along vith small 

grains of ilmenite. As in most other kimberlites, carbonate occupies 

the interstices between other minerale. I8olated grains of garnet 

have broad kelyphitic rinds. 

&:6 KIMBERLITES &f THE KIMBERLY PRQVINC~-: 

Kimberly is in the Republic of South Africa, al.most in the centre 

of the southern portion of the African continent, latitude 28° 40' 

south, longitude 24° 45' east. 
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A large grou.p of kim ber li te pipes oecurs around the town of 

Kimberly. The following is a list of the larger mines: Kimberly mine, 

Belgravia, Bultfontein, Wesselton, DuToit's pan, DeBeers, St. 

Augustines, Taylor's Kopje, and Kamfersdsm. (see map Fig.5) 

Most of the rocks in the Kimberly district belong to the Dwyka 

Series, of the Upper Carboniferous age. The rocks consist of shales 

and tillite. The Dwyka series is underlain by the Ventersdorp lavas 

whioh are of Pre~smbrian age. In the Kimberly Mine, about 350 feet 

of Dwyka shales occur above the smygdaloidal diabase ·of the Ventersdorp 

series. Blooks of Permian or Triassic Beauford sandstone were found 

as inclusions in the kimberlite of Wesselton mine. Fragments of 

amygdaloidal basalt which have been identified with the Stormberg 

series of the Triassic,have been found in the pipes between Jagers

fontein, Postmasterberg and Prieska. The above observations establish 

the age of the kimberlites as post Stormberg, i.e. post Jurassic 

(Du Toit, 1956, p.417). The probable age of the Kimberly kimberlites 

is late Cretaceous (Du Toit, 1956, p.429). 

Kimberly M!!!!, 

The kimberlite pipe in which the Kimberly mine is excavated was 

formed by the coalescence of three distinct pipes (Wagner, 1914, p.5). 

The pipes are arranged along a fissure having an east-northeast trend. 

On the eastern wall of the mine the fissure is occupied by a narrow 

dyke of kimberlite. 

The kimberlite of the pipes and dykes of the Kimberly district 

is typical of basaltic kimberlites. The folloving is a brief 
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description of slide No.l.31, alter Williams (1932, Vol.l, p.254-255). 

Serpentinized olivine m.akes up most of the matrix of the rock. 

Em.bedded in the fine serpentine matrix are olivine crystals, rounded 

by resorption and ranging from 15 mm to lesa than 0.5 mm in diameter. 

MOst of the gamets are altered to black/brown bodies composed of 

fibroua limonite and represent kelyphit:tc rinds of altered pyrope 

garnets. Ilm.enite occurs as rounded fragments. Most grains show 

marginal alteration to perovskite. Calcite in strea.ks and irregular 

patches makes up a considerable portion of the rock. The large rounded 

olivines, pyroxenes and garnets are not indigenous to the kimberlite 

lava but have been transported from a more deep-aeated part of the 

c.rust. 

&.1 KAM.i'ERSDAM KIMBERLI1'E 

The Kamteradam mine is about si- miles northwest of Kimberly 

Mine (see map Fig.5). The kimberlite body at Kamfersdam consista of a 

pipe like structure and a 'harde-bank' dyke. The term 'harde-bank' is 

applied to a hard unweathered, intractable kimberlite (fu Toit, 1956, 

p.421). A section out .from the harde-bank dyke reveals pseudomorphs 

of serpentine alter large and small elements of olivine, in a ground

mass of serpentine and calcite. Perovskite in Cllblic crystals and 

irregular grains is abwldant. The rock is practioally f.ree from mica 

(Wagner, 1914, p.ss). 



g_,S FRANK SMITH KIMBEfiLI:JE 

The Frank Smith Mine is about 45 miles northwest of Kimberly, 

longitude 24° .30' eut, latitude 2SO 15' south (see m.ap Fig,;). 

14. 

Dwyka shales and tlllite are the dominant rock groups in the 

area. The Dwyka series is underlain by oherts, dolomites and iron

stones of the Transvaal system, which are in turn underlain by the 

Ventersdorp lavas. Both the TransYaal and the Ventersdorp systems 

are Fre..Cam.brian in age. 

The kimberlite body at Frank Smith consista of two distinct 

pipes which are looated on a kimberlite dyke having a northeast trend. 

The two pipes form a dumbell-shaped body about 1500 feet long, In 

general, the kimberlite is intermediate between the bualtic kimber

lite of Kimberly Mine and the micaceous kimberlite of the Lion Hill 

dyke (Wagner, 1914, p.ll2). 

The folloving is a brief description of the petrology of the 

kimberlite from Frank Smith Mine after Wagner (1914, p,lll). In the 

band specimens are found rounded grains of olivine, flakes of 

phlogopite, deep red gamets and ilmenite, in a fine matri:i, The 

ilmenite often builds large individuals. Thin sections a:hibit the 

above mentioned minerale interspersed through a panidiomorphic 

granular groundmass composed of plates of phlogopite, crystals of 

serpentinized olivine, prisme of apatite, granules of perovskite and 

iron ore. Both the olivine and perovskite occur in two distinct 

generations. The groundm.ass of the rock is strongly impregnated vith 

calcite. 
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2 8 9 KL:ij'FQNTEIN Kil'1BERLrn_ 

The Klipfontein Mine is in the Republic of South Africa, about 

50 miles south of Kimberly and 5 miles northwest of Koffiefontein, 

longitude 25° east, latitude 29° 25' south (see map Fig.5). 

Most of the area around Klipfontein is underlain by Permian 

rocks of the Ecca series. The Ecca series consista of shales and 

sandstones; they are underlain by Dwyka a hales and ventersdorp lavas. 

The Klipfontein kimberlite body consiste of a blow, or enlarge

ment of the subterranean kimberlite dyke which extends from 

Koffiefontein to Klipfontein. The following description of the 

petrology of the Klipfontein kimberlite is after Wagner (1914, p.88-89). 

The Klipfontein kimberlite is coarsely porphyritic and shows con

spicuous phenocrysts of olivine, grains of bronzite, garnet ànd nà.kes 

of phlogopite,in a dense, greenish black matrix. The gr~~dmass of 

the rock is largely composed of minute pseudonorphs of serpentine 

after idioruorphic olivines belonging ta a second generation. From an 

analysis of the kimberlite from Klipfontein, Wagner (1914, p.89) 

concludes that "The rock must originally have consisted a.lm.ost entirely 

of olivine." It thu.s representa an extreme type of basal tic kimber

lite, and might perhaps be more correctly described as a porphyritic 

duni te. 

The garnet sample KLP from Klipfontein Mine was analysed by the 

author (see Table 7, p.53). The analysis indicates that the garnet 

belongs to the normal kimberlite group XIV (see Table 6, p. 52); 

this suggests that the rock is probably a kimberlite ratherthan a 

duni te. 
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2,10 JAGERSFQNTEIN KIMBERLITE 

Jagersfontein mine is in the Republic of South Africa about 30 

miles southeast of limberly, latitude south 29° 43', longitude 25° 

32' east (see map Fig.;). 

The Beauford shale which is Triassio in age is the dominant rock 

group in t~s area. It :is underlain by other rocks of the Karroo 

series which are Upper Carboniferous in age (Wagner, 1914, p.4). The 

kimberli te pipe bas pierced a sill of dolerite having an average 

thickness of 800 feet. 

The kimberlite of Jagersfontein is the normal basaltic type and 

closely resembles the rock from Kimberly Mine. For a description of 

the petrology of the Jagersfontein kimberlite, see Wagner (1914, 

p.89). 

No information is available on the Olifants Kop kimberlite, and 

its exact location is unknown. Rowever, it occurs in the Kirnberly 

Kimberlite Province. No geological map is available for Sierra Leone 

nor for Guinea, and no information is available concerning the 

kimberlite deposits of the latter country. 
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Chapter l 

MINER.ALOGI, THE .ASSOOIATION WITH DIAMONœ 
CF. PYROPE GARNETS, AND A l.ESCRIPTION CF THE 

THIS THES IS. 

èommonly found in two rock types, eclogites 

' 
occurrence in the latter rock is discussed 
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by the author of t "Garnet is not a primary constituent 

of ldm.berlite, but, like the large crystals of olivine, phlogopite 

and. ilmenite, is a ansported mineral which crystallized at greater 

lite the ga.rnets generally'appear like buckshot 

peppered throughout the matrix, their size varying from tiny specks 

to pellets up to on half inch in diameter. In ~ceptional cases 

gamets have been Wld measuring six to seven inches in diameter. • 

(Williams, 1932, Vo .2, p.368) 

3.2 .PSSOOIATION_g' PIR PE GARNETS WIT1i.J2IAMONDS~ 

Gamets are in imately connecteà vith àiamonde in kimberlite• 

and have been useà as tracer minerale in di&monà prospecting. The 

association of garnets and diamonds vas obaerved at an early stage in 

the examination of kimberlites (Sutton, 1907, p.488). By comparing 

the analysés of pyrope garnets and kimberlite breccia, Zv~der (1957, 

p.22-23) coneludes that "The pyropes are paragenetiè companions .of 

diamonds" • 

Inclusions of diamond are found in garnets (Williams, 1932, Vol.2, 

p.373). Inclusions of garnet are sometimes found in diamonds 
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(personal observation by the author). Laue diagrams of diamonds con

taining inclusions show individual crystals of pyrope-like garnet 

having a lattice constant ('a') of 11.471 or 11.491 l. (Futergendler, 

1956, p.586-589). The lattice constants for these garnets are-rather 

lower than the average for pyrope gamets from kimberlites, i.e. 11.45 K. 
Orlov (1959, p.l03-120) measured the refractive index of some garnet 

inclusions in diamonds. The refractive indices determined by Orlov are 

1. 761 - 1. 772, these values are higher than the normal for pyrope garnet 

from kimberlites, i.e. 1.740- 1.760. A refractive inoex of 1.761 -

1.772 would put the garnets in the eclogite group (see Fig.?, p.53). 

From the foregoing discussion, it is clear that there is a definite 

connection between the occurrence of pyrope garnets and diamonds. 

l:-3 GARNET GROUP 

The gamet group consista of rather complex silicates whose 

formulae may be summarized as 3A" 2B"t (Si01) 3 in which A" may be Ca, 

Mg, Fe", or t1n" and B"' may be Al, Fe"', Cr, Ti"' or Mn"'· Finally 

Si04 may be replaced by P04 to about 4% P2o5 which would acoount for 

the presence of P2o5 in many garnet analyses. Naturally occurring 

garnets rarely approach any single end· member of the garnet series in 

composition, but form solid solutions of two or ~ore end members 

(Winchell & Winchell, 1956, p.483). 



19. 

TA!g 1 

Epg Member Composition !!t g_t !.t 

Pyrope Mg~ A12 (Si04).3 1.714 .3.582 11.459 

Almandine Fe3 A12 (Si04}.3 1.8.30 4.318 11.526 

Spessartite Mn,; Al2 (Sio4 )3 1.800 4.190 11.621 

Groasularite Ca,; Al2 (Si04).3 1.7.34 .3.594 11.581 

Uvarovite ca3 cr2 {Si04}
3 1.860 3.90 12.00 

Andradite 
... 

Ca~ Fe2 (Si0
4

)3 1.887 3.859 12.048 

Minpr ComJ2onents 

Khoharite 
... 

Mg.3 Fe2 (SiO 
4

)
3 

Il Ill 

(Si0
4

)3 Skiagite Fe,; Fe2 

Calderite 
If tl\ 

Mn3 Fe2 (Si04)3 

B1ythite Mn" Ml111 

.3 2 (SiO 
4

}
3 - ... 

Titanium Ca.3 Ti2 {Si04 )3 
Garn et 

t Abbreviations: n - ref'ractive index, G - specifie gravity, 
a - 1attice constant. 

Physical propertiee of the end members of the garn et group (Skinner, 
1956, p.428). 
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With the exception of uvarovite, the values given in Table 1 for 

refractive index, lattice constant, and specifie gravity are those 

determined by Skinner (1956). The values of refractive index, 

lattice constant, and specifie gravity for uvarovite are tak:en from 

Dter Howie Zussman (1962, Vol.l, p.77). The occurrence of khoharite, 

skiagite, calderite and blythite should be noted. Troger (1962, 

p.666) 111tates that "Hitherto mineralogiste have treated these minor 

components vith light regard, for e:x:ample the occurrence of them as 

the resu.l t of calcu.lation of garnet analyses has been dismissed as 

not real, or of minor importance.• 

S tabili tur .. Pyrope Garnets 

The pyrope end member of the garnet series is not stable at 

atmospheric pressure (Boyd & England, 1958-59, p.8,3). At temperatures 

above 1200Vc. and pressures of 2.3 kb., pyrope forms rapidly from a 

glass mixture of anhydrous crystalline phases. At temperatures 

below 1100°0. the reaction is sluggish. A pressure of 2.3 kb. is 

about the minimum at which pyrope will form. 

The information in the above paragraph is derived from the graph 

of temperature versus pressure for p;yrope by Boyd and England 

{1958-59, Fig.l, p.84). The presence of pyrope in a rock would, 

therefore, appear to indicate high pressure conditions during its 

formation. 

Qrigin pf Pyrope....rich ~q,ets ~_,K~erlites 

The origin of py.rope....rich garnets in kimberlites is discussed by 
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Dawson (1962, p. 556) who concludes that the inclusions, including 

garnet, in kirnberlites are cognate, because the inclusions are 

abundant in kiLuberlites throughout the world. However, altered 

fragments of peridotite, garnet and ilmenite have given rise to 

minerale which are an integral part of kimberlite. It is therefore 

probab1y true to say that the answer to the problem of the origin of 

pyrope garnets in kimber11tes will be found in the solution to the 

origin of kimberlite itself, a problemwhich is outside the scope of 

this work. 

!~tion of Garnets: 

There are two main alteration products of pyrope garnets: 

(1) kelyphite, (2) chlorite (Winchell and Winchell, 1956, p.409). 

Kelyphi te forrns a distinct crust around the grains of garnet. It is 

usually cowposed of an intergrowth of fibrous amphibole, fe1dspar and 

biotite (Deer, Howie, Zussman, 1961, Vol. 1, p.98). Yoder (1952, p.61.3, 

Fig .14) shows the phases stable at 600°C. for the syste,u MgO-A1203-Si03 

at 1,100 kb. Yoder states that "rock of pyrope composition at 600°C. 

would consist of pyrope al one or pyrope and clinochlore, or of 

cordierite and talc, depending upon the amount of H20 present. These 

stages represent stages in the development of ke1yphite around garnet. 

Such changes can take place without any changes of temperature or 

pressure ••••••••• 

On the basis of the above views, the conception that kelyphi ti

zation is solely a retrograde process is open to question." 



3.4 THE EFFECT CF HIGB PRESSURE ASSOOIATED WITH THE FORMATION 
OF D~Nt§. ON THE CQMPOOIT;tQN g' PYROPE GARNETS, 
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At temperatures above 1200°C. and pressures above 25 kb., pyrope 

forma rapid1y from. melts of suitable composition (Boyd and England, 

1958-59, p.83). Pressures of 23 kb. vould be round in the mantle 

belov the continental crust, this depth vould presumably correspond 

to the zone of peridotites or eclogites. The formation of diamonds 

takes place at mu ch higher pressures, around 70 kb. (Dana-Hurl burt, 

1959, p.239). As pyrope is stable at 23 kb. it is unlikely that the 

higher pressures associated vith the formation of diamonds vould have 

any effect on the garnets, so long as they vere formed at pressures 

in excess of 23 kb. The fact that no difference could be found 

betveen the garnets from diamond bearing and non diamond-bearing 

kimberlites, in this study or that of 11annard (1962), tends to support 

the above hypothesis. 

The author has observed that although most pyrope gamets are 

free or almost free from inclusions 1 some are riddled vith inclusions. 

G. I. Smirnov (1959, p.26) states that "some inclusions are idiomorphic 

chrome spinel grains, vi th vell developed octahedral faces; others are 

needle like or tabular rutile. Fairly large chrome-diopside 

inclusions occur in some grains". The occurrence of àiamonds as 

inclusions in gamets bas a1ready been referreà to. 



3. 6 COWUR OF PYROPE GARNETS 

Pyrope garnets occu.r in several shades of red, violet, orange 

and yellow-brown; some grains are almost colourless. The yellow-

brown gamets usually tend to be shattered and to have a rather dull 

lustre, a featura that may be due to the breakdown of the crystal 

lattice. If thin grains are examined, most garnets can be fitted 

into two colour groups: violet and orange red; a lesser number fall 

between these two groups and bave a purple eolour. 

Sevaral attempts have been made to correlate the colour of 

pyropes vith some physical properties 1 eg. refraetive index, or 

specifie gravity, and also vith the presence of suoh elements as Cr, 

2.3. 

Ti and Mn, in the analysis of gamets, rut the resul ts so far have been 

inconclusive (Smirnov, 1959, p.25). 

'b.,'7 DESQR~IQ! CF THE GARNETS STUDIED IN THIS THESIS 

A list of garnets studied in this thesis is given in Table 2, 

p. 26. The main physical properties are also listed in this table. 

In this section a brief note is made of garnets that have marked 

kelyphitic rinds or contain nuw.erous inclusions. 

1. Qlif~ts Kop (sample OP)i 

An orange coloured gamet from this sample contains a rounded 

inclusion of green diopside (ompbacite) 0.5 mm in diameter. Apart 

from this one inclusion the grains are relatively free from them. 

* OP refera to the authorts labelling of the sample from the 
Olifants Kop kimberlite. 



2. Klipfontein (s@DJ?le Klp) 

In addition to the orange coloured grains of garnet, this sample 

contains one rather shattered grain of violet coloured garnet. Some 

of the grains contain numerous angul.ar inclusions of ora.phacite, u.p to 

0.4 mm in length. 

3. Jagemf~in (sample JP) 

The grains of gamet in this sample are rather shattered and have 

a pal& yellowish-brown col our. Many of the garnets have m.arked 

kelyphi tic rinds. 

4. Çoloa!JU.S (s~ple Cl) 

Hany of the garnets are well rou.nded and are surrounded by 

kelypbitic rinds. In addition to the orange grains, one or two violet 

eoloured grains occur. 

;. Mwadui (sample MW) 

The garnets from this sample are angul.ar and are free from 

inclusions or kelyphitiè rinds. They are, on average, of a somewhat 

deeper reddish-orange eolou.r than most other pyropes from kimberlites. 

6. DarJ~ Pipe No.5 

The garnets from this pipe are violet-pu.rple, or orange in 

eolou.r. The orange eolou.red grains eon tain nu.merou.s sma.ll inclusions; 

som.e are rounded and black in colou.r (probably spinel), others are 

brown needle-like and are probably rutile. The violet colou.red gamets 

also contain som.e black inclusions. 



? • Itagata Pipe No.26-2 

The garneta from this pipe are a pale yellow-orange colou.r and 

con tain num.erous small inclusions; they are lath,...haped and are 

probably rutile. 

8. Kolongo PiE? No.l3 

The orange colou.red sam.ples of garnet from this pipe contain 

num.erous long needle-like inclusions which are probably rutile. 

25. 



TABLE 2 

TABLE CF GA.IqŒ'lS 

Reference 
Number on 

Name of Pipe Graph 
S2L.b,ocalitY . Sam~l• Nw:nbel' FiE·~8- .. Q_Q_lou.r a. --· - n. _G. 

01ifantskop OP-V 1 violet 11.529 1.7415 3. 68 :!: .02 

OP-2-D 2 orange 11.520 1.746 3.69 :t .02 

Berseba Reserve BR-V 7 violet 11.528 1.749 3.72 ::1::.02 

BR ex 2..0 10 orange 11.533 1.751 3. 73 :!:: .02 

Lichtenfels L2A 17 orange 11.539 1.748 3. 70 :t ,02 

IO.ipfontein Klp 14 orange 11.536 1.7435 3. 71 :t .02 

Kamferadam Kaf...O 22 orange 11.534 1.747 3.70 :t..02 

Kaf-V 23 violet 11.522 1.7375 3.66 r .02 

Jagerafontein JP 25 orange 11.532 1.747 3. 70 ::!:. .02 

Lichtenfels L:S...V 18 violet 11.557 1.750 3.68 :t: .02 

LB-2 19 orange 11.542 1.7455 3.71 i; .02 
Be11sbank BBK...O 15 orange 11.532 1.757 3.77 ± .02 
Frank Smith FS...O 14 orange 11.537 1.753 3.739 :t..02 P\) 

0' 
• 



TmE 2 (cont 'd) 

Reference 
Nw:nber on 

Name of Pipe Gl"aph 
ol",Localitz Sample Number Fig. 8 Col our a. n, _g,.__ .. 
Colossua C-I 28 orange 11.544 1.755 3.73 :t ,02 

Kimbel"ly Pool KP 29 orange 11.518 1.750 .3. 70 ~ .02 

Siert"a Leone SLl 31 orange 11.541 1.7515 .3.72 ± .03 

Lichtenfels 7 17 20 orange 11.524 1.7415 .3. 67 't: • 02 

Mwadui MW 3.3 orange 11.539 1.7485 3.71 ±. .02 

Guinea Banonkoro GB 21 orange 11.546 1.76.3 3.82 :t .02 

Mam.w:ngo 16-0 16-0 orange 11.539 1.752 3.67 :!: .0.3 

16-V 16-V violet 11.540 1.744 .3. 70 i: ,02 

Mpun Pipe No.1 24-2 24-2 orange 11.603 1.7675 .3.85 ± .02 

24-3 24---.3 orange ll.567 1.76.35 .3.80 :t .02 

24-5 24-5 orange 11.64]. 1.764 3.83 :!' .02 

Itagata Pipes 26-2 26-2 orange 11.554 1.7605 3.82 t .03 

26-3 26-.3 orange 11.545 1.754 3. 71 :!: .0.3 

27-2 27-2 orange 11.542 1.7505 3.67 1:.02 1\.) 
.....:! 
• 

27-3 27-3 orange 11.542 1.748 3.70 ± .02 



TABLE 2 (oont 'sÜ 

Reference 
Number on 

Name of Pipe Graph 
a_r __Localitz._ ~Ple NWII.~ E_ig. 8 Colou;r_ a. n. G. 

Tambola Pipe 30-2 30-2 orange 11.602 1.767 3.70 t: .03 

30 30 orange 11.562 1.7415 3.70 ± .02 

.30-1 30-1 orange 11.556 1.758 3.73 ± .02 

.Kimbelekese 32...0 .32...0 orange 11.545 1.7515 3. 74 :!: .02 

32-Y 32-V violet 11.515 1.7380 3.70 .t .02 

Mingui Ml 34 orange 11.532 1.755 3.80 :!:. .02 

Gonambogo 3 3 orange 11.535 1.753 3.70 ± .02 

Magoba 4 4 . orange 11.542 1.745 3.67 .:!: .02 

Daraja s-v 5-V violet 11.541 1.7465 3.72 :!: .02 

5...0 5...0 orange 11.516 1.745 3. 76 :!: .03 

Ki tura 6 6 orange 11.541 1.751 3. 70 :!:. .02 

Mayaha 8 8 orange 11.538 1.7535 3. 75 1: .02 

MV'elevele 9-R 9-R orange 11.548 1.7515 3.68 ~ .02 
red 

l\) 

9-Y 9-Y yellowiah 11.537 1.7475 3.78'!: 0.1 
OQ. • 

orange 



TABLE 2 (oontld) 

Reference 
Number on 

Nam.e of Pipe Gr a ph 
or Loe:!ity Samp1e Number Fig. 8 Co1o'.!!: 

Maki1awa Pipe No,l 11...0 11 orange 

Mun yu 12 12 orange 

Ko1ongo 13-V 13-V violet 

13...() 13...0 orange 

a, -tt&-

11.537 1.746 

11.533 1.749 

11.533 1.743 

11.531 1.745 

G. 

3.69 :.t: ,02 

3.72 :!: .02 

3. 78 :t .02 

3.68 ::t ,02 

l\) 
...0 
• 
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QIJ!.Rter L 

ANALYSIS Cl Tm: GAR§l'S 

,30. 

Various diagrams relating physical properties to the chemical 

composition of the gamet group are cited in the literature. The 

earliest application of composition diagrams to the study of pyrope 

gamets wu made by Ford (1915, p.33-45). Ford used a series of 

triangular diagrams, on which the three main components were plotted 

at the apices of the triangles. Fleiacher (1937, p.751-759) redrew 

Ford's triangular diagrams using new values for the physical pro

parties of the end members of the garnat series. AJs a result of his 

work on the garnat group, Fleischer arrived at the following 

conclusion•~ "Agreement between dednced and actual composition is 

excellent for grossularite and andradite gamets from a limestone 

contact zone." Fleischer's resulta for most pyrope garnets from 

kimberlites were fair, while the resulta from gamets from eclogites 

w~e Wl&atisf'actory •because these garnets usually contained four 

components in significant amounts". 

Sriramadas. (1957, p.295-298) gives eight triangu.lar diagrams 

correlating the unit cell edges and refractive indices with chemical 

composition of the garnets. 

Kennedy (1947, p.561-573) also shows eight triangular diagrams, 

on which are ahown the refractive indices and densities of the tbree 

oomponenta. All the diagrams mentioned already have one shortcaming 
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in coounon; na.m.ely, they shov only tvo of the three .measurable physical 

propertiea: refractive index, lattice constant and specifie gravity. 

Winchell {1958, p.595-600) overca.m.e the prob1em of only shoving two 

phyBical properties by making a graph ttsing lattice constants as 

abaciasa.e, refraotive indices as ordinates and p1otting the principal 

end .mem.bers, almandin&, pyrope, grossulari te, andradi te and spessarti te 

on the one graph. The graph is then contoured vith 1ines joining 

points having the sa.m.e specifie gravi ty. The resul ting diagra.m. bas 

the form. of a skev tetrahedron. It shool.d be noted that the specifie 

gravities of the end me.m.bers of the gamet group used in the diagrams 

of Winchell (1958, p.597-598~ Figs. 1 and 2) are not in agreement vith 

the values determined by Skinner (1956, p.428-436). The values 

determined by Skinner are the best avai1able values for the end 

m.embers of the garnet group. 

Winchell (1958, p.597-598) gives tvo tetrahedra.1 diagrams but 

suggests that they could be combined in one diagra.m., if colored inka 

are 118ed to show the different fields; the a.uthor bas followed this 

procedure. On the diagram prepared by the u.thor, (Fig.6) the specifie 

gravity 'Yalues of Skinner (1956) are used in place of those llSed by 

Winchell. 

4.2 METBOD <F USING DIAGRAM (FIG.6) FOR CORRELATING THE PHISIC.AL 
_ .......... PR~Q~TIES WITH CHEMICAL CQ~œiTION CF THE G~ _ 

In the sample oaleulation vorked out by Winchell (1958, p.599), 

he shows that spessartite ia alvays a possible m.ember of one of the 

triangular fields vhioh compose the tetrahedron. By malc:ing a 
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quantitative test for Mn, approximately the correct amount of 

spessartite may be shown in the analysis. By mak:ing a quantitative 

test for Cr, and uaing the methode of modal analysia (Holmes, 1921, 

p.402-404) the amount of Uvarovite may be shown, bovever, in this 

method one assumes that all the Cr goes to form uvarovite and that cr2o3 

does not, to some extent, replace Al2o3 in grosaularite or andradite. 

4,.;1 ACCURAOY Œ_Œ.J2IAGRAM {Fig.6) 

The.accuraoy of the diagram depends upon three factors {Winohell, 

1958, p.599}. 

1. The accuracy of the data uaed in the construction of the diagra.ms, 

2. Aèlequaoy of Vegard's law, 

3. Aocuracy of the data pertaining to the a ample being analysed. 

~feot of Minor Garnat Groupa~ 

In the gamet groups propoaed by Trôger {1962) and reproduced in 

part in Table 6, p. 52, sldagite is a fairly oommon constituent. .3%:!: 4 

of skiagite is present in group nv (Trôger) in which most kimberlite 

garnets fall. In the authorts opinion, however, as the percentage of 

skiagite is usually small, its omission in the resulta of an analyais 

will not have lmlCh praetical effeot. The omission of sldagite would 

probably resul t in an inerease of a few per cent in the amount of 

andradi te and almandine. 

~ VEGARD IS _yj_ 

Vegard 1s law states as an empirical rule, a linear relation 
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betveen the unit cell edge and the composition of a binary solid in 

the cu.bie system. If in a binary solid solution in which the volume 

effect of the tvo end members is additive, then the solution shows 

no volume change on m.ixing. This is not really true in the case of 

the garnets, but the volume change is small. Thus, only a relatively 

small error ia introdu.ceà into the àiagram by assuming constant 

volume {An-Zen, 1956, p.523-524). 

4.5 SUMMARY CF VJE\of3 ON TEE USE CF COMPCSITION DIAGRAM3 IN THE 

___ G~Tmllin5__ --------~--------------
From a survey of the opinions expressed in the literature and 

from an examination of the data upon which the opinions were based, it 

is concluded that a reasonably good analysis of gamet can be obtained 

by measurement of the refractive index, density and lattice constants, 

and plotting them on a diagram, relating these variables to the 

chemical composition. In the e,ase of the major constituants of the 

garnets, an error of 3% or 4% will probably not be sufficient to 

position the garnet in the wrong group. 

For the reasons stated in the preeeding paragraph, it vas decideà 

that the analysis of garnets by plotting the physical properties on a 

graph with chemical composition, referred to, subsequently in this 

thesis, as 'analysis by physical m.ethoàs t, would be sufficiently 

accurate for the parposes of this study. Accoràingly, values vere 

determined for lattice constants, refractive indices, and densities 

of the garnets, as described in subsequent sections of this chapter. 



As a check on the resul ts of the analyses by physical methode, i t 

was decided to have chemical analysis made on two garnet sa.mples. 

4.6 .ANALISES OF THLQ_ARNETS 

Introduction: -

34. 

The analyses vere made in order to determine the percentages of 

the different garnet groups present in the samples. The modal com

position of garnets can be determined either by wet chemical analysis 

and subaequent modal calculations or by physical methods of analysis 

as described in this thesis. 

Disadvantages of Wet Chemical Analysis: 

1. The amount of sample required is large (about 1 gram), and as 

few garnets from kimberlites weigh even half a gram, it is 

difficàlt to obtain a uniform sample of sufficient weight. 

2. The procedure for wet chemical analysis, even by rapid methode 

is lengthy, and skilled personnel must be employed in making the 

analysis, vith the result that it is very costly. 

3. In many analjiSes, including those used in this thesis, some of 

the Fe2o3 is determined as FeO which will affect the modal analysis. 

4. Random errors tend to be introduced du.ring the calculation of the 

percentages of the groups, from the a.mounts of the ax:ides found 

by chemical ans.lysis. 

The limitations of analysis by physical methods have already been 

discussed in chapter 4, section 5. 
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Qutline of Analysis by •Pmic'!lJ1!thods•: 

The refractive index, n, the specifie gravity, G, and the lattice 

constant, a, vere œasured as will be described in sections 7, 8 and 9 

of this chapter. The values for a and n are then plotted on the 

tetrahedral diagram., Fig.6 and the composition of the garnets is 

calculated as described by Winchell (1958, p.599). In all the garnets 

analysed, it is found that spessartite is a possible camponent. In 

order to determine if spessartite is, in fact, present, spectroscopie 

analyses vere made for Mn, at the sam.e time the percentage of Cr vas 

also determined so that the uvarovite molecule could be included 

vhere the analysis indicated it to be present. 

lt.:,'l_~UREMENT CF REFRACTDJ INDEX CF THE GARNETS 

The refractive index of the gamets vas found by u.sing the oil 

immersion technique as described by Rogers and Kerr (McGrav Hill, 

1942, p.56-60). Sodium light vas used as a source of illumination and 

the refractive index vas found by observing the Becke line. Du.ring the 

determination the temperature was 25°± 1°. The interval o'f refractive 

index between the liqu.ids which vere used was 0.005. The refractive 

index vas first roughly determined and then the index oils were mixed 

to produce a series having an interval of 0.001 and a final determination 

vas made. The indices of the mi:x:ed oils vere determined using an Abbe 

refractometer. The method of determining the refractive index, whioh 

is described in the preceding paragraph, vas used in preference to 

the system of mixing the oUa on the individual elide and then 



determining the refractive index of the mixed oil, for the folloving 

reasons: the method u.sed is more rapid, refractive index determin

ations only have to be made of a few mi.xed oils, and the determination 

itself is also more rapid, although some accuracy is saerifieed. The 

error introdueed by using pre-mixeGI olls in place of m.ixing them to 

match the individual garnet is in the fourth decimal place and for 

practieal purposes is not sienifièant. 

Aceuracr: 

In order to determine the effect of temperature on the index of 

refraction of the inde.x:-olls, a series of determinations vas made at 

varying temperatures, using the refractometer. It was found that a 

change of one degree in temperature caused a variation of 0.001 in 

the refractive index. As the temperature was controlled at 2;c>± 1° 

during the measurement of the refractive indices of the gamets, the 

probable error due to temperature changes ist-0.001, alloving an error 

oftO.OOl in the actual determination the probable maximum error is 

:!: 0.002. 

4.8 DET!...R.Ml!ATIQN Œ ,tlPJ(QlF ±9 pRAVITY CF THE GARNE.l§. 

Some considerable diffieulty vas experienced in obtaining 

accttrate determinations of the specifie gravities of the garnets. 

The author•s·obeervations and the procedure developed for accurate 

determination of specifie gravities may be of u.se to others and vill 

therefore be described in some detail. 



The procedure used is a modification of that suggested by Barman 

(1939, p.434-440). The apparatus used was a Barman balance, manu

factured by the Bethelem Instrument Company. An attempt was made to 

determine the specifie gravity of single grains of garnet by the 

method outlined by Berman {1939) but the resulta of successive 

determinations were found to vary widely. There appeared to be two 

possible sources of error, assuming that the temperature is kept 

constant: {1) the retention of minute air bubbles either on the surface 

of the grains or in small cracks near the surface of them, {2) parallax 

in reading the ecale. Parallax is virtually eliminated in the reading 

of the pointer by posi tioning the centre of the eye on the line 

engraved in the mirror, behind the pointer. · The air bubbles were 

largely removed by boiling the grains in toluene {liquid used in the 

determination) under reduced pressure before making the determination. 

The error due to parallax in re.ading the dial of· the instrument was 

overcome by using a viewing tube. Thil tube was constructed by 

placing a magnifying lens at the end of a tube about 20 oms. in 

length. A disk having a pinhole in the centre was placed at the other 

end of the tube. 

Procedure Used in the Deter~ation of the Specifie Grav~: 

The apparatus was set up and adjusted as suggested by Barman 

(1939, p.434-440). 

Sample Preparation: 

The gamets vere examined under a binocular microscope and a 
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grain vas selected vhich vas free or al.Jnost free from craclœ and in

cluiOns. The optimum. veight of the grains ia about 25 mgma., but 

good values vere obtained vith grains down to about 12 mgma. in 

veight. Samples veighing over 25 mgma. may also be used, by putting 

a counterveight on the left band arm of the balance. Samples 

weighing betveen 25 and 32 mgms. should not be used as the 25 m.gm. 

oounterweight vas found to veigh about 24.91 mgms. The uncertainty 

of the aotual weight of the counterweight introduces an additional 

source of error. The uncertainty of the weight of the oounterveights 

also introduces an error into the determination of samples weighing 

over 32 mgms. but in this case both the weight in air and the veight 

in liquid is affected and the error is to some extent cancelled out, 

vhile in the case of grains veighing between 25 and 32 mgma. the 

error 1s introduced only in the in air weighing. 

The sam.ple should be washed in acetone and any loose pieces or 

kelyphitic rinds, or portions of the grain containing inclusions or 

small craclœ, should be removed. This can be done most eonveniently 

by using a vibro-tool whioh can be operated under the binocular 

microscope. 

For reas ons vhich will be explained la ter, the weight in liquid 

is determined first. It is not desirable to boil the entire contents 

of the crystal dish containing toluene, as this would result in a 

large decrease in the temperature of the toluene, which vould resul t 

in a change in its specifie gravity. It is desirable to keep the 

temperature of the toluene constant during the course of the 
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determination. In order to avoid the large temperature change in 

toluene during boiling, the sample was put in a ema11 glass vial of 

about 1.5 cc capacity. This was then half filled with toluene and 

placed in a larger jar which was connected to a vacuum purup. The 

outer jar was immersed in }lot water in order to tuinimize the cooling 

effect produced by the evaporation of the toluene during boiling. 

The jar containing the to1uene was evam1ated for about 2 minutes. 

The samp1 e in the vial is then transferred, wi thout the grains being 

exposed to the air, to the crystal balance dish, which should be 

about 3/4 full of toluene. The crystal dish is then put on the 

stand ~ the baiance and the double weighing -pan is placed on the hook 

in the right hand balance chamber. The level of the toluene is ad

justed so that it covers the lower wire helix of the weighing pan 

and the sample transferred from the vial into the .wire helix, without 

the grains of garnet coming in contact with air. The vial was then 

removed·from the crystal dish and the level of the toluene adjusted 

so that· the mark on the dish is level with the top of the wire helix. 

The dish should be filled to within about O. 75 ems. of the top. The 

weight of the sample in liquid is then taken, the sample is removed 

from the wire helix and placed in the vacuum jar to dry for 5 minutes. 

While the sample is drying, the temperature of the tol uene is 

recorded, using a short ther:nometer which is suspended in the toluene 

in the balance cha.lllber. Finally the weight of the sample in air is 

recorded. If the in air weighing had been made first, it would be 

difficult to adjust the leve1 of the toluene to the same height after 
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putting the crystal dish into the toluene as is necessary in carrying 

out the weighing in liquid. 

Corre~tion of the Specifiç Gravity of_I2!uene for Temperatur~iations1 

The variation of the specifie gravity of toluene with t~perature 

was determined by the Amerioan Petroleum Instituts (Research Project 

44, p.135). From the values determined :Ln Project 44, a graph, showing 

the variation of specifie gravity with temperature may be constructed. 

The density of the toluene is read off the graph at the temperature 

which was recorded during the determination. The following calculation 

is used in determining the specifie gravity: 

SG = wè!ght in air x density of toluene 
weight in toluene - veight in air 

Several determinations were made for each sample. If the same value 

is obtained in the first two determinations, this is taken as the 

specifie gravity of the sample. If, on the other hand, the second 

reading differed from the first, more determinations vere carried out 

until tvo readings were the s_a.me. In general it is found that the 

values range about 0.02 either side of the determined value. 

In order to test the precision, six determinations were made on 

one grain. From these determinations a standard deviation of t 0.007 

waa caleulated. In a second test, four determinations vere made on 

another grain and a standard deviation of t 0.004 was caleulated. The 

precision also varies wi~h the size of the sam.ple, optimwn resulte 



can be obtained vith samples veighi.ng 12 mg.ms. and greater. For 

samples veighing 8 mg.ms. the standard deviation is about:t0.05. 

Several samples vhich vere determined twice 1 by accident, form an 

unbiased check on the precision; these are found to agree to within 

± 0.01 of each other. 

Accu.rac;rt 
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The accu.racy of the resulta, assuming good precision in the 

measurement, will depend upon the individual sa:nple - its freedom 

from inclusions, cracks and alteration. In the case of carefully 

selected grains, a probable accuracy of:I:0.02 might be expected. For 

grains weighing about 8 mgma. an accuracy of about+ 0.10 can be 

expected. In instances where several small grains have to be used 

in place of one or two large ones, the precision is ver-, poor and the 

accuracy is poasibly around 0.10. 

Conclusions: 

The measured value for the specifie gravi ty of many of the gamets 

is belov the calculated value, vhich suggeets that the measured values 

are rather too lov. One matter that vas overlooked in the determination 

of the specifie gravities is the possible departure, of individual 

batcbes of toluene, from the graph of temperature versus density, 

worked out by the American Petroleum Institute. It bas been found 

that there is considerable variation irJ the density at any given 

temperature, between different batches of toluene (persona! communi

cation A. W. Hunslow). 
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Alterpative Methode of Determining Sp,eoifie G~t!4!!: 

1. A lli.ioropyonom.etric methoà su ch as that deviseà by C • J. Ksanda 

and H. E. Merwin (1939, p.482) could be used. The mioropyonometric 

method of àetermining specifie gravities is very accnrate, but it has 

several drawbacks: the apparatus vould take som.e time to construct, 

a micro balance would have to be available. In ad di ti on, the 

temperature and bumidity have to be controlled. For these reuons, 

and also due to the fact that each determination vould take about one 

hour, the procedure is not very sui table vhere a large number of 

samples are involveà. 

2. A better method might be to use heavy liquida and a centrifuge. 

The procedure for this method consista of mi.xing the liquids and 

centrifuging the aample .in the liquid. When the position of the 

sample in the tube does not change upon centrifuging, the density 

of the liquid then matches the density of the sample. The density of 

the liquid is then founà using a pychnometer. 

$,.9 MEASUREMENT CF LATTICE CO~'fANTS OF GAR.N'E'm_ 

Standard techniqu.es were used in dete:rmining the lattice constants 

of the garneta and accordingly are only briefly outlined here. Powder 

diffraction photographs were taken using a Debye Scherer camera or 

diameter 114.6 mm. Fe Kot radiation vas useà, vith a Mn fllter. A 

vol tage of 30 kv. and a current of lOm. ampa waa used. Expoaures 

varied from five to aix hours. In order to calcula te the lattice 

constants from the measured 29 values, · it vas first necesaary to find 
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the indicea of the planea . corresponding to the different lines on the 

film. The indexing of the lines on the film was carried out as 

follows~ a single crystal was first orientated with respect to one 

of the crystallographic axes using a Buerger Precession Camera. Once 

the crystal bad been orientated, it wu mounted in a Weissenberg 

camera. Equi inclinational photos were made using Fe Kd- radiation. 

The points on the resul ting photographs were indexed by plot ting them 

on a polar projection; the method is outlined by Buerger (1942, 

chapters 14 and 15, p.252-311). 

Method of Calculating Lattice Constants from the Powder Diffraction 
f_hotpgrapba: 

The indexed portion of the back reflection region of a powder 

diffraction photograph of one of the gamets is shown in Fig. 7, p.44. 

Both the forward and the back reflection lines vere measured on the 

film, and the shrinkage wu calculated by the m.ethod described by 

Bijvoet (1951, p.29). Nine or ten values of 2 e were caloulated for 

each film and the lattice constants vere calculated using the method 

of least squares (Azaroff & Buerger, 1958, p.239-244). The leut 

squares solutions were carried out on an I.B.M. Computer. Computer 

program for the calculation of lattice constants by the method of 

least squares wu a personal communication from A. Frueh, Department 

of Geological Sciences, McGill University. 

Accuracz of the Determined Lattice Constan~1 

In general the accuracy of powder diffraction photographl is 

very good, but there are several possible sources of error::: 



Figure 7, 

Indexed portion of back reflection region of Powder 

Diffraction photograph of gamet. 



1. The ef'f'ect of temperature on the lattice constant. This source 

of error may be kept to a minimum by keeping the temperature constant 

during the course of the filming. In most of the determinations 

made in this study, the effect of changes in temperature is probably 

small, bttt in one or two eues where there vas considerable difference 

between the values obtained in successive determinations, there may 

have been considerable changes of temperature. 

2. S ome err or is almost unaYoidable in the procus of meuuring the 

film, how8'Yer vith care and by repeating the meuurementa, errors 

from this cause may be kept to a minimum. 

In arder to test the acC\U'acy of the method, seYeral samples vere 

f'ilmed twice. A m•x!mum Yariation oft0.002 vas found, this vas ta.ken 

as the probable error. 

4,10 SPECTROSCOPie ANAWlSIS 

A rough quantitative determination of Mn and Cr wu made by 

spectroscopie methods. The procedure used vas a modification of the 

method for quantitative analysis of silicate rocks for major con

stituent&, as set up in the Spectroscopie Laboratory of the Department 

of Geological Sciences, MoGill University. The apparatus used vas a 

Jaco 3-4 metre plan grating spectrograph. 

jg!l~ical Procedure~ 

Standards of the following concentrations vere prepared: 



MnO~ 0.5%, 1.0%, 5.0% 

cr2o3~ 1.0%, 5.0%, 10.0% 

46. 

the garnet samples vere mixed vith lithium tetraborate and graphite. 

The lithium tetraborate vas used as an internal standard. After the 

samples had been arced, the plates vere developed, vorking curves vere 

prepared in the usual vay. The folloving ana1ytical !ines vere 

measured: Mn 2801 J., Cr 2835 A, Li 2741 X. Each sample vas run at 

least tvice as a check on the accuracy of the results. The analytical 

results are shown in Table 3, p.A?, 

Accuraçx_of the Determinationa1 

Due to the use of aeveral grains of slightly varying refractive 

index in the preparation of rnany of the samples, the precision of the 

determinations is rather poor. The percentage of Mn found in all the 

samples shoveâ a maximum deviation from the average value of:!: 0.10, 

vhich is sufficiently accurate for the purpose required. In the case 

of Cr the deviation from the average is about'!. 0.40. 
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tABLE l 

TABLE CF ANALYTICAL RESULTS 
FOR Cr AND Mn 

Sample Nwnber Ut. ~ Sample Nwnber LQ!: 1.l!l 
OP-V 1.0 0.2 L7 2.0 0.4 

OP2....0 1.5 0.25 MW 2.5 0.3 

Br ex 2 0.5 0.4 GB trace 0.3 

L2A 1.5 0.25 3 0.7 0.4 

KLP 1.0 0.3 4 0.85 0.35 

K.AF....O 1.0 0.3 5....r 4.0 0.35 

KAF-V 2.8 0.2 5-V 3.5 0.4 

JP 1.0 0.3 5....0 trace 0.45 

LB-V 3.0 0.4 11....0 '? 0.33 

LB2....0 2.1 0.27 :KS-13-0 0.5 0.4 

BBK-û 0.3 ,0.4 16....o 0.8 0.6 

FS trace 0.4 16-V 3.0 1.0 

Cl 2-4 ? :0.5 24-2 1.00 0.4 

KP-û trace 0.3 24-3 2.5 0.6 

SLl 1.1 '0.3 27-2 4.0 0.3 

27-3 4.0 0.3 .30 1.8 0.5 

30-2 0.6 0.4 9-Y 0.5 0.4 

12 0.7 0.3 



4.11 CHENIC;AL AN.ALXSES 

The compositions of gamets as determined by wet chemioal 

analysis vere compared vith thoee derived by physical methode of 

analysis, as described previously in this thesis: 

48. 

Only two wet chendcal analyses vere made as sufficient material 

was not availa.ble from other à amples. The two garnets which vere 

analysed are samples Kp and Mg (sample 46). Both analysed samples 

consisted of several graina of varying refractive index. All the 

grains analysed in each sample had the same colour and approximately 

the same colour density. The refractive index of the garnet of 

sample Kp v.aried from 1.743 to 1.755. The refractive index of 

garnets in sample Mg varied from .1. 747 to 1. 755. Due to the mixture 

of grains in the snalysed samples, their compositions will only 

approxima te that of any individual gamet in the a amples. 

The following is a brief outline of the method of determination 

of Fe2o3, by rapid chemical methods, as used in the Geochemical 

Laboratory of the Department of Geological Sciences, McGill University. 

Part of the solution, containing the garnat is evaporated and 

the residue is dissolved in Hel, to which is added hexamethyleneamide. 

The resulting precipitate is dissolved in H~o4, and to this solution 

is added amoniacle thioglycollic acid. The pereentage of Fe2o3 is 

determined in the latter solution using a spectrophotometer. 

The percentage of Fe203 determined by this method is too low 

for refractory substances such as gamet {personal communication, 

A. w. Hunslow, Dtpartment of Geological Sciences, Carleton University). 

A low determination of Fe203 would alter the caloulated relative 
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am.oWlts of a.ndradite and grossularite present. By co.mparison with 

the average composition of kimberlite derived bJ Troger (1962, Table 

5) the percentage of andradite in the analysis of garnet sample KP 

seems rather low, but in the case of garnet aample :Mg it is about 

average. 

TAJQ..J. 

RF.SULTS Cf CHEMICAL ANALYSES œ~m_ 

§!.mple KP Sample M:1 

Si02 41.51 41.02 

Al20.3 22.9.3 22.75 

Fe2o3 1.00 1.05 

FeO 10.84 10.19 

CaO .3.62 4.51 

:MgO 19 • .31 18.80 

Na2o 0.09 0.08 

K20 0.01 0.01 

P205 0.20 0.19 

Ti02 0.48 0.78 

MnO 0.38 0.38 

cr2o3 tr. tr. 

TOTAL 100.37 99.76 

Reduction of the percentages of the oxides given in Table 4 gave 

the following modal proportions, as set out in Table 5. The method 

of calculating the amounts of the different groups present from the 

chemical analyses is based on that outlined by Hol.llies {1921, p.396-

402). 
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TABLU 

GARNE'IS 
END MEMBERS ê.&1PLE Kp S A.t'1PLE .li& 

ci/ by % by % by % by fO 

~cal anal. J2.bl!. anal. 9hemical anal. ~· anal. 

Pyrope 64.54 72.18 62.78 60.66 

Al.manàine 23.89 19.32 23.23 27.56 

Grossu1arite 7.06 ? 9.15 7.40 

Spessartite 0.83 0.70 0.83 no anal. 

Andraàite 0.17 7.80 3.22 4.38 

Uvarovite tr. tr. tr. no anal. 

Sldagite 3.15 3.72 

For the purpose of comparison, the analyses of the two samples Kp and 

Hg deriveà by physical methoàs are shawn on Table 5 along with the 

resulta derived from chemical analysis. 

4.12 COMPARISON CF THE RF.SULTS CF CHEM!CAL ANALYSES W'ITH THOSE FROM 
_.._M!~ISES BI PHYSICAL~THQIS ------------

For reasons stated on page 57, the percentage of andradite is 

probab1y tao law while the percentage of grossularite is proportionately 

tao high. 

&l,!lysis by Phy~!ical IvfethQ.9!.~ 

Garne~ Sample Ke,. The measured specifie gravi ty was below the 

lowest calculated value and as a result no grossula.rite shows up in 

the physical analysis, this is probably incorreèt. If one added say 
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3% of the grossularite molecule to the analysis, it wou.ld resu.l t in 

a decreue in the amount of andradite, a decrease in the amount of 

pyrope and an inorease in the percentage of almandine. Bearing in 

mind these modifications there is a fair agreement between the 

analysis by chemical methods and that derived by physical methods. 

Garnet sample :Mg. T~e measured specifie gravity for this garnet 

falls within the calculated range and the analysis by physical 

methods is probably reasonably accurate. This is borne out by a 

good agreement with the resulta from ehemical analysis. 

Conclus !2!!.!:·: 

Considering the comparison of the resulta of garnet analysis by 

physical methode and by chemical analysis, discttssed in the preceding 

paragrapbs, the au thor concluded tbat the resul t derived from. a good 

analysis by physical methods is quite satisfactory. In gamet samples 

KP and Mi, both the analysis by physical and by chemical methods fall 

in group XIV (Troger, 1962). 

Trëger (1962, p.663-693) divides the garnet family into 

paragenetic groups. Out of 700 garnet analyses, f'ound in the litera

ture, Troger selected 480 as being satisfactory. Coordination of 

these garnets with the parent rocks produced 28 paragenetic groups, 

which are as a rule defined within narrow limita by a characteristic 

rock type. The following table is a reproduction of Table 5 (Tr.oger, 

1962, p.669). 



TABLE 9., 

G.ARNET F AHM GROUPS 
m ~ m 

Pyrope 67t :!: 8% 49t t 12% 43! j: 7% 

Almandine l(,i "t 10% 24t ± 9% 38 ;t 7% 

Spessartite t! t% ~· ± t% 1 .:t 1% 

Grossularite 2 :t 3% 22 !-.. 4 % 14 -T 6% 

Andradite 4t ±. 4% 3 :t 3% .3t + 4% -
Uvarovite 6 .t 3% t + t% 0 

Skiagite 3 + 4% 0 0 

XIV 15 garnets from griquaites and kimberlites {anal. 191-205)t 
XV 5 gamets from griquaites and kimberlites (anal. 206-210}t 
XVI 14 garnets from eclogites (anal. 211-224)t 

52. 

XVII -
l(,i ± 1.$ 

54 :t 6 % 

3t:!: 3% 

20 :!: 5 % 

6 ±4% 

0 

0 

XVII 21 garnets from amphibolites and glaucophane schiste (anal. 225-245)t 

't numbers refer to analyses in Tré)ger's article (1962, p.676-683). 



TABLE 2 
RESQ1TS CF ..QA!!NET AN_!L..l21§_ 

t * * * * * * * * Garnet Family ~ KAF...O KAF-v JP BBK BR2 ex, ll §!d_ OP-v Qf.:Q. BR-V ~ LB-V 
---. --- - - -- - -

Pyrope 68.47 75.64 74.40 7'5.64 66.45 69.70 75.:35 70,61 78.04 7'5.22 74.:32 72.18 68.5:3 

Almandine 14.18 11.06 6.62 11.06 21.86 16.66 8,02 1:3.06 8.9:3 14.01 15.57 10.55 6.41 

Spessartite 0,68 0.68 0.4:3 0.68 0.90 0.89 0.84 0.68 0.50 0.59 - 0.57 0,81 

Grossul.ari te 7.64 ? 1.68 ? ? 1.68 ? ? 2.0:3 ? ? ? ? 

Andradite 6.0:3 9.62 7.87 9.62 9,81 9.50 9.29 12.04 9.52 8.68 10.11 11.70 14.27 

Uvarovite 3.00 :3.00 9.00 3.00 0.99 1.60 6.50 :3.60 1.00 1.50 ? 5.00 10,00 

LB2...0 FSt c1* GB MW KPt l* ~t ~ i:Q. 6* 8 11...0* --- - - -- - - - -
Pyrope 66.1:3 71.19 65.17 58.72 67.43 72.18 69.69 76.6:3 60.71 66.09 74.12 69.52 77.8:3 

Al.mandine 12.48 16.7:3 1:3.16 27.64 12.2:3 19.:32 16.69 6.67 1:3.97 22.9:3 13.48 18.40 9.19 

Spessartite 0.56 0.90 1.09 0,70 0.64 0.70 0.88 0,78 0.80 1.10 ? ? 0,80 

Grossul.arite 6,06 ? ? :3.8; 1.82 ? ? ? 6.47 8.54 ? 1.86 ? . 
Andradite. 7.76 11.18 11.58 9.11 9.88 7.80 10.74 12.9:3 6.56 1.36 12.40 10.22 12.18 

Uvarovite 7.00 ? - 9.00 ? - 8.00 ? 2.00 :3.00 11.50 tr. ? ? 4-1:3? 

VI 

In gamets marked vith an uterisk (t) the meuured speoi.fic gravity is lover than either of the ~ 
• 

oa1oul.ated values. In garnets marked vith this symbol (#) the meuured specifie gravity is higher 
than either of the ca1~1ated values. 



TABLE 7 (conttd.) 

HS 1}-1 ![3_13:::9 t 
t t t 

Q:arnet Fam.11y 16-V 16-0 2it;-2 ~ ~ ~ 26-3 27-2 -- -
Pyrope 62.'J7 76.69 62.88 70.11 )6.61 49.91 30.54 53.77 71.78 64.69 

Almandin a 22.40 9.84 11.93 14.38 32.38 22.98 30.47 29.86 15.34 10.75 

Spessartite ? 0.89 2.07 1.36 0.87 1.26 ? ? ? 0.61 

Grossularite 15.23 ? 6.61 ? 21.54 6.63 34.42 10.75 ? ? . 
Andradite - 10.98 6.52 11.55 5.62 9.23 4.56 ;.62 12.88 10.97 

Uvarovite ? 1.60 10.00 2.60 3.00 10.00 ? ? ? 13.00 

t t t t 
27-.3 30-2 30-1 .30 .32-D 46 9-R .32-V 9-Y 12 - -- -- - - -- -

Pyrope 66.50 63.6.3 69.29 58.78 67.43 60.66 74.37 80.22 56.29 70.47 

AlJnandine 8.67 11.09 15.83 1.3.7.3 17.91 27.56 11.58 10.44 25.54 14.40 

Spessartite 0.61 0.88 ? 1.13 ? ? ? ? 0.89 0.69 

Grossularite ? ? ? 16.73 5.68 7.40 ? 2.81 15.70 1.57 . 
Andradite 11.21 22.39 14.88 3.62 8.98 4.38 14.05 6.54 - 10.90 

Uvarovite 1.3.00 2.00 ? 6.00 ? ? ? ? 1.60 2.00 . 
The values of the gamet families,listed in the above table,for each gamet sample are in "' ~ . 
percent ages. 
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Chapter ; 

A REVIEW OF THE RES!!.tJLCf THE~ ANAL~ 

5.1 COMPA{USON <l AN-!1X!ICAL RESUL...I§. 

The analytical resulta may be compared in two waya1 (1) The 

percentages of the garnet groups determined by the author for each 

sample are compared w1 th the garnet groups of Tr~ger, given in Table 

6, p.52, of this thesis. (2) The garnets are plotted on a graph, 

using lattice constants (a) as abscissae and refractive indices {n) 

as ordinates, see Fig. 8, p. 56. 

Most of the garnets analyaed by the au thor fall into Troger 's 

group XIV {shawn in Table 6 of this thesis). The percentage of 

andradite in most samples is conaiderably higher than the values 

given by Troger for group XIV, this may be be cause the measured 

specifie gravities, determined by the. author, are too low. The 

inabllity to show the skiagite component on Fig.6 may also cause an 

apparent increue in the am.ount of andradite in the analyses. With 

the exception of gamet sample No.9, the precision of the measured 

specifie gravities is good; the maximum deviation from the values 

listed in Table 7, pp. 53 and 54, is ± 0.03. Seven determinations 

were made on sample 24-5 and all tell vi thin t 0.02 of the value 

listed for this garnet on Table 7. 

Due to the possible presence of cracks and microscopie in

clusions in the garnat cryatals, it is difficult to estimate the 

accuracy of the specifie gravity determinations. By comparing the 
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measured specifie gravities with the lowest values found for gamet 

samples on Fig.6, it appears that most of the measured values are too 

low by about 0.05, or lesa. 

The result of raising the specifie gravities would be to add 

about .3% of grossularite to the samples. The increase in grossularite 

would lead to a proportional decrease in the amount of andradite and 

pyrope and an increase in the amount of almandine. In the case of 

pyrope the change would be small, around 2%. 

Garnet sample 24-2, wbich is from an eclogite nodale, falls into 

group XVI (Troger), this garnet is probably derived from a 

disintegrated eclogite nodule (personal communication from G. Mannard). 

Garnet sample ,30. On graph 'Fig.S, garnet sample .30 falls some

what outside group 'A' but in that general area of the graph. The 

high percentage of grossularite in gamet sample .30 puts it into 

group XV (Trëger), wbile from its position on graph Fig.S, it might 

be expected to fall into group XIV. 

Garnet sample KS-1.3-V falls into Troger's group XV in Table 6, 

p.52, and into group 'A' of graph Fig.S, p.56. The meaattred specifie 

gravity of garnet :KS...;J.3-V is too bigh when campared with the highest 

specifie gravity found for this sample on Fig.6. Lowering the 

specifie gravity of sample KS-13-V. by a maximum of 0.05 would not, 

however, .make i t fall into a group ether than group XV. 

The garnets in group XV appear to resemble those of the eclogite 

group XVI rather than those of the kimberlite group XIV (see Table 6, 

p.52). A possible explanation for the resemblance of kimberlite 
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group XV with the eclogite group XVI, is that the garnets whioh fall 

into group XY may have originated in eclogites and may subsequently 

have been incorporated into the kimberlite. The high pressures 

connected with the formation of diamond in the kimberlite may have 

altered the composition of the eclogite gamets so that they 

approach the composition of those derived from kimberlite. 

The garnets which were plotted on Fig.8, p.56, fall into two 

main groups, those derived from kimberlites and those derived from 

eclogites. The distribution of points on graph Fig.8 suggests that 

the kimberlite group might be divided into two sub-groups, A and B. 

The eclogite group is designated by the letter C. If more garnets 

were plotted on the graph Fig.S, the apparent gap between sub-groups 

A and B might be eliminated. It might be argued that instead of 

sub-ogroups A and B, the mean of the two should be taken as repre

senting the average composition of the kimberlite gamets studied 

in this thesis. If a garnet, corresponding to the average composition 

of the combined subo-groups A and B, is plotted on graph Fig.S, it 

would fall in an area of the graph which does not represent the 

composition of any of the gamets studied in this thesis. Despite 

the fact that the average composition of sub-groups A and B does not 

correspond to that of any of the analysed garnets, a standard 

deviation could be worked out which would modify the average com

position to include most kimberlite garnets. With ret'erence to 

graph 'F'ig.S, a mean refractive index of 1. 75, with a standard 

deviation oft0.009, would include in its range most of the garnets 

which are derived from kimberlites. 
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As an independent check on the validity of the d~vision of the 

kimberlite garnets, analysed by the author, into sub--groups A and 

B, as on graph Fig.S, a Student's t-Test (Moroney, 1962, p.230) vas 

performed on the two sub-groups. A value of 1.3 vas found for t. 

This value is below the 5% probability level and tlms there is 

probably no significant difference between the gamets of sub

groups A and B. 

Since there is probably no difference between' the author's 

sub-groups A and B, the average of the two sub-groups is taken as 

representing the average composition of the kimberlite garnets 

studied in this thes~s. The average composition of sub--groups A 

and B is listêd, along vith Troger's group XIV in Table 8. With 

the exception of the pereentage of andradi te 1 which is too high, 

the average composition of sub-grou.ps A and B is in good agreement 

vi th the composition of Troger 's group XIV. As wu explained on 

page 55, the high percentages of andra.dite round in the author's 

analyses are probably due to inaccuracies in the method of analysis. 

In order to complete the comparison of 'the different gamet groups, 

all the groups are listed on Table 8, p.60, and brief comparative 

description of the groups is presented in section 2 of this cbapter. 

Finally, in section 3, the compositions of some gamets from the 

Zarnitsa kimberlite in Siberiâ are listed and compared vith the 

composition of the African kimberlites. 
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5.2 COMPARISON Œ' SUB-GROUPS A AND B AND GROUP C WITH GROUPS XIV, 
XV AND XVI 

----~~~-------------------------·----------·-------

Sub-group A contains a higher percentage of pyrope than group 

XIV, the percentage of almandine in sub-group A is correspondingly 

lover. Sub-group B corresponds very clos ely to group XIV, except 

that in it the percentage of andradite is higher. However, as vas 

explained on page 55, the high values found for the andradite 

molecule from analysis by physica1 methode is probab1y due to an 

inherent error in the system of ana1ysis. Group C corresponds c1osely 

vith group XVI except that the percentage of almandine in group C is 

lover. 

Pyrope 

Almandine 

Spessartite 

Grossu1ari te 

Andradite 

Uvarovite 

Skiagite 

Pyrope 

Almandine 

Spessartite 

Grossu1arite 

Andradite 

Uvarovite 

Skiagite 

TABLE 8 --
.71. 50"! 9 67.48 t. 7 44.93 :t 14 69.49 j; 9 

11.36:!"9 15.90!6 28.06:!:5 13.63±8 

0.77 0.89 0.92 0.83 

2.37 1.17 15.11 1.77 

8.85 10.50 6.68 9.68 

5.15 4.01 4.25 4.58 

!IV 

67t :1: 8 

16t1'10 

t :t t 
2 :t 3 

4t 'i 4 
6 j; 3 

3 1: 4 

!! 

49t 1: 12 

24t t 9 

t -.1: t 
22 :t 4 

3 -t 3 

t :t t 
0 

ill 

4~ 1:7 

38 :! 7 

1 1 1 

14 * 6 

3i:!: 4 
0 

0 

~ D representa the average of sub-groups A and B. 
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5.3 A OOMPARlBON CF PYROPE GARNETS FROM THE ZARNITSA KIMBERLITES 
jlTH TQE.!l!QM THE AFR~!TL---·----

Table 9 shows ths.t the garnete from the Zarnitsa deposits are very 

similar to those from the African ldmber1ites. · Most of the garnets 

from the Zarnitsa pipe correspond closely vith thosè of group A. The 

absence of grossularite in analysis numbers 1, 2, 3, 5 and 6 casta 

some doubt on the validity of the concluaion that the percentages of 

grossularite determined by physioal methode of analysis, for many 

of the sam.ples in this thesis, is too low. However, the percentages 

of andradite, as determined by physical methode of analysie, 

definitely seems too high compared with the values given in Table 61 

this being the case, the percentages of grossularite must be too 1ow. 

The average percentage of the pyrope end member of the garnets from 

Zarnitsa, i.e. 72.46%± 3.8 is higher than in Troger's group XIV, 

i.e. 6'7t :t 8, but the significance of the difference, if any, is not 

known. 

T~E 2 
(After Smirnov (12~· p.28) 

Samp1e Number l ~ 1 ~ i 2 ')_ §. 

Pyrope 75.3 72.90 71.7 73.2 70.8 70.9 69.1 76.2 

Almandine 10.0 12.9 10.8 14.1 1.3.4 1.3.1 18.6 13.4 

Spessartite 0.30 0 • .3 0.7 0 • .3 0 • .3 0 • .3 

Grossularite 2.0 5.2 5.4 

Andradite 4.3 0.6 5.1 4.1 6.9 8.1 6.1 2.5 

Uvarovite 7.2 11.8 11 • .3 5.2 4.1 1.6 1.0 1.5 

Skiagite 1.9 1.0 0.4 2.4 0 • .3 
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TABLE 10 

!~E SHQWING THE GROUPS INTO WHICH THE ANA1_YS.EJ? GARNETS F ALL 

Garn et Troger's Author's Garn et Trëgerts Author's 
Samp1e Group . Group §.!plp1e Group Group 

KLP XIV A 6-0 XIV B 

KAF-0 XIV A S-0 XIV B 

KAF-V XIV A 11...0 XIV A 

JP XIV A 1.3-V xv A 

BBK XIV B 1.3-0 XIV A 

BR 2 ex. XIV B 16-V m A 

17 XIV A 16...() m B 

SLl XIV B 24-2 XVI c 

OP-V XIV A 24-.3 7!/ c 

OP...O nv A 24-5 XVI c 

BR-V XIV A-B 26-2 XVI c 
L2A XIV A 26-.3 XIV B 

LB-V XIV A-B 27-2 XIV B 

LB2-0 XIV A 27-.3 XIV A 

FS XIV B .30-2 XIV c '? 

Cl XIV B 30-1 XIV B 

GB xv c 30 13 A 

MW XIV A .32-0 XIV B 

KP XIV A-B 46 XIV B 

3 XIV B 9-R XIV B 

4 m A 32-V XIV A 

5-V XIV A 9-Y xv A 

5-0 XI:{ A 12 XIV A 
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Chapj,e~ 

RESULTS AN~~CLUSIONS 

6.1 SUB GROUPS IN THE KIMBERLITE GARNET SERIES --------- ~ 

From this study of the analytical data on the garnets, it is 

evident that the garnets from kimberlites can be divided into two 

main groups: 

1. Those garnets genetically related to kimberlites. 

2. Those garnets genetically related to eclogites. 

The diYision of garnets from kimberlites, into two genetic groups, 

confirma the hypothesis of Mannard (1962, p.303-304, Fige. 109, 109a) 

who found that the garnets from the Shinyanga and Singida districts 

of Tanganyika fell into two genetic groups: (1) those derived from 

kimberlites, (2) those derived from eclogites. 

There does not appear to be any correlation between groups XIV 

and JN (Troger) and sub-groups A and B of the author. Some garnets in 

group XV fall in sub-group A, others in sub-group B. This suggests 

that the grouping of the kimberlite garnets into sub-groups A and B on 

graph Fig.8, p.56, is just fortuitous. The result of the Student's t-

test referred ta on page 59, confirma the view that there is probably 

no justification for making two sub-groups (A and B) out of garnets 

derived from kimberlites. Many of the garnets analysed by the 

author feil into Troger's group XV, Table 6, p.52. The genetic 

significance of group XV is not clear, but it is tentatively 

suggested by the author that the garnets of this group may have 

originated in eclogites and may later have been incorporated in the 



kim.berlite. The composition of the garnets roight have been changed 

when they were incorporated with the kimberlite. 

6. 2 A COMP ARISON CF PYROPE GARNETS FROM THE DIFFERENT KIMBERLITE 
PROVINCES 

The pyrope garnets from the different kimberlite provinces of 

Africa, and also those from Siberia, are remarkably similar. The 

similarity of the garnets is reflected in the siroilar petrology of 

the kimberlites from the different provinces. No difference was 

found between pyrope garnets from diamond-bearing ldrr..berlites and 

those from non diamond-bearing kimberlite deposits. 

The analysis of pyrope gamets by 9hysical methods was first 

proposed by Ford (1915). Since then, the subject has been reviewed 

periodically and new methode have been developed, the latest method 

being that of Winchell (1958). To the author's knowledge, no 

practical work has been done 1 prier to this, to evalua te the resul ts 

of analysis by physical methods. 

From the results of the present stuày, it may be eoncluded that 

for practical purposes, analysis of pyrope gamets by physieal 

methode is almost as good, and in the case where only small samples 

are available, possibly better, than analysis by chemical methode. 

From a practical point of view, analysis by physieal methode has 

several advantages over wet chemical analysis: 
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1. Rapidity, 

2. Low cost, 

3. Determination can be made on small a amples. 

1. RaRidiU,. Using the method outlined in this thesis, an 

analysis of a gamet can be made in about eight man hours. By com

parison, wet chemical analysis would take several times as long. 

By using algebraic equation• as suggested by Levin (1950, p.285-286) 

in place of the diagram Fig.6 after Winchell, to obtain the 

composition of the garnets from the measured physical properties, 

and by progrSJilllling the entire operation for an I.B.M. computer, the 

time for each analysis would be reduced to about four man hours. 

2. Q.2!i. The difference between the cost of analysis by 

pbysical methode and that by wet chemical analysis is very large.· 

A wet chemical analysis would cost about $100.00, whereas an analysis 

by physical methode could be made at a cost of from ten to twenty 

dollars. 

3. Sample size. At least one gram of sample is required for 

wet ohe.mical analysis, whereas an analysis by physical methods could 

easily be made on a sa.mple weighing 20 mgm. or even lese vith 

improved methods of specifie gravity determination. 

6.~ COLOUJLCF GARNET AND ITS SIGNIFii:C.ANCE 

Some standard method of reporting the colour of garnets is 

needed. The colour tends to vary to some extent with the thiclmess 

of the grains. The au thor proposes that the colour should be 

described from grains of approximately 0.1 mm. in thickness. Using 

this method, most grains of pyrope can be classified as either of 
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two colours: (1) orange, (2) violet (or lilac). Som.e grains 

occur which are between orange and violet in col our, theae might 

be classed as purple. Som.e grains also occur which are pale 

yellowish-orange in colour. Frequently the pale yellowish-orange 

coloured crystal a are very shattered, and al though no proof is 

offered, the yellowish colour may be dlle to the brealdng up of the 

crystal rather than to any difference in composition from the 

normal orange coloured garnets. 
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