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'l'he following abbreviations·, unless where specified t are used in· 
this appendix volume: 

Gt 
Cpx 
Opx 
Amph 
Plag 
01 
Sp 
Ilm 
Phl 
Rut 
Ap 
Ky 
Qtz 
K-sp 
Scap 
Opaq 
Serp. 
Nat 
Zeol 
D. Gt 
r. Gt 
D. Cpx 
I. Cpx 
L. Cpi; 
I. Opx 
I. 01 
L. Ilm 
Ilm 

- garnet 
- clinopyroxene 
- ort:hopyroxene 
- amphibole 
- plagioclase 

olivine 
- spinel 
- ilmenite 
- phlogopite 

rutile 
- apatite 
- kyanite 
- quartz 
- K-feldspar 
- scapolite 
- opaque oxide 
- serpentine 
- natrolite 
- zeolite 
- discrete gt 
- garnet inclusion 
- discrete cpx 
- cpx inclusion 
- lamella.r cpx 
- opx inclusion 
- ol inclusion 
- lamellar ilm 
- ilm with silicate 

inclusions 
D. Ilm - discrete ilm 
Pk - phlogopite kimberlite 
Dk - diopside kimberlite 
Ck - calcite kimberlite 
Poik - poikilitic 
Interstit - interstitial 
Center - grain center 
Edge, rim - grain edge 
Adj - adjacent 
Polyxtal - polycrystalline 
Rextald - recrystallised 
Sec - secondary 
P - primary 

Te tr 
Av 
~~o 

Fa 
Ab 
Or 
An 
Ca 
Mg 
Fe 
M 
c 
Norm 
< 

blank 
ND 
Gt. Lhz 
Lhz 
Htz 
Porp 
Ne ob 
Cg 
Mg 
Cgb 
Mb g 
Fgb 
Cmgb 
Mmgb 
Fmgb 
nun 
cm 

- tetrahedral 
- average 
- fosterite ·- Mg/Mg+Fe at. 
- fayali te - Fe/Mg+ Fe 
- albite - Ab/Ab+An+Or 
- orthoclasc- Or/Ab+An+Or 
- anorthit~ - Ail/Ab+An+Or 
- Ca/Ca+Mg+Fe 
- Mg/Ca+Mg+Fe 

Fe/Ca+Mg-:-Fe 
- Mg/Mg+Fe 
- Ca/Ca+Mg 
- normative 
- less than 
- not analysed 
- ~ .Ol wt.%. 
- garnet lherzolite 
- lher zoli te 
- harzburgite 
- porphyroclast(ic) 
- neoblast(ic) 
- coarse granular 
- medium granular 
- coarse granuloblastic 
- medium granuloblastic 
- fine granuloblastic 

prop. 
II 

" 
" 
II 

- coarse mosaic granuloblastic 
- medium mosaic granuloblastic 
- fine mosaic granuloblastic 
- millimeter 
- centimeter 

/ 
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APPENDIX l: · BRIEF DESCRIPTIONS OF . THE KIMBERLITES IN 'fiJE STUDY l\REA ----·--· 
(see Fi2; II-1). 

This section is a summary of field observat.ions and data extracted ·from 
the literature concerning the occurrence or reported occurrence of kimberlites 
in the study area (Fig. II-1). 

To avoid repetition the following subscripts are used in the text to 
identify the data sources: 

l. De Beers Consolidated Mines - company reports. 
2. Rogers and du Tait (1909) 
3. du Toit U.908) 
4. Keyser (1940) 
5. Mathias et al. (1970) 
6. Rickwood et al. (1969) 
7. Rickwood (1969) 
8. This work 

Observations and.comments about each reported kimberlite are given in 
the following ranked order: 

1:250 000 Topo-Cadastral Sheet : District : Alphabetic. 
Three 1:250 000 Topo-cadastral sheets (South Jifrica) cover the 
study area. They are: 

Sheet 3022 
Sheet 3122 
Sheet 3024 

BRI'J~ STOWN . 
VICTORIA WEST 
CQI,ESBERG 

(date 1973) 
(date 1966) 
(date 1971) 

In the following list the kirnberlites have.been compiled alphabetically 
as a ready guide to the descriptions tha.t appear in this appendix. 
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__ . __!:9cali_tx: _ Tooo-·sheet .. VC VNC RD "ND Pe:l_"' ._EC::~ Gr. -~.eg ·~-~~.!:~<?.:-

AlarmkraCt.l VICTOR:tl-'. WES'l' x 13 
Andr.iesfontein COLES3ERG x ·x 18 
Be.yersber.g -BRITS'J'O\\fN x x x 7 
Beyersfontein VICTORIA. WEST·x x x x 14 
Bottelsput BRITSTOWN x x x 7 
Brandewynskuil BRIT ST OWN x x x 11 
Britstown Comnionage BRITSTOWN x· x 4 
Cordaatskuil BRITS'I'Ow"N x x x x 11 
DoornkuiJ_ BRITSTOWN· x x 4 
Doorskuilen BRITSTOWN x x 4, 
Du Plessis Dam COLES BERG x x x 17 
Elandsbeen BRI'I'STOHN x x 10 
Gansfontein VIC'rORIA WEST x x 13 
Goede Hoop COLES BERG x x x x 19 
Hebron VICTORIA WEST x* x* x x 14 
Holpan BRITSTOWN x 4 
Hugo 1 s Dam VICTORIA WEST x x 15 
Jachtfontein COLES BERG x x x 19 
Kalkput BRITS'l'OWN x x .x x 10 
Kareeboschpan BRITSTOWN x 4 

Kareeput BRITSTOWN x 4 
Klein-Doornpan BRITSTOWN x x 10 
Klein Modderfontein BRITSTOWN x x 10 
Klipgatsfontein~N VICTORIA WEST x x x x ... 15 "" 

Klipgatsfontein-S VICTORIA WEST"x* x 15 
Koos-syn-kamp COLESBERG x 19 
Kromaar BRITSTOWN x 12 
Lekkerfontein COLESBERG x x x x* 20 
Leuwefo:otein COLESBERG x x x x 19,, 
Leyfontein VICTORIA WEST x x x 16 
Louwspli~as BRITSTOWN x x x 7 
Lovedale BRITSTOWN x x x x 4 
Lushof BRITS'I'OWN x x x 12 
Markt BRITSTOWN x* x x x 8 

Melton Wold VICTORIA WEST x,~ x 16 
Middlewater BRITSTOWN x x 10 
Mokasdam BRITSTOWN Y. 5 
Mount Pierre VICTORIA WEST x 17 
Omdraaisvlei BRITSTOWN x x 11 
Paardekraal BRITSTOWN x 5 

Paar.de Val lei BRI'rSTOWN x x x 6 

Pampoenpoort VICTORIA WEST x x 17 
Pett spot BRITSTOWN x 6 

Pine Grove COLES BERG x x x. 20 
Platsjambok BRITSTOWN x 11 
Request BRI'fSTOWN x x 9 
Rhoode Draai BRITSTOWN x 11 
Rietfontein VICTORIA WEST }~ x x 13 
Rietgat VICTORIA WEST x 15 
Roodekraal COLES BERG x x* 18 
Roodevloer BRIT"S'l'OWN x 11 
Rooidam BRITS'rOWN x 6 

Silvery Home VICTORIA WEST x* 13 
Slypsteen BRITSTOWN x 11 
Soetvlei BRITSTOWN x 11 
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Sweet put BRITSTOWN x 
Uintjiesberg BRITSTOWN x* x 
Uitkyk BRITSTOWN x 
Vetlaagte COLES BERG x 
Vioolkraal BRITSTOWN x 
Vogelstruisch Poort BRI'ISTOWN x 
Windhoek COLES BERG x 
Witbank VIC'l'ORIA WEST x 

VC 
VNC 

= 
:::: 

Site visited and kimberlite confirmed. 
Site visited but kirnberlite not confirmed. 

x 
x x 

x 
x 

:x: 

x 
6 
9 
6 

18 
7 

,7 
-20 
17 

RD 
ND 
Per. 

-
= 
= 

Descriptions in the literature noting the presence of kimberlite. 
No details apart from that a kimberlite occurrence is reported. 
Peridotites, pyroxenites. 

Ee. 
Gr. 
Meg. 

* 

= 
= 
= 

= 

Eclogites. 
Garnetiferous granulites. 
Megacrysts. 
localities where the best exposures of fresh kimberlite, 
xenolith suites and rnegacryst suites can be found. 
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_T_O_P_o __ c_A_D_A_S_T_. RA_r_·, __ S_I_iE_,F_/I' ____ 3_0_2_2 __ B_R_I_TSTOWN . ( l :~~LSO . 00<;_)) • 

Britstov-tn District 

1) Britstown Commora.ge-'Gemsbokfontein (3o0 3s' .. s, 23°2s 1 E) 

Two kimberlites, a dyke 1-:'S, 5 ' 6 and a pipe <?.t'~ 8 
occur irr.lTl.ediately W and 

SW of Britstown respectively. Both are of unknown .extentl though pitting3 

has proved kimberlitel,3. 

The dyke, on the western fringes of the town a.nd just south of the road 
to Vosburg, has yielded fragments.of garnet grunulite3

1
6 and hornblende-

schist3. . 

The pipe (?) situated further to the SW and about l.S kms. south of the 
homestead Brasdoring9 was sampled. An old pit exists and though only highly 
altered, calcretized kimberlite is seer.., relatively abundant green ortho­
and clinopyroxene and ilmenite.(up to 2 mm. in size) can be sampled. Gar­
nets are rare. One garnet gran~lite xenolith was found. 

2) Doorskuilen (30°38' S, 23°19' E) 

A pipe feature situated on the eastern side of the Smartt Syndicate 
Daml,9. This locality was visited but the farmer knows of no excavations 
in the area mentioned. There is no further mention in the literature of 
this kimberlite. 

(30°27' S, 23°40 1 E) 

A fissure trending N-S reported 1 km. west of the homestead Blomvlakte1 • 
This fissure could not be located. 

4) Holpan (30°23' s, 23°08 1 E) 

A fissure trending 1'.'NE is reported1 • 

5) Kareebosch;e~ {30°31' S, 23°36' E)' 

A pipe feature is reportedl. 

6) Kareeput (30°32' S, 23°07' E) 

A fissure trending NNE is reported1 . 

7) Lovedale rv Blaauboschputs, C.P. (30°35' S, 23°36' E) 
(sample code = 02) 

9 kms. due E of Britstown 2 small pipes occur just to the north of the 
Britstown·-de Aar road near the Lovedale homestead and within 200 m. 

east of the secondary road leading to the homestead Brakfontein1 • .These 
are the Lovedale pipes. 

South-west of the Lovedale pipes and south of the de Aar road between 
the. railway siding van Heerden and the homestead Bloubosputs is a new trend­
ing dyke reported as Blaauwbosch Putl,3,5,6. 

The southe:-:ly Lovedale No. 2 pipe is roughly circular, has a diameter 
of about 55 ml and has not been excavated though a strong vegetation anom·aly 
marks its position. Within a few hundred metres to. the north is the main 
Lovedale No. 1 pipe also semi-circular and ~ith a diameter between 60 and 
75 ml, There is evidence of recent pitting and the shaft according to local 
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information bottomed at 30 m. 'rhe shaft is sited towards the southern end 
0£ the pipe while a trench--shaped excavation now totally caved can be found 
towards the northern rim. All the Lovedale samples were collected from this 
No. 1 pipe. 

Only 1 relatively fresh specimen of kimberlite was found and sampled 
and it is a hard, grey-black prophyritic variety lacking crustal inclusions 
but rich in altere;d olivine and phlogopite. The kimberlite is a hypabyssal 
kimberlite. -Petrographi.cally it is of the calcite-Phlogopite-seJ:"pentine 
variety rich in opaques. The concentrate dump is rich in garnet (both eclo­
gitic and peridotitic vc::.rieties) , pale to dark green clinopyroxene (mainly 
eclogitic), phlogopite with common Cr-diopside, green orthopyroxene and 
ilmenite. Deep brown, glassy orthopyroxenes (up to 2 ems. in size) showing 
little cleavage and with a strong concoidal fracture are common. These 
resemble the glassy orthopyroxene megac.:rysts described by J. akob (1977) 
from the Monastery kimberlite and are interpreted as such. 

The Lovedale No. l kimberlite has scavenged a good collection of 
eclogite and granulite xenoliths. No ult.rabasi.c peridotites or pyroxenites 
were found or are reported in the literature. Upper crustal xenoliths are 
mainly shale, dolerite and vesicular basalt of presumed Karroo age.. 'rhe 
following parageneses were observed and are reported3 , 5 , 5 for the Lovedale 
eclogites and garnet granulites. Note that kyanite-bearing varieties are 
common. Only primary phases a.re listed. 

Eclogites 

gt + cpx 
gt + cpx + 
gt + cpx + 
gt + cpx + 
gt + cpx + 
gt + cpx + 
gt + cpx + 

cp:x: + ky 

Granulites 

gt + cpx + 
gt + cpx + 
gt + cpx + 

rut 
amph 
ky 
ky + amph 
ky + qtz 
ky + qtz + k-spar 

plag 
plag + ky 
plag + ky + scap 

abundant 
abundant 
rare 
abundant 
rare 
common 
common 
rare 

very rare 
conunon 
rare 

A few small diamo.nds were reputedly found in 1904 from the No. 1 
pipe 1 • 

'l'he Blaauwb6sch Put dyke is 10 m. wide and at least 75 m. in length1 • 
Weathered kimberlite was encountered duri::1g pitting. Eclogites (gt+cpx+ky3

1
6 , 

gt+cpx+rut_S, 6 '· gt+cpx+qtz 5 '6) and. garnet granuli tes 1 are reported. 

8) Mokasdam (30°15' S, 23°25' E) 

A pipe feature is reportea. 1 just NNE of the homestead Damlaagte. 

9) P~~rd~kraal (3o
0
o8'S, 23°32' E) 

2 pipe features, 1 km. apart are reported1 just south of Bulbe.rg along 
the western boundary of the farm R.ingpoo:r.t. 
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10) Paarde Va.llei 'v l'!:~_ietgedacht (30°38 1 S, 23°15' E) 

A pipe and a fissure, 3 km. south of the .Pipe and trending J\TNE is 
reported as Paarde Val lei 3 / 6 but. given the more recent farm name Nietge­
dacht 1. 

The pipe has a diameter of 135 m3 . Xenoliths include garnetiferous 
granulites, biotite granite and hornblende schist3. The description of 
the kyanite granulite (No. 1956, du Toit1) and renamed as a ky-plag eclo­
gite by Rickwood6 sounds very similar to the garnet granuli te 12133A ·(Markt 
kimberlite8 ) which shows textural evidence of the breakdown of plagioclase. 

This locality was not sampled owing to flood water conditions in the 
Smartt Syndicate dam. 

11) _!?ettspot (30°40 1 s, 23°33' E) 

2 fissures trending N and NW respectively are reported north of the 
homestead Witfontein1• The site was visited but the fissures could not be 
located nor was any information forthcoming from the farmer. 

12) Rooidarn (30°38' S, 23°22 1 E) 

2 fissures trending NW are reported to the SW of the homestead Brak­
water1. The fissures could not be located. 

13) Sweetput_Siroup (30°17' s, 23°30' E) 
( locaH ty code = 03) 

2 pipes are reported on the farm Maconieke Fontein1 • From the No. l 
more northerly pipe garnets and ilmenites (some ems. in size), phlogopite 
and rare olivine and Cr-diopside are reported 1 • 

The southerly No. 2 pipe was located and is now marked by two pits 
and a trench. Yellow ground with abundant mica plates is found on small 
dumps. The only xenoliths noted were shale, dolerite and very abundant 
fine grained, arnygdaloidal basalt fragments. The basaltic fragments show 
remarkable flow textures. 

2 eclogites from Sweetput were found in the u.c.T. rock collection. 
Both have been severely phlogopitised. 

Diamonds were reputedly recovered from the No. 1 pipe. 

14) Uitkyk group~ Barend~fontein (30°14' s, 23°37' E) 

3 pipes are T-eported in this area1 • The Uitkyk pipe is north of the 
homestead Uitkyk and on the western side of the Britstown-Strydenburg 
road. This pipe was not sampled and no information exists in the records. 

South of the homestead Barendsfontein on the east side of the Stryden­
burg road 2 pipes are reported. This site was visited and signs of very 
old pitting can be seen in 3 places. The presence of 2 pipes is difficult 
to ascertain. The strong vegetation anomaly characteristically growing on 
kimberlites in the Karroo is present. A bush lineation (probably a fissure) 
trends NE and where an enlargement occurs at its northern end a pit shows 
the presence of micaceous yellow ground inferred to be kimberlite. The 
weathered kimberlite carries in situ altered olivine and ilmenite. 
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15) Vioolkraal grou;e (30°10 1 s, 23°35• E) 
(locality code= east.= 18, west= 22) 

2 pipes are reported1 • At the eastern pipe an old pit (6 m. deep) 
and a dump of yellow ground can be seen. Xenoliths include 1 garnet gran­
ulite, a variety of gneisses, pink granite and quaitzitic rocks. At the 
western pipe a small pit remains. Fragments of relatively fresh, micaceous 
kimberlite with ilmenite and highly kelyphitized garnet were sampled. The 
kimberlite is a .carbonated micaceous hypabyssal kimberlite. 

16) vogelstruisch Pddrt 

2 fissures are reported1 • The NE trending fissure of the homestead 
Volstruispoort and on the west side of the Britstown-Strydenburg road was 
not found. A vague NE trending bush lineation 1 km. east of the Volstruis­
poort homestead crosses the road to Brinkspan and presumably marks the 
locc.::.tion of the second fissure. 

Carnarvon District 

17) Beyersberg (30°57' S, 22°30 1 E) 

A small blow on a 30 cm. wide fissure occurs on the NW slopes of the 
Beyersberg mountain on the eastern side of.the Victoria West-Carnarvon road 
and just SE of the Beyersburg rail siding-. Weathered kimberli te is seen 
in one small pit and is rich in phlogopite. Rare garnets, ilmenites and 
altered olivine can be seen. Xenoliths ·include shale, dolerite, a few 
highly decomposed, small (<5 cm.) garnet-free ul trabasics and a garnet 
granulite. 

18) BottelsEut group (30°31' s, 22°10 1 E) 

A fissure with a possible sill is reported 1 :km. NW of the homestead 
. . 1 

Dalkeith • The kimberlite contains abundant mica, orange garnet and ilmenite 
while eclogitic and granulitic rubble is found in the surface float 1 • 
This area .was visited but the kimberlite could not be located. 

19) Louwsplaas rv Kaffir' s IS,raal 3 '6 (30°59' S,. 22°21' E) 
(locality code = 05) 

2 pipes apparently connected by a N-s· fissure are found on the farm 
Swavelfontein, a few hundred meters south of the Louwsplaas rail siding next 
to the Carnarvon-Victoria West road, some 15 kms. E of Carnarvon. 

The northern pipe is about 100 m. in diameter while a strong vegetat­
ion anomaly suggests the southern pipe to be 150 x 120 m. in size with the 
long axis NE 1 • 

Slight upturning of near contact shales and 3 old pits mark the north­
ern pipe. Yellow-green altered kimberlite, garnets (peridotitic mainly), 
Cr-diopside, ilmenite and phlogopite can be bound. Garnet granulite and 
gabbroic/amphibolitic xenoliths are reported2 ,6. Fragments of eclogites 
and garnet granulites were sampled as well as a spinel+cpx+opx+gt (occurring 
as reaction rims or as exsolved products) rock that appears similar to the 
garnet pyroxenites described by Reid and Eggleton (1977). In the latter 
pyroxenites,garnet has formed during the. cooling of an assemblage of alu­
minous clinopyroxenes and spinel. 
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20) Markt group (30°15' S,. 22°21 1 E) 
(locality code = lo.for No. 1 pipe, 12 for No. 2 pipe) 

2 pi.pes (No Is 1, 2 are located 3 km. no·rth of the homestead Bee span on 
the farm Markt1 • A third. kimberlite (No. 3), a small enlargement at the 
intersection of two kimberlite dykes was pointed out by the farm owner. 

The No. 2 pipe is elongate (230 x 90 m.) 1 and 2 pits and a shallow 
trench mark its position. '!'he kimberlite is decomposed. to yellow ground, 
not too micaceous with the concentrate being very rich in garnet. Crustal 
xenoliths of amphibolite, biotite schist, gneiss, granite and amygdaloidal 
basalt are abundant. Fragments of badly decomposed garnet lherzolites are 
common. In these samples only the garnets and clinopyrox~nes (Cr-diopside) 
remain relatively unaltered. Olivine is totally serpentinized while ortho­
pyroxene has been converted to bastite with calcite stringers. One ultra­
mafic lacks garnet but is richer in Cr-diopside. These coarse grained 
(1-5 mm.) peridotites fall into the coarse peridotite variety of Harte's 
(1977) classification scheme. Pyroxenite, eclogite and garnet granulite 
specimens were also found. The following assemblages are recorded. 

Eclogite, pyroxenite 

gt+cpx+rut 

cpx+gt+amph 

cpx+sp+(gt) 

Granulites 

gt+cpx+plag 

- coarse grained (>5 mm.), similar in texture and 
grain size to the Rovic type 1 eclogites 
(Hatton, 1978) 

medium grained (1-2 mm.) granuloblastic clino­
pyroxenite. Garnet is clearly derived from 
subsolidus exsolution. 

layered spinel pyroxenite. Garnet is a reaction 
product at clinopyroxene-spinel grain contacts. 
Similar to the spinel pyroxenite from the Louws-· 

·. plaas kimberlite. 

2 samples one of which shows plagioclase breaking 
down to the eclogite assemblage of ky+qtz+cpx 
(<Al, >Na) • 

The more northerly No. 1 pipe is the largest in the study area meas­
uring some 300x75 m1 • Numerous old pits can be seen and the farm owner 
had opened a new pit to a depth of 10 m. Two types of kimberlite occur. 
Both are grey-black hypabyssal kimberlites of the phlogopite-calcite 

·variety. One type is relatively fine-grained while the other is coarser­
grained and contains more foreign inclusions (ultramafics, shale). The 
kimberlite resembles the hypabyssal kimberlite at Uintjiesber9. The con­
centrate like that of the No. 2 pipe is dominated by garnet with lesser 
amounts of Cr-diopside and ilmenite. Similarly the crustal xenoliths 
are gneisses and schists rich in biotite, amphibolite and basalt. Large 
cobble-sized high decomposed garnet lherzolites are common while eclogitic 
fragments are rarer. No garnet granulites were found though a scapolite­
Itearing: garnet granulit~ is reported3,6. 

The Markt-No. 3 kimberlite is found approximately 2 km. SW (241° MN) 
of the No. 1 pipe. Here a fissure strikes 415°MN and is cut and off-set 
(8 m.) by a more ESE' trending (115°MN) large kimberlite dyke. An enlarge­
ment (blow) 20 m. at its widest and about lOOm. in length occurs on the 



- 9 ·-· 

ESE fissure. Dyke and blow outlines are marked by strong vegetat.ion growth 
and upturned host sediments at the contacts. 

Diamonds are reported to have been recovered from.the No. 1 pipel. 

0 . 0 
(30 32' S, 22 30' E) 

A kimberlite is reported in the 
Fontyn1 • The farmer has no knowledge 
a marked bush lineation (presumably a 

NW sector of the farm Kc.reebosch 
of a.ny old pits but did point out 
kimberlite dyke) that strikes 58°MN. 

22) Uirttjiesber9.: (3o0 so• s, 22°3i' E) 
(locality code = 09) 

A kimberlite pipe and N trending dyke system occurs at the foot of the 
SW end of the prominent mountain Uintj iesberg and due E of .the homestead 
Eureka. A clear NW trending bush lineati.on marks the kimberlite dyke 
associated with the pipe while further..,:west two parallel shorter dykes are 
reported 1 • The pipe is 180xl20 m. (elongate NS)l and has been pitted and 
trenched in numerous places •. A caved inclined shaft can be seen towards 
the southern perimeter. 

3 kimberlite types can readily be distinguished in the field. The first 
is a greenish black rock, fresh in appearance 11 1i th visible olivine, phlogo­
pite and ilmenite. Handspecimens that show distinct olivine flow layering 
textures are common. This kimberlite is classified as a hypabyssal phlogo­
pite-serpentine-calcite variety. 'rhe second variety from a pit towards the 
north central part of the pipe is black in colour and studded with crustal 
fragments of basement and bleached shale as well as fragments of a garnet­
free, coarse grained lherzolite. Recently on a return visit a g~rnet­
lherzolite was found by M. Skinner at this site. This second kimberlite 
is classified as a hypa.byssal k.imberlite breccia. Petrographically it is 
similar to the hypabyssal variety but is distinguished by being more apa­
tite-rich. The third kimberlite type is a tuffisitic variety, seen as 
thin veins and stringers cutting a large floating reef of sediments in the 
north central part of the pipe. 

The concentrate is overwhelmingly rich in ilmenite with lesser amounts 
of clinopyroxene and garnet. The megacryst assemblage is represented by 
black-green, sub-calcic cl°inopyroxenes, larnellar clinopyroxene-ilmenite 
intergrowths (first reported by Boyd and Dawson, 1972) and rare brown­
orgnge garnets. 

Nodules recovered from the dumps are of the following type: 

1) Ma.rid suite 

Fragments with the mineral assemblage ilmenite + diopside + phlogo-· 
pite +.rutile are assigned to the Marid suite (Dawson and Smith, 1977) and 
are possibly c_ognate with respect to the kimberlite. 

2) Ultramafics 

a) Garnet lherzolites (gt+cpx+opx+ol) are totally decomposed but 
can still be recognised . 

. b) Lherzolites rich in orthopyroxene and olivine in which clots of: 
a phl.ogopite-chromite intergrowth are associated with and 
appear to replace clinopyroxene. 
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3) Eclogite 

One sample with the assemblage gt+cpx+apatite. 'l1exturally this xeno­
lith appears related to the. garnet granulites. 

4) Garnet granulites with the assemblage gt+cpx+plag+apatite+amph+bi+scap 
are relatively co!nmon and have been.reported before3,6 

Prieska District 

23) ~lartdsbeen group (30°26' s, 22°32• E) 

2 dykes trending NE 
Elandsbeen. Further NW, 
dyke is also shown1 • 

are reported just to the NW of the homestead 
at the homestead Witwater a small pipe and allied 

The Elandsbeen dykes are mentioned by du Toit 1 but could not be located 
in the field. At Witwater a dyke exposed in the side of an old pit could 
be that shown and identified as kirnberlite by du 'I'oit (Fig. 3 3 ). 

24) _!<lein DoornEan 
Groot Doornpan. 

(30°14' s, 
(30°13 I S, 

Grenaat Kop - Kaffersk~lk 

22°29' E) 
22°34' E) 
(30°06 Is, 22°24 I E). 

These 4 localities are discussed by du Toit (Fig. 1 3). N to NW trend­
ing fissures (Kafferskolk, Klein and Groot Doorn Pan, Grenaatkop) marked by 
yellow decomposed ground and sometimes containing garnetiferous granulites 
are thought to be kimberlitic or larnprophyric 3 • Breccia pipes (Loskopje 
on the farm Grenaatkop) occur on the general trend of the dykes. The Los­
kopj e breccia plug was visited and sampled. The breccia is extremely hard, 
studded with an9ular quartz-rich rock fragments and cemented by a yellowish 
matrix in which calcite and relict olivine can be identified. 

25) Kalkput (30°28' S, 22°46' E) 
(locality code = 11) 

The Kalkput kimberlite occurs about 1 km. NW of the abandoned home­
stead Kalkput (farmer now lives at the Vleiplaas homestead) and some 18 km. 
due NW of Vosburg. 

The kimberlite is extremely poorly.. exposed. Weathered, brownish, highly 
micaceous ground and a.tremendous amount of calcrete marks the sites of two 
shallow pits. 

The concentrate dump yielded abundant black-green clinopyroxene (sub­
calcic megacryst variety), garnet (orange, red and mauve hues) with 
lesser amounts of phlogopite, Cr-diopside and ilmenite. 

Fragments of an altered garnet peridotite as well as a single garnet 
granulite were found while du Toit3 notes that the elongate pipe when pitted 
yields boulders of gneiss, pegmatite and amphibolite. 

26) Klein Modderfontein (30°02' s, 22°39' E) 

A NE trending fissure is reported E of the homestead Vrede on the 
Carnarvon-Prieska road 1

r
3 • This site was not visited. 

27) · Middelwa.t.?r (22°43' s, 30°10 1 E) 

The small pipe and NE trending dyke on the farm Middelwater is 
described by du 'I'oit3 but could not be located in the field. 
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28) Omdraaisvlei. (30°09' s, 23°05' E) 

The NW striking fissure reported as situated on or near the Doorn-
· berg fault is probably a lamprophyre1 , 3 • It could not.be found in the field.· 

29) Platsjambok (30°00 1 s, 22°21 1 E) 

A new fissure is reported1 1 3 but was not visited. 

30) · Rhoode Draai (30°21 1 s, 22°32' E) 

A pipe 40 m. ·in diameter is reported south of the homestead Rooidraail,3, 

31) · Roodevloer (30°15' s, 22° 44' E) 

2 fissures occur W of the homestead Poortjie on the Vosburg-Prieska 
raodl. One fissure (strike NS) has not been pitted but is marked by a bush 
lineation. The second fissure striking NNW and 300 m. west of the first 
has been pitted over some length. The dyke rock is highly micaceous and is 
probably lamprophyric. No kimberlite concentrate minerals or any inclusions 
were found. 

32) Slypsteen (3o
0
o4' S, 23°05' E) 

This fissure trends ENE and is clearly marked by a strong bush lineat­
ion and disturbed outward dipping country rock. It appears to have a max­
imu..rn thickness of 4 m. 

33) Soetvlei (3o
0
05r s, 22°59• E) 

A fissure striking NW is reported1 • '!'his site was visited but apart 
from what appears to be an old asbestos prospect .trench, nothing else was 
seen. 

Victoria West District 

34) Brandewynskuil-Humansdam group (30°37 1 S, 22°41• E) 
(locality code = 13) 

2 pipes (180xl20, 90xl30 m.) and a dyke are reported NW of the home­
stead Brandewynskuil on the Vosburg--Carnarvon road. 

'I'he larger pipe to the SE has been pitted (one pit is down to 12 m.). 
The kimberlite is weathered, highly micaceous and contains a tremendous 
variety of inclusions that a.re mainly crustal - varieties of gneisses (most 
commonly a biotite gneiss), mica schists, granite, pegmatite, dolerite and 
shale. The kimberlite is classified as a hypabyssal kimberlite breccia. 
Fragments of garnet granulite and altered garnet peridotite were seen. Du 
'l'oit3 describes a kyanite garnet granulite (g'i:.+plag+ky+cpx ?) from this 
locality. 

The concentrate is rich in orange to mauve garnets with some ortho­
pyroxene, clinopyroxene but very little ilr.1enite. 

The NW pipe is poorly exposed in one small caved pit. The kimber­
lite dyke trenus 320°MN. 

35) cordaatskuil (30°45' s, 22°50 1 .E) 
(locality code = 06) . 

A kimberli.te pipe (270x90 m. 1
1
3 ) occurs NE of the homestead 
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Cordaatskuil near the boundary fence. The site is marked by a windmill and 
3 pits, the largest of which is.lo m. wide and 2 m. deep. 

Du Toit3 reports that pale blue kimberlite was proved in a number of 
pits though today no fresh kimberlite can be seen. The kimberlite is a 
highly weathered brown rock rich in phlogopite, altered olivine and in­
clusions. 

The concentrate yielded rare ilmenite and very scarce garnet and clino­
pyroxene. 

Crustal inclusions are common and include dolerite, shale, amphibole-· 
beari.ng metamorphics, gneisses and pink syenite. 

Garnet granulites are common while eclogites and ultrabasics are rare. 
The following assemblages have been reported or sampled. 

1) Ultramafics 

Ol+cpx+opx. Rare highly altered yellowish lherzolites can be seen in 
situ. One specimen is 40 cm. in length with 1 cm. size orthopyroxene and 
smaller green diopside clearly visible. Alteration has formed the second­
ary minerals serpentine, bastite, calcite and quartz. 

2) Eclogite 

One fresh equigranular (1-2 mm.) gt+cpx+rut eclogite was found in the 
U.C.T. rock collection. A similar assemblage is reported by du Toit3 and 
Rickwood 6 • 

3) Garnet granulites 

The assemblage gt+cpx+plag+amph+rut±ap±scap is the most common3
1
6

1
8 , 

1 kyanite+bearing granulite was .also sampled. In these samples the plagio­
clase is typically altered to a fibrous zeolite (natrolite) while the mafics 
minerals have remained remarkably fresh. 

36) Kromaar (30°35' S, 22°54• E) 
Renswoude (30°31' s, 22°52• E) 

The NW trending Kromaar fissure is reportedl 2 km. due E of Vosburg 
and is probably related to the Renswoude kimberlite further to the NW. 

The 2 small Renswoude blows (6,30 m. in 
developed at the intersection of a WNW and 
6 km. N of Vosbu.rg on the Prieska road and 
Otterpan. 

diameter) are reported as 
NE trending dyke set about 

along the southern edges of 

A small pit within a circular area rimmed by breccia outcrop and 
float today marks the Renswoude site, though mud and silt in-wash to the 
pan makes positive identification difficult. 

37) Lushof (30°48' s, 23°01 1 E) 
(locality code = 14) 

2 pipes and a fissure are reported north of the homestead Lushof1 

east of the Vosburg-Victoria West road. 

5 pits mark the site of the main pipe (150x90 m.). A smaller 
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sedimentary inclusion·-rich pipe with only mineral interstitial kimberlite· 
occurs east of the main pipe. A. thin fissure (<l m. 1 strike S4°Ml\J) is 
associated with this smaller venti. 

The kimberlite is a brown, weathered rock in which abundant altered 
olivine (<4 mm.), rarer large phlogopite (3 mm.) and abundant shale in­
clusions are set in a. micaceous matrix. The rock is an altered hypabyssal 

· kimberlite breccia. 

Concentrate from the main pipe is dominated by green orthopyroxene, 
subordinate ilmenite and rare clinopyroxene and garnet. Numerous zircons 
are reported1 but only 1 small fragment was·recovered during sampling. 

Highly altered ultrabasic nodules are common. Patchy clinopyroxene 
and phlogopite occurs with relict olivine and orthopyroxene. Only 1 garnet 
peridotite was seen. An eclogite nodule with the assemblage gt+cpx+scap 
is reported 5

1
6 • 

The Lushof pipe is one of the few kimberlites in the study area that 
appears to be diamondiferous to some extentl. 

TOPO CADASTRAL SHEET 3122 VICTORIA WEST (1:250 000). 

Beaufort West District 

1) Gansfontein (31°46' s, 22°34' E) 

Rickwood 7 quoting Rogers notes the presence of ultramafics (ol+opx, 
ol+cpx+gt) at this site. This locality was not visited. 

Carnarvon District 

2) Alarmkraal South No. 1 
Alarmkraal North No. 2 

(31°08' S, 22°26' E) 
(31°os• s, 22°20 1 E) 

There is no information about these 2 localities. 

3) ~!fontein ~ A~rfontein (31°22 1 S, 22°26' E) 
(locality code = 16) 

3 small pipes are reported1 NW of the homestead Rietfontein along the 
Loxton-Pamp6enpoort road. 

A few small trenches mark the site of the southerly kimberlite. Il­
menite and rare garnet can be sampled from the dumps. 

The more northerly kimberlite is marked by a larger old pit now col­
lapsed. The excavated yellow ground is very rich in ilmenite (up to 1 cm. 
in size) with subordinate amounts of mauve garnet and Cr-diopside. Tiny 
fragments of. garnet granuli te and possibly eclogite are common. 

Fraserburg District 

.4). Silvery Home (31°31' s, 22°16' E) 
(locality code = 21) . 

The main ~S fissure occurs just to the SW of the Silvery Home home­
stead on the Loxton-Fraserburg road. Blows are developed at the north and 
south ends of this fissure. · 
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Fresh kimberlite was sampled from the south blow. Two different 
kimberlite types were found on petrographic examination. Roth are a tough, 
biack hypabyssal kimberlite. Petrographically, .one is a phlogopite-·cliop­
side variety. The other contains no diopside and is a serpentine.-phlogopite 
kimberlite. No heavy mineral concentrations or inclusions were recovered 
from this kimberli te •. 

Victoria West District 

5) ~eyersfontein 
0 0 

(31 02''S, 22 32' E) 

The Beyersfontein kimberlite was first described by Rogers2 and later 
visited by Rickwood 6 . Note that the co-ordinates given by Rickwood6 are 
incorrect. 

The kimberlite is a small elongate NW blow associated with a NW 
trending fissure marked by a bush lineation, A pit exposes weathered 
kimberli.te rich in altered olivine and phlbgopite. 

A concentrate sample yielded relatively abundant ilmenite with rarer 
garnet (orange and reds), clinopyroxene and very rare orthopyroxerie. 

Xenoliths include biotite gneiss, granite and rare garnet granulites2
1

6 , 
rutile eclogites2 16 and highly altered peridotites. 

6) Hebron gro~, w~ortion of Hartebeestefontein (31°17' S, 22°34' E) 
(locality code= No. 1 pipe= 07, No. 5 pipe= HS). 

Recent prospecting 1 h?s investigated the numerous kimberlites found on 
the farms Hartebeestefontein (portions Hebron and. Leyfontein), Klipga.ts­
fontein, Hugo'sDam and Witwater situated along the eastern side of the 
Loxton-Pampoenpoort road. E'issures in this area are predominantly NS 
and stand out clearly as bush lineations. In most cases the pipes and 
fissures can easily be picked out on aerial photos. 

On the farm Hebron 2 old kimberlites (No. 1,5), a recently discov-ered 
pipe (No. 2) and 2 areas with strong surface anomalies are reported1 • 

The No. 1 pipe (150x75 m.) appears in part intrusive through a doler­
ite and has in one place been pitted to a depth of 20 m. (now caved to 
12 m.) 1 • The hard, relatively fresh kimberlite seen dumped adjacent the 
pit was encountered at 20 m. depth. 'I'wo kimberli te types are .seen in the 
pi'c. '!'he soft, friable yellow ground is a tuffisitic breed.a. The tough 
black kimberlite is·a hypabyssal kimberlite of the serpentine-calcite 
variety. Megacryst size inclusions of ilmenite and olivine are common 
while glassy orthopyroxene and sub-calcic clinopyroxene and phlogopite 
is rarer. No megacryst garnet was found. Orange to mauve garnets and 
Cr-diopsides of peridotitic origin are however relatively common. 

Ultramafic inclusions are abundant and fall into 2 groups. Lherzolites 
in which minor Cr-diopside is often associated with fine grained phlogopite 
predominate over garnet lherzolites with minor arnphibole and Cr-spinel. 
Textures are coarse (see Harte, 1977). Only one nodule is of the porphyro­
clastic textural type. A third rare association is olivine (polygonal, 
<l mm.) +ilmenite. This olivine-ilmenite rock is believed to be from a 
fragmented mosaic-porphyroclastic.xenolith. 

Q .garnet granulites with the following assemblages were sampJ.ed at 
this site: gt+cpx+plag+rut, gt+cpx+plag+K-spar+scap+ap+amph+opaq. 
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The No. 2 sj_te is marked by a si..~rong ve9etaU.on anomaly. From dumped 
material adjacent small pi ts abundant i1meni tc and some garnet and ortho·­
pyroxene can be found. Very small fr.agments of garnet granuli te and rarer 
ultrabasics were sampled. 

'I'he No. 5 kimberlite is an old prospect, measures 60x30 m. and the 
yellow ground is rich in ilmenite, Cr-·diopside and garnet1 • Garnet .granul­
ites . (gt+cpx+plag, gt+cpx+plag,+rut) were sampled. As at Cordaatskuil the 
plagiocla.se in these rocks is totally altered to fel ty natroli te. 

In the western sector of the farm 2 surface anomalies (sites 3,4) sug­
gest the presence of kimberlite1 • 

7) Hugo's Dam (31°16 1 S, 22°39• E) 

A pipe. on a NS fissure is report.eel on this farm and forms part of the 
Leyfontein clusterl. 

8) Rietgat in Jacomyn's Aar (31°22' S, 22°47' E) 

A small pipe (135x60 m.) is reported2 to show yellow ground in pits and 
to contain small fragments of shale and dolerite as well as. larger xeno­
liths of amygdaloidal basalt. 

9) Kli);?_gatsfon~ein North gE,OUE. (31°19' S, 22°37' E) 
(locality code = 37) 

Two small pipes situated on a NS fissure are reported1 • A nearby 
· surface anomaly indicates a possible third pipe. 'I'he contacts of both 
pipes .are marked by strong upturning of shale and prominent vegetation 
growth. 

The more northerly pipe (70-80 m. in diameter) has been pitted. Ilmenite 
and garnet are abundant with lesser amounts of orthopyroxene and Cr-diopside. 
Numerous 1 cm. size fragments of garnat lherzolite (rich in Cr-·diopside}, 
fine-grained eclogite and garnet granulite were found. 

The southern pipe (65 m. in diameter) has similar characteristics. 

10) KliJ2.SI.atsfontein Sout~ group (31°23' s, 22°36' E) 
(locality code = south == 31, north = 32) 

•rwo pipes and an associated NNE fissure · (4 m. wide) occur in the 
SW sector of the farm. 

The outline of the southern pipe {28x40 m.) 1 is beautifully shown by 
upturned sandstones and shales. Very tough, serpentine-calcite rich 
kimberlite with large inset olivine (<5 mm.) / ilmenite (<lo mm.) and 
phlogopite was sampled from a. small dump. Garnet peridotite and garnet 
granulite fragments are rare. The kimberlite is a hypabyssal kimberlite. 

'1,he northern pipe (75 m. diameter) has similar- tough kimberlite out­
croppi.ng. In thin section however the matrix kimberlite ·is totally alter­
ed to fine-grained calcite and clay minerals. Olivine and phlogopite pheno­
crysts have been severely serpentinized and calcified. 'I~e kimberlite is a 
hypabyssal kimberlite breccia •. 

Along the western side of the access road (this road takes off north 
from the Victoria West-Loxton main road passing east of the hill marked 
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Blaauspitskop) to the farm Klipgatsfontein, a NS fissure at least 2 m. wide 
and marked by upturned contact sediments can.be traced for about 2 kms. This 
fissure has been pitted in 2 places and yellowish,micaceous. ground.indicates 
the probable presence of kimberlite. 

11) Leyfbntein group, ea.st E?:ttiort of Haartebeestfontein (31°17' s, 22°37' E) 

(locality code = 01) 

5 pipes (2 on NS fissures) are reported in the SE sector of the 
farm Leyfontein 1 • 

The No. 1 pipe (300xlOOm.) is elongate NNW and was first prospected 
in 18912 • 'l'he kirnberli te is tuffaceoi.1s and contains abundant ilmenite, gar­
net and mica 1 ,2. 

Pipe No. 2 (200xl20 m.) has similar kimberlite and contains garnet 
granulite and pyroxenite xenoliths. Pipe No. 3 (100 m.) is similar to No. 
2. 

The kimberlite of pipe No. 4 (80 m.) is of the "hardebank" variety1 

and contains large ilmenites, garnets and fresh olivine. 

Further to the N 2 blows (No's. Sa, Sb) are developed on a NS 
fissure {3 m. wide)l. 

12) Melton Wold~ Sprin9bokkoE (31°30' S, 22°44' E) 

(locality code = 08) 

A kidney-shaped pipe (elongate NS, ~120 m. in length) is developed 
towards the northern end of a well defined NS fissure marked by a strong 
vegetation growth. A few hundred feet east of the pipe at least 2 narrower 
fissures paralle~ the main fissure. The pipe has been excavated in a 
large trench. 

Three types of kimberlite occur at Melton Wold. 

The NW wall of the trench exposes soft, friable yellowish tuffi.sitic 
kimberlite breccia, rich in dolerite and shale fragments with rarer ultra­
basics. Tuffisitic kimberlite is also seen at the southern end of the 
trench where it is found as veinlets and stringers cementing what appears 
to be a large brecciated sedimentary block. · 

The SW and NE walls are essentially a hypabyssal kirnberlite brec­
cia which contains abundant fragments of dolerite, amygdaloidal basalt and 
shale. This kimberlite is also autolithic but is highly weathered. 

Fresh, tough black hypabyssal kimberlite is seen in a ,5 m. thick dyke 
cutting the tuffisitic kimberlite breccia near the northern end of the 
trench. Petrographically this kimberlite is of the calcite-phlogopite 
var:Lety •. Similar kimberlite was recovered from a pit at the northern edge 
of the pipe. 

The concentrate dump yields abundant garnet (orange to deep mauve in 
colours but with thick kelyphyte rims), common cr~diopside but very rare 
ilmenite. Distinctive disc-shaped ultramafics can be sampled both in situ 
or in the dumps. The following peridotite assemblages have been previously 
recorded7. ThE: garnet harzbur.gi te assemblage was not confirmed during the 
present study. 
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...,. 

.gt+cpx+opx+o1 
cpx+opx+ol 
gt+opx+ol 

In all specimens olivine has been totally serpentiriized. Relict ortho­
pyroxene can be found while. garnets and clinopyroxenes have remained relat­
ively unaltered. 

Rare gabbroic xenoliths occur. No eclogite or garnet gra.nulite has 
been found. The farm owner, Mr Briari Torr, has shown the author a small 
diamond he recovered during prospecting this kimberlite. 

11.t the NE end of the trench a tough kimberlite dyke (. 5 m. wide) 
cuts pipe kimberlite. Here also can be seen a fine example of country 
rock - intrusive pipe relations. As the pipe contact is approached sedi­
ments are gently upturned. However, within the last 2 m- to the contact 
the sediment dips reverse and are downdragged adjacent the kimberlite. 
This slumping may be related to collapse immediately following the primary 
explosive eruption. 3 thin kimberlite dykes, perfectly parallel to the 
pipe edge,cut the sediment in the hinge area where dips reverse. An alter­
native explanation is that the country rock adjacent the contact have been 
contorted by post-consolidation weathering and expansion in volume of the 
kimberlite (M. Skinner - pers. comm.)~ 

A large highly baked and brecciated sedimentary block appears to occupy 
the west central portion of the pipe while sediments adjacent the western 
contact are highly baked and have curious concentric, joint features. It 
was initially thought that. the kimberlite was responsible for the 
of the country rock but on a recent visit to Melton Wold, Mike Skinner 
convincingly showed that these features were imposed by the thermal effects 
of an earlier dolerite intrusion. 

13) Mount Pierre (31°07' s, 22°32• E) 

A dyke of micaceous kimberlite with common garnet and Cr-diopside can 
be traced NS for 2,5 km 1 • This site was not visited. 

14) Pam;eoenpo~lj;;_ (31°07' s, 22°43• E) 

2 pipes (30, 30x60 m.) are associated with a NW fissure system. The 
kimberlite is reported to be "basaltic" with little mica and with rare il­
menite and Cr-diopsidel. Garnet-rich metamo_rphics are recorded. These 
pipes could not be accurately located though ilmenite was found near what 
looked like a filled-in pit. 

15) Witbank North 
Witbank South 

(31°20' S, 22°34' E) 
(31°22' S, 22°35' E) 

'J.'he North pipe (30 m.) is situated on a NS .fissure. The kimberlite 
is "basaltic" with little mica .and garnet metamorphic xenoliths are common1 • 

The South pipe is very poorly exposed. Reports indicate a tuffaceous 
kimberlite with inclusions of dolerite, shale and.garnet metamo:cphics. 

TOPO CADAS'l'HAL. SHEET.· 3024 COLESBERG .. (l ! 250 000) 

De Aar District 

1) ·ou Plessis Darn ( 30°37' s, 24°04' E) 

This small pipe NE of De Aar was first reported by du Toit 3 • It has 
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not been pitted but fragments of t.igarnetiferous granulites ••••• some •••• 
containing ••••.. cyanite" 3 can be .found on the ground surface. Rickwood6 
studied 2 kyanite granulites described by du Tait and concluded that the 
pl.agioclase .was secondary. The assemblages .reported are: 

· ·Eclogite 

gt+cpx+r~t6 (+ ky3) 
cpx+ky6 

Granulite 

plag+opx+biotite+rutile3 

2) Roodekraal-Bareri.dsktiilert group (30° 48' S, 24°13 1 E) 
(locality code = 42) 

The Roodekraal pipe (50 m. in diameter) occurs WNW of the Burgerville-. 
weg rail siding 24 kms. SE of De Aar. The pipe is situated at the NW 
end of a fissure system that extends SE into the farms Barendskuilen 
and de Bad in the Hanover district. 

Yellow ground is found around the edge of an old excavation but no 
fresh kimberlite was seen. 

A large collection of eclogite xenoliths was collected at this pipe. 
Of the 88 eclogites collected; 79 had the assemblage gt+cpx±rutile±apatite± 
qtz while 9 were kyanite eclogites with the assemblage gt+cpx+ky±qtz. 
1 garnet granulite was found but there are no peridotite or pyroxenite 
xenoliths. 

3) Vet~~agte · (30°41' s, 24°06 1 E) 
(locality code = 04) 

The small Vetlaagte pipe ESE of De Aar is reported to be rich in 
ilmenite and contains some ultra~basic xenoliths. 

One garnet kyanite granulite with garnet-rich and garnet-free bands 
was found in the u.c.T. rock collection and was studied. 

Hanover District 

4) Andriesfontein grou.12. (30°57' S, 24°36' E) 
(locality code= 27,28) 

At least 4 pipes (93,72,40,23 m. in diameter), 3 blows (maximum 33 m. 
in diameter) and 8 fissures (maximum length 1. 5 km., NNW strike) have 
been found on the farm Andriesfontein SE . of De Aar and just north of the 
railway between the rail sidi.ngs Hanover Road and Linde. 

The 2 larger pipes were located but all prospecting pits and trenches, 
as is cow.man in this area, had been in-filled by the prospectors to avoid 
danger to farm animals.. Debris around. the pits included weathered yellow­
ish. kimberli te rich in olivine and phlogopite and with ilmenite. Old con­
centrate dumps yielded abundant ilmenite but relatively rare peridotitic 
and eclogitic garnets. Only one mantle xenolith, a fine-grained garnet 
pyroxenite (cpx+opx+gt) was found. 

1 diamond has been recovered from each of the 2 la.rger pipes1 • 
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5) s;o~~.EE. (3o
0

so 1 s, 24°25' E) 
(locality code == 29,30) 

NW of the Jl.ndriesfontein group of· kimberli te~, a similar series of 3 
pipes and 2 blows are associated with NW trending dykes on the farm 
Goede Hoop. The Goede Hoop dykes can be traced NNW to NW through the 
farms Palmietfontein, Windhoek and Cyp:cushof1 • 

From debris a:cound the blow GHl numerous fine-grained eclogit.e 
(often severely amphibolitized) fragments were sampled. 

Fragments of relatively fresh hypabyssal kimberlite (a serpentine­
ca.lci te variety relatively poor in phlogopite) were sampled from an old 
excavation on the GHI kimberlite pipe. This kimberlit~ contains olivine 
megacrysts (<2 cm.), fragments of garnet lherzolite and minor ilmenite. 
The concentrate sample yielded garnet (relatively rich in the mauve colour 
types), clinopyroxene, orthopyro:x:ene and a zircon. 1 garnet granulite xeno··· 
lith (gt+cpx+plag) was found. 

6) Jachtf6nteib (30°59' s, 24°16' E) 
( lo-;;;:u-ty code = 20) 

The Jachtfontein pipe (43 m. in diameter) is situated WNW of Hanover 
and to the SW of the main road to De Aar. An old circular excavation 
about 6 m. deep·marks the site. 

The excavation exposes yellow ground rich in dolerite and shale inclus­
ions. Tougher, black hypabyssal kimberlite samples were found on the dumps 
but is in thin section seen to be severely altered, consisting of serpent.in­

. ized olivine, ilmenite and shal~ fragments set in a matrix of ca1cite and 
clay minerals.; 

The concentrate is virtually all ilmenite. 

Apart from the numerous dolerite and shale xenoliths, inclusions of 
eclogite (gt.+cpx, gt+cpx+rut, gt+cpx+ky) and pyroxenite (cpx+op:x:+gt) are 
common. No olivine+bearing ultramafics were found. 

7) Koos-syn~k_amg (30°54' S, 24°33' E) 

2 pipes on a NW 
appear to be on the 
Boelhouders Draai). 

trending fissure are reported 1 • These kimberlite 
NW extension of the Pine Grove No. 1 fissure (farm 

The kimberli te is reported to be rich in phlogopite and ~lith common 
garnet, ilmenite and Cr-diopside in the concentrate. 

This site was visited but the pipes could not be found. 'I'he fissure 
is marked by a poor bush lineation associated with some upturni_ng of 
contact sediments. 

8) Leuwefontein (30°48' s, 24°22 1 E) 

This pipe (45 m. in diameter) is situated ~~1 of the Goedehoop kimber­
lites and is poorly exposed in 2 small pits. 

The kimberlite is highly weathered and contains abundant small shale 
and sandstone inclusions. A concentrate sample yielded some ilmenite, 
Cr-diopside and rare garnet. Fragments of fine grained eclogite, garnet 
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pyroxenite, biotite and amphibole schists and quartzite were sampled. A 
single totally altered peridotite was found. 'rhe eclogites ·appear similar 
to those at the Roodekraal kimberlite.further to the west. 

.9) ·pine Grove-No .. -1 (30°55' s, 24°34' E) 
·pine Grove No. 2. (30°55 ! s, 24°36 '· E) 

These 2 pipes and associated fissures are on the farm Boelhouders Draai, 
north of Hanover and the Andriesfontein kim.berlites. 

The No. 1 pipe (130x60 m.) is on a NW dyke that probably extends to 
the Koos·-syn-kamp kimberlite. Little can today be seen at this site though 
ilmenite and fragments of garnet granulite occur in the surface debris. 
Rare ultrabasics are reported1 • A few small fragments of garnet. bearing 
ortho- and clinopyroxenites were found and examined. 

Very low yields of diamond are reported for both the Pinegrove pipes 
and the Koos-syn-kamp kimberlite. 

The Pinegrove No. 2 pipe (22 m. in maximum diameter) is further E 
and on a NS fissure that could be related to the Andriesfontein kimber­
lites. 

The weathered kimberlite contains abundant ilmenite, garnet and Cr­
diopside1. This No. 2 site was not .visited. 

fXj?rushof 2rouE_ 

10) Windhoek (30°46' S, 24°24' E) 
(locality code = 24,25) 

At the SE end of the farm Windhoek a blow (360xll m., elongate NW 
the north blow). and a possible ring intrusion (the south blow) occur asso·­
ciated with a dyke. This dyke can be traced NW into the farm Cyprushof. 
The Windhoed-Cyprushof kimberlites form the NW extension of the Goede­
hoop kimberlite trend. 

Pits on the Windhoek north blow have been filled in and little can be 
seen. Fragments of relatively massive, mica-rich hypabyssal kimberlite 
were sampled and a concentrate of surface rubble yielded abundant ilmenite, 
garnet and rarer clinopyroxene. No xenoliths were found. 

The ring feature is seen as a semi-circular bush lineation extending 
from the main dyke and cut into dolerite. A concentrate sample from ground 
in a pit located at.the southern end of the ring feature - main dyke inter­
section yielded abundant ilmenite, garnet and common clinopyroxene. The 
kimberlite rock is studded with small shale and dolerite inclusions. One 
large, foliated garnet granulite _(gt+cpx+plag) was found. 

The Cyprushof dyke has been opened in a trench 2 m. wide. A concen­
trate sample yielded very abundant garnet (a high proportion are mauve in 
colour), abundant ilmenite and lesser clinopyroxene. 2 small (<.S mm.) 
zircons were found in the concentrate. 

Phillipstown District 

11) Lekkerfontein (30°20' s, 24°39' E) 
(locality code = 33) 

This kimberlite is situated on the farm Lekkerfontein (Hondeblaf) some 
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20 km. NE of Phillipstown. 

The site is marked by 2 la.rge, 10 m. deep excavations and scattered 
dumps of mined material. 

•rwo types of kimberli.te are found on the dumps. The most common is 
a compact, black hypabyssal kimberlite breccia of the phlogopite-serpentine­
calcite variety that contains abundant megacrysts of garnet, phlogopite, 
sub-calcic clinopyroxene and rarer orthopyroxene. Doleri tic / g·abbroic 
and sedimentarJ inclusions are common. More rare are calcitised eclogite 
fragments. The megacryst suite is the finest found in the study area and 
in many respects (see III) rivals that at Monastery. The second kimberlite 
type is a greyish to dark, very fine grained tuffisitic-like kimberlite with 
few inclusions. This variety is rare. 

4 
This kimberlite is described in some detail by Keyser • 



APPENDIX 2: PETROGRAPHIC DESCRIPTIONS FOR XENOLITHS. 
----------- ------------------------------~---------

A. PERIDOTITES. 

07023 - HEBRON. LHERZOLITE. Ol:av.4mm 1 1,5 to Bmm,irregular 
shapes with smoothly curving grain boundaries,strong­
ly kink banded.Opx:2-4mm,fine scale cpx exsolution, 
weak undulose extinction.Cpx:,5-1,Smm,highly altered, 
no~ seen as eroded relicts set in a mass of calcite 
with dustings of red-brown opaques-Cr spinel.Texture­
coarse. 

07033 - HEBRON. GARNET LHERZOLITE. Ol:mostly 3-8mm 1 sma:ler 
grains <2mm are unstrained and more tabular than the 
larger grains-may indicate a previous period of re­
crystallisation .Opx :1-3mm,slightly tabular shapes. 
Cpx:2-3mmiirregular to tabular,green,spinels have 
a strong spatial proximity to cpx.Spinel:Cr-rich, 
up to 1 ~5mm.Gt:2-7mm,rounded outlines,reddishs 
slightly kelyphytised.Texture:coarse~ 

0/'043 -· HEBRON. LHERZOLITE. Ol:av.Smm,up to 10mm,1arger o1 
are strongly kink banded,smaller 1-2mm are strain-free. 
Opx:1-3mm,narrow ,1mm turbid zones mantle opx,have 
rod-like tiny brown spinel inclusions that are pro­
bat'J1y exsolution products.Spinel: ,1mm,minute eut1edra 
that can occur as inclusions in ol,opx.Amphibole: 
,2mm inclusions in ol,opx,pale green to green-brown 
pleochroic,always has associated with it some brown 
spinel.Cpx:inferred from the presence of 'pools' of 
sp+phl that are seen in 07063 to be replacing primary 
cpx.Texture-coarse. 

07053 HEBRON. GARNET LHERZOLITE. 01:<7mm,mostly irregular 
shaped gratns t.t1owrM-some 1"1ave a taiJular ·aspe-ct.Opx: 
seen only as <2mm rounded inclusions in ol.Cpx:<2mm 
irregular grains,can be found included in al.Gt: seen 
in' hand specimen but. does not occur in slide.Texture­
coarse. 

0/'063 - HEBRON. LHERZOLITE. Ol:up to 9mm.Opx:up to 4mm,can 
contain oriented lamellae of cpx that have attendant 
phlogopite.Cpx:one partly unaltered seen to be 2mm, 
core primary cpx seen to be being replaced at edges 
and along cleavages by secondary spongy cpx+phl+sp 1 · 

'pools' of spongy fine-grained cpx+phl+sp+ampibole 
inferred to after primary cpx.Spinel:<,5mm,some look 
primary while most are associated with cpx alteration. 
Amphibole: can occur in cpx aleration pools.Text~re- · 
coarse. 

[]7[]? 3 HEBRON. GARNET LHERZOLITE. 01:1-Bmm,larger grains have 
h i g t·11 y i i~ re ~1 u l a r s r1 a p es w r1 i 1 e s ma 11 e r g r a i n s a re mo r r:· 
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definitely tabular,weak undulase extinction.Opx:Z-4mm, 
shapes more tabular than ol,minor cpx exsolution.Cpx: 
<2mm,green,clear and fresh.Gt:1mm, always associated 
with ,2mm red-brown spinels and very commonly associated 
pale yellow-green amphi6ole,amph and sp appear to be 
forming at the expense of gt.Spinel,amph:associated 
with gt ,primary metasomatic.Texture:coarse. 

07083 - HEBRON. GARNET LHERZOLITE. Ol:up to 7mm,larger ol have 
highly irregular shapes,smaller <2mm ol are more 
tabular.Opx:up to Bmm.Gt:2mm,rounded.Spinel:Cr-rich 
discrete anhedra or as inclusions in ol,opx.Cpx: seen 
only in hand specimen.Secondary phl occurs in gt 
kelyphyte rims.Texture-coarse. 

07093 - HEBRON. LHERZOLITE. Ol:up to 10mm,highly irregular 
grain shapes with curving to serrated grain boundary 
configurations,smaller <2mm are more tabular and 
strain-free not showing the undulose extinction that 
is commonly seen in the larger grains.Opx:replaced. 
Cpx:rep1aced by pr1lo£JopJ.te aggregates.Spinel:minute 
inclusions occur in al.Texture-coarse. 

07103 - HEBRON. LHERZOLITE. Texture-porphyroclastic. 
Porhyroclasts:ol-2-Smm,strong undulose extinction 
and the development of neoblasts around and within 
grains along subgrain boundaries,opx-1-3mm,show 
exsolution cpx lamellae and neoblast formation, 
severe undulose extinction,cpx-most cpx grains 
ar~ mantled by a rim of opx that is wider and 
better developed the more irregular and smaller 
the cpx core is suggesting that progressive stages 
of replacement are being seen,this replacement opx 
i s ma r k e d 1 y d i ff e re n t. f r om t T1 e Do r p r1 y r o c J_ a s u c . o p x 
l. n t11 a t i t a pp ea rs d i rt y and can con ta i n pat c r1 es 
of phl as well as opaques-ilmenite and Cr-spinel. 
Neoblasts:ol,opx-mostly <,2mm,highly polygonal grains 
,strain free,straight grain boundaries with numerous 
triple point grain junctioris,one replacement opx rim 
is itself seen to be recrystallised with the formation 
of neoblasts.Phl:also seen as kinked plates in the neob­
lastic matrix.Ilmenite and Cr-spinel occur mainly in 
the replacement opx rims but ilm can also be discrete 
in the matrix. 

07123 - HEBRON. OLIVINE-ILMENITE fragment.This is most pro~ 
bably a fragment from a disaggregated mosaic-porp­
hyroclastj c peridotite xenolith.Ol:<,6mm 7 highly 
polygonal to tabular.Ilt11f!nite:appears to cement the 
ol 1nosaic. 

07143 - HEBRON. GARNET LHERZOLITE.Ol:2-7mm,larger ol ki11ked. 
Opx:3-4mm,minor cpx exsolution.Gt:<3mm,rounded elongate 
shapes,virtually always has a red chromite inclusion 
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in it.Cpx:up to 2mm,clear,green.Spinel:chromite~<,3mm 
Text.u re-coarse. 

07163 - HEBRON. GARNET LHERZOLITE.01:2-6~m,kinked.Opx:2-4mm, 
weak undulose extinction.Cpx:1-4mm,fresh green, the 
largest cpx has fine scale exsoiution lamellae.Gt:up 
to 4mm,rounded irregular shapes.Texture-coarse. 

07173 - HEBRON. GARNET LHERZOLITE. Similar to other gt lher­
zolites except that this specimen contains an 
amphibole-chromite-gt symplectite surrounding the 
only cpx seen in thin section.Amphibole poikilitically 
encloses highly irregularly shaped gt and Cr-spinel 
and as before in 07073 the amph is believed to be for­
ming at the expense mainly of gt.Texture-coarse. 

07183 - HEBRON. GARNET LHERZOLITE.01:2-6mm?minor kinking. 
Opx:2-4mm,more tabular than ·ol.Cpx: up to 4mm,green, 
show~ development of spongy outer rims.Gt:4-1Dmm, 
every gt has developed around it a shell of primary 
metasomatic amphibole that can be up to 2mm wide, 
this amphibole is not that normally seen in gt 
kelyphyte rims because it has a primary textural 
grain boundary relationship with the other phases. 
Texture-coarse. 

07303 - HEBRON.MARID-suite xenolith.Tabular opx<1mml and 
red-brown opaque set in a.matrix o~ phlogopite. 

08033 MELTON WOLD. LHERZOLITE.01:2-4mm,relict cores set in 
serpentine.Opx:2-4mm,more tabular than ol but also 
serpentinised.Cpx:2mm,green,relatvely fresh.Gt: ,5-

08053 

1 ,5mm,rounded.Texture-coarse. 

- ME(TON WOLD. GARNET LHERZOLITE.Ol:totally serpentinise~~ 
Opx:1-4mm,relatively unaltered.Cpx:,5-1 ,5mm ,green, 
d f.' v el o pm en t o f s p-e+rg-y o u t e r r i ms s i m i 1 a r to t r1 a t 
described by Carswell,1975.Gt:Z-Smm,mauve colour. 
Texture-coarse. 

08063 - MELTON WOLD. GARNET LHERZOLITE. Similar to 08053. 

08073 - MELTON WOLD. GARNET LHERZOLITE.01: totally serpentinised 
.Opx:1-3mmipartly altered to a brownish serpentine in 
which the pyroxene cleavage is still evident.Cpx:only 
one 2mm grain seen adjacent gt.Gt:1-4mm,mauve.Texture­
coarse. 

08083 - MELTON WOLD. GARNET LHERZOLITE.Ol:serpentinised.Opx: 
1-3mm,tabular,partly altered,larger grains have un­
dulose extinction.Cpx:,5-2mm,green with spongy outer 
rims.Gt:2-4mm,rounded near spherical· shapes,kelyphyte 
rims ,2mm wide.Texture-coarse. 

08113 - MELTON WOLD. GARNET LHERZOLITE. Similar to 08083. 
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08123 - MELTON WOLD. GARNET LHERZOLITE. Similar to 08083. 

In the following petrographic descriptions the textural 
terminology is as outlined in Fig. V-1. The following 
abbreviations are used: 

Cg = coarse-grained granular. 
Mg - mec!ium- " II 

Cgb = coarse- II granuloblastic. 
Mgb = medium- II " 
Fgb = fine " " 
Cmgb -· coarse- " mosaic g ran l~ 1 o b 1 as t i. c • 
Mmg IJ ::: medium- II II 

Frrtgb = fine II " 

B. PYROXENITES. 

05023 - lOUWSPLAAS.Gt pyroxenite.Gt-3 habits:elongatP to bleb 
exsolution trains in cpx,anhedra in necklace texture 
al on g g r a i n b o u n d a r i e s , r ea c t j_ on r i ms be t we en A 1- r i c h 
spinel and pyroxenes.Cpx:av.1,Smm but up to 4mm,copius 
exsolution of ~Jt and brown .spi.rH:l.Opx:av.1,Smm,copius 
exsolution of gt and brown spinel.Meuacrystic:larger 
c p x a t1 d o p x .s t10 w i n c i p i en t r t-~ c r y s t a 11 ts a t i o n t e x t u r e s 
as seen in 12123.Minor kelyphyte around gts.Texture­
Mgb. 

12123 - MARKT.Gt pyroxenite.Gt:av.,Smm,strongly polygonal to 
elongate,polygonal at grain boundary triple junctions 
,elongate when still occurring as exsolution lamellae 
in larger megacrysU.c cpx.Cpx:av.1,0mm,strongly poly­
gonal and recrystallised,larger 2mm sized grains are 
megacrystic showing gt exsalution and incipient re­
crystallisation features such as the formation of in­
ternal subgrain boundaries.Rutile present.Minor kely­
phyte around gts.Texture-Fmgb. 

12143 - MARKT.Spinel-gt pyroxenite.Gt:occurs only as almost 
con t in u CJ u :s I" t-: act :i on t1 ands s e par a ting spine 1 an El p y-
r oxen es. C p x, Op x: 1 - 2 mm, i r regular to tabular shapes,opx 
shows very weak cpx exsolution and minor kink banding, 
the cpx exsolution being concentrated at the kink · 
boundaries.Spinel: the specimen is banded into sp-rich 
and -poor layers,sp is dRrk green colour and is react­
ing to form gt at contacts with pyroxenes.Opaques occur 
w i t t1 i n t he s p i n f.:' l a s po i k i 1 i U c i n cl u s j_ o n s mos t 1 y < , .;. mm . 
Texture-MgD. · 

20043 - JACHTFONTEIN.Gt pyroxenite.Gt: max. ,5mm 1 mostly tabu­
lar anhedra at ~1rain boun1jary triple junctions,strong 
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pink-red colour.Cpx,Opx:av.1 ,Smm with larger grains 
be i n g tab tJ .la r a 1Hj the s ma 11 e r g r a ins be i n g po 1ygona1 , 
opx·s show minor kinKing.Rutile: relatively abundant, 
intergranular,up to ,7mm,shmv exsolution of a black 
opaque.Ilmenite occurs as inclusions in pyroxenes or 
is discrete,small <,1mm.Gts are kelyphytised.Texture­
Mgb. 

20063 JACHTFONTEIN.Gt pyroxenite.Gt:<,4mm,anhedra at grain 
boundaries.Cpx,Opx:av.1,Dmm,strongly polygonal grains, 
opx is exsolving brown spinel 1 most exsolved spinel 
occurs at opx grain centers.Ilmenite:minor,as in 20043. 
·re x tu re - Mm g b • 

26063 - LEUWEFONTEIN.Gt pyroxenite.Gt:highly irregular shapes 
but with straight edged grain boundaries,numerous in­
clusions,resembles the gt in 33023.Cpx:1mm,intergran­
ular.Opx:up to 3mm,some are strongly kinked.Secondary: 
rock is veined with fibrous fine-grained amphibole. 

·rexture-·Mgb. 

LF-1 - LEUWEFONTEIN.Gt pyroxenite.Similar to 20063.Texture-
Fmgb. 

LF-2 - LEUWEFONTEIN.Spinel pyroxenite.Cpx,Opx:<1mm,strongly 
polygonal,larger opx and cpx show spinel exsoluion. 
Spi.nel:abt.rndant IntergranLtlar grains <,3mm or as ex­
solution products.Texture-Fgb. 

PG-1 PINE GROVE.Gt orthopyroxenite.Opx:most grains are 
smallC<1mml and strongly polygonal,largerC4mm> grains are 
megacrystic relicts and contain elongate gt exsolution 
trains as well as being severely kink banded,opx·s have 
a distinct tabular fabric.Gt:as exsolution ·1amellae· in 
larger opxs and as small anhedra <<,2mm> at grain boun-
dary triple junctions.Texture-Fmgb. 

C. ECLOGITES. 

02-1 - LOVEDALE.Gt:2-3mm 1 rounded.Cpx:<2mm,colourless,about 
10% of cpx is altered to symplectite.Coarse banding. 
Textu/e-Cgti. 

02-2 - LOVEDALE.Gt:2mm,rounded,pale pink.Cpx:1-5mm,more 
irregular and intergranular in shape and habit than 
D2-·'I .Coarse tJanrHng weak. Texture·-Cgb. · 

02023 - LOVEDALE.Gt:1-2mm;straight edged to tabular,some 
partially melted.Cpx:2-5mm,gre2n 1 grain boundaries 

. generally totally altered.Fine banding weak~Sec­
ondary: severe symplectisation of cpx,partial 
melt patches in which the following minerals have cry­
stallised :cpx ,amph, sp,zeolites,olivine?-now as chlorite 
-serpentine psuedomorphs,also glass.Texture~Cgb. 
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02043 - LOVEDALE.Gt:1-2mm,rounded and irregular,partially 
melted.Cpx:1-4mm,irregular intergranular,rock is cpx­
poor.Rutile:minor,some look partially melted.Coarse 
banded.Secondary:Excellent example of eclogite partial 
melting textures and secondary mineral crystallisation, 
secondary mineral assemblages as in 02023,as well as 
abundant phlogopite some of which is believed to be 
of a primary metasomatic origin.Coarse banded.Textur~ 
-Mg b. 

02063 - LOVEDALE.Gt:2mm,rounded anhedral.Cpx:2-3mm,bright green 
,polygonal ta irregular.Coarse banding weak.Texture­
Cgb. 

02073 - LOVEDALE.Identical to 02063. 

02083 - LOVEDALE.Gt:2mm,polygonal.Cpx:3mm,cpx-rich.Rutile. 
Coarse banded.Secondary:cpX is severely symplectised~ 
altered c~x now has areas of mutual optical extinction 
that have amoeboid shapes,phlogopite,calcite.Texture­
Cgb. 

02903 - LOVEDALE.Gt:1-2mm,polygonal,pale orange.Cpx:2mm)poly­
gonal,green with black symplectite along cracks and 
cleavages.Rutile.Massive.Texture-Cmgb. 

02103 - LOVEDALE.Gt:1-2mm,rounded to squarishjorange.Cpx:Z-
3mm,bright green,polygonal to irregular.Rutile. 
Massive.Secondary phlogopite.Texture-Cgb. 

02123 LOVEDALE.Gt:1-4mm,highly irregular shapes with curving 
grain boundaries,colourless.Cpx:<1-3mm,dusty pale green 
little symplectite,highy irregular grain shapes with 
curving boundaries.Amph:primary,brown,intergranular,<Zmm 
.Relict opx,now totally alterec1 to ct1loritic materi.al. 
Texture-Cg. 

02203 - LOVEDALE.Gt:<2mm,rare,polygonal with gently curving grain 
boundaries.Cpx:1-7mm,coarse,pale green,polygonal.Rutile. 
Cpx-rich band.Texture-Cgb. 

02233 - LOVEDALE.Gt:<1mm,polygonal.Cpx:1-2mm,polygon~l and 
slightly tabular.Fine banding weak.Textur~-Mmgb. 

02313 - LOVEDALE.Gt:,5-1mm,colourless,rounded to squarish .. 
grains,same up to 2mm.Cpx:1-2mm,colourles~,polygon~l 
to irregular intergranular.Massive.Texture-Mgb. 

02353 - LOVEDALE.Gt:2-3mm,polygonal.Cpx:1-3mm,grey,badly alt­
. ered,polygonal.Coarse banded.Texture~Cgb. 

024J3 - LOVEDALE.Gt:,5-2mm,orange,rounded to polygonal,some 
tabular.Cpx:2-3mm,strongly polygonal,green.Rutile 
up to ,Bmm.Apatite:trace.Massive.Texture-Mmgb. 
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02423 - LOVEDALE.Gt.1-2mm,ro~n~ed irregular but some tabular, 
colourless.Cpx:av 2mm,polygonal.Hassive.Secondary: 
severe cpx simplectisation,amph,sp,carbonate.Texture­
Cgb. 

02433 - LOVEDALE.Gt:2-4m~,pink.Cpx:1-4mm,rounded and highly 
irregular grains.Rutile:,5mm.Caarse banding weak. 
Tex tu rr:i-Cg. 

02443 - LOVEDALE.Gt:2mm,some up to 4mm,polygonal grains but 
most edges are kelyphytised.Cpx:2-7mm,coar~e,highly 
symplectised.Massive.Texture-Cgb. 

02433 - LOVEDALE.Gt:1-2mm,squarish.Cpx:2-3mm,polygonal but 
highly symplectised,green'.Massive.Texture-Cgb. 

02513 - LOVEDALE.Gt:1 ,Smm,rims severely altered to give a 
s ca 11. o p e d t e x tu re . c p x : 2 ·- 3 mm , po 1 y g on a 1 to ·i r r e g u l a r bu t · 
grains are severely symplectised.Massive.Secondary: 
severe partial melting textures and the crystallisation 
of cpx,sp,amph ~et in glass.Texture-Cg. 

02523 - LOVEDALE.Similar to 02443. 

03-1 - SWEETPUT.Gt:<1 ,5mm,polygonal,pink.Cpx:<3mm,green 7 
polygonal.Rutile:rare.Massive.Secondary:abundant 
phlogopite.Texture-Cgb. 

09123 - UINTJIESBERG.Gt:1mm,strongly polygonal,nu~erous 
rutile needle inclusions.Cpx:1mm,green and schill-. 
erised due to the rutile inclusions,highly polygonal. 
Rutile:as inclusions in gt,cpx and apatite.Apatite: 
as discrete anhedra and as inclusions in gt and cpx. 
Massive.Texture-Mmgb. 

10043 - MARKT.Identical to 12093. 

10053 - MARKT.Gt:,5-3mm,polygonal.Cpx:in gt-rich band generally 
<2m111 and intergranular to Uie gt, in cpx-rj.ch band tJp 
to 9mm,highly polygonal.Coarse banding.Texture-Cmgb. 

10063 - MARKT.Gt:<1mm,highly irregula~ shapes with slightly 
rounded grain boundaries.Cpx:<2mm,tabular to irregular 
i n t e r g r a nti L::t r • R wt .i l e ~ , 5 m m . I-< - s p a r C ? ) : t r a c f2 • Te x t u r e ·- Mg • 

12093 - MARKT.Gt:up to 7mm 1 orange,polygon~l.Cpx:up to 7mm, 
irregular but straight edged,exsolution of opx.Textufe­
Cgb. 

12113 - MARKT.Gt:up to 4mm,polygonal to tabular.Cpx·up to Smm, 
·strongly tabular and elongate.Massiv~.T2xture-Cgb. 

20093 - JACHTFONTEIN.Gt:<2mm 1 polygonal to squarish.Cpx:< 
4mm,tabular.Rutile.Coarse banded.Texture-Cgb. 
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20113 - JACHTFONTEIN.Gt:<2mm,polygonal.Cpx:<2mm,polygonal. 
Rutile.Coarse banding.Texture-Mmgb. 

20163 JACHTFONTEIN.Gt:<1mm,polygonal.Cpx:up to 4mm,severe­
ly symplectised.Rutile.Coarse banding.Texture-Cgb. 

20223 - JACHTFONTEIN.Gt: ,1mm,polygonal tabular.Cpx: up to 
3mm but severely symplectised.Rut1ie.Texture-Cgb. 

20253 - JACHTFONTEIN.Gt:in coarse band <7mm,in fine band < 
2 m m , a 11 r1 i g f11 y po 1 y g on a 1 • c p x : p al y g on a 1 to . i r re g u 1 a r • 
Rutile.Coarse banding.Texture-Cgb. 

20263 - JACHTFONTEIN.Gt:<1 ,smm,polygonal.Cpx:<4mm,polygonal 
but severely symplectised.Rutile.Coarse banding. 
Texture-Cgb. 

20273 - JACHTFONTEIN.Gt:<1mrn,hj_ghly polygonal.Cpx:2mm,mostly 
polygonal.Rutile.Coarse banding.Texture-Mmgb. 

20323 - JACHTFONTEIN.Gt:<2mm,rare.Cpx:cpx severely symplectiSed 
and replaced by amphibole.Rutile.Coarse banding. 
Texture-Cgb. 

260Lf3 - LEUWEFONTEIN.Gt:<2mm,hj_ghly j_rregular shapes.Cpx:<2mrn, 
i r reg u la r j n t e r 1 o ck 1 n g g r a i n s • R (~ t i. 1 e . Mass i v e • Tex tu re­
M g. 

33043 LEKKERFONTEIN.Gt:<3mm,polygonal with numerous inclusions, 
Cpx:totally replaced by calcite.Massive.Texture-Cgb. 

33103 - LEKKERFONTEIN.Similar to 33043,but in addition contains 
apatite. 

42043 - ROODEKRAAL.Gt:<1mm,ragged.Cpx:severely symplectised 
and almost completely replaced by granular amphibole. 

42073 - ROODEKRAAL.Gt:<1mm,rounded and near spherical anhedra 
at triple point junctions.Cpx:1-4mm,strongly tabular 
fabric.Rutile:trace.Massive.Texture-Cgb. 

42163 - ROODEKRAAL.Gt:<2mm,polygonal.Cpx:<2mm,tabula~ polygonal 
• Ru t i le : u p t D ·1 mm , rel a t i. v e 1 y ab trn ci an t . Mass i v e • · 
Tex tl~ re-Mm~~ b. 

42543 - ROODEKRAAL.Gt:<1'mm,polygon;:il.Cpx:<2mm,more irregular 
than gt.Fine banded.Texture-Mgb. · 

42533 - ROODEKRAAL.Gt,cpx,rutile and apatite.Rock is severely 
altered and only relicts of the above minerals are seen. 

~YANITE ECLOGITES. 
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02133 - LOVEDALE.Gt:1-2mm,polygcrnal to rounded grains.Cpx: 
3mm,strongly polygonal,totally symplectised.Ky: 
squarish to tabular grains, ,5-1 ,Smm,can be included 
in cpx b1Jt not in gt.Rutile:trace.Fine banding. 
Texture-Cgb. · 

02143 - LOVEDALE.Gt:1-2mm,polygonal.Cpx:2-3mm,coarser in ky­
rich part of rock.Ky:1-9mm,mostly laths in diablastic 
intergrowths with quartz.Qtz:either intergrown with 

. ky or discrete and intergranular to gt in the ky-poor 
part of rock.Coarse banding.Texture-Cgb. 

02153 - LOVEDALE.Gt:1mm,polygonal to tabular.Cpx:2mm,polygonal 
but totally symplectised.Ky:laths ,5-1 ,smm,elongation 
is about 3 x width,can contain tiny<<,1mm> qtz inclusions 
.Qtz:rare,inclusions in ky.Fine banded.Strong ky 
foliation.Texture-Mmgb. 

02173 - LOVEDALE.Gt:1mm,rare,contains ky inclusions.C~x:2-3mm, 
polygon.al,not as severely alt~red as other ky eclogites 
Ky:1-2mm,laths,some p~netrate cpx. in su~opl1itic textures. 
ky foliatian.Massive.Texture-Cgb. 

02213 - LOVEDALE.Gt:2 large areas of sieve-like gt, 7 and 4 
mm in size,gt encloses ky and the ky foliation pena­
trates through the gt.Cpx: 1-Zmm,some up to 4mm, 
fresh cores,rest altered.Ky:tabular to squarish,less 
elongate than in 02153.Qtz:rare inclusions in ky. 
Massive.Strong ky foliation.Texture-Mmgb. 

02333 - LOVEDALE.Gt: ,5-1mm,polygonal.Cpx:slightly coarser 
than gt,tabular polygonal.Ky,Qtz:occur as inter­
growths in bands up to 1mm wide,ky are elongate laths 
,2-1mm long set in an aggregate of polygonal to 
tabular qtz<<,5mm> .Fine banded.Distinct foliation. 
Texture-Fmgb. 

02403 - LOVEDALE.Gt:1-2mm,75% cif each gt is convetted to a 
fibrous brown kelyphyte.Cpx:zmm,strongly polygonal, 
totally symplectised.Ky:Vary from ,1mm inclusions in 
cpx to 1mm discrete,squarish platRs.Massive.Texture­
Mmgb. 

02453 - LOVEDALE.Gt:1-21nm,strongly kelyphytised as in 02403. 
polygonal.Cpx:2mm,polygonal,totally symplectised. _. 
Ky:<1mm,stumpy.Qtz,K-spar:occur as tiny inclusions 
in Ky.Massive.Weak ky foliation.Texture-Mmgb. 

02463 - LOVEDALE.Gt:<1mm,polygonal to rounded.Cpx:1-2mm, 
polygonal,symplectised.Ky,Qtz:intergrowths ~i. i11 

02333.K-spar:trace,in the ky-qtz intergrowths. 
Fine banded.Strong ky foliatinn.Texture-Mmgb. 

02473 - LOVEDALE.Gt:<1mm,polygo11al to squarish.Cpx:,5-2mm 
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,.polygonal to sligr1t.ly tabular.r.<y:rare,higt1ly 
elongate laths 1mm long.Massive.Texture-Mmgb. 

02503 - LOVEDALE.Gt:1-3mm,rounded to polygonal.Cpx:1-4mm 1 

palygonal,severely symplectised.Ky:rare 1mm laths, 
embayed edges.Fine banded.Texture:Cmgb. 

20373 - JACHTFONTEIN.Gt:<1mm,polygonal but severely kely­
phytised .Cpx:<2mm,severely symplectised.Ky:fresh 1 

laths up to 1mm long.Secondary:partial melt textures 
,plag,corundumC?>.M~ssive.Weak foliation.Texture­
Mmgb. 

42123 - ROODE~RAAL.Gt:1-2mm,strongly polygonal.Cpx:2-4mm, 
large tabular polygonal grains.Ky:up to 2mm, asso­
ciated vJiU·1 qtz.CHz: inclusions inky or intergranular 
to the other phases.Rutile:<,2mm,inclusion in cpx,ky 
or as discrete grains.Coarse banding.Texture-Cgb. 

42203 -ROODEKRAAL.Gt:1-3mm~polygonal,numerous small(<,2mmJ 
qtz inclusions mostly at gt centers.Cpx:2mm,severely 
symplectised,polygonal.Ky:<1mm,tabul~r.Rutile.Gtz: 

can occur as inclusions in gt or as highly irregular 
grains intergranular to the other phases.Coarse 
banded.Texture-Cgb. 

42313 - ROODE~RAAL.Gt:1mm,polygonal.Cpx:2mm,totally symplec­
tised.Ky,Qtz:associated in cpx-rich fine grained 
bands.Rutil~:trace.Fine banded.Ky foliation.Texture­
Fmgb. 

D. GARNET GRANULITES. 

HS--·1 

HS-2 

06-1 

- HEB R 0 N • Gt : < 2 m Ill , i d _i_Q.fil.O r p ht c , n LHrt e r· o us r u t i 1 e and 
occasional plag inclusions.Cpx:1mm,anhedral grains 
s 1 i g t1 t l y polygon a 1 bu t mos t ly i r reg u la r , s c t1 i 11 e r i s e d • 
Plag:totally altered to natrolite.Rutilr:discrete,4mm, 
and as inclusions in silicates.Amph:rare,very dark 
brown pleochroic.Apatite:anhedra up to ,5mm.Massive. 
Tex tt~ rc~-M9 b. 

- HEBRON.Gt:1,5mm,squarish to irregular in shape but 
wth straight edges espescially where in contact with 
plag,contains inclusions of rutil2,cpx,apatite,plag. 
Cpx:1mm 7 strong green colour,slight schill~r effect, 
polygonal to rounded anhedral.Plag:1 ,Smm,relatively 
fr~sh,shows bent d~formation twin lamellae.Rutile: 
<,Smm.Amph:<1mm,relatively abundant,dark brown.Scapolite: 
Trace,<,5mm.Apatite:<,5mm,discrete or as inclusions · 
in most silicate phases.Massive.Text~re-Mgb. 

- CORDAATSKUIL.Gt:small,<,1mm,atoll gts with strongly 
i d i om o r p h i c s ta i g h t e d g es , w 11 e re g t i s :L n con ta c t w i t t1 
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secondary amphibole the gt has developed internal trails 
of bubbles that radiate into the gt from the point of 
contact.Cpx:1,5mm but can be up to 4mm,slightly elongate 
.Plag: almost totally altered,<1mm,polygona1 shapes still 
evident.Rutile: <,2mm,rare granules.Massive.Secondary: 
rock is severely amphibolitised.Texture-Mg. 

06-2 ~ CORDAATSKUIL.Gt:<1mm,idiomorph1c where in contac~ with 
plag but squarish in cpx-rich parts,inclusions of cpx, 
apatite,opaque.Cpx:<2mm,deep green colour,slightly pl­
eochroic, polygonal to elongate tabular grains.Plag: 
mostly altered to natrolite and calcite.Rutile:Rare. 
Amph: deep brown colour,can have inclusions of cpx 
and apatite.Apatite:<,1mm,idiomorphic.Massive.Streaky 
foliation imparted by the alignment of elongate cpx. 
Texture-Mgh. 

06043 - CORDAATSKUIL.Gt: ,5mm,idiomorph1c to irregular incomplete 
shapesjbubble trails as in 06-1,plag and gt often forms 
orbicular-like textures around cpx.Cpxl<1mm,strong green 
colaur,mostly aggr2gates of polygonal to slightly ta­
ular grains,cpx can be studded with small gt inclusions. 
Plag:<1mm,polygonal to slightly rounded grains, rare 
larger 2mm grains show bent deformation twin lamellae. 
Scapolite:<,1mm,every scap has a rim of gt around it. 
Strong foliation imparted by elongation of mafic phases. 
Massive.Texture-Fgb. 

07403 - HEBRON.Gt:coarse uo to ::>mm,squarisr1 witr1 straigt1t edges 
,can have inclusions of cpx,rutile,plag,apatite,strong 
orange colo0r.Cpx:2mm,green,irregular rounded,slight 
schiller effect, contains rutile needles.Plag:Coarse 
up to 4mm though seriate grain size distribution, 
polygonal to rounded shapes, development of patch 
micro-antiperthite.Scapolite:up to 9mm,very fresh, 
can have rutile inclusion needles.Rutile:discrete 
< ' 4 f11 m an lied r a () r as-n e e d 1 e i n cl u 5 t 0 n s i n g t 7 c p x ' s ca p ' 
apatite.Apatit~:<,2mm,subidiomorphic,can occur as 
inclusions in gt,cpx,plag.Amph:rare,<1mm~deep brown 
pleochroic.Opaque:ilmenite.K-spar:only as blebs in 
plag.Secondary:phlogopite.Massive.Texture-Cg. 

07413 - HEBRON~Similar to 07403,except that plag is ~at anti­
p e r tr1 i U. c . 

09133 - UINTJIESBERG.Gt:<,Smm,idiomorphic,studded with in­
clusions of apatite,rutilR,cpx,strong orange colour. 
Cpx:av,1,Smm,sr~riate grai.n size distribution,ant1edral 
rounded to more polygonal grain shapes.Plag:Z,Smm, 
relatively fr2sh>interlocking grains with gently 
curving grain boundaries.Scapolite:minor.Rutfle: 
<,8mm.Apatite:<2mm.Amph:<,4mm,minor.Opaqt1e.Massive. 
Tex tu re-Cg. 

09153 - UINTJIESBERG.Gt:coarse 0p to Bmm,rounded to idiomorphic, 
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inclusions of rutile needles,cpx,apatite,orange colourr 
Cpx:1-2mm,green.Plag:1-3mm,polygonal.Rutile:discrete 
anhedra or needle inclusions in silicates.Apatite: 7 3mm. 
Amph:large,up to 4mm,strongly tabular.Opaque.Secondary 
biotite.Mass·ive.Texture-Cgb. 

11-1 KALKPUT.Gt:occurs as idio- to subidiomorphic grains 
arranged in atoll-like aggregates up to 3mm in si.ze._Cpx: 
<2mm,polygonal to tabular roundedjstrong deep green to 
green-brown pleochroic.Plag:<2mm,polygonal~rock ls plag 
rich.Rutile:minor.Apatite:minor,tiny <,1mm.Opaque:il­
menite occur as scattered anhedra <,2mm.Coarse banding 
weak.Weak foliation imparted by tabular cpx.Texture­
Mgb. 

1 2 1 3 3 i'1 AR r< T. Gt : , 2 -1 , 5 mm , sq u a r is r1 g rain s , can be studded w i th 
cpx and irregularly sllapec.1 plag inclusions.Cpx:1,smm 1 

pale green,polygonal to irregular shapes,cpx altered 
to symplectite because of its high Na content(>4. wt%). 
Pl a g : I rn m , po 1Y~1ona1 , mode rate 1 y' a 1 t e red . Ru t i 1 e : m i n or < , 2 mm. 
Coarse banding wea~.Texture-Mgb. 

25023 - WINDHOEI-< SOUTH.Gt.:1,Smm,polygonal to rounded,cpx 
inclusions are common.Cpx:1-2mm,tabular polygonal, 
green,fresh.Plag:seriate up to 3mm,small~r 1mm grains 
a re 11 i. ~J r11 y po 1y~Jona1 , s l i fJ r1 t. l y a 1 t e re rJ • Ru t il e : t r a c e • 
Coarse and fine banding.Moderate foliation.Texture­
Mgb. 

30-1 - GOEDEHOOP-GH I.Gt:1mm,highly polygonal,pale orange. 
Cpx:1mm,more equigranular than gt,green,polygonai 
tabular.Plag:1,5mm,polygonal.Weak foliation. 
Tex tL~ re-Mg b. 

33013 - LEKKERFONTEIN.Gt:<1mm,idiomorphic,straight edges.Cpx: 
1mm,slightly tabular.Plag:1mm,polygonal,badly altered 
.Rutile: trace<,2111m.Opaque:minor.Fine banding weak. 
Tex tu re-·--Fgb. 

33023 - LEKKERFONTEIN.Gt:reaction gt forming at opx-plag 
contacts,reaction band width about ,3mm,highly 
angular gt growth forms.Cpx:1mm,deep green,poly­
gonal to irregular.Plag:seriate grain size distri­
tJUtion,up to 1 ,Smm ,most pJ.ag show cleformation twin 
lamellae cosisting of albite and pericline twin 
combinations.Apatite:trace.Amph:abundant,deep brown. 
to dark green pleochroic,tabular,up to 3mm.Opx: 
,2-,4mm relicts after reaction with plag to form gt. 
Coarse banded.Foliation from the alignment of tabular 
amphibole.Texture-Mgb. 

42303 - ROODE~RAAL.Gt:highly irregular shaped gt clots up to 
3 mm i n s i z e , a n g u 1 a r s 11 a p e s , a b u n c.I a n t i n c l l~ s i o n s o f q t z 
in gt~minor amounts of cpx and plag as inclusions in 
gt.Cpx:in plag-poor band cpx is 1-Zmm, in plag-rich 
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band cpx is ~1mm,green,strongly polygonal.Plag:in 
plag-rich band 1 ,5mm and strongly polygonal, in gt 
and cpx-rich band plag can be as small as ,1mm. 
Rutile:trace, ,2mm.Qtz:resticted to gt and cpx-rich 
band~occurs as inclusions in gt as well as inter­
granu1ar to gt. and cpx,can be up to 1mm, inclusions 
of qtz are <,3mm.Coarse banded.Texture-Mgb. 

KYANITE GARNET GRANULITES. 

02223 - LOVEDALE.Gt:seriate,<2mm,av.mm,highly polygonal 
especially in plag-rich areas,in plag-poor areas ky­
gt intergrowths occur,gts in plag-rich areas are 
clear and inclusion-free.Cpx:,1-1mm,highly polygonal 
shapes,reaction intergrowths at gt-plag contacts 
forms asecond type of cpx that is intergrown with 
acicular to tabular ky.Plag:<1mm,polygonal.Ky:occurs 
either discrete or intergrown with cpx at plag-gt 
contacts.Coarse banding weak.Ky foliation.Texture­
Fgb. 

02243 LOVEDALE.Identical to 02223 but more mosaic granulo­
blastic.Foliation stronger.Texture-Mmgb. 

02263 - LOVEDALE.Identical to 02243,the reaction textures are 
beautifully shown~Also scapol.ite.Texture-Fmgb. 

02273 - LOVEDALE.Similar to 02223.Texture-Mmgb. 

02323 - LOVEDALE.Simi1ar to 02263.Ky tend to more discrete 
and some gt-Ky intergrowths are also seen.Texture­
Fmgb. 

02343 - LOVEOALE.Gt:<1mm,polygonal.Cpx:1-2mm,polygonal to 
j irregular.Plag:1-2mm,poly~onal to squarish,relatively 

fre.sh.1-<y:tiny <,5mntlaths at gt-·plag contacts.Massive. 
Texture·-Mgl1. 

02363 - LOVEDALE.This rock looks more like a kyanite eclogite 
than the above described granulites,it has been 
classified as a granulite because there occur large 
2mm sized grains now made up of an aggregate ·of 
an or th i t f? • Gt : r a rf? , < 1 mm • C p x : 2 m i1i , bad 1 y s ym pl e ct is e d 
.Amph:large plates mm intergranular and sometimes 
poikilitic to the cpx.Anorthite aggregates may t1ave. 
been primary scapolite or plag.~y:stubby to elongate 
laths.Masstve.Texture-Cgb. 

02493 - LOVEDALE.Similar to 02323. 

04-1 -·VETLAAGTE.Coarse banded rock:gt-rich and gt-free. 
Gt-rich band:gt are strongly idiomorphic,up to 2mm 
, r i d en F! d w i tf 1 i n c 1 u s i on s o f e l o n g a t e k y , i r r e g u 1 a r 
plag and scapolite,occassionally have cpx cores.Cpx 
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are small <,Smm ,polygonal grains and can be intergrown 
with ky.Plag:1mm,tabular polygonal,strongly altered. 
Rutile:rare.Scapolite:1mm.Opx:rare as cores to cpx-
ky intergrowths.Gt-free band:Cpx:2 types,Al-rich 
d i s c r 2 t e ta tll~ l<~ r p 01 y g 0 n a 1 g r a i 11 s 0 r m 0 re c 0 mm 0 n 1 y 
as Al-poor cpx-ky intergrowths at Al-rich cpx or opx 
-plag contacts.Plag: less abundant 1 badly altered.Opx: 
large pale pink pleochroic grains always found to be 
rimmed by a cpx-ky intergrowth.Scapolite:rare.Texture­
Fg IJ. 

12133A - HARKT.Gt:av.1 ,5mm, up to 3mm,can have inclusions of· 
cpx,plag.Cpx:<1mm,polygonal discrete or the r~action 
type where the cpx is Al-poor and intergrown with qtz 
and ky.Plag:up to 2mm,Shows breakdown textures and the 
formation of qtz-ky-cpx in graphic to acicular inter­
gowth patches at the expense of plag.Ky:tabular to 
acicular associated with plag breakdown.Qtz:polygonal. 
Rutile:minor.Coarse banded.Texture-Mgb. 



APPENDIX 3: ANALYTICAL TECHNIQUES. 

Whole rock major and trace element compositions were det­
ermined using X-ray fluoresence CXRF> and gas chromatography 
(GCJ techniques. Mineral analyses were performed on an electron 
microprobe(EMP>. All analytical data were determined in the 
laboratories of the Dept. of Geochemistry,UCT. 

The operating conditions and data reduction processes 
applicable to XRF analysis at UCT were outlined by Willis et. al. 
(1971,1972). Since then new equipment has been acquired and 
analysis runstreams upgraded. The most recent summary of these 
operating conditions is that of Bristow<1980). 

A) SAMPLE PREPARATION .. 

Samples to be analysed for major and trace element contents 
were first split and coarse crushed in two jaw crushers. The 
material was then powdered to <120 mesh in an agate SIEB mill. 
Finally,aliquots of this powde.r were fine-ground to~300 mesh 
in automatic agate mortars. · 

B> MAJOR ELEMENTS. 

Major elements with the exception of Na w~e analysed on 
duplicate lithium tetraborate fusion discs following the method 
of Norrish and Hutton C1969). Na was dete~mine~ on the pressed 
powder briquettes prepared for trace element analysis. 

The major elements were analysed on a Sieme11s SRS-1 spectro­
meter . Operating conditions and data precision statistics are 
given in Table 3A. All Fe was determined as FE203. 

H20- and LOI were determined by volatile loss at 110 and. 
1000°c respectively. For the kimberlites, H20+ and C02 were anal­
ysed separ:ately using GC c utilising the Hewlett Packard 1858 
C-N-H analser and 3380A intergratur system >. 

C) TRACE ELEMENTS. 

All trace elements were determined on pressed powder brique­
ttes. Zn,Cu and Ni were analysed on a Phillips PW1220 spectrometer. 
The rest were run on tt1e Siemens spectrometer. Mass absorptions 
were either determined at the Rb wavelength by measurement of the 
Compton peak or were calculated from the major element data 1~sing 

Heinrich's values. Operating conditions and data precision statis~ 
tics are given In Table 3B. Raw data were reduced using routine 
computational techniques devised mainly by Prof. A. Duncan and 
Dr. J. Willis of the Dept. of Geochemistry. 

Dl MINERAL ANAYSIS. 

Minerals were analysed on doubly polished and carbon­
coated thin sections,using EMP techniques. The microprobe used 
is a Cambridge Hicroscan 5 model that ·ts linked on-line to 
a Varian 620L-100 mini-computer where data are corrected for 
matrix eff~cts using the method of Bence and Albee C1968>. 



The mi~roprobe operating conditions used were: 
EHT--------------15kV 
Beam current-----15DOnA 
Dectectors-------Flow counters with a 97.5% Argon I 

2.5% C02 gas mixture 
Analysing 
crystals---------Quartz Fe,Mn,ca,Ti,Cr~K 

RAP Si,Al,Mg,Na 
Beam focus-------Fine 5 micronon 

Coarse 10 micron 
Samples were run against the following n~tural and 

synthetic standards :Kakanui pyrope, Kakanui hornblende 
, Marjalahti olivine, Stillwater chromite, synthetic 
diopside, rutiie and anorthite. The·compositions of these 
standards are tabulated by Lawless 11974). 

For most minerals a fine-focused beam was used. The 
beam had however to be defocused when analysing feldspars, 
glass, micas and other hydrous secondary minerals. For the 
silicates all Fe is quoted as FeO. Ferric iron in spinels 
and ilmenites was calculated assuming stoichiometry and 
using a co~puter subroutine ~ritten by Dr. A. le Roex. 

Estimates of the precision of EMP data are given in 
Table 3C. 



TABLE 3A: XRF OPERATING CONDITIONS FOR MAJOR 
ELEMENTS AND DATA PRECISION STATISTICS 
<FHOM BRISTOW,1980). 

FE MN TI CA I< p AL MG NA 
TUBE W ............ CR ••••••••••••••••••••••••••••••••• ., 
l<i. v (J 0 . . t; "' • .. • • •• 5 0 • .. " • • " • • fl • • • • .. " • -· • • ll ... • • • ti • " ~ • " 9; • • • 

fJ1 A 50 • e " • • • " " • • 11 • e r, .. • .i • • a • • • a .,. H e 111 • •· 111 • • *' fl n "' " a • " • • '' ,. .,. 

COUNTER FLOW ............................................ . 
COLLIMATOR FINE ....... COARSE FINE •...... COARSE •..•. FINE •... 
CRYSTAL LiFC220J .••. LiFC200J •.••••••• GE ... PET ... TLAP ...• 
COUNTING 
TIME ON 
PEAKCSEC> 10 .... 40 ... 10 ..... 10 .... 20 ... 100 .. 100 ... 200 ... 200 

OXIDE WT.% PRECif.;ION ACCURACY DETECTION LIMIT 
----- ----··- a ______ .,_...,.., ... ----·----- - .. _ -~-- ----- ..... - - ~---· ·-
FE203 9.0 .038 .064 .014 
MNO • 1 5 .O!J8 • 003 • ODB 
TI02 1 • 0 • fJ()8 .008 .005 
CAO 1 2. 0 .028 .030 • OOH 
K20 I .20 .002 .022 .002 
P205 . 20 • 01 2 .018 • 01 'i 
SI02 5D.O • 1 40 .264 • 036 
AL.203 15.0 .080 .079 • 0 22 
MC30 B.O • 148 .086 .072 
NA20 2.5 .032 .067 .080 

PRECH-iION IS GIVEN Al"' ,) AN ABSOLUTE ERROR C 2 <!f) ON THE 
GIVEN OXIDE WT.%. 



TABLE 38: XRF OPERATING CONDITIONS FOR TRACE 
ELEMENTS AND DATA PRECISION STATISTICS 
(BRISTOW~1rnm>. 

SR RB ZR Y NB BA SC ZN CU NI CO CR V 
TUBE MO.... W........ CR.... AU........ W ........ . 
kV ;60•••1111111~•••••••• 5l1••111• (.10.11•••n1e11·:ri11>•t1•v•••• 

mA 
COUNTER 

50 • _. I' ti fl • ti I! • • ._ • • • 11 • I! • • a ft • • • It 11 a • • 111 D 11:> • f'I • 11: • • • 1' "' "' P' 11 91 1oO 

SCINTILLATION •••• FLOW •• SCINT ••••• FLOW ••••• 
c 0 l~ L I MAT 0 R F I '" E ............ c • e ••••• s ••• " • 9 • 't 11 •• " .. '" .. " et I:'! " ~ n " • 

CRYSTAL Li F ( 220) r: l'I ••••••• " •• 9. II .............. fl ••••• f' ti 'll .. ., ft • .,., - ,, 

COUNT TIME 
ON PEAK 
( s E c ) 2 x 2 0 0 • . . " " '" ct • '~ Ill " " 2 x 1 0 (J '" .. .. • .. • • " • ti Ill " • I:: .. • • • • .. D • • .. • 

VACUUM NO ••••••••••••••• YES·.,, ••••••••••• ·., ••••.•••••••• 
M.A.C RBCMEASURED> CALCULATED FROM MAJORS ....... . 

ELEMENT RANGE PPM . ERROR DETECTION LIMIT 

ZR 40-100 • 9·-1.4 1.4 
NB 4-150 1.0-·1.2 1.8 
y 2 0-·40 .8-1.0 1 .3 
RB 2.5-90 .8-1.1 1.~) 

EA 10-800 2.1·-6.0 3.7 
SR 80-800 1.0···1.7 1.5 
co 18-·100 1 • 'l- 2 • 5 4 • 5 
CR 25-350 1.:)-2.1 2.2 
NI 10-208 2.5-3.7 4.0 
v 50-350 2.4-3.7 5.5 
ZR 8-150 .9-1. 7 1.4 
cu 5-90 1.8--·2.1 2.9 
SC 25-40 1. 0·-1 " 2 1. 2 
GA 15-20 .38-.46 .4.5 

ABSOLUTE ERROR AND DETECTION LIMITS ARE 
GIVEN AT 2 rS AND 3 o RESPECTIVELY. 



TABLE 3C: PRECISION STATISTICS FOR MICROPROBE 
DATA. 

OXIDE feW. SD. ERROR DETECTION L IMJ.T ____ ,._ ----- ----- -- ·---.. -· __ ,. _____ ·---
SI02 4.1. 97 • OE3 • 08 • 06 
TIOZ 3.92 .DB • 1 0 .07 
AL203 13.51 .06 • 06 • 01> 

FEO 6.82 • 1 5 • 1 ') • 1 0 
MGO 16.34 . 07 .1 o . .05 
CAO 12.10 .07 .08 .05 
NA20 2.71 • 1 2 • 1 4 .09 
1<20. 1 • 1 B .06 • 1 0 .07 
CR203* • 7?.> .02 .oz .03 
liNO* .26 • 01 • IJ 1 .03 

DATA IN WT.%. ALL VALUES OTHER THAN 
CR203 AND MNO ARE FROM REIDC1977)-­
AVERAGE IS OF 12 REPLICATE ANALYSES 
ON THE SAME SPOT IN A PARGASITIC 
HORNBLENDE. 
CR203 AND MNO ARE DATA FOR 12 
ANALYSES OF A GARNET MEGACRYST ( 
SHEE,197f3). 

·ABSOLUTE ERROR AND DETECTION LIMITS ARE GIVEN 
AT 2 d AND 3 d RESPECT 11/EL Y. 



_A_P_P_EN_D_I_X __ 4: PYROXENE ENDMEMBRR CALCULATION 

The method used to calculate pyroxene endmembers is as proposed by 

Hatton (1978, pages 9-11)~ 

Using atomic proportions calculated for 6 oxygens in the pyroxene 

formula, this method is as follows: 

A) Tsch = 2 - (Si+Ti) 

Jad = (Al+Cr) - (2 Ts ch) 

Acm = (Na+K) - Jad (if Acm is negative, see B) 

Ca - •rs ch 
Wo = 2 

Ens = ~ 2 

Fe 
Fs = 

2 

B) if Acm is negative, then: 

Pseudojad = - (Acm) 

Jad = Jad - pseudojad 

(i.e. only one of acmite or pseudojadeite is calculated) 

• ... ·:c ...... 
Abbreviations Endmember Formula 

Ts ch calcium tschermaks CaA1
2
Si0

6 

Jad jadeite NaA1Si
2
o

6 

Acm acmite 
3+ . NaFe s12o6 

Wo wollastonite Ca
2
si

2
o

6 

Ens enstatite Mg
2
si 2o

6 

ferrosili te 
2+ . 

Fs Fe 2 81 206 

Pseudojad pseudojadeite Ca• 5A1Si 2o6 



APPENDIX 5: PLA'i'ES 

The photographs were taken on 35 mm film using a Nikon Multiphot 

system and Nikon F2 camera. The line scale, unless otherwise 

stated, is 2 rnm, I acknowledge and thank Dr. J. MacPherson for 

technical advice and Mr. c. Basson for printing all the plates. 



PLATE II-1. 

II-lA: Calcite-serpentine-phlogopite segregation in cal­
cite kirnberlite 10012. Serpent ine (S) is pale yellow and 
primary interstitial to calcite (C). Field of view (FOV) 
= 1 mm. 

II-lB: Calcite-serpentine segrega tion in calcite kimber­
lite 09012. FOV = 1 mm. 



PLATE II-2. 

II -2A: Phlogopite mc:i.crocryst in calc i t e kimbe r lite 0901 2 . 
Note t hat t op and bottom edges are slightly more red-brown 
p leochroic t han center. Also edges being partly replaced 
by calcite and opaque dus tings . FOV = 2 nun. 

II-2B: Ph logop ite (P), calcite (C) and serpent ine (S) i n 
phlogopi te kimber lite 08 022. Note how phlogopi t e cle avages 
a re wedged open by calcite a s we ll as the p r i mary i n t e r -
stitial na t ure of the serpe ntine . FOV l mm . 



PLA'I'E II-3. --·-------

II-3A: Contact between the diopside kimberlite (left) and 
phlogopite kimberli te (r.ight) in sample 21012. Olivines 
are subliedral and serpentinised. Diopsides are high reli ef 
grain~with elongate forms. Small dark euhedra are perovs-
kite. FOV 2,5 mm. 

II-3B: Detail of diops ide in 21012. Note the interstitial 
phlogopite as we ll a...; tii e strong tc;bular haoit of the aiop­
side. Some diopsides appear to be pi~ted. FOV = 1 mm. 



PLATE 

IV-lA: General view of the Hebron 
coarse garnet lherzolite 07163. 
OL - olivine , OP ~ orthopyroxene, 
C - clinopyroxene, G - garnet. 

IV- 1~ : Kink banding in olivine 
of 07163. 

IV-lE: Primary metasomatic 
replacement of gt (G) by amph (A) 
in garnet lherzolite 07073. 

IV-lG: 
primary 
cp:x: (C) 
(black) 

Total replacement of 
cp:x: by a pool of secondary 
+ phlogopite (P) + chromite 
- this in lherzolite 07063. 

IV-1. 

IV-lB: General view of coarse 
garnet lherzolite 07073. 

IV-lD: Symplectite of gt (G), 
amphibole (A) and Cr-spinel (black) 
formed around cpx (C) in garnet 
lherzolite 07173. 

IV-lF: Primary metasomati'c 
amph (A) around gt (G) in garnet 
lherzolite 07183. 

IV-lH: The replacement porcess 
seen in Pl. IV-lG at its initiation. 
Ca - primary cpx, Cb - secondary 
cpx, P - phlog~pite. 



PLATE IV-1 

A B 

c D 

E 1 F 

G 1 

1 1 



PLATE 

IV-2A: Olivine porphyr.oclast (P) 
and neoblasts (N) in porphyro­
clastic lherzolite 07103. 

IV-2C: Primary clinopyroxene 
(0) being replaced by ortho­
pyroxene (C) in 07103 • 

. IV-2E: As in Pl. IV-2C. 
Here the primary cpx (O) is 
relatively ragged and the replace­
ment rim of opx (C)is larget 
recrystallised and contains 
phlogopite and opaques. 

IV-2G: Primary metasomatic 
phlogopite in the neoblastic 
matrix of 07103. 

IV-2. 

IV-2B: Orthopyroxene porphyroclast 
(P) and neoblasts (N) in 07103. 

IV-2D: As in Pl. IV-2C. 

IV-2F: The area in Pl. IV-2E shown 
under X·-nicols. 

IV-2H: Recrystallised olivine + 
ilmenite xenolith fragment (07123) 
from Hebron. 



PLATE IV-2 

B 

E F 

1 1 



PLl'.'l'E 

IV-3A: MARID s uite xenolith 
07 303, O - opx, P - phlogopite , 
Cr-spinel i s bla ck. 

IV-3C: Primary cpx (C) wi th 
secondary spongy outer rims simila r 
to that desc r ibed by Ca rswell 
(1975). 

IV- 3E : Simplectite amph + Cr-spinel 
intergrowths in ha rzburgite 09053 , 
to lower right of olivine (OL ). 

IV-3. 

IV-3B: General view o f Melton Wold 
garnet lherzoli t e 08063 . Large 
gt in upper right. Rel ict opx set 
in a mass o f serpentine. 

IV-3D : Harzburgite 09053 . 
Areas of phlogopite {P) + Cr-spinel 
(black ) intergrowth that may have 
formed from o riginal gt. 

IV- 3F : Spine l pyroxenite i2143 
showing gt reaction bands 
separ a ting spinel from clinopyroxene. 

IV-3G: Gt reaction and ---
exsolution textures in spine l 
gt pyroxenite 0 5023. No te the 
l arge primary spi nels (S ). 



PLATE IV-3 

A B 

c 1 D 4 

E F 3 

G 



'I 

PLATE V-1. 

V- lA: Grain bounda ry configur a t ion 
of the coarse granular texture. 
Example is e c logite 02123. Garnet 
(GT) , clinopyroxene (CPX) • 

V-lC: Grain boundary configurat­
ions of the mos aic granulo-
blas tic texture. Example is 
eclogite 02093. 

V- lE: Fine-scale banding in 
kyanite garnet granulite 02323. 
White areas are plag; elongate 
laths are ky; rest are cpx and gt. 
Note ky foliation is parallel to 
cpx b a nding. 

V-lG: Cpx exsolution (white 
flashes) concentrated oo either 
side of kink bands in opx of 
the 2 pyroxene granulite 42523. 
The large opx also has a thin 
continuous rim of cpx believed 
to be of an exsolution origin. 
White plag shows albite twinning. 

--
V-lB: Grain boundary configur a tions 
of the granulobla stic textur e . 
Example is eclogite 02-2. 

V-lD: Garnet pyroxenite 12123. 
Large, strained cpx megacryst with 
exsolved gt lamella (center). 
Matrix is fine-grained recrys tallised 
gt and cpx in a mosaic granuloblastic 
texture. Other relict cpx mega­
crysts can also be seen. 

V-lF: Detail of sub-parallel ky 
laths in a plag-rich band of kyanite 
garnet granulite 02493. Gts have 
thin black rims and higher relief 
than cpx. 

V-lH: Gt exsolved from cpx in pyrox­
enite 05023 forms a beautiful neck­
lace texture. Fine scale spinel 
exsolution tablets occur with the 
cpx. The cpx is slightly schiller­
ised. 



PLATE v-1 

A B 

c D 

E F 

G H 



PI..A':'E V- 2. ----------
V-2A: Spinel exs olution con-­
centrated within opx of g a rnet 
pyroxeni te PG-1. Anhedr a l sp inel 
at gr a in triple junctions may also 
be o f a n exs olved origin. 

V-2C: Coroni te texture in a 
granulite xenolith from Matsoku. 
Photogr aph supp l ied by P.M. Jack­
son. Opx (center) reacts with 
plag (top and bot tom right) . 
At the opx-plag contact, a product 
assemblage of gt (ou ter ) ; qtz 
(white ) and cpx (inner ) is formed. 

V-2E: Re lict opx in eclogite 
02123. The opx has a hig ~i ly 

irregula r shape and is altered. 
Surrounding grains ar e gt (da rk 
grey) a nd cpx (light grey to 
\1hite ). 

V-2G: Drawing of r eaction t extures 
seen in kyanite g a r ne t granulite 
04-1. Al-rich opx or cpx is 
separated from ma trix plag by 
corona-like intergrowths of 
cpx + ky (bla ck) • The reac tion 
cpx has a higher J ad/Tsch ratio 
than the primary cpx . 

v~ 2e: Rutile needles in gt of eclo­
gite 09123. The r utile needles are 
arranged i n triangular patterns. 
The highly schillerise d cpx (left) 
is also probably due to minute ru­
tile. Apatites are tiny high relief 
inclusions in cpx (lower lef t ) and 
gt. 

V-2D : The opx-plag reac tion texture 
see n in the an orthos ite xenolith 
33023. All the black area ·is gt. 

V-2F: Myriads o 'f tiny qtz inclus ions 
in gts (black) of garnet granulite 
42303. Cpx and plag (twinned) 
occur .with gt. 

V-2H: Photo of the reaction textures 
in 0 4-1. The large ro undish grains 
are primary cpx. Elongate ky is set 
in reaction cpx. The plag matrix 
is largely altered to natrolite. 



PLATE v-2 

A B 

c D 1 

E F 

G H 
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PLJ>.'I':t:; V-3 • . ~_....,.. ____ -... . __. .. 

V-· 3;..: Di:awi r:g o:F. i'l reactiot1 
texture s een in kyan ite g a rne t 
granulite 02263. Gt and pl ag 
r eact to f or m cpx + ky i n te r 
growth s similar 'co that seen 
in O·J-1 (Pl. V·-2G). 

V-3f: Dra\·ling of reac tion 
textures in kyanite ga r n° t 
granul i te 12133A. Note tha t 
at gt - plag con t ac ts the 
a ssemblage cpx + ky i s formed 
in a manner s i mil ar to that 
s hown in Pl. V-3A ,B. Con­
tinued breakdown of plag forms 
gr aphi c to acicu lar inter-
g r owth s of q tz , ky o.nd cpx . 

V·-3E: Another example of the 
react ion tex t ure c i n 12133A. 
Gts ar e hi gh relief i d iomorphic 
grains. Plag i s the low relief 
whitish material sl ightly alte r ed. 
Note how the reaction product 
cpx + ky + qtz i nte r growths a re 
rooted aga inst g t and extend into 
the plag . 

V-3G: Kyanite eclogite 02463. 
High ly simplr~ct.is 9d cp): {blacl-: ) 
and gt occur in a granuloblastic 
textur e . Tabular to elongate ky 
forms acicular intergrowths with 
qtz. Rare K-feldspar also occurs 
in the ky - qtz int~ rg rowths. 

V-3 B: Pho~o of a no the r pe r t of 02 26 ~ 

where the gt + plag ~ cpx + ky 
r eaction i s seen. On the upper mar g in 
of the gt (blac k) in the photo ce nter 
i s the cpx + ky intergrowth that 
separates gt from plag. 

V- 30: The reaction a rea in 12133A 
on which most o f th e drawi ng in 
V-3C is based. 

V-3F: De tail of the graphic nature 
of the ky + q tz + c px intergrowths 
in 12133A. ~he ky and cpx are the 
high r elief g r ains set in a white 
qtz matrix. Surrounds are plag and 
gt. 

V-3H: Relict (?) plag and cpx 
worm-like forms in g t of ga rnet 
granulite 12133. Gr ey altered 
material is p lag. 



PLATE V-3 

A B 

c D 
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V-4A: Ky laths and needles :i.n gt 
(black ) . The ky are parallel to 
ky foliat ions elsewhere in t his 
xenolith - kyanite garnet granulite 
0 2323. 

V-4C : Orbicular textures i n garnet 
granulite 060 43. Cpx (grey ) sur­
rounded by plag (whitish , altered ) 
and garnet (high relie f ) . 

V-·4E: Simplectisa Uon of primary 
cp.x: (omphacite) in ec l ogit12s. 
The central clear white area is 
relict omphacite. Surrounding 
the omphaci te is a fine·-- graine:Ci 
pyroxene relatively low in Na . 
'rhis simplecti te is typical of 
eclogite clinopyroxene. 

V-4G ~ Cp >: sirr.p.lectisaticn and 
gt kelyphyt.i.s a tion in kyanite 
eclog ites (example i s 02 453 ). 
Note how rnuch finer-grained and 
opt:icc: lly less re s olvable are the 
cpx symplecti!:es of kyanite 
eclog j_ tes comp a red with t hose of 
eclogites (Pl. V-4E ). Gt i s 
the white grain in the photo 
ce nter. Note tha t o~iginal grain 
boundaries are still visible. 

V-4R; Scapolite in garn~ t gr a nulitc 
06043. Note how in l:he top l ef«: part 
of this photo gt forms a rim (heart­
shaped) about prima ry scapolite. 
Remainde r of whitish matr ix i s plag. 
Gts are high relief with su b­
i d i omorphic shape s . Cpx are grey 
clear g rai..ns. 

V-4D: Another example of the 
orbic ular t ex tures in 06043. 

V-4F : Detail o f the secondary cpx 
simplectite . The white areas are 
low-Na cpx and t he da rk areas 
appear to be sub- calcic with 
relat i vely high Mg . 

V-4H : Cpx s:i.mplectisation following 
cracks in primary cp>~ of eclogite 
20093. 



PLATE V-4 
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J>J., ATE V-5. -------
V-5A: Second3ry t extur e s a nd 
minerals i~ 2c l og ile 0 2023. 
Secondary c 1inoµy roxene form com-­
posi ~ionc.lly zoned eu~edral over­
growths on primary cpx that is 
simplectise d. The ove rgrowth 
s econdary cpx i s studded wi. t h 
pleonas t e (black) a nd has crystal­
lised adj a ce nt a l a rgG par tially 

. melted area. I n this melt a rea 
a glass matri x contains euhedra 
and microlites o f spine l 
(pleonas. te ), cpx. , amph and olivine 
(? - now serpentinised-chlor itised) . 
Rounded vesicles oc cur sca ttered 
in the melt a~ea. 

V-·SC : Pitted gar: nets a.nd ragged 
ru ti le re f lect partial melt i ng of 
these primary const ituents in 
eclogite 02043, 

V-5E : Re lict gt in par tial melt 
areu o f eclo9 i te 020-B . 
See i? 1. V·-5F . 

V-SG: De ta i 1 of sectoi:-zonea cpx 
(C) euhedra as well a s spinel 

(black ) and serpe ntine {S) in the 
secondary assemblage of 0 20 43 . 
Interstitial glass (M) is quenched 
melt. 

V-·5:3: D<:nt;1t e to highly i rregular. 
a reas <.' f mut ual aptical extincticn 
in hi gh l y simplect i sed cpx of 
eclogite 02083. These are inter­
pre ted to r ef lect the mobility 
of pr imary grain boundaries during 
the simp l ectisation process. 

V-·SD: Highly scalloped and pitted 
g~ s e t in glass nea r the large 
melt pa tch s hown in Pl. V·-SF •• 
This is a gt partial melting 
textur e. Note the l ar ge vesicle 
fill~d wi t h zeolites (to upper 
left of gt) • 

V·· SF: 'fhe relict g t (Gj occurring 
with euhedra of cpx (C),amph {A), 
phlogopite and spine l that have 
crystallised from t he mel t area 
in 02043 . Serpentine (S) occur s 
in regular t o irregula r shapes. 
The dark brown interstitial ma terial 
is glass containing quench or 
devitrification microlites. 

V-SH: As in Pl. V-SG. 
Cpx (C) 1 a.mph {A) and phlogopite 
(P) secondary assembl ages in 02043. 
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PLATB V·- G. ,... ___ ,, __ .,_ ~-" r ...... _.. __ , 

V- 61\: Pr i H1ar.11 metasoru&. tic phJ.ogo­
pitc i n e clogite 02043. Embayed 
and indente d grain boundaLies a ~e 

interpreted to indicate partial 
melting of this phlogopite . 
Note also scalloped gt shapes. 

V- 6C: Eclog i te 42043 that has 
been amphihoJ.i tised . The black 
areas are highly simpl.ectised 
primary cpx. A rare gt is set 
in amphibole at the top rna.rgin, 
right-hand side o f the photo. 

V-6E: Rutile (black) anhed r a 
a t triple gr ai n junctions in 
eclogite 09123. Gt is wh iti s h 
with rutile needle inclus ions. 
Cpx is highly schillerized. 

V-6G: Qtz (Q) inters t itial 
t o gt (G) e l sewhere in kyanite 
eclo9i.te 02143. 

7-6B : Elongate quenched shapes of 
SeCOild a .ry olivine (?) now pse udo­
morphed. A lar~e vesicle occurs 
to the left of these hoppers. 

V-·GD: Severely altered plagfoclase 
forms the ma trix to gt and cpx in 
garnet granulite 06-2. Note the 
streaky foliation and lineation 
produced by the alignment of 
slightly t abular cpx. 

V-6F: Diablastic ky + qtz inter­
growths in kyanite eclogite 02 ].4 3. 
Ky (K) , cpx (C) , qtz {Q) ' gt (G). 

V-6H: Primary amphibole (A) in 
kyanite garne t granulite (?) 02363. 
Cpx is symplectised (black) , ky 
are high relief elongate grains, 
P are areas of fin2-grained anor­
thite that may originally have been 
scapolite. 



PLATE V-6 

A B 
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PJ..,ATE 

V··· 7A: Skeletal s econci a i:y pblogo­
pite conta ining trapped l iquid 
pocke ts - in eclogite 02 08 3. 

V-7C: Partial mel t area in 
kyanite eclog i t e 20373. Relic t 
omphaci te is set in simplecU. te 

. cpx. The lef t area of t he photo 
is the melt patch now seen to be 
mostly devitrified glas s . Corun­
dum (high relie f t ablets) a r e 
associ a ted with the melt area . 

V-7B : Euhed ral (idiomorphic j 
gts in ga rnet granulite HS - 2 . 
Also seen are cpx , plag , apa tite 
and primary amphibole (smal l 
da rk grains in cpx - lowe r right). 

V-7G: Retrograde amphibolitisat­
ion of gar ne t graa ul ite 06-1. 
Note the mare intense amphibolit­
isation on ei ther side of the 
crack through this rock. This 
amphibole is gree n pleochroic 
and qu i te distinct from the 
deep brown prima r y amphibole 
seen in most gr anulites. 

V·-7. 

V-7B: A rn i ner a logic3lly zoned vein 
of a s econdary assemblage (calcite, 
spinel, amphibole) deve loped along 
gt grain boundaries in eclogite 42163. 

V-7D: Miner a l banding in garnet 
granulite 42303. The central white 
band is most ly plagiocla se. On 
eithe r side are layers predominantly 
consisting of gt and cpx. 

V-7 F: Atoll-like gts growths in 
garnet granulite 11-1. Matrix is 
plag and minor cpx. 

V-7H: Detail of the amphibolitisat­
ion in 06-1 . Gts show tiny trails 
of ma teri a l radiating into the gt 
from its contact with retrograde 
amphbibole. 



PLATE V-7 

A B 
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V-OA: Deformed albite twins in 
plagioclase of the anorthosite 
xenoi.i th 33023. 

V-·CC: Over a ll vi ew of the anor ­
thosite xenoli t h 33023. 

V-B E : Primary rutile (R), apatite 
(A) and opaque (black ) wi t h secotJ.d­
a r y biotite (B) in garnet granulite 
09133. P is p lag , C i s cpx. 

V-BG : Clinopyroxene-rich band in 
kyanite garnet granulite 02243. 
The elongate grains are ky; white 
arF.:as are plag. 

V-BB: ~are albite twins with cross­
cutting pericline twins in plagio­
clase of 33023 • . Note how the twins 
are broad0r at the grain edges. 
1-1.lbite and pericline twin combinat­
ions are the common products of 
mechan:l. cal deformation of plagio­
clase. 

V-BD: Anti-pe r t hite of garnet 
granulite 07403. 

V-BF: Large primary scapolite (S) 
coexi s ting s tably with plag (P) , 
gt (G), cpx (C)in ga~net granulite 
07403. The scapolite, cpx and gt 
contain fine rutile needles. 

V-BH: Reac tion texture in kyanite 
garnet g ranulite 04-1. Rounded 
clear grains are primary Al-rich 
opx which are separated from plag 
(altered) by cpx + ky mantles. 
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V-9A: Reaction tex tu r e in kyanite 
garnet gr anulite 02263. G is gt, 
P i s p l ag and C + K is the 
cpx + ky i ntergrowth. 

V--9C: A differ ent form of the 
reacti on see n in Pl. V-9A,B. The 
ky + cpx inte r growths r1ow have 
the for ms of acicula r g r owths. 
This i s kyanite ga r ne t granulite 
02223. 

V-9E: Another view of the reaction 
textures in 02243. 

V-9 8: As in Pl. V-9A but unde r 
X-nicols. 

V-9 D: The same intergrowth sheaves 
of cpx + ky as described in Pl. V-9C 
but now in kyanite garnet granulite 
02243. 

v~9F: In kyanite garnet granulite 
12133A. De tail showing how the 
qt~ (Q) + ky {K) gr aphic intergrowth 
areas , tha t result from plag break­
down , are separated from gt (G) by 
a thin band of cpx (C) + ky inter­
growth. This latter cpx + ky band 
is believed to have formed in a 
reaction similar to that producing 
the reaction textures seen in 
Pls. V-9A to E. 
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APPENDIX 6: FIGURES 



F'ig. II·-1: Locality ma:p shoZJ/,,n.g ·i;.he dist1?ihution of kimberUfos in the 
cenfa'aZ. Cape Pr10V1:nce. ln APPENDIX 1 short descriptions are given for 
most of the kimbeY'Zites incZ.Z:cated on the map. In the !oeaZity map each 
kimberZite is g1:ven a numhe:r> which cm'r'esponds to tha-t in APPENDIX 1. 
1'o identify a k?:mberl?.'.te on Mze map follow this p1;,oaedUY'e: note in 
«1hich of the three al?eas aoVeT'ed by Topo-cadastl?al map sheets .3022,/J 
3024, 3122 the kimberZite in question occurs. Using the nurnber indic­
ated next i.:o the Zocality a:nd the Topo-·sheet nwnbeY' find the descr-'ipt­
ion 'in APPEND.TX 1. 

The Zirm.'.tB of magiste1:-ial districts about the Zm?ge1' towns (Br·i"f;s­
toz,m.s De Am?_. Victor•ia Yei:i-t.s P111:eska~ Beaufo1"t T>lest) are also shoum. 
The Hanover district ·is that to Hie SE of De Aar; Phillipstoiirn district 
tha·t to the NE of De A.o..r• and Frase1?burg district that to the SW of 
Lo~ton. 

The 1:nset map shows the georraph1:cal locai;ion of ·the sfudy ai?ea. 
(Z ::: Zimbo.buJe, M =Maputo, S =Swaziland, L =Lesotho, R.S.A. = Repub­
l-ic of South A.f1'·ica). 
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Fig. II-2: A textural-genetic classification of kimberlite rocks 
(reproduced from Clement and Skinner, 1979). 

FACIES CRATER 

I 
ROCK TYPE EPICLASTIC 

I 

KIMBERLITE - - - - - - PYROCLASTIC KIMBERLITE 

I 
Further subdivision based on particle size 

according to standard grade scales 

FACIES --------------4 DIATREME - - - - - - -
I 

--------

ROCK TYPE I 
TUFFISITIC TUFFISITIC KIMBERLITE 

1 
KIMBERLI TE 

I 
BRECCIA 

MAJOR TEXTURE Microlitic - - --Crystallinoclastic _ .Crystallinoclastic 
Microli tic - - - - T 

'\. ._,_, ----., 
MINOR TEXTURE+ Uniform--· Segregationary Uniforrn-·--Segregationary 

FACIES -------------------------------~ HYPABYSSAL 

l 

ROCK TYPE I 
KIMBERLITE - - - - - - - -

I 
I I 

Aphani tic - - -: - Macroporphyr i tic MAJOR TEXTURE 

hanitic~--
MINOR TEXTURE+ Uniforrn---segregat- u---s u- - -s 

ionary 

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

Uniform-, - - -Segregat­
ionary 

NOTE GRADATIONAL RELATIONSHIPS INDICATED BY DASHED LINES 

I 

I 
- . ! 
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Fig. II-3A 

• • 
01'-~-'-~-L-~--~-i.~.......a~~L.-~.L-~-'-~-'-~-' 

·74 '76 ·78 ·80 ·82 ·84 ·86 ·88 ·90 ·92 ·94 

Mg/Mg+ Fe 

Fig. II-3A: Ti0 2 (wt.%) vs. Mg/Mg+Fe in groundmass phlogopite from 
the Melton Wold (08012) and Silvery Home (21012)kimberlites. 

• - 08012; -¢- - 21012 PK and zoning; *- - 21012 DK, poiki U tic and 
zoning; * - 21012 DK, interstitial. Fields are for phlogopites 
for Swartruggens lamprophyres (SL) and kimberlites (SK) - from 
Skinner + Scott, 19?9. 

12 

Al20 3 

10 

8 • 
6 -$-

'."¢- Fig. II-3B 
4 

2 

0'--~..._~....._~_,_~--'-~......1.~--''--~1..-~.&.-.~_.._~~ 

.74 ·76 ·78 ·80 ·82 ·84 ·86 ·88 ·90 ·92 ·94 

Mg/Mg+ Fe 

Fig. II-3B: Al203 (wt.%) vs. Mg/Mg+Fe in groundmass phlogopites 
from the Melton Wold and Silvery Home kimberlites. Symbols as in 
Fig. II-3A. ~-Swartruggens fomprophyres; •- Swartruggens kimber­
lites as in Fig. II-3A. 
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2·0 

• • 
P20s • 

1·0 • •• Fig. II-6A 

0 0 

0 
0 10 20 30 40 

y 

• 
300 '\ 

Zr I~~ 
/ 

Fig. II-6B 

200 

100 

3 

1,.t 

.; 

0 

100 200 300 

Nb 

Fig. II-6C 

0 50 100 150 200 

Rb 
Fig. II-6: Inter-element variation plots for Karroo 
kimberlite whole rock data. Symbols as in Fig. II-5. 
K20 and P205 in wt.%; Zr, Nb, Y, Rb in ppm. 
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Fig. III-1 

-------~arth's surfac:------------
a 

I- 800 
~ c 
aJ 

0.. 1000 

c 

"' m 1200 ... 
0 c 

! 1400 

b 

Fig. III-1: Reproduced from Gurney and Harte, 1980. Two 
models of the vertical mantle section sampled by kimberlites: 
a - after Boyd (19?3) and Nixon and Boyd (19?3); b - as pro-. 
posed by Gurney and Harte (1980). 
@2)- coarse peridotite,r;;:;J - high-T deformed peridotite, 
[JlJ)- magma with megacrysts, C±J - pyroxenite, 0 - eclogite, 
~ - magmatic intrusions. Note in model (b) the megacrysts 
and defor>med peridotites are associated with magmatic intrus­
ions that may be the proto-kimberlite. Heavy arrows indicate 
paths of kimberlites. Dashed lines indicate the path of the 
postulated megacryst magma. iii) approximate lower Zimit of 
mantle sampling. (See Gurney and Harte, 1980 for details). 
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Mg 

Fig. III-2: Ca-Mg-Fe variation diagram for silicate megacrysts from 
Lekkerfontein. Solid tie lines are for coexisting phases from this 
work; dashed tie lines and data fields are for the Monastery mega­
cryats: field 1 - Discrete; field 2 - Ilmenite association (Jakob, 
Z977 J. 

Cpx: Gt: 
~ - Discrete 6. - Discrete 

50 

Fe 

• - Lame Z Zar in tergrowths with 
~ - Inclusions in ilmenite 
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·8 

·4 

Fig. III-3A 

• 0 

Fig. III-3B 

·80 ·76 ·72 ·68 

Mg/Mg+ Fe 

Figs. III-3A: Ti02 (wt.%) vs. Mg/Mg+Fe 
-3B: Cr2o3 (wt.%) vs. Mg/Mg+Fe in garnet 

megacrysts from Lekkerfontein. 
0- Discrete 
~- Garnet + olivine inclusion 
e- Garnets in ilmenite association 

Fields outlined are for data from Monastery (Jakob, 
19?7): D =Discrete or silicate association 

I = Ilmenite association. 
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Fig. III-5: Diagram summarising the compositions of discrete and 
coexisting megacryst phases at Lekkerfontein ( e ) and comparing 
them with the data for megacrysts from Monastery ( • ) (Jakob, l9??). 
LaJT1ellar (L) = lamellar intergrowths of pyroxenes with ilmenites; 
Inclusion (I) = inclusions of pyroxenes and zircon in ilmenite; 
Discrete (DJ = discrete megacrysts. Lin~s (solid, dashed and dotted; 
show the limits in composition of each coexisting group. 
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Mg/Mg+ Fe2
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• 

Fig. III-6A: Al203(wt.%) vs. Mg/Mg+Fe~; 
-6B: Cr20 3 (wt.%) vs. Mg/Mg+Fe 

in ilmen~te megacrysts from Lekkerfontein. 
-¢- - Discrete; • - Lame Uar; 
*- With inclusions. 

Fig. III-6C 

0"-~~~ ........ ~~~-1...~~~ ..... 
10 20 30 4t 

% Geikelite 

Fig. III-6C: % Hematite vs. % Geikelite 
in ilmenite megacrysts from Lekkerfontein. 
Symbols as in Fig. III-6A,B. 
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Fig. IV-1:. Mg, Fe equilibria in minerals from ultrabasios at Melton 
Wold and Hebron. Also shown aPe values for the Matsoku suite (Cox et 
al., 1973). ~-Melton Wold garnet lherzolite, •-Hebron garnet lher­
zolite, *-Hebron lherzolite,-·-·neoblasts in Hebron porphyroolastio 
lherzolite 0?103, ¢- Matsoku. - - - joins primaPy ( ~ ) opx to seoondaPy 

cpx in 07063. 
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garnets from the Melton Wold and Hebron peridotites. Also shown are 
the compositional fields occupied by garnets sampled from the heavy 
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Fig. IV-3: CaO (wt.%) vs. Cr2o3 (wt.%) variation for garnets from 
Hebron and Melton Wold peridotites. Their distribution is compared 
with the compositional fields of garnets from: 

1 - Bultfontein peridotites (Lawless, 19?9). 
2 - Premier garnet lherzolites and Group 1 harzburgites (Danchin, 

19?9). 
3 - Melton Wold concentrate (this work - analyses not given). 

Symbols as in Fig. IV-1. 
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Fig. IV-4: Olivine compositions of Hebron (H) peridotites and megacrysts. MnO and CaO 
in wt.%. * - peridotites, ~ - megacrysts,, ¢ -neoblasts in 07103. Also given is a fre­
quency (F} histogram of the Fa contents in different olivine types., Abbreviations are: 
Glh - garnet lherzolite,, lhz - lherzolite,, PLh - porphyroclastic lherzolite 0?103 
(P = porphyroclast,, n = neoblast),, meg - megacryst. Because of severe alteration,, only 
a single olivine from a Melton Wold (MW) garnet lherzolite was analysed. 
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Fig. IV-5: Orthopyroxene compositions. Frequency histo­
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from Hebron and Melton Wold. Abbreviations as in 

.Fig. IV-4; ALL - the total sample. 
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Fig. IV-6: Orthopyroxene compositions in the Hebron porphy­
roclastic lherzolite 0?103. Si02, CaO, Ti02, Al203 in wt.%. * - porphyroclasts, -¢- - neoblasts, * -mantles replacing 
clinopyroxene porphyroclasts, ¢ - neoblasts of recrystal­
lised mantle. Also shown are the compositional fields for 
megacrysts (meg) at Hebron and Loveda.le. 
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Fig. V-1 

Diagrammatic flowchart of the textural classification 
designed for mafic to intermediate xenoliths. 
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Fig. V-2A: Ca-Mg-Fe variation for garnets 
and clinopyroxene (epx) in eclogite xeno­
Ziths. 
Tie lines are shown 

• - center of grain 
o - edge of grain 

Fields show variation in individual 
xenoZiths. 
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Fig. V-2B: Ca-Mg-Fe variation for garnets 
and clinopyroxene in kyanite eclogite xeno­
liths. Short tails indicate :::.on~ng towards 
grain edges. 
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Fiq. V-2C: Ca-Mg-Fe variation for garnets 
and clinopyroxene in garnet granulite 
xenoliths. 
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Fig. V-2D: Ca-Mg-Fe variation for garnets and 
clinopyroxene in kyanite garnet granulites. 
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Fig. V-3: Swnmary Ca-Mg-Fe for garnets in 
xenoZiths and compared with data from Roberts 
Victor (Hat·ton, 19?8) and Orapa (Shee, 19?8). 
1 = EcZogites (Fig. V-2A) 
2 = Kyanite ecZogites (Fig. V-2B) 
3 = Garnet granuZites (Fig. V-2C) 
4 = Kyanite garnet granuZites (Fig. V-2D) 
5 = Roberts Victor ecZogites - main trend 
6 = Roberts Victor Ca-rich ecZogites 
? = Roberts Victor Corundum + Kyani te 

ecZogites 
8 = Orapa crustal xenoZiths (gt+ky+pZag). 
+ = Orapa gai"net granuZite. 
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A - secondary amphibo le. * 
Sp - secondta•y spinel • 
s - secondary serpentine. (.) 
P - phlogopite (primary and secondaryJ.c=] 
G - secondary glass. A 

WR - whole rock data. * 
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Fig. V-22A to H: Whole rock major element variation diagrams for the basic 
xenoliths. Data are in wt.% and are plotted against MgO selected to re­
present a differentiation index. Total iron as Fe2o3. 

•Eclogites from Lovedale ) 
•Eclogites from other localities ) E 
oKyanite ecZogites KE 
c. Garnet granuZites GG 
-¢:Kyanite garnet granulites KGG 

Trends shown by dashed lines have been fitted by eye. 

Fig. V-22I: The major element data plotted on a total alkali vs. silica 
diagram. Fields after Kuna (1968). 

Symbols as above. 

Fig. V....;22J: Illustrating the more sodic and aluminous bulk rock composition 
of the granulites compared to the eclogites. Symbols as above. 

Fig. V-22K: Frequency {F) histogram of whole rock Mg/Mg+Fe ratios 
(Fe= total Fe203). Av. =average. Abbreviations for the different 
gr>oups as above. 

* Fig. V-22L: AF M diagram for the basic xenolith compositions. 
A = Na20 + K20, M = MgO, F*= total Fe 203• Fe enrichment and calc alkaline 
indicate the two major trends seen in common igneous rocks on this type of 
diagram. Eclogites appear to be on a Fe enrichment trend while the 
kyanite eclogites and some garnet granulites may be of a calc alkaline 
nature. 
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Fig. V-23A: Comparing the total normative mafic contents 
(pyroxene + olivine) of the basic xenoliths to their 
femic contents (feldspar + nepheline). The dashed line 
shows the cut-off between eclogites and granulites (note 
2 kyanite eclogites plot in the granulite field). The 
other line (-- · - · -) shows the similar cut-off for the 
Lesotho xenoliths (diagram after Griffin et al., 19?9). 

Fig. V-23B: Comparing normative olivine and plagioclase 
compositions of the basic xenoliths. Symbols and abbre­
viations as in Fig. V-22. 
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Fig. V-24A to K: Whole rock trace element variation diagrams for the basic 
xenoliths. Trace element data are given in ppm and are plotted against the 
differentiation index MgO (wt.%). Note in A,B the vertical scale is com­
pressed. 

Fig. V-24L: K2 0 (wt.%) vs. Rb (ppm) for the basic xenoliths. Lines show 
constant values of the K/Rb ratio values indicated. Inset is a frequency 
(F) histogram to more clearly indicate the distribution of K/Rb ratios 
especially at low concentrations of K20 and Rb. 

Fig. v~24M: Frequency (F) histogram showing distribution of basic xenolith 
Zr/Nb ratios. 

Fig. V-24N: Frequency (F) histogram showing distribution of basic xenolith 
Zr/Y ratios. 

Fig. V-24 0: Illustrating the positive correlation between the whole rock 
V and Y contents of the basic xenoliths. 

The symbols and group abbreviations are as in Fig. V-22. 
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Fig. V-25: Major (Sio2 to Ti02 in wt.%) and trace(Zr to Cr in ppm) element 
variation diagrams plotted with MgO (wt.%) content as the differentiation 
index. The compositions of basic xenoliths are compared with other rock 
types to test simple petrogenetic models. 

e E Eclogites from the Karroo pipes. 
()KE Kyanite eclogites from the Karroo pipes. 
f::..GG Garnet granulites from the Karroo pipes. 
6 GG Garnet granuiites - Lesotho (Griffin et al._, 1979). * GW Garnet websterites - Lesotho (Griffin et al._, 1979). 
+AM Average amphibolite from eastern Namaqualand (Geringer_, 1979) . 
.A. AD Average andesite (Taylor_, 1969). 
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T°C 
Fig. V-26: The estimated P,T regime of equilibration for the basic xeno­
Ziths from the Karroo pipes. •- ecZogite, o- kyanite ecZogite, e:.- gar­
net granuZite, -¢-- kyanite garnet granuZite. The points are plotted 
using the geothermometer of EZZis and Green (19?9) and the geobarometer 
of Currie and Curtis (19?6) - for details see text). The dotted area is 
the preferred P,T regime. The foZZowing mineral reactions are used to 
independently constrain the xenoZith P,T area: 
AmphiboZe (Amph.J stability and gabbro solidus - WyZZie (19?1). 
Quartz - Coesite transition - WyZZie (19?1). 
Scapolite (Scap) and sulfate scapoZite (S-Scap) stability - Goldsmith 

. (19?6). 
Kyanite (Ky) - SiZlimanite (SilZJ transition - Richardson et al. (1968). 
The pZagiocZase-out (PZ. out) reactions in e:x:perimental runs on the fol­
lowing natural rocks: Olivine thoZeiite A (OZ. ThoZ.J, Kyanite eclogite 
(Ky. Ee.), High-AZ basalt (HAE), gabbro (NfrlS) and gabbroic anorthosite 
(G, Anorth), as weU as the garnet-in (Gt.-in) reaction in gabbro NMS 
are from Green and Ringwood (196? , 19?2) and Green (196?). AZso shown 
are oceanic and shield geotherms (Wyllie, 19?1) and the equilibration 
fields for garnet granulites from Lesotho (Les. G. - from Griffin et al., 
1!l_9J, ultrabasics from Hebron (Hb) and Melton WoZd {;MW) (from this wrk). 

>-{" is the invariant point of Hensen (19?6) at 850 c, 14 kb (see 
Fig. V-28 and text). 
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Fig. V-28 
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Fig. V-28: The hypothetical invariant point (~) in the 
system Ca0-MgO-AZ203-Si02 studied by Hensen (19?6). Reaction 
textures seen in certain kyanite garnet granuZites are inter­
preted to indicate reactions A,B occurring when xenoZiths 
cooled. Abbreviations are Py - pyrope, Gr - grossuZar, 
En - enstatite, Di - diopside, Ky - kyanite, Qtz - quartz, 
Si - siZZimanite, An - a:northite. 
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Fig. V-29: The study area (~) shown in relation to the 
Namaqua-Natal mobile belt and the Karroo sedimentary cover 
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craton limit shown by dashed line). O.R. - Orange river. 
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AL203 9.37 s.ss ?.% 3.47 7.35 7.33 4.49 10.18 5.98 i0.28 

CR203 .26 .17 
,,.., .ca .24 .12 .07 .16 ND .2G ..... 

FEO 7.97 ?.36 8.13 15.54 9.79 11.02 14.47 8.71 12.03 8.74 

MNO ND .07 .07 .Ol .08 .04 .ne .04 .u or. . -
MGO 2S.97 25.41 24.85 24.98 26.0S 25.47 24.75 24.96 26.1~1 24.57 

CflO ND .06 .04 .OS .07 .04 .04 .OS .10 .or 
NA20 .oe ND .07 .10 .07 .66 .11 .08 .14 ND 

K20 9.95 9.73 9.76 9.47 9.29 9.76 ?.70 10 .21 9.66 9 .SJ 

TOTAL 96,34 95.07 95.38 96.24 94.74 ?S.73 . 95.69 97.68 ?b.99 9S.22 

u ATOMIC PRO?ORTIONS. BASED OH SELECTED NO. or OXYGENS ** 
OXYGEN 23 23 23 23 23 23 23 23 23 23 

SI 6.144 . 6.130 6.069 6.362 6.211 6.097 1:..285 6. 070 6.259 6.009 

H .198 .197 .261 .224. .173 .269 .234 .275 .197 .266 

AL i.650 1.552 1.782 .641 1.335 1.331 .!Bi 1.734 1.075 1.847 

CR .031 .021 .028 .010 .029 .015 .009 .019 .024 

FE2·: 1.001 1.201 1.032 2,037 1.261 1.420 1. S'Oi 1.083 1.S34 1.1H 

MN .009 .009 .008 .Oi6 .ocs .011 .oos .014 . oot, 
HG S.810 S.810 S.622 5.835 S.981 S.849 S.795 S.530 5.946 5.531 

CA .010 .007 .noa .012 .007 . .007 .oos • Ol.t. .011 

NA .023 ,021 .030 .021 .018 .034 .923 . 041 

K 1.906 i. 765 1.890 i.B94 1.824 1.919 1.944 1.937 1.B79 1.853 

SUM 16.778 16.844 16.720 17.0SO 16.857 16.929 17.0SO 16.733 lb .96S 16. 720 

$;U SAliPLE DIRECTORY UU .. 
SAMPLE tm. DESCRIPTIOM 5AMPLE NO. DESCRIPTION 

------ ·--· -- ·---·----·· ---··----·'"• ·~-- .. --· ........... _ 

11 PHL. ~ CENTER,2i012~PK. 16 PHL. 1. • 
12 PHL. 2 EDGt:~ 17 PHL. S~RED EDG[! • 

13 PML. 4 CENTER~ 1S PHL. 4 PDIK .. 21012.DK. 

14 PHL. 4 EDGE<RED> ~ • 19 PML. 4 POIK. EDCC .• • 
15 PHL. ~ SMALL~ 20 PHL. 1 POIK. ~ 



• I -I 
I 
• I 

21 

SI02 41.31 
TI02 1. 70 
AL203 &.21 
CR203 .05 
FEO 12.49 
liNO • 07 
tlGO 2S.b3 
CAO .07 
NA20 .12 
K20 9.73 

TOTAL ?7.38 

OXYGEN 23 

SI 6.279 
TI .194 
AL 1.113 
CR .096 
rE.2{' 1.SBE 
MN .009 
tlG 5.806 
CA .OH 
NA .035 
K 1.887 

SUM 16.928 

SAMPLE NO. 

21 
22 

TABLE lI··i 
U MATRIX PllLOGOPITES IN KltlBERLITES t:t 

22 

40.39 
2.10 
S.97 
ND 

i.3.53 
.Ob 

25.32 
.1? 
.10 

9.10 

96.78 

· ttt ATOMIC PROPORTIONS BASED ON SELECTED MO. OF OXYGENS U 

2~ 

b.205 
.243 

1.081 

1.738 
.OBI 

S.797 
.031 
.030 

1.783 

16.918 

iiii SAMPLE DIRECTORY **** 
DESCRIPTION SAMPLE HO. 
----------· ---·------

PHL. 2 IHTERSTIT.~ I 

PHL, 3 IttTERSTIT.~ 1 

DESCRIPTION 



TAI{LE II· 2 
*~ MATRIX DIOPSIDES IN KIHBERLITE 2i012<DK> U 

1 2 3 4 s 6 '/ 

SI02 53.03 S3.79 S3.36 S4.03 53.62 54.07 S3.b3 
TI02 .70 .69 1.23 1.16 1.21 1.04 1. 09 

Al203 .ab .27 .49 .48 .44 .62 .SS 
CR203 .23 .25 .42 .35 .,.., ,.., ... .39 
FEO 3.36 3.38 3.47 :. . 40 3.31 3.S6 :.r,.ss 
HNO .OS .06 .07 ND .87 .OS 
tlGO 17.61 17.ii 17.0S 15.91 15.59 15A7 Hi.04 
t:AO 22.SS 23.48 23.63 24.32 24.37 24.30 24.09 

NA20 .39 .~4 .45 .46 .46 .3B .43 

I 
K20 .06 .OS .OS .07 tlD .28 .2S 

TOTAL 9r..S4 ?9.42 100.22 100.13 99.37 99.79 100.42 

•' ** ATOMIC PRO?ORTIONS BASED ON S£L£CTED NO. or OXYGENS u 

I OXYGEN 6 b 6 6 6 6 b 

I 
SI 1.957 1.976 1.951 1.975 1.976 . 1.934 1.763 

. TI .019 .019 .034 .032 .034 .029 .030 

AL .037 .012 .021 .021 .019 .G27 .025 

I CR .007 .007 .612 .OIO .009 .011 

FE2t .104 .104 .106 .104 .102 .107 .118 

MU .C02 .002 .002 .002 .002 

' HG .969 .937 .929 .867 .356 .846 .875 

• CA .892 .924 .926 .952 .962 .956 .945 
NA .028 .024 .832 .033 .033 .027 .031 

K .003 .002 .002 .003 • 01'3 .013 

I SUH 4.017 4.008 4.016 3.S'9b 3.913 3.9?3 4.011 

• 
I CA 4S.40 CA 47.04 CA 47.21 CA 49.53 CA S0.11 CA S0.00 CA 4B.7b 

MG 49.32 MG 47.bB MG 47.33 HG 45. 07 MG 44.58 tlG 44. 2tl MG 45.16 

FE S.2S rE ·s.29 FE 5.41 FE 5.40 fE S.31 FE S.72 FE f •• 08 

I - t1; 90.33 ti: 90. 02 tl: 89.75 H: 89.29 K: 89.35 M: 88.56 M: BB.13 

C: 47.93 C: 49.66 C: 49.91 C: 52.3b C: 52.92 C: 53.04 C: 51.92 

I ui* SAMPLE DIRECTORY i~:n 

- SAKl'LE NO. DESCRIPTION SAMPLE NO. 1'ESCRIPTION 

I __ ... ____ ,_ .. -----· .. ·-- ..... -·-------- -·-·"· ·--·---·--
1 CPX. 4 6 CPX. 2~1N PHL. · 

' 2 CPX. S 7 CPX. 3 · 

I J CPX. 1 
4 crx. 6 
s CPX. 7 



TABLE II·3 
U MATRIX PRIMARY SER~ENTINE IN KlliBERLITES U 

1 2 ? 4 s 6 7 8 9 10 
" 

SI02 38.37 37.SO 37.7S 4L06 4L06 40.30 39.61 39.96 42.10 :rn. 98 

T102 .OS • O.f, .06 ND tlD .29 tlD tlD ND ND 

ALW3 1.17 1. 10 .78 .35 .35 6.:m .23 .53 .22 .48 

C~203 ND ND ND ND tm ND HD ND HD ND 
FEO b.79 S.23 7.04 5.07 4.82 7.87 5.77 3.60 3.02 3.S8 

mm .10 .09 .10 .13 .06 .06 .09 .OS .06 .12 

KGO 39.24 37.Si 37.BO 36.64 39.06 33.80 :w.rn :W.09 38.50 41. 63 

C(iO .OS oc .09 .08 .14 HD .• 09 .os ND .OS 
• .J 

NA20 .13 .Ob .10 .18 .69 .OS ND .13 ND .OS' 

K20 .3S .24 .17 .10 .17 3.43 

TOTAL E6.76 £2.15 83.90 93.65 86.39 91.41 SS.02 83.46 83.96 SS.02 

**** SAMPLE DIRECTORY **** 
SAMPLE t-!O. D[SCRlPTION SAMPLE tlO. DESCRIPTION 
--- ·----- ... ... .. --------· ·------·- ··-··------·-.. 

1 1!oao12 6 
.., 

I )NTERSTIT. TO PHL. '" 
") ... I 7 KITCHELL <i 978) .. ..~ .., .., I s I 

" "! 

4 1,10012 .• !NTERSTIT. TO CALCITL 9 
5 2! • 10 I 



·TABLE II-4: KIHBERLITE WHOLE ROCK ANALYSES. 
CMAJORS IN WT.%,TRACES IN PPM.) 

NO. 02012 07012 09012 10012· 30012 33012 08012 21012 
----- ----- ----- ----- ----- ----- -----

TYPE CK--------------------------------------- PK----------

SI02 
TIOZ 
AL203 
FE203* 
MNO 
MGO 
CAO 
NA20 
K20 
P205 
H20+ 
H20-
C02 
TOTAL 

RB 
BA 
SR 
ZR 
NB 
CR 
v. 
SC 
NI 
co 
GA 
y 

26.99 
2.96 
2.99 
10.27 
• 17 
24.31 
12.41 
.01 
.97 
.92 
8.69 
• 61 
8.90 
100.20 

58 
1527 
1240 
359 
187 
896 
211 
19 
864 
83 
6.0 
17 

26.45 
3.50 
3.00 
11 • 64 
.17 
23.43 
13.05 
.02 
.54 
.91 
8.91 
.57 
8.30 
100.49 

48 
793 
881 
312 
1 -46 
723 
159 
15 
731 
92 
9.6 
18 

27.96 
3.39 
2.31 
1 0. 45 
• 16 
25.49 
11.90 
.02 
• 91 I 

1 • 44 
7.07 
.82 
7.33 
99.25 

34 
1594 
1205 
302 
1 79 
l)92 
133 
20 
1069 
90 
5.6 
21 

FE203•=TOTAL FE AS FE20l. 

34 .15 
1 • 2 2 
3.62 
7.40 
• 1 6 
28.12 
8.03 
• 04 
2.99 
1. 24 
7.94 
.58 
4.54 
100.03 

71 
2691 
1937 
334 
1 24 
1287 
62 
28 
1 084 
78 
4.5 
19 

26.94 
2.92 
2.57 
12.75 
.22 
26.93 
11.19" 
.33 
. 31 
1 • 44 
8.79 
• 71 
5.67 
100.77 

16 
1246. 
987 
368 
281 
875 
1 11 
20 
'782 
93 
6.0 
33 

26.50 
4. 'I 7 
3.64 
14.44 
. 21 
22.21 
12.1 0 
.06 
1 • 78 
1 • 1 0 

.75 

86.97 

101 
1696 
1243 
132 7 
2 62 
670 
193 
22 
668 
106 
13.0 
26 

34.90 36.03 
.93 1 .55 
2.42 2.32 
8.42 9.11 
.14 .13 
31.94 30. 38 
5.56 4.15 
.02 .03 
1.89 2.25 
• 38 • 4 2 
9.53 10.58 
• 95 • 80 
3.31 2.St/ 
100.39 100.34 

101 
2806 
866 
117 
151 
1396 
51 
1 2 
1517 
97 
2.7 
1 4 

107 
161 3 
482 
2 71 
1 80 
1270 
102 
1 2 
1 ·'i-69 
98 
4.2 
8 

H20+,C02 WERE DETERMINED BY GAS CHROHOTOGRAPHY. 
TYPE=KIMBERLITE TYPE WHERE: CK=CALCITE KIMBERLITE. 

PK=PHLOGOPITE KIMBERLITE. 
NOTE THAT THE PK VARIETY OF 21012 WAS ANALYSEDCSEE II.3>. 
BLANK=NOT ANALYSED. 



TABLE II-5: COMPARING THE COMPOSITIONS OF THE KARROO KIMBERLITES 
WITH OTHER KIMBERLITES. 
CMAJORS IN WT.%,TRACES IN PPM.) 

SA.K LES.K RUS.K BAS.K MIC.K KARROO CK KARROO PK 
------ ----- ----- ----- ----- ----- ---------- ---------
5102 
TIOZ 
t:L203 
FE203* 
MNO 
MGO 
CAO 
NA20 
K20 
P205 
H20+ 
C02 

RB 
BA 
SR 
ZR 
NB 
CJ~ 

v 
SC 
NI 
co 
GA 
y 

36.36 
.98 
5. 13 
8.57 
• 1 6 
17.43 
11.16 
.42 
1 • 52 
.55 

33. 21 
1. 97 
4.45 
10.59 
. 17 
22.78 
9.36 
• 19 
.79 
.65 
8.04 
4.58 

21 
740 
445 
450 
240 

1505 1160 
120 
24 

77 
9 

27.64 
1 • 65 
3 .17 
8.46 
• 1 3 
24.31 
1 4. 13 
.23 
.79 
.55 
7.89 
10.84 

200 
200 
70 
1500 
170 
15 
450 
40 

MAJOR ELEMENT DATA FOR: 

35.2 
2.32 
4.90 
10.89 
• 11 
27.9 
7.6 
.32 
.98 
• 72 
7.4 
3.3 

31 • 1 
2.03 
4.9 
11 • 6 7 
• 1 0 
23.9 
'j 0. 6 
. 31 
2. 1 
.66 
7. 1 
5.9 

26-34 
1 . 2 -4. 2 
2.3-3.6 
7.4-14.4 
.16-.21 . 
22-28 
8.0-13,-1 
.01-.33 
.54-3.0 
.91-1.4 
7.9-8.9 
4.5-8.9 

16-101 
793-2691 
881-1205 
302-1327 
124-262 
670-1287 
62-211 
15·-2 8 
668-1084 
78-106 
4. 5-13 
17-26 

35--36 
.93-1 .6 
2.3--2.4 
8.4-9.1 
.14-.13 
30--32 
4.2-5.6 
• 02-·. 03 
1.9-2.3 
.38-.42 
9.5-10.6 
3.3-2.6 

101-107 
1613-2806 
482-886 
117-271 
1s1-1ao 
1270-1396 
51-102 
1 2 
1469-1517 
97-98 
2.7-4.7. 
8-14 

SA.K <AVERAGE SOUTH AFRICAN KIMBEHLITE) 
LES.~< ( II LESOTHO II ) 

RUS.K< II YAKUT IA If ) 

BAS.K ( II •BASALTIC* II ) 

MIC.K( II *MICACEOUS• II ) 

ARE FROM GURNEY+EBRAHIMC1973J. 
TRACE ELEMENT DATA ARE 
GURNEY+EBRAHIMC1973). 

FROM DAWSONC1967) J KABLE ET AL.,1975 

RANGES FOR KARROO PIPES FROM 
FE203*=AS IN TABLE II-4. 

TABLE II-4. 

AND 



TADLE l!l -1 
U GARNET MEGACRYSTS-LEKKERFGNTEIN ii 

1 I\ .., 
~ s l 

., 8 (1 u ... .. I I 

SI02 41.77 ~1. S2 4L62 41.64 41.44 4i.61 41.66 41.54 41.SB 41.53 
TI02 . .83 .90 .79 .78 .83 .84 .79 . 39 8l." • .J .83 
1~1.203 2L87 21.13 21.87 21. ?4 ~i.64 ;:'1.83 21.86 21.57 21. 61 21.28 
CR203 1.2~ 1.3S 1. 00 1. 08 1.03 L!S 1.01 n.., .,, l.QO .9fl 

FEO !L49 B.t.2 8.64 8.83 S.78 ?.11 ?.93 S.Si ?,24 9.16 
HNO .21 .22 .19 ?"'1 .23 .2~ .21 .25 1)1\ .24 &(;.\,,I ...... 
MGO ~0.27 20.51 20.S2 20.70 2j .. 12 ze.n 20.S3 19.69 20.49 20.19 
CAO 4.54 4.90 4.39 4.63 4.42 4.93 4.'lS' 4.68 4.% 4.4b 
NA20 .09 .09 .08 .06 .OB .07 .06 .OB • Ob .OS 
KW 

TOTAL ?9.29 99.24 99.10 ?9.94 99.57 100.56 ?9.94 98.48 100.09 98.75 

*f ATOMIC PROPORTIONS BASED ON SEL~:CT£D NO. or OXYGEN~ u 

OXYGEN 12 12 12 12 12 12 12 12 4., 12 u .. 

SI 2.995 2.990 2.990 2.974 2.970 2.963 2.978 3.008 2.974 3. 004 
TJ .045 .049 .043 .042 .045 .04S .042 .040 '0-\6 .C4S 
AL 1.84':! 1.793 i.852 1.847 1.828 1.832 1.842 1.341 ·1,32~~ 1.814 

CR .069 .077 .OS7 .061 .058 .06S .057 .OSb .061 .OS7 
FE2{ .509 .519 .519 .527 .526 .543 .S40 .S:S4 t:r""T 

,.:i::>-...' .SS~ 

MN · .013 .013 .012 .014 .014 .Oi.4 .013 .OiS .Oi3 .OiS 
HG 2.16(; 2.201 2.197 2.203 2.25l 2.200 2.Hl7 2.12s 2.134 2, 17S 
CA .349 .378 .338 .358 .339 .376 .3b7 .3b3 .3SO .346 
HA .013 .013 .OH .008 .CH .016 .008 .011 .008 .011 

K 

SUM 8.807 8.033 8.018 . 8.03S 8.048 8.048 8.034 8.001 S.042 8.02i 

CA 11.S3 CA 12.20 CA 11.07 CA 1i.S9 CA 10.87 CA 12.0b CA iUlb CA 12.02 CA 12.20 CA ii.24 
MG 71.63 MG 71.04 MG 71.94 MG 71.33 MG 72.27 MG 70.54 MG 70.6</ HG 70.32 MG 70.07 MG 70.74 

Ft 16.84 FE ib.70 f[ 17.00 FE 17. 07 FE 16.Bb FE 17.40 FE 17.45 FE 17.bb n: 17.73 FE 18.02 

ft: 80.97 tl: 80.92 11: 80.89 H: 80.69 Ii: 81. OS H: eo .22 Ii: 30.20 H: 79.93 M: 79.80 M; 79. 70 

nu SAMPLE DIR£CTORY nu 

SAKPLE HO. DESCRIPTION 5.~liPLE NO. DESCRIPTION 

---------- --------- ·- ---------· ----· .. ·-··---· 
1 D.GT2 6 1LGT12 
2 D.GT~ 7 D.GT10 
3 D.GT21 s D.GT3 
4 D.Gi3 9 Ii. GT13 
s D.CT22 . 10 D.GT26+1.0li.2 



TABLE III-1 
U: i~ARNET MEGf1CRYSTS-LEKKERFOIHEIN ** 

11 12 13 i4 15 16 17 18 1~ 20 

SI02 4i.3S 41.M 41.24 41.18 41.13 40. 90 41.0?. 40.S6 40.70 40.SO 
TI02 .91 6" • l 1. 03 .98 1. 00 1. 68 1. 01 .77 .sa .62 
AL203 2j .. S4 ~1.76 21.86 21.61 21.48 21.47 21.SO 21.95 ~2134 21.95 
CR203 .91 .a~ .57 . S7 .61 .~a . .3~ ND .04 ND 
FEO ?.S2 ?.94 . 10.42 11.26 11.42 11.61 12.CB 12.Si 13.7S 14.95 
MHO .28 .24 .29 .26 .26 .27 .2e .32 .36 .3S' 
MGO 19.82 20.07 19.18 19 .14 19. 10 19.71 18.29 17.29 17.23 16.37 
CAO 4.91 4.66 4.n 4.n 4.10 4.87 4.'l2 4.51 4.45 4.71 
NA20 .OB .07 .09 .09 .10 .13 .11 .07 .OB .12 
~20 

TOTAL ?9 .32 100.09 ?9 .40 100. 01 99.20 ?9.52 99.40 98.30 ?9.53 99.63 

** ATOMIC PROPORTIONS BASED ON SELECTED NO. OF OXYGEHS *~ 

. OXYGEN 12 12 12 12 12 12 12 12 12 12 

SI 2.984 2.982 2.980 2.973 2.988 2.972 2.987 3. 006 ') f'•"C: 
'· r t I .i 2.979 

n .049 .348 .056 .053 .oss .059 .DS5 .043 .032 .034 
AL 1.B32 1.837 1.862 i.fl39 i.839 1.839 1.134'5 1.903 i.~25 1. 90l; 

CR .052 .046 .033 .033 .035 .028 .022 .002 
FE2i .S74 .S9S .630 .680 .694 .70£. .736 .770 .841 .920 
MN .017 .61S .om .016 .016 .017 .Oi7 .020 ,922 . 024 
MG 2.131 2.142 2.066 2.059 2.068 2.026 i.98S i.396 U177 i.794 
CA .:mo ,358 .366 .381 .319 .379 .368 .356 .~19 .:m 
NA .OH .010 .013 .013 .014 .018 .016 .010 .011 .G17 
K 

SUM 8.031 13.c:n 8.023 8.045 8.027 S.044 8.032 8.004 a. 03s 8.04: 

CA 12.30 CA 11. SS CA ii. 94 CA 12.20 CA 10.36 CA 12.19 CA 11. 92 CA 11.77 CA ii. 37 Cfl 12,0i 
MG 69.08 MG 69.21 MG 67.49 MG 66. 01 KG 67.12 tlG 65.13 MG 64.26 MG 62.75 MG 61.:2 MG 58. i8 

FE 10.62 fE il/.24 FE 20.57 FE 21.79 FE 22.52 FE 22.68 FE 23.82 FE 25.48 fE 27.41 F£ 29.8i 

M: 7S.77 ti: 78.25 M: 76.64 H: 75.18 H: 74.38 ti: 74.17 M: 72.% M: 71.12 M: 69.07 i'l: 66.12 

un SAMPLE DIRECTOR'{ u:n 

SAMPLE NO. DESCRIPTION 5AMPLE NO. DESCRIPTIOH 
------- ·-· ------- -·--· -------·--- -------·-- --

11 D.GT7 16 D.GT20 
12 D.CT14 17 . D.GT19 
13 D.rT4 ill DI GTi +I. IUl1 
14 D.GTb 19 D.GT17 
1S D.GT11 20 D.Ci24 



Hl!IL[ III-1 
** GARNET MEGAtRYSlS-LEKKEkFOHTEIN it 

21 22 2Z 

SI02 40.70 41.27 41.18 
TI02 .b9. .69 .S9 
AL203 2i.94 22 .. 03 22.29 
CR203 ND '0(, .OS 
rED 1S.47 13.92 13.57 
MNO .42 .33 .33 
liGO 16.43 17.27 17.29 
CAO 4.BO 4.~2 4.42 
NA20 .09 .Ob .OS 
K20 

10TAL 160 .57 100.25 99.77 

** AlOMIC PROPORTIONS EASED ON SELECTED NO. or o:m;rns ~* 

OXYGEN !2 12 12 

31 2.973 2.997 2.997 
TI .039 .033 .032 
AL i.SB? i.8BS i. 912 

·cR .003 .003 
FE2·} .945 .S4S .826 
!1N • 02(; .020 .020 
MG 1.789 1.869 1.875 
CA .376 .3SS' .345 
Nii .013 .008 .007 
K 

5UH 8.050 S.025 B.017 

CA 12.0B CA 11.69 CA 11.32 
KG S7.S2 MG 60.80 KG 61. 57 
FE 30.39 IT 27.SO FE 21.12 

M: 65.43 n: 6S.86 ti: 69 .42 

~n* SAMPLE DIRECTORY un 

SAl'iPLE NO. DESCRIPTION SAMPLE NO. DESCRIPTXON 
-------- .. ~ ------·--· ---------· ---···--- -·---·· 

21 D.GTS+I.ILMS 
22 I.GT4B IN Ili'M 
23 I. GT4C IN IUl4 



TABLE III-2 
t.! GLINOPYROXENE+ORTHOPYROXEHE HEGACRYSTS-LEKKERFONTEIN U 

1 '\ ... 4 s 6 'J 3 'l 10 £.. "' I 

SI02 54.Si SS.~1 SS.GE S4.4B 54.31 54.99 54.52 54.71 54.65 54.SO 
TI02 7" ...... .33 .35 .33 .33 .36 .36 .36 .40 .3S' 

AL203 2.75 2.71 2.73 2.71 2.64 2.72 2.64 2.75 2.b9 2.74 
CR203 .39 7t: 

ow.I .32 .31 .34 .34 .33 .31 "" ' .. , • 2S' 
FEO S.17 5.35 S.33 S.S4 S.46 5.56 5.56 S.52 S.43 s.sa 
MHO .11 .10 .H .10 .12 .12 .12 .12 .11 .13 
MGO 19.9S 19.76 1·1 .54 19.98 19.34 19.47 19.33 19.17 18.57 18.88 
CAO 14.26 14. O<i 14.0l 14.13 15.23 13.95 15.26 13.96 14.92 15.4~ 

HA20 1.62 1.56 1.61 1.56 1.57 1.64 -1.59 1.67 1.70 1.67 
K20 t!D ND tm ND ND HD ND ND ND ND 

TOTAL 99.10 99.49 99.15 99.16 99.36 ?9.17 99.TJ 98.59 ?8.77 99.bS 

u A fOMIC PROPORTIONS BASED ON SELECTED NO I or OXYGENS n 

OXYGEN 6 6 6 6 6 6 6 6 6 6 

SI 1.972 1.9Bl 1.938 1.972 1.969 i.S'B7 1.969 1,989 1.938 1. S'7i 

TI .009 .609 .010 .009 .009 .010 .010 .om .611 .OH 
AL .117 .ii~ .116 .1i6 .113 .116 .112 .ii8 · .115 .Hi 
CR .011 .010 .009 .009 • 010 .010 .009 .009 .008 .008 
FE2'- .156 .161 .161 .168 .166 .168 .168 .168 .16S .1l>9 
MN . .003 .603 .003 .003 .004 .004 .004 .004 .U03 .UU4 
MG i.076 1.060 1.0!i1 1.078 1.045 1.048 1.041 1.038 1.007 1. om 
CA .SS3 .':i43 .544 .548 .592 • ':i40 .S9i .544 .S82 .599 
t<A .114 .109 .113 .109 .HO .us .111 .118 • i20 . .1ii 

K 

SUM 4.012 3.997 3.996 4.012 4.017 3.998 4.016 3.997 4.080 4, HS 

CA 30.97 Cf.I 36.80 CA 30.97 CA 30.56 CA 32.83 CA 30.75 CA 32.83 CA 31.07 CA 33.17 CA 33.54 
MG 60.26 t!G 60.07 HG 59.87 MG 60.09 HG 57.98 t!G 59.6'1 t!G 57.84 HG S'J.34 HG 57 .41 MGS7.01 

FE B.76 FE 9 .1~ FE 9.H, FE 9.35 FE 9.19 FE 9.57 FE 9.34 FE 9.59 FE 9.42 FE 9.45 

M: 87.30 M: 86.31 11: 86.72 M: 8b.54 M: 86.32 11: 86.19 M: 36.10 M: 86.G9 li: 85.9~ M: 8S.77 

C: 33.95 C: 33.89 C: 34.10 C: 33.71 C: 36.iS C: 34.00 C: 36.21 C: 34.36 C: 36.bi C: 37.04 

uu SAMPLE DIRECTORY *U* 
SAMPLE HO. DESCRIPTIO~ 5AnPLE NO. DESCRIPTION 
-·-------· -----------· ----- ·---·- ---- ---.. ·----

i D.CPX12 f, D.CPX2 
2 D.CPX1 7 D.CPX3 
"' D.CPX4 8 D.CPX9 

. "' 
4 D.CPXi3 9 D.CPX3 
s D.CPX10 10 D.CPX6 



TAlil.I Ill-2 
n CLINOPYROXENE+ORTHOPY!lOXENE MEGACRYSTS-LEKKERFONTEIN U 

11 12 13 14 i':i 16 17 18 19 28 

SI02 53.93 54.39 54.32 54.60 SS.2B S4.61 S4.b3 S4.21 S4.02 S3.7S 
TI02 .43 .40 .so .47 .48 .45 .40 .41 .33 .43 

AL203 2.73 2.70 2.b9 2.b2 2.b7 2.70 2.64 2.S7 2.63 2.36 
CR203 .24 'lf" 

• L..J .09 .iO .09 .06 .OS ND ND .07 
FEO 5.71 '.i.94 6.S1 6.47 6.S6 6.57 6.41 6.13 6.24 6.08 

KNO .12 •OS' .09 .12 .11 .08 .10 .10 .14 .12 
MGO 18.46 Hl.61 1S.S3 Hl.26 rn.10 17.98 17.33 17.39 17.49 16.90 
CAO 15.58 15. 5•1 16.38 15.49 lS.78 16.15 i6.51 17.34 17.04 16.83 
HA20 1.76 j, .t.s LB3 1.7fJ 1.82 1.86 1.90 1.78 1.79 1.91 
r.20 .07 MD ND • 04 ND Ql" ' .. .04 tm ND ND 

TOTAL 99.03 99.68 100.96 ?9.95 100.91 100.Si 100.01 99.98 ?9.77 98.SO 

it ATOMIC PROPORTIONS BASED ON SELECTED NO. OF OXYGENS U 

OXYGtN 6 b 6 6 b 6 6 6 6 6 

SI 1.968 1.971 1.955 1.977 1.982 1.971 1.982 1.971 1.968 1 .?8~ 
TI .012 .DH .014 .013 .013 .012 .011 .OH .010 .012 
AL .117 .HS .114 .112 .113 .HS .113 .HO .HZ .103 

CR .007 .007 .003 .003 .003 .002 .001 .002 
FE21 .174 .180 , j,9£, I 19(; I j.97 .193 .194 .186 .190 .18'.! 

t!M .004 .003 .003 .004 .003 .002 .003 .003 .004 .004 
KG 1. 004 t.OOS .994 .98S .967 .967 .937 .942 .950 .929 
Cl'\ .b(l9 .605 .b32 .601 .b06 .625 .M2 .675 .w; .6tiS 

NA .12~ .118 .128 .12S .127 .130 .134 .125 i'){ . "'" .137 

K .003 .002 .002 .002 

SUM 4.022 4.017 4.038 4.017 ~ .011 4.025 4.0iS 4.02t. 4 .0~3 4.022 

CA 34.0B CA 33.81 CA 34.68 CA 33.72 CA 34.2S CA 34.89 CA 36.19 CA 37.44 CA 36.25 CA 37 .J3 
tlG Sb.17 HG 56. 14 MG 51.56 MG 55.29 MG 54.64 MG 54.03 MG 52.34 MG 52.23 MG 52.bi MG 52. i4 

FE 9.75 FE 1D .OS fE 10.76 FE 10. 99 FE H.11 FE 11. OS FE i0.97 FE 10.33 FE i0.S3 FE i0.53 

tl: SS.2i ti: 84.81 11: 83.53 tl: 03.41 ti: 83. 10 11: 82.98 M: 82.3i H: IB.zi9 M: 83.32 ti: 83.20 

C: 37.76 C: '37.59 C: 38.86 C: '37. 88 C: 39.53 C: 39.24 C: 40.65 C: 41.76 C: 41.19 C: 41.72 

uu SAMPLE DIRECTORY *U* 
SAMPLE Mu. DESCRIPTION 5AHPLE MO. llESC~IPTlON _________ ., ----------· --- .... --.. ~--.. ··--···--··-- ...... 

11 n.crxu 16 L.crxs 
12 D.CPX7 17 L.CPX4, 
13 L.CPXi 13 I. CPX7D+ 1Ui7A 
14 L.CPX3 19 I.CPX7E+ IUl7A 
1S L.CPX2 ~o I. crxrn~ 1u11A 



TABLE III-2 
U CLINOPYROXENE +ORTHOPYROXENE MEGACRYSTS··LEKKERFONTEIN U 

'" 1..L 22 23 24 25 26 21 28 2S' 3~ 

SI02 S-t24 53.93 S3.98 54.01 53.82 54.28 54.7b S3.4S 55.90 SS.b9 
TIO~ .42 .36 .33 .34 .3S .34 .3S .3S .17 ""' 1 c.~ 

Al203 2.sa 2.SS 2.47 2.45 2.49 2.46 2.47 2.53 .?4. 1. 04 
CR203 ND ND .04 ND .04 tlD HD .04 ND .o~ 

FEO 6.29 6.34 6.40 f..47 6.38 6.36 6.36 6.48 . 10 '72 1il.10 

MNO .09 .13 .10 .10 .13 .10 .14 .ii 17 ....... '14 
MGO 17.32 16.S8 16.70 16.76 16.36 16. 19 ib.12 15.GS :rn.ss 30.47 
CAO 17.10 16.?P, 17.SS 17.52 17.40 17.54 17.45 17.11 .B3 .97 
NA2D LSS. 1.95 1.Si 1.78 1.93 LBS 1.76 1.97 .17 .H:i 
K20 .oa .07 t!D HD ND ND ND ND HD ND 

TOTAL 100.04 98.92 9?.40 ?9.48 98.92 99.iS 99.44 97.91 n .4B 9fLB7 

it ATOMIC PROPORTIONS BHS£0 ON SELECTED NO. OF OXYGENS tt 

OXYCEM 6 6 b 6 6 6 6 6 6 b 

SI 1.971 1.983 1.978 1.977 1.981 1.99f 2.000 i.938 i.?79 i..979 

'fl .OH .010 .009 '065' .om • OOS' , Oi.O .010 .ocs .006 
AL .111 .111 .107 .10(; .10e .106 . w. .111 .031 '0·14 

CR .001 .001 .601 .002 
FE2'. .191 .i9S .196 .l9B .196 .19S .194 .202 ,3ii1 .300 
liN .003 .oo~ .003 .093 .004 .003 • 004 .003 ;904 .004 
MG .938 .908 .912 .914 .898 .8as .377 .878 1.612 i 'bl.4 
CA .~69 .Wt .689 .687 .686 .689 .683 .682 .033 . ~3'! 
NA .128 .139 po , LI .12l .138 .132 .125 .142 .C12 . 011 

. K .004 .003 

SUM 4.027 4.023 4.824 4.024 4.024 4.012 4.360 ~.018 4.002 3.S'S'S 

CA 37.20 CH 37.74 CA 38.34 CA :m.19 CA 38.SS CA :m.96 CA 38.92 CA 38.70 CA 1. 70 CA 1.89 

MG S2. 17 MG Si.26 HG 50.75 MG S0.81 MG S0.42 KG S0.02 MG 50.01 MG 49.86 MG 82. 13 MG 82.72 

FE 10.63 FE 11. 00 FE i0.91 FE 11. 01 FE 11.03 FE ii. 03 FE 11. 07 FE 11.44 FE 16.17 FE iS.39 

H: 83.07 H: 82.33 Ii: 32.30 M: 82.19 ti: 82.0S M: 81.94 11: 81.87 M: .81.34 M: 83.SS M: 84.32 

C: 41.63 C: 42.41 C: 43.04 C: 42.9i C: 43.33 C: 43.79 C: 43.77 C: 43.70 C: 2.0'3 C: 2 Y,A 
I~'~ 

uu SAKPLE DIRECTORY ~n; 

SAM?LE NO. DESCRIPTION 3AliPLE NO. DESCRIPTION 
., ______ ....... ------- ·--· ----·-----· ··-···--_ .... ____ 

21 LCPX7C+ 1U!7A 26 I. CPX3B+ IU13A 
22 I.CPXHB+ !Ul14A 27 I.CPX6B+ILM6A 
23 I.CPX9Ct 1Ul9A 28 1. CPXSB+ IUlSA 
24 I. CPX9B+ILH9A 29 I .OPX8Ilt Iln3A 
25 l.CPX~D+1LM4A~I.GT4 30 I.OPXi2P.tILHi2A 



TABLE IIl-2 
ft'.* Cl lNOPYROXENE +ORnlDPYROXENE fiEGACRYSTS-tEKKF.RFONTEIN n 

31 

SI02 SS.29 
TI02 .17 
AL203 .93 
CR203 ND 
FEO 11.02 
MNO .14 
MGO 30.35 
CAO .89 
Nt120 .17 
K20 ND 

TOTAL 98.98 

** ATOMIC PROPORTIONS BASED ON SELECTED NO. OF OXYGENS ti 

OXYGEN I 
II 

SI 1.972 
TI .93 
Al .039 
CR 
fE2~· .329 
MN .004 
MG 1.614 
CA .034 
NA .012 
K 

SUM 4.009 

CA 1.12 
KC 81.64 
FE 16.64 I 

I ..... ti: 83.07 

I C: 2.06 

• 

I 
SAMPLE NO. 

31 

DESCRIPTION 5AKPLE NO. DESCR1rnm1 

I .orx21H ILH2A 

I 



I 

1 

SI02 
TI02 49.31 
AL203 S .• 10 
CR203 .38 
FEO :l:S.83 
tttm .1S 
MGO ii. OS 
CAO 
NA20 
V.20 

TOH1L 16 O • 82 

OXYGEN 

SI 
TI 
AL 
CR 
FE2~ 

KN 
HG 
CA 
NA 
K 

SUM 

.086 

.031 

.007 
.775 
.003 
.393 

2.095 

SAMPLE NO. 

1 
2 .. .,, 
4 
s 

TABLE !II-3 
U ILMENITE MF.GACRYSTS-LEKKERFOMTEI~ U 

2 3 4 s 

48.97 48.98 49.47 ~9.21 

1.31. .SS Li3 .65 
.36 .1S' .10 .26 

37.91 :m.79 39.83 39.SS 
.16 .21 .iS' .14 

10.71 10.25 ?.60 10.20 

99 .42 ?9.27 100.32 100.61 

b 

49.81 
.?6 
.14 

3ll.4S 
.10 

9.02 

98.56 

7 

50.10 
.Bi 
.17 

37.Bb 
i t" 

• .J 

9.01 

9E. HI 

50.25 
.83 
.12 

38.48 
.18 

8.91 

98.77 

49.63 
.83 
.16 

39.22 

8.64 

10 

49 .4l. 
.B5 
.Hl 

41!.10 

98.4£) 101.08 

u ATOMIC PROPORTIONS BASED OM SELECTED HO. or OXYGENS ii 

.. 
" 

.89C 

.03/ 

.007 

.766 

.003 

.38i 

2.088 

., 
" 

.S96 

.024 

.004 
.7SC: 
.004 
.372 

2.090 

., 
" 

.898 

.032 

.602 

.864 

.004 

.345 

2.08S 

.. 
" 

.896 

.Oi~ 

.oos 

.801 

.003 

.368 

2.092 

., .. 

.917 

.028 

.003 

.787 

.604 

.329 

2.068 

DESCRIPTIO~ ~AMPLE tlO. 

L lLM2{ L. crx2 
L Ilt!3+L.CPX3 
L.ILMS~L.CPXS 
L. ILK4+1_, crx4 
L. IUU +l. Cf'Xi 

6 
7 
n 
9 

10 

•y .. 

.?25 

.023 
,003 
.777 
.003 
.330 

.923 
.024 
.602 
.786 
.004 
.324 

.., 
" 

.?13 
.024 
.003 
.B07 

,317 

2.062 2.064 2. Obtl 

DESCRlPTlOH 

ILM7B+l.CPX7C!D.E 
ILK1A+ I, CPX12 
IU17Af I .Cf'X7C !D ,E 
1Ul12A+I .OPX12B 
IU110A+PHL 

.. 
~· 

.899 
.024 
.093 
.852 

.308 

2.us1 



TABLE !Il-3 
** JLMENITE MEGf\CRYSTS-LEKKERFONTEIN *¥ 

11 12 13 i~ 15 it. 17 18 19 26 

SI02 
TI02 49.21 48.46 47.'53 43.77 47.66 48.44 48,51 48, l.9 47.92 43.BO 
AL203 .b3 .SS .81 .39 .73 '.75 .67 .69 I E..4 .31 
CR203 .iS .10 .10 .08 • 09 .11 .09 .14 .66 .Ob 
FEO 42.52 40.~B 40.97 ·13.79 41.14 41.41 41. DO 41.36 40.99 49.60 
MNO .17 .15 .15 .iS .17 .17 .13 
MGO 8.i.9 7.89 7.64 7.Bb 7.b3 7.67 7.l6 7.57 7-.:JS 4.fJS 
CAO 
NA20 
~20 

TOTAL i 06. 70 ?7.SS 97.20 100.89 97.40 98.53 98.10 90.12 97.14 98.62 
~ 

U ATOMIC PROPORTIOMS BASED ON SELECTED MO. Of OXYGENS U 

OXYGEN ., .. ., ., ., ., ., 3 
., ., 

... ... ... ... ... ... ... .. . ... 

SI 
Tl .902 .no .903 .898 .904 .907 . 'JH .907 .?ii .SSS 
ill .018 .02S .024 .311 .C22 .022 .020 . 620 • 01<7 .010 

CR .003 .002 .002 .302 .002 .002 .002 .003 .001 .001 
fE2-i .867 .843 .365 .897 .867 .862 .8S6 .866 .367 LC86 

KN .004 .003 .003 .003 .004 .004 .004 

MC .293 .294 .287 .237 .287 .2as .285 .232 ""'"' .188 •LI I 

CA 
NA 
K 

SUM 2.087 2.077 2.084 2.095 2.0SS 2.oe1 2.078 2.082 2.67? 2.137 

**** SAMPLE DIRECTORY Uit 

SAMPLE NO. DtSCP.lPT!ON ~AMPLE NO. DESCRIPTION _______ ... ,_. 
--~ .. -------- _____ ,... __ ..... -- ·--- .. ----

11 ILH14A+l.CPX14!1 ib Ilt16A+l.CPX6fl 
12 ILM4A+I.GT4B~C+I.CPX4D 17 1Lli3A+ I, CPX3B 

13 1Ul9ti+ I • CPX9B ~ C 18 lltl2A< 1. OPX2!! 

14 ILMHAl-Nl 19 Iltl5fl t I • CPX5B 
15 ILKSMI.OPXSB 20 lUliS+ZIRCON 



TAIH III-3 
*1t ILMENITE MEGACRYSTS-LEKKERFONTEill U 

21 22 23 24 25 26 2'/ 23 29 36 

SI02 
TI02 59.13 48.99 49.13 49.28 49.28 48.74 48.50 48.27 48.07 48.H 
AL203 .83 .,~ 

1 /~ .78 1.04 1.04 1. CE .80 .63 .74 .63 
CR203 .i2 .32 .ii .32 .32 .11 HD .21 .10 .24 
FEO ~o.as 41.77 41 .n 4i. 94 . 41. 94 42.00 42.92 43.SB 43.24 44.35 
HHO 
l'IGO s.sa 8.40 8.41 S.39 . 8.39 e.2:~ 8.11 7.68 7.60 7.63 
CAO 
NA20 
K20 

TOrnL. iOD.Si 106 .21 100.19 100.97 100.97 100.16 100.35 iOC.W ?9.75 101.03 

ii AfOlHC PROPORTIONS B(ISED ON SELECTED NO. or OXYGENS u 

OXYGEN ., ., ., ., ., ., ., 
3 

., 
3 •• " ,J " " " " "' 

SI 
Tl .909 .900 .?02 .897 .897 .896 .B94 .892 .B~S .889 
AL .024 .021 .022 .030 .030 .031 .023 .018 .• 322 .om 
CR .002 • OOb .002 .006 .OOb .002 .004 .062 '005 
F£21 .824 .1353 .853 .849 .849 .859 .880 .902 .395 .910 
tlN 
MG .319 .30b .306 .383 .303 .300 .296 .281 .280 .279 
CA 
tl/\ 
K 

SUM 2.078 2.G86 2.086 2.085 2.085 2.087 2.094 2.C97 2.694 2.100 

iut SAMPLE DIRECTORY uu 

SAMPLE NO. llESCRlPTlON 5AHPl.E NO. DESCRIPHON _________ .. ----- ·----.. ----- ·--··· ---··-···- .. ·· 
21 D.IUii 26 D.ILM~ 

22 D. Illl6 27 D.IL;{Z 
23 l1.lLM3 23 D.ILl'l7 

' 2~ D.IUUi 29 D.IU1~ 
~ 

I 
25 D.IUH2 ~8 D.IUiiO 



TABLE III ··3 
i.$ ILMENITE nEGACRYSTS-LEKKERFONTElM ** 

31 32 33 34 

Sl02 
TI02 47.S7 47.48 48. 01 ,4(i,48 

AL203 .ii\ .68 
CR203 .H .10 .07 .ii 
FEO 44.SS' 45.02 41.23 43.61 
HNO .19 .24 
MGO 7.25 7.22 8.51 7.38 
CAO 
NA20 
K20 

TOHIL 100.2b 100.50 9B.01 97.82 

** ATOMIC PROPORTIONS DASED ON SELECTED NO. OF OXYGENS it 

OXYGEN .. 3 3 "'I 
..i ,, 

51 
TI .!l86 .884 .906 . .S?i 
AL .022 .020 
CR .002 .002 .001 .002 
FE2·~ .?24 .932 .865 .929 
tltl 

' 
.004 .nos 

MG .2Ml .266 .318 .ZBO 
CA 
NA 
r. 

SUM 2.102 2.105 2.094 2.j.08 

SAMPLE NO. DESCRIPTION 5AKru~ NO. DESCRIPTION 

31 D.ILM9~POLYXTAL. 
32 D, IUIB.. POL YXTAL. 
33 l.ILMi IN D.GTi 
34 I.ILKS lH D.GT~ 



TABLE IV-1: A REFERENCE GUIDE TO RECENT CONFERENCES,SYMPOSIA,BOOKS 
AND THESES WHERE DESCRIPTIONS CAN BE FOUND OF 
PERIDOTITE SUITES AT THE FOLLOWING KIHBERLITES. 

LESOTHO 

LETSENG-LA-TERAE 

MOTHAE,THABA PUTSOA,SOLANE 
MATSOKU 

~<AO 

PIPE 200 
SEKA MENG 

BOTSWANA 

DK9 IN THE ORAPA FIELD 

SOUTH AFRICA 

MONASTERY 
BULTFONTEIN 

FRANK SMITH 
EAST GRIGUALAND 
GIBEON IN NAMIBIA 
PREMIER 
ROBERTS VICTOR 

ANGOLA 

SOHACUANZA,CAMUTUE, 
ARTUR DE PAIVA 

U.S.A. 

· MONTANA 
COLORADO+WYOMING 

u.s.s.R. 

lJDACHNAYA 
VARIOUS KIMBERLITES 

REFERENCES: 

BLOOMER+NIXON,1973-*1 
LOCKE<IN PREP.,LEEDS UNIVERSITY> 
NIXON+BOYD,1973,-*1 
COX+GURNEY+HARTE,1973-•1 
HARTE+GURNEY+COX,1975-*2 
GURNEY+HARTE+COX,1975-*2 
NIXON+BOYD,1973-•1 
MACGREGOR,1979-*4 
CARSWELL ET AL.,1979-*4 
NIXON+BOYD,1973-*1 

· SHE;E, 1978-*7 

WHITELOCK,1973-•1 
DAWSON ET AL.,1975-•3 
LAWLESS, 1978-·x·7 
LAWLESS ET AL.,1979-•4 
BOYD,1975-*3 
NIXON+BOYD,1979-*5 
MACGREGOR,1975-*2 
DANCHIN,1979-*4 
HATTO~, 1978··*7 

DANCHIN+BOYD,1975-*3 

HEARN+BOYD,1975-*2 
MCCALLUM ET AL.,1979-*5 

POKHILENK0,1979-*5 
SOBOLEV,1977-*6 

•1 =LESOTHO KIHBERLITES. ED. NIXONC1973) 
*2 =PROCEEDINGS OF THE FIRST KIMBERLITE CONFERENCE (CAPE TOWN> 

ED. MIRENS ET AL.(1975>,PHY.CHEM.EARTH VOL.9 
*l =IST KIHBERLITE SYMPOSIUM,CAMBRIDGEC1975) 
*4 =PROCEEDINGS OF THE SECOND KIHBERLITE CONFERENCECSANTA FE) 



2 • 

ED. BOYD+MEYERC1979>,A.G.U. 
*5 =2ND KIMBERLITE SYMPOSIUM,CAMBRIDGEC1979) 
*6 =DEEP-SEATED INCLUSIONS IN KIMBERLITES AND THE PROBLEM 

OF THE COMPOSITION OF THE UPPER MANTLE. SOBOLEV(1977) 
*7 =THESES SUBMITTED TO THE DEPT. OF GEOCHEMISTRY, 

UNIVERSITY OF CAPE TOWN, Ci978) 
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TABLE IV-3: SUMMARY MINERAL CHEMISTRY DATA FOR PERIDOTITES 
FROM HEBRON CHEB> AND MELTON WOLD <MW) -SEE 
TABLES IV-4,15. RANGES AND AVERAGES ARE GIVEN. 

(MG/MG+ FE) TI02 CR203 CAO AL203 (CA/CA+MG) 
*100 WT.% WT.% WT.% WT.% i.< 1 00 
----·---- ------- --------- --------- --------- --------

GARNET 
-·---------
GLHZ<MW> 82.6-81.5 .24-·.07 5.69-2.97 5.93-4.94 

82. 1 .1 7 4 .10 5.34 
GLHZ<HEB> 83.7·-8'1.D .13-.03 2.90-.40 6.10-4.93 

82.2 .06 2.45 5.38 
ORTHOPYROXENE 
------------·-

'" 
GLHZCMW) 93.2-92.3 .OB-.04 .35-.18 .67-.36 .94-.67 

92.6 .06 .27 • 44 .75 
GLHZ<HEB) 92.6-91.6 .11-.02 .47-.32 .46-.36 1.70-·1.37 

92.1 .06 .39 • 4 't 1 . 58 
PORPCHEB) 
PORP-A 92.4-91.8 .18-·.10 .22-.18 .49-.46 .17-.15 

92.1 .13 • 21 .48 . 1 6 
NE OB-A 90.4-87.1 .47-.25 .40-.19 1.21-.73 1 .49-.51 

88.8 .32 .25 1.05 • 91 
RIMS-B 91. 8-91. 5 .19-.13 .74-.58 .9~->-.91 1.54-·1 .05 

91. 6 • 15 .67 .93 1 • 36 
NEOB-B 90.5-89.6 .37-.12 .72-·.59 1.17-1.11 1.27·-.93 

90. 1 . 23 .65 1 .14 ' 1 . 09 
CLINOPYROXENE 
-------------
GLHZCMW) 93.0-91.9 . 27-. 06 2., 6-1 . 07 2.68-1.68 47.4-46.1 

92.5 • 1 2 1. 63 2.27 47.0 
GLHZCHEB> 93.6-92.0 .25-.04 1.75-.93 3.54-1 .98 47.8-47.0 

92.7 • 1 6 - 1 • 40 3.03 4 7. 9 
LHZ<HEB> 
TYPE A 93.7 • 16 1 • 89 1 • 4 2 47.9 
TYPE B 93.9-91.9 .34-.09 3.50-2.20 2.72-1.98 45.2-41.9 

92.6 .22 2.74 2.25 43.5 
PORP<HEB> 92.9-89.1 .61-.16 2. 74.-1 • 95 1 .99-.59 48.1-43.6 

91. 7 .31 2.43 . 9·1 46.5 
OLIVINE 
-------
GLHZ (HEB). 92. 2-90.1 ••••••••••·•••••••••••••c-•o• 

91 . 3 :WHERE . . 
LHZ<HEB> 92.4-89.1 :GLHZ = GARNET LHERZOLITE 

91 • 1 :LHZ = LHERZOLITE 
PORP <HEB> :PORP = PORPHYROCLASTCIC) 
PORP 91.3·-90.5 :NEOB = NEOBLAST (IC) 

90.7 • •"' • • • • • "' 111 • a •. • • • • • • a • • • • • • a • 

NEOB 90.4-87.3 
88.9 



GHJ2 
TI02 
Af.~03 
CR203 
f EG 
HNO 
MGO 
CAO 
llf:20 
r.2ll 

TAlU !'J-4 
Gt~Rt-!tTS~*COf.lRSE PEP.IDOTHES - HEf!ROHti 

l. 

22.23 22.46 
-2.90 2.2~ 
::.S4 7.Bi 

.3l. .41 
26.10 19.57 
S.22 !;.38 
l!D tlD 

"1 ,, 

.G4 
22.44 

2.21 
7.73 

.38 
19.51 
S.29 
HD 

ti,62 
• Ot, 

2.2£. 
7.?0 

.4S 
i'J.~3 

S.47 
ND 

,. 
J 

41. ?7 

..,., . ., 
'-'-· ;r..4,. 

2.94 
7.13 

.40 
20.62 
S.2l. 
MD 

41.?B 
tll) 

~:: .·s1 
2.~ 
.. 0'1 ' ',, 

.41 
~o.oo 

S.2S 
ND 

.. 
I 

42.00 

22.~8 
2,7~ 
"0'1 
l r \,;/ 

.3l 
1?.69 
S.32 
ND 

41.83 
tl» 

22.81 
LS;~ 

B.19 
.4'; 

19.43 
S.S4 
ND 

12. :u 
.o~ 

22..14 
2.4~ 

6.88 
.30 

i?.92 
(,, 10 
ND 

42.03 
.11 

22.?4 
2. OJ 
8.19 

20.20 
4.93 
:rn 

TOTAL 100 .15 ?9.40 ?B.92 ?9.83 100.SS 1C0.6b 100.59 100.00 100.44 i00.82 

it nTOtUC PROPORTION~ i3{1SED on SELEC'fED NO. or OXYGENS u 

OXYGEI! 12 12 12 12 12 1~ 12 

SI 2.968 2.97£. 2.977 2.97S 2.974 2.977 2.c;sn 
TI .007 .003 .002 .003 .003 .002 
AL 1.867 1.900 i.90£. 1.894 1.848 1.882 i.088 
CR .163 .127 .1~6 .l~B .165 .i41 .153 
FE2~ .44~ .469 .4bL .4n .42t. .473 . 467 
HN .022 .025 .023 .627 .024 .025 .022 
KG 2, 134 2. 093 2.09~ 2.~~1 2.173 2.ii4 2.0C1 
CA ,399 .414 .408 .419 .~99 .399 .404 
till 
K 

SUH 8.0iO 8.008 B.006 B.Oii 8.018 8.012 7.998 

12 

i.918 
.103 
.483 
• 027 

2.06l 
.423 

B.006 

2.9% 
.002 

1.C73 
.137 
.407 
.018 

2.102 
.463 

7.998 

12 

2.<iil 
,006 

1 . S'ii 
.113 
.4B~ 

.023 
2. 12G 

.373 

6.0ii 

CA 13.3£. CA 13.90 CA 13.7S CA 14.0S CA 13.30 CA 13.3t. CA 13,70 CA 14.2S Cli iS.57 CA 12.Si 
MG 71.S7 1'\G 70.34 MG 70.Sb HG 70.12 MG 72.53 MG 70.30 MG 76.~S MG 69.SO MG 70.72 MG 71.29 
Ft 1S.@7 FC 1S.7S IT iS.69 n: 15.84 FE 14.17 FE lS.83 FE iS.82 FE 16.2£. FC 13.71 n:: 16.28 

M: 1!2.61 M: 81.70 M: 81.31 M: Bi.SS tl: 83.6S M: 81.72 K: Si.67 II: 31.04 . 11: 83.76 K: 81.43 

SAMPLE HO. 

1 

DESCRIPTION 

07@33 
&7&73:AtJ, 
07973 1GT2 WITH 3P4 
070731Gl1 ~rm SP2~AXPH 
07083 

6 
7 
8 

O?i.43 
07163 
07173 

DESCRIPTIOH 

07173,.IHGH CR 1CA 1t1G GARNET 
07i33 



TA'BLC IV·S 
GARNHSUCCA~SE PERIDOT!TES - tlELTON WOLDU 

1 .. ., 
4 ~ (, r.;. " 

srn2 41.bO U.69 4i.SO ~i. 90 41.40 41.30 
n~ .2~ 'iii .i2 .07 • tf, .10 
hl203 21.40 21.66 2C.66 2i. 90 20.79 19.SO 
CR203 ~L7S 3.13 4.43 2.'J7 4.61 ~.l.9 

FEO B.9!. 7.76 7.bi a.ac 7.41 79.74 
KMO .3~ .31 J'I . " .3S .33 .30 
!iGO ~6.20 20.40 19.90 :-::o.u 19.BQ 19 .13 
CAfl .41 t,.9? s.so 4.94 ~.6~ ~.93 

· t!A20 .SS ND .OS .OS ND AO: 

''"" 
Ki!O 

TOTAL %.00 ?9.94 100. C4 160 .28 100 .11 163.01 

** AlOMIC PROPORTIONS B~SED ON SELECTED NO. OF OXYGENS ~* 

OXYGEN 12 12 12 12 12 12 

SI 3.0SS 2.975 Z.980 2.73S 2.971 2.265 
TI .813 .fiGB .006 .094 .6&9 .004 
AL 1.SS2 1.820 1.744 LS39 i.7Si 1.280 
CR .218 .177 .252 .l.67 .2i2 .247 
FE2+ .~92 .%4 .457 .~71 .~4S 3.245 
~N .021 .019 .020 .~21 .020 .GH 
MC 2.211 2.174 2.130 2.i34 . 2.118 i.Sbi 
CA .032 .382 .42~ .~77 .433 .349 
NA .P.07 .007 .007 .ODS 
K 

SUM 7.90i 8.020 S.019 S.011 8.014 8.970 

CA Lrn CA 12.bl. CA i4, 9b CA 12.62 CA H.S8 CA (,,16 

ttG B0.83 MG 71.9B MG 70.7b MG n.43 MG 70.59 MG 30.29 
FE i.7.99 n: 1S.3G Ft iS.Hl FE 1.S.?S ft H.S2 re i2. 95 

M: 81.BO tl: 82.~1 M: 82.33 ti: 81.74 ti: 82.64 M: 32,48 

~Ut SAtiPLE DIF.ECiORY *:~: 

SAMPLE NO. D£SCRIPT10N 5AHPL£ NO. DESC~IPTION 

-··-------· -·--------· ---------· ------·---- .... 

i 08053 6 83!23 .. 08063 c; _., 08073 . .., 
-1 09083 
s 0811'3 



TABLE !V-6 
OlI\lINESUCOARSE PERIDOTITES - HEBROMU 

1 " 
.,. 4 r. (, i e y 10 ,_ ... 

SI02 40.76 40.43 40.60 40.43 41.63 40.77 40.79 43.U 46.65 41. 06 
TI02 ND HD tlD ND ND llD ND 
AlW3 HD 
CR!03 MD ND 
FEO fL19 B.23 a.20 7.63 a. 77 9.79 8.71 3.84 7i43 s .. f3 
mm '69 .10 .10 .12 • 01] .09 '10 i,.' . ,_ .10 .11 
MGO SG.43 ~0.32 S0.29 '.>O.o9 S0.93 50.39 so' 09 49.67 ~0.94 SCt.49 
CAO ND .04 ND ND ND .04 ND 
NA20 ND 
~20 

NIO .36 .35 .41 .38 .39 

TOTAL 99.S~ 99. 43 99.23 9~.3~ 100.87 100.0l 1 oo. o~ 98. '/? 9'1'.12 100. ';;i 

it (lTOMIC PROPORTIONS N1SED OH SELECTED HO. OF OXYGENS ;i 

OXYGEtt 4 4 4 4 4 4 4 4 ~ 4 

SI • 99:; .992 • 99(, .991 .992 .99~ .995 .9V2 5'14 .99, 

H 
AL 
CR 
FE2-t .1.bi '16'l .ib8 .15(, .177 . 1n .17!l .1~ .152 .17i . 

MN .002 .0&2 .CG2 .002 .002 .002 .002 .3D3 .~02 .092 
MG 1.834 1.839 i.838 i.9S~ Ul2S 1.031 i.tl~ 1.830 1.C57 i .82G 
CA ,601 .001 
tt1\ 
K 
tu .fi67 .~07. .ooc .907 . ooc: 

!3Uil 3.nes 3.008 3.0S4 3.008 :uoa 3.006 3.005 3.coe ~.006 3.003 

fO 9i.6S fO '11. SS' FO 91.62 rt1 92.2i FO 91.19 FO 91.08 FO S'i.11 FO 90. 92 rn n.c FO 91.43 
th 8.35 Fh 8.4i FA S.38 FA 7.~'9 FA 8.01 FA 8.92 FA B.39 FA '1.0B FA 7.57 FA 3.57 

• 
Utt SAMPLE DIRECTO~Y U~? 

SAMPLE NO. DESCUPiIOH 51\MPLE NO. DESCRIPTION ____ .... _____ __________ .. 
--------- ---... -....... -- ....... 

i 07033 1G1 .u~z. 6 07163~CT.LHZ. 

" 670S3 ~GT. UIZ. 1 97173 ~GT. LHZ. ,_ 
.., 

07073~GT.LHZ . 8 67183~GT.LHZ. .., 
4 370G3 .• GT .LH:Z. ~ Q7023 .• LHZ. 
s 071A3 1GT .UIZ. 18 G~'043 1 LHZ. 



Tf;;BLE IV-6 
ouvrnr.:sncOARSE PERIDOTHES - HEBRON** 

11 12 

Sl02 40.83 40.42 
TI02 ND HD 
"L21J3 HD 
CR203 ND 
rEO B.39 10.67 
11~10 .11 .17 
NGO 53.68 48.74 
Ct.O MD .64 
MA20 
K20 
tno .~s .~4 

l'CTAL 100.~0 190 .39 

U ilTO!HC PROPORTIONS MS[]) ON SELECTED NO. OF OXYGENS t;¥ 

OXYGl::M I, ~ 

Sl .?92 .?93 
TJ 
Af. 
CR 
FE2i .170 .219 
fill .052 • 004-
llG 1.835 1.7B·1 
CA .001 
i'A 
K 
NI .DOi .007 

SUti J.oaa 3.007 

ro 91.SO FO 89.0b 
FA 8.SO fA 10.9~ 

t.tU StiMPLE DIRECTORY tti~ 

SAl'iPLE HO. DESCRIPTION SAMPLE NO. DESCRIPTION 

11 070&3~LHZ. 
1~ 07093~LHZ. 



i 

SI02 40.59 
Tl02 Ml) 
AL203 
CR203 ND 
FEO B.6C 
HNO .13 
!1GO 50.32 
CAO .84 
NAZO 
K2u 
MIO .39 

TOTf1L 100.0? 

OXYGEN 4 

SI .991 
TI 
Al 
Ck 
Ft2{ .17.l 
m~ .003 
MG 1.831 
CA .601 
NA 
·~ 

tU .603 

SUH 3.Dn9 

FO 91.2~ 
FA 3.7S 

SAMPLE NO. 

2 .. 
" 
4 
s 

W:!L[ l'J-7 
OLI\llNESUPORPHYROCLASTIC LHERZOLITE • HF.BRmm: 

.. J 4 ~ t ., a ~ ... I 

49,13, 39.96 40.75 4il.94 4G.7S 40.SB 40.72 40.67 
tm HD ND 

ND MD 
.04 ND MD 

10.40 i.2.20 ?.~3 9.2(:, ?,23 10.~S 9.35 ?.48 
• it,; I 11,; .iJ • i!; .12 p • <J .ii .11 

4B.S3 46.87 49.SS 49.SB ~9.60 48.90 49.18 49.67 
.o~ .16 .04 I D7 

.36 
.,, ,,,, ... 

99.71 99.70 99.71 99.9J 99.70 99.9S 99.37 99.n 

i* ATOMIC PROPORTIONS MSED ON SELECTED NO. OF OXYGENS U 

4 4 4 

.992 • 99(; .99fJ 

.08I 

.w:; .254 .iB? 

.033 .003 .003 
1.787 1.749 Ul10 

.002 .004 .COi 

.007 • CO& 

3.008 3.004 l.UH 

rn 99.27 FO 87.25 FO 96.S~ 
FA 10.73 F~ 12.75 FA 

DESCRIPTION 

C7103~PORP.1 
07103~MEOB.2 I~ PORr.1 
87103 J!EOB. 3 IN PORP. i 
07103!:,PORP. 1 
07103B!PORP.3-CHITER 

?.4b 

4 

1.001 

I Hl'i 
.003 

1.80l 

2.999 

FO 90.51 
FA 9.49 

4 4 4 4 

.99? .9rJ i.001 .~% 

.18S' .211 .192 .194 

.002 .003 .002 .002 
1.Bi.1 1.790 1.60:.: 1.c12 

.002 

:LOOi 3.003 2.1·1s 3.004 

re 90.St; rn £9.48 fQ 90.36 rn 9a.33 
FA ?.lib FA 10.52 FA 9.64 FA ?.67 

5AMPLE NO. DESCRIPTIOH 

6 
7 
B 

G7163B~PORP.3-EDGE 
C7103B~HEOB.2 IH PORP.l 
O'.'i93I;JiEOB.S rn PORP.3 
OJ103D)lLOfi.L HI PORP ,J 
D7in3B 1NEOB.7 rn PC~P .3 

in 

40.44 

11.62 
.1~; 

47.62 

99.Bi 

4 

1.001 

.249 

.003 
l..7$(, 

2.999 

fO 137. 'ii. 
FA 12.04 



TAB!.£ lV-7 
OLIVrnESUPORPHYROCLASTIC LHERZOLITE - HEB~GMa~ 

11 1~ 1~ 

SI02 40.32 4a.a 46.11 
HO~ ND N.v 
Al203 
CR203 t!D 
f EO 10.21 H.ib 10.89 
MrlO .i~ .13 ,1(. 

MGO 48.52 41.53 47.05 
CAO 
NA20 
K20 

TOTAL ?9.18 98.95 ?8.Bi 

~* ATOr.IC PROPORiIONS BASED ON SELECTED NO. OF OXYGENS ~i 

OXYGEN 4 4 4 

SI .998 .?99 L~13 
-TI 
Al 
CR 
FE2<· .2H .::!33 .227 
HN .G03 ,003 .ooz 
HG t.79G 1.765 i.744 
CA 
NA 
r. 

SU!i 3.002 3.oeo 2.987 

fO 09.44 FO ·8!L3£. FO 88.SO 
rA 10.Sb FA H.64 FA 11. SO 

itt$ 51\MPLE DIRECTORY f¥U 

SAMPLE NO. DESCRIPTlOI~ 5tiKPLE Im. DESCRIPTION 

11 C7103B!NEOB.B IN PORP.J 
12 07103P.!NEOB.? IM PORP.J 
il 671639 1 NEOB.i~ !H PORP.3 



SI02 39.83 
Tl02 
AL203 
CR203 
FEO 12.72 
mm .1~ 
MGO . 4'/,Sb 
CAO .Oft. 
NA20 
K20 

TOTAL 100.27 

OXYGEN 4 

SI .988 
TI 
Al 
Cl! 
FE2< .2M 
KN .003 
HG 1.ni? 
CA ,og1 
NA 
K 

SUH 3.012 

FO Bfi.95 
rn 13.0S 

SAMPLE NO. 

1 

TABLE IV-8 
OllVINESU:MEGACR.fSTS - HEI:RONU 

... '3 4 s L 
., 

8 9 &. I 

39.81 39.47 :W.33 39.19 39.46 38.BS 38.78 :m.s7 
ND 

ND 
12.77 15.41 15.47 iS.72 ib.00 17.52 17.Si ~e.15 

p ' .. .13 .13 .13 .1S .17 '1':; .20 
47.42 44.75 44.65 44.68 44.67 42.BS 42.64 41.34 

.OS .64 .04 .OS .04 ND .OS ND 

un .10 99.30 99.62 99.78 100.33 ?9.40 99.13 100.27 

u ATOMIC PROPORTIONS BASED ON SELECTED NO. or OXYGENS ** 

4 4 4 4 4 4 4 4 

.988 .995 .994 .990 .99~ .994 .99S .970 

.265 .325 .327 .33~ .337 .375 .Jn .'133 

.003. .OD3 .003 .003 .603 .004 .003 .OM 

1.754 1.681 1.68~ LbB3 1.t.74 1.634 1.630 1.582 
.Oei .001 .001 .001 .061 .001 

3.01~ 3.00S 3:G6l. 3.010 3.007 ::.ooi 3.00S 3. 010 

fO 36.97 fli 33,Si FO 83.72 FO S3.Si FO 83.2b FO 81.~4 FO 81.27 fO 78.S2 

FA 13.13 FA ili.19 FA 1b.2S Fir 16.49 f'~ il.74 FA 18.b~ HI 18.73 FA 21.43 

DESCRIPTION 3AMPLE NO. DESCRIPTION 

OL.9 
Ol.8 
OL'l 
OL.4 
OL.1 

6 
7 
s 
9 

10 

OL.10 
OL.3A 
OL.3 
OL.14 
OL.b 

10 

38.43 

20.12 
'17 . .. .., 

40.69 
.04 

99.Si 

4 

.9'JS 

.~3S 

.oos 
1.5&9 

.001 

3.CO':: 

FO IS.2B 
FA 2Ln 



TMU IV-B 
OlI\lH!ESiiMEGACRYSTS - HEI!RONti 

ii 1~ 13 14 1S 

tiI02 38.49 :s.s1 ~s.·22 39.08 3B.4i 
TI02 
lil.203 
CR203 
FEO ~O.?B 21.59 21.36 ~i.38 21.S.8 
MHO .22 .23 . • 2'5 • iS' . .21 
MGO 40.BB 40.51 39.91 39.89 40.13 
CAO ND ND .04 .Ol ND 

. HA20 
1(20 

TOTAL 10~.58 100.85 ?9,7B 79.60 100.34 

~* A°IOIHC PROPORTIONS BASED OM SELECTEll NO. OF OXYGENS U 

orn;n: 4 4 ~ 4 4 

51 .?89 .~190 .992 .?91 .?92 
TI 
AL 
CR 
n.21 .4Si .464 .4~4 .465 .466 
i'Ul • 00!; .oos .ooi:; .894 .cos 
HG 1.566 1.'..iSi i .545 1.$47 1.545 
CA .001 .002 
HA 
K 

5UM 3.0H ~LOiO :ucs 3.009 3.008 

FO 77.M FO 76.98 ro n.9a FO 76.88 ro n.u~ 
rA 22.lb F~ 23.02 FA 23.10 FA 23.12 FA 23.i8 

SAMPLE HO. DESCRIPTION 5M-iPLE MO, DESCRIPTIOM 

11 OL.13 
12 OL.11 
13 OL.S 
14 Ol..2 
1S OL.12 



TABLE l\l-9 
OR'fHOf'YROXfJIESt$COARS£ PERIOOT!TES - HEBROtlU 

1. ... .. 4 r £, 7 8 ~ 18 
I. .., .. 

SI02 56.76 57.04 56.Bb 'j"J,b2 57.32 57.07 'j7,3b S?.06 57.43 57.16 

no:: .H f~" MD .OS ND .OJ, ND .08 MD ND . " 
AL203 i.69 1.37 1, ~{1 1.Sb 1.64 1.62 L7Q 1.49 .?2 i.22 

CR201 .43 .40 .3~ ,1,7 .40 .64 '1"1 .32 .30 .31 a\lL 

FE.O s.~.9 
r. , ., 

S~32 4.98 S.49 S.35 S.S7 S.63 4.62 S.22 J.c l~ 

MNO .H .ii .10 ,i6 .1~ .11 .n .13 .12 .11 
HGO Z.S.78 34.74 34.SB ~S.07 34.51 ~4.81 34.74 34.56 3'5.72 35.83 

·cAO .41 .40 .40 ,4.(, .41 .43 ,3i .41 .19 .35 

l!R20 II( .O? .07 .~9 .e1 .Ofl .07 ~" ""; ND .06 .u. n'-'"' 

K20 

TOTAL iM.13 99.37 99.:?B iOP..40 100.03 ?9.SS i00.26 99.31 99.32 100.27 

ii ATOMIC PROPORTIONS BASED !iN !.iELECTED NO. or OXYGHffi it 

OXYGEH 6 b 6 b & b 6 & 6 6 

SI 1.939 1.969 1.%!. 1.967 '1.9bB i.967 i.96~ 1.966 1.977 1.9SS 
'fl .603 .no2 .Mi .C01 .002 
AL .C63 '056 .96S .063 .og ,{l(~ .%9 . Ol.1 .937 • C4S' 

CR .C12 .OH .016 .013 .011 .061 .099 .009 .008 .ooa 
f(2i .154 .i4B .1S4 .i.42 .iSfl .iS~ .166 .Hi~ .133 .150 

t'J{ .003 .003 .003 .003 .003 .003 .004 .004 .003 .603 

KG 1.822 1.708 1.782 1.735 i.769 i.7Stl i.Ti4 1.77S 1.333 1.B2S' 

rJ\ .tiS .UiS .OiS • 017 .OiS .016 .013 .DiS .007 .eu 
lt~ .063 .GOl • oo:; .OOL .oes .cos .oos .to? .og 
K 

sun 4.020 3.998 3.999 3.997 3.99S 4.liC1 3.?913 4.0Q2 4.MO 4.01~ 

CA .7S CA .ib CA .76 CA .87 CA .78 CA .Si CA .6B CA .78 CA ,36 CA .tis 
M& 91. Si MG 91.65 HG 9i.3S MG 91.82 MG 91. 10 HG 91. 31 l'iG 9i. i2 MG ~·~. 91 HG 92.90 tlG 91. 8~ 

f [ 7.74 FE 7.59 FE 7.39 FE i,32 FE e.12 FE ~,.BO FE s.:o f [ S.31 FE &.74 FE 7.51 

It: 92.21 ti: n.3s M: 92.0S ti: 92.62 H: 91.82 Ii: 92.% ti: 91.7';'; II: 91.62 ~: 93.23 rl: 92.44 

C: .82 C: .02 C: 8.., C: .93 C: .as C: .88 C: .74 C: .as C: .~8 C: .70 .... 

U:t~ SAMPLE DIRECiORY t¥U: 

SAMPLE NO. DESCRlPTlOM $hl'IPLE NO. DESC~IPTIOM 

--------· ----·--·-·--·· ·----·--·· ---··--·----·· 
1 07033.GT.LHZ. 6 071bl~GT.LHZ. .. 07053:.GT .LUI. 

., 07173:GT.LHZ • 
I. 

I 

3 07673:GT.LH.Z. a 07183~CT.LHZ. 

~ 07083,.GT.LHZ. ~ 07023,.lHZ. 
s o~>.i 43 ,. CT • LHZ • 10 07043 .. UIZ. 



TA~LE I\1-9 
ORTHCIPYROXENESUCOARSf. PElUDOTITES - HEBROHU 

H i~ 

3102 57.32. 57.97 
TI\k! .06 .13 
Al~'03 .~4 .04 
CP,203 ,2$ .rn 
FEO 4.90 7.~4 
r.no .1~ M» 
HGO 35.82 33.53 
CllO .Z' .SU 
HA20 • 6'5 • lib 
K20 HD ND 

TOTAL 99.24 99.75 

~ lll'OMIC PROPORTlONS BASED ON SELECTED NO. OF OXYGENS U 

OXYGGl (, I 
I.I 

SI i .. 9B6 2.009 
n .002 .003 
AL .018 .002 
ll .on1 .oos , 
F£2+ .142 .2i0 
HH • 00'1 
MG 1.344 i.732 
CA .010 .C22 
Nf.I .003 .004 
K 

~UM 4.008 3.987 

CA .so CA l.10 
HC 92.41 MG aa.21 
ft 7.89 re 10.69 

H: 92.87 H: 89.19 
C: .S4 C: 1.23 

SAHPLE NO. DESCRIPTION SAl'i?LE NO, 

U 07063.LHZ. 
12 07093:.LHZ •. 

O::SCRIPTION 



.·~. . . . 

Tl\l:U IIJ-10 
ORTBOPYROXENESUPORPHYROCLASTIC LHERZOl.HE - HEBBONtt 

1 . " 
., 4 s (; .. s 9 1D .. " I 

S!02 SS.SS S8.ii6 57.2tl 56.54 56.97 56.08 S'J.82 sa.oo 5B,13 SB.21 
TIO~ .18 

,., .42 .47 .26 ,.., .ii • i lj .rn .13 tLt.t "" 
AL203 . 17 .15 .?4 1.49 .Sb i.b9 .15 .i7 .16 .15 
CR203 .21 .,,, ...... .28 .2(, .,,, 

•'-'- .46 .2~ .2i .18 .20 
F£0 s.22 S.i.6 S.45 s.:m 6.48 7.36 5.34 S.S7 5.Si 5.39 
ifl'!O IW .1;: ND NJ! .14 , ii, .13 .15 .iS .13 
MGO 35.·H 34.90 32.16 :a .bb :n.3o 31.73 34.92 34.77 34.69 35.16 
CAO ,48 .48 .98 1.21 1. Oi 1.17 .4? .41 .49 .4l 
NA20 .08 .07 .14 "lj\ 

1l .• • .14 .15 .OB .10 .O? .07 
1:20 Nl) 

TOT Ill 100.bS ?9.29 iOC.SS i00.~2 99.0B ?B.49 99.26 99.61 ?9.SO 99.90 

it ATOMIC PROPORTIONS BASED OH SELECTED NO. Of OXYGEH:: U 

OXYGEN 6 b 6 6 6 6 b b b· 6 

SI 2.001 2.004 1.931 1.968 1.988 1.978 1.999 2.000 2.0GS 1.999 
Tl .oos .003 .011 .812 .007 .CH ,003 .004 .003 .003 
.AL .~(17 .OOl .038 .061 .023 .04S .ooi .507 .007 • 006 
CR .606 .006 ,008 .007 .0% .OH .006 .ao6 .oos .005 
FE2~ .149 .149 .245 .244 .W'l .217 .!54 .161 • i)S' .1S~ 

KN .C04 .004 .004 .004 .U04 .004 .004 
tiG i.797 1.795 1.608 1.642 1. 'l32 1.668 1.799 L7il7 i.7G3 1.GOO 
CA .018 .613 .036 .045 .038 .M4 .OiS .OH! .018 .017 
NA .oos .ons .GO? .C13 .On7 .010 .oos .~07 . .OC& .005 
K 

SlfM 3.989 3.987 3.989 J.9Y3 3.9% 3.989 3.99S 3.993 3. 'l?e 3. 9'i'4 

CA .89 Cl\ .76 CA 1.87 CA (! .:~4 Cll i.93 CA 2.29 c~ .?2 CA .92 CA .92 CA .86 
11G 9LS4 t!G 91. SO MG 85.52 MG SS.03 tlG 08.42 HG 8L.4!:i MG 9i.2S Ki; 90.91 l!G 90.?? MG 1Ji ,21 
n 7.57 Fr 7.59 FE 12.61 FE i2.63 FE 9.66 f~ 1i.2S FE 7.33 FE 8.17 FE 3.11 FE 7.SS 

H: 92.37 ti: 92.34 Ii: 87.1!:i H: 87.07 Ii: 90. H, M: 88.48 K: 92. 10 M: 91.7':i H: 91.82 Ii: ?2. CB 
C: .96 C: .78 C: ~.14 C: ~.67 C: 2.13 C: ~.sa C: i. 00 C: LOO C: 1.01 C: .n 

Uit1 SAMPLE DrnECTOR'f :u:~:t: 

SAMPLE NO. DESCRirTION SlifiPLE NO • DESCRIPHON 
.. -------·· __________ .. -··-·----- .. --- ... ·--...... -..... 

1 07163 1PORP. i I, 07163,NtOB,14 IN PORP.12 
" t7103 1PORP .12 .. 07103B .• PORP. i CDITER .. I 

. ., C71C3,NEOB.2 IN PORP.1 8 07i03It,PORP.i EDGE ., 
4 0710J 1NEOB.3 IN PORt.1 ~ 671031: .• PORP • (, 
'j 07iCJ,NEOB.i3 IN PORP.12 18 07i03F 1PORP.19 



T?:BLE lV-!O 
ORTHOPYROXENESUPORrHYROCLASHC LHERZOLITE - HEBRONU 

11 12 13 14 i!; 1£. 17 18 19 2G 

Sl02 58.10 56.32 51.37 'J/.4S 56.14 S6.8S $6.64 56.65 'J7. iS Sfdl6 

no~ 4., 
... v ."3~ .25 .2~ .38 .38 .30 .14 .19 .13 

AL.203 .16 LOS .59 .Si Lib .SS .B2 1.54 1.0S i.50 
CR20~ .20 .19 .23 .?..£. .19 ,,., 

.~, .17 .58 .63 .74 
FEO S.43 7.72 6.58 6.39 a.&7 6.72 7.1~ S.Si S.bi S.37 
tlNO . "4 , 1(, .1S . iii .1S .14 .1l 1 {" • J it' ... .14 

HGO 34.98 32.81 33.~2 33.69 31.39 ~2.39 33.0G 33.61 33.83 33.76 
CAO .4B 1.20 1. 00 . 7;, 1.18 1.1L .89 .9S .91 .n 
NA20 .08 .14 .10 .12 ND .iS .10 .!S .13 .15 
K20 ~!) 

TOTAL ?9.70 ?9. 15 99.59 91/.S'i 99.17 98.91 99.24 ?9.2B 79.13 99.SB 

** ATOMIC PROPORTIONS BASED ON SELECTED NO. or OXYGENS *t. 

OXYGEN 6 6 6 6 6 6 6 6 b 6 

SI 2.000 1.976 1.991 1.S'92 1.972 1.989 1.979 1.966 i.976 1.96b 
TI .003 .009 .007 ,007 .OiO .016 .ooa .004 .805 .603 
AL .OOb .043 .024 .021 .648 .83S .034 .&63 .0~3 • OL.1 
CR .oos .oos .006 .007 .oos .007 .065 .016 .019 .020 
FE21 .!Sb .227 .i9i. .!SS .237 .197 .209 .ibO .1&2 .lS':i 

tiN .004 .ons .G04 .004 .004 ,004 .oos .004 .004 .004 
11G 1.795 1.674 1.723 1.741 1.670 1.689 i.718 1.738 i.7~2 i.140 
CA .om .045 .037 .627 .044 .043 . o:n .03S .034 • 034 
HA .ens .C16 .007 .oee .010 .CG7 .010 .MS' I 010 
K 

SUii 3.993 3.995 3.991 J,992 3.992 J.9S';; 3.997 3.9% 3.'193 3.99'.i 

CA .96 CA ~.32 CA L9i CA 1.39 CA 2.28 CA 2.25 CA i.10 CA 1.83 CA i.74 CA 1.79 
tu; 91. i6 !'[; 96. 04 HG 88.31 KG 3?.13 MG 85.57 KG 87.SS tlG 87.63 Mt; 89.90 HG 8'? .90 iiG 90.ii 
rE 7.94 FE 11. 64 FE 9.79 FE 9.49 FE i2.1S FE 10.1? FE 10.67 FE S.27 FE B.37 FE 8.0S 

tl: 91. 99 ti: 88.88 M: 90.02 ti: 98.38 X: 87.57 n: s9.S7 I~: 89.lS M: 91.58 M: 91.49 M: ?1.01 
C: .98 C: 2.62 C: 2.11 C: 1.S3 C: 2.S9 f'. .,, 2.Sj C! 1.90 C: 1.99 C: 1. 90 C: 1.94 

U~t SAliPLE DIRECTORY nu 

SAMPLE NO. DESCRIPTION :iAMPLE tW. DESCRIPTION 
-------- ----------- --------- ---------··-

ii 07i63B 1AV.PORP.OPX 16 07i 03B: MEOB. B HI PORP • b 
1~ 07103B 1NEOB.3 IN PORP.1 17 07103B,HEOB.26 IM PORP.19 
13 07103B 1NEOB.4 IN ?ORP .1 1S C7103B1RIM orx.9 IN CPX.1 
14 07103!\ .• NEOD.S IM PORP.1 19 C1103B~Rrn OPX.rn HI CPX.2 
15 07i03B~NEOB.7 IN PORP.b :::c C7103B,RHI OPX.15 AHD REXTALD. 



TABLE IIJ··iO 
ORTHUPYROXEHESU:PORPHYROCLASTIC LHERZOLITE - HEBRONU 

21 22 23 

SI02 55.32 Sb.40 '36.59 
TIO~ ."J7 .12 Ii S' 
llt203 LOb .?3 1 'i" •'-' 
C:R2.0J .S? .n I (,3 

FEO 6.SO 6.28 b.43 
NMO .15 .14 .13 
tf GO 32.80 33.39 33.0S 
CAO 1.13 i.11 1.17 
HA20 .16 .16 .17 
K20 

TOTAL 7S.3a 99.31 99.63 

*$ A10iUC PROPORTIONS MSEfJ ON SELECTED NO. OF OXYGENS ii 

OXYGEH 6 (, L 

SI 1.954 i.969 1.967 
TI .910 .CQ3 .oo~ 

AL .044 • o:rn .CS2 
CR I 01!. .020 .017 
f E2+ .~61 .183 .187 
tm .904 .004 .904 
MG 1.127 1.ns 1.712 
CA .843 .041 .044 
NA .011 .OH .OH 
K 

SUK 4.Hi ~.uns 3,)'99 

CA 2.17 CA 2.12 CA 2.24 
l'IG 87.63 llG SB.S4 MG BB.13 
rt 10.20 FE 9.34 rr 9.62 

M: 89.SB 11: 90.45 tl: 90.16 
C: 2.42 C: 2.33 C: 2.48 

nu Sfi!i~l.E DIRECTORY un 

SAMPLE MO. DESCRIPTION SAMPLE !ID. DESCRIPTION 
---- ·----· ----------· _______ .. ___ 

21 07103B~NEOB.i6 IN RIM OPX.15 
22 01103B~NEOB.17 HI Rm orx. ts 
23 07103B~NEOIL18 IN P.IK OPX.iS 



TAl!LE !\1-11 
GRTHOPYROXENESiiMEGACRYSiS-HEBRON*~ 

1 2 3 4 s (; ., a 9 10 I 

SI02 S6.G2 56.0S 55.72 SS,'H SS.98 Sidi SS.34 S6.91 Sb.113 56.21 
TI02 ?"1 ........ .21 .22 .20 .zo .24 .21 .13 .H' .15 
Al.203 1.02 .?4 1. 19 '~'0 .7B LH 1.20 .68 .61 "1'1 ..... 
CR20l tm MD ND ND HD ND ND ND ND ND 
FEO 16.79 11.02 H.10 H.i6 11. 01 11.20 ii.~6 11.71 12.10 12.40 
MMO • .13 .13 .!4 .14 .14 r' . " .13 .13 .iS .16 
liGO 30.43 30.83 30.75 30,93 30.49 :rn.37 30.37 30.59 30.23 30.52 
CAO .9i .sa .91 .a7 .st. .98 !JO .83 .34 .69 
MA2Q .15 .iS 1'' ' I .16 .!3 .16 .16 .16 .10 .C6 
lt20 

TOTltL ?9.MI mo. 30 100.21 100 .19 99.60 100.23 100.02 101.20 100.41 100.47 

a~ ATOMIC PRGPGRTIONS BASED ON SELECTED NO. OF OXYGENS ii 

OX'tGEN 6 6 6 6 6 6 b 6 6 b 

SI 1.980 1.972 i.%4 t.972 i.982 l.97[, i.971 1.?B7 1.9!32 1 , S'tlS 
TI .006 .006 .006 .oos .eos .&06 .G66 .605 .ODS .no4 
l\L .G4~ .039 .049 .03~ .633 .04li .oso .028 ,(12~ .GU. 
CR 
f[2{ • 31 S' .324 .327 .32S' .326 .330 .331 .342 .35~' .U,£, 
MN .C04 .604 .004 .004 .004 .064 .cn4 .304 .~04 .DOS 
11G 1.603 1.619 1.6iS 1.62!: 1.60'7 1.594 1. SS'fJ i.592 1.S?O 1.Mlb 
c~ .034 .033 .034 .033 .033 .034 .034 .G31 .032 .626 
NA .010 .010 .u~ .011 .co~· .OU .011 .011 .097 .OM 
K 

SUM 3.993 4.G07 4.CH 4.012 4,001 4.000 4.004 3.999 4.003 4.oon 

Cr1 1.76 CA l.Mi CA 1.74 CA 1.65 CA 1.66 CA 1.73 CA 1.73 CA 1.SS Cli 1.6i CA 1.31 
MG Bi.93 ilG BL92 MG 81. 7i HG 8i. 79 t1G SL 77 HG Bi.42 KG BL42 tlG 8L02 HG B0,3~ HG 36 .37 
FE 16.30 FE 16.40 FE 16.SS fE 16.56 FE i6.'57 FE 16.SS FE 16,35 FE i'l.40 FE Hl.CS FE HL32 

ti: 83.40 ti: 83.32 M: 8'..Llf: M: a:U.6 M: 33.iS H: a2.er, M: 82.fi!: Ii: 82.32 M: 81.M. ·tt: 31.43 
C: 2.10 C: 2.81 C: ~.OB C: i.98 ". ". 1.99 C: ~.09 C: 2.C9 C: i.91 C: i.96 C: 1.68 

;tii SAMPLE 'DIRECTORY uu 

SAMPLE HO. liESCiUPTIOH :>AMPLE NO. DESCRIPTION 

---------- ---- ... _____ ,. ----·--..-... --- .. ·-··-·-· ...... 
i OPX.8 6 OPX.9 
" OPX.15 

., OPX.13 ... I 

3 OPX.6 s OPX.iS 
~ orx.u 9 orx.s 
t' 
J OPX.16 19 OPX.3 DIFFERENT SPOT 



Tt1l!LE IV-H 
ORTHOPYROXENESi*l'iEGACRYSTS-HEBRONU 

11 1~ 13 14 1S ii, 17 18 1S' 20 

SI02 Sb.64 SS.32 SS.77 SS.79 SS.94 ~S.29 SS.23 · SS.Sil 53.78 S3.S9 
TI02 ,1(, .18 ,,~ 

''-~ .!8 .19 .B 1., 
' I .i? .Ob ,07 

Al.203 .27 .76 .76 .02 .'17 .?6 .82 .82 2.92 2.86 
CR203 ND ND HD ND ND ND tm ND .OS NI> 

FEO 1.2.39 12.53 12.48 12.49 12.~S 1:LC4 13.3S 13.43 ib.Z2 16.!S 

KNO .14 .it. .15 .15 .16 .i? .ii .18 .23 'l"I ,,_, 
MGO 30,27 36.0~ ~.73 29.32 29 .41 ~B.87 28.99 28.Si 27.0i 27.21 

. CAO .69 .SS .90 • 91., .91 .n .93 .95 .39 .30 
NA20 .10 .!1 .12 .12 .15 .16 .!S .18 ND ND 
K'ii 

T0Tt1L 130.67 109 .~B 100.13 99.34 iOC.i? '?9.S3 99.82 99.81 100.67 i00.47 

~t ATOMIC PRGPORTIOHS BASED CH SELECTED NO. Of OXYGEH~ ai 

OXYGEN 6 b b 6 6 b b b b b 

S! 1.994 1.974 1.978 1.934 1.9S4 1.9''16 L974 1.98S 1. 92'7 1.n, 
Tl .OM .OBS .006 .oos .cos .ocs .oos .OGS .002 .002 
AL .011 .63~ .G32 .934 .032 .Ml. .BS .03S .123 .121 
CR • 001. 
FE2• .365 .3'11 .370 .371 .37S .310 .39fJ .401 .4S!. .405 

i'iN '00.IJ .oos .oos .sos .GOS .065 .oos .ODS .007 .608 
MG i.ssa 1.583 1.572 1.SS4 1.SS4 1. 51~ 1. 545 1.SiS 1.444 1.457 
CA .026 .033 .034 .037 .035 .036 .036 .036 .815 .012 
NA .007 .0~8 .008 .038 .010 .Oii .018 .012 
~ 

SUM 4.000 4.0fi? 4.004 3.95'8 4.00C ~.00~ 4.009 3.999 4.063 4.012 

f.A 1.32 CA i.68 CA 1.'?3 CA. i.36 CA 1.76 CA 1.81 CA LBCI CA i.86 CA .77 CA .S9 
MG SD .2S HG 79.67 HG 79SJ liG 79.20 tlG 79 .14 HG 78.33 l!G 7B.03 MG 77.t.2 llG 74.22 MG 74 .r:,7 
FE 18.43 FE 1EJ.6S Fr iB.7·1 FE 18. 93 FE 19. in FE l.9.BS FE 20.17 FE 20.52 FE 25.01 FE 24.84 

H: 81.32 i1: 81.~3 H: 80.93 ti: 80.71 H: BO.Si. ii: 79.78 H: 79.46 K: 79.09 K: '/4.79 M: 7S. Oi 

C: 1.6! C: 2.06 C: .., (7 

'"''"~ C: 2.30 C: ~.18 C: ~.26 C: ~.25 C: 2.34 C: 1.03 C: .79 

itu SfiHPLE DIRttTORY :uu 

SAf!FLE lie. DESCRIPTION 51\K?LE NO. DESCRIPTION 
-·------· _________ ...... 

---·------ ---· .. ------.... 

ii OPX.3 16 OPX.14 
1~ OPX.17 17 OPX.1~ 

13 OPX.10 1n OPX.'l £U 

1~ OPX.2 19 OPX.1 - 15 OPX.4 ~o OPX.1 DIFFERENT SPOT 

I 



HllilE I\1··12 
ORTHOPYKOXEHES~*COARSE ?ERIDOTITES - MELTON WOLDti 

i l'j 'T 4 s 6 ... " 

SI02 SB.20 58.36 S7.90 SB.40 SB.10 SB.01 
TI02 .98 .66 .SS .o~ .a1 .04 
?1L203 .n .71 .94 .72 .b1 .71 
CR203 .2(. .24 .28 .18 .w •tt• 

t\JJ 

rEO S.29 5.07 S.H1 S.32 4.73 S.01 
HNO I GS' .oa .10 .10 .67 .08 
MGO 35.30 35.70 35.SO 3S.60 36.10 35.90 
CAO .3S' ,38 .£7 .43 .3!. .3a 
HA20 .u .08 .OB .06 .09 .99 
K20 ND t!D ND ND ND ND 

TOTAL 100.94 100.63 100.69 100.86 100.48 100.SB 

ii ATOMIC PllOPORTIOMS Bf:SED OM SELECTED MO. or OXYGr::Nn ~ 

OXYGEN b 6 6 6 6 6 

SI i.979 1.98S 1.974 1.98(. 1.979 1.977 
TI .OG2 .002 .001 . oos. .002 .001 
AL .C2S .023 .038 ,02? .027 .029 
CR .007 .OG6 .oos .005 .ooa .089 
FE2-i • i.50 .144 .147 .151 ,iJS .143 
KN ,OQ3 .002 .on3 • 003 .002 .002 . 
11G 1.£14 1.Bii 1.804 1.S04 i.OJ3 1.824 
CA .eH .014 .624 .016 .013 .ti4 
NA .801 .c~s .ous .&04 • one, ,(10£ 
K 

SUM 4.00~ 3.9?~ 4.065 3.999 4.005 4.00t 

CA .. ,, ,, ... CA .70 CA 1.24 CA .79 c~ .bb CA . ;~o 
KG 91.66 tiG 91.97 MG 91.31 MG 91.S3 HG 92.S:~ MG 92. G9 
FE 7.60 FE ~ ;7 

I • "" 
FE 7.45 FE 7.68 FE 6.80 FE 7.21 

M: 92.34 M: 92,62 M: 92.4£. ti: 92. 26 M: 93.15 tl: 92.74 
C: ,;a C: • 'lb C: 1.34 C: .8b C: .71 C: .76 

it.ti SAHPLE DIRECTORY *#.U 

S~l-lrLE Mu. DESCP.IPilON $AMPLE NO. DESCRIPTION 
---------- ----- .. ·----- -· .. ----·-- ...... ·---.. ·----·~ .. 

1 68053 .·GT. LHZ. 6 08123 1GT.LHZ. 
2 080631GT.LHZ. 
3 08073 .• GT .Utz. 
4 OS083 1GT.LH1. 
s 08113,GT.LHZ. 



TABLE IV-13 
CLINOPYllOXENESitCOARSE PERlDOTl TES - HEBRON$* 

1 .. 3 ~ s b 
., 

8 9 10 I. ' 

SI02 52.97 53.47 53.56 54.27 54.30 ~4.34 54.34 54 .11 53.87 54.77 
TIO~ .2~ .22 .06 .04 .Ob .2S .12 .O? .ib .25 
AL203 3.54 3.37 :::.37 2.73 ~.81 2.22 3.52 1.98. 1.-~2 2.04 
CR20~ i.7~ 1.67 1.l.9 1.29 1.37 .93 1.39 3.50 i.3? 2.20 
FEO 2.26 2.29 ~,17 ~.26 2,30 2. 10 2.49 2.15 2.00 2.69 
ff NO .09 • 06 .69 .09 .09 .Ob • 6t;' .12 .10 .12 
!1GO i6.1S 16.00 16.90 16.26 16.0b 17.29 16.09 18.41 16.82 17.09 
CAO 1 <J .'19 20.24 22.01 21.57 21.11 21.SB 20.23 18.44 21.SO 1.9' !ii 
NA20 2.13 2.47 1.SO 1.70 1.63 .9S .. .,~ ""'' ..,., 2.C7 1.:n 2.31/ 
K20 HD MD ND ND i4D 
mo .OS 

TOTAL 99.16 99.~ 99.% 100.22 99.74 100.02 100.60 101.47 99,57 101.17 

u ATOlfiC PROPORTlOHS f.t1'iS£D Ott SELECTED rm. Of OXYGENS ;$ 

OXYGEN 6 6 6 -6 6 6 6 6 b b 

SI 1.935 1.943 1.948 1.962 1.%9 1.964 i.9'jS 1.950 1.%7 i.%4 
TI .007 .006 .092 .no1 .002 .007 .003 .602 .C04 .0~7 

AL .1S2 .144 .102 .Hl .120 .C9S .149 .083 .oa .0!.16 
CR .OSi .648 .034 .037 .039 .027 .640 .699 ,OSS .062 
FE2·1 .069 .070 .066 .068 .070 .663 .~7S .864 .061 I 081 
MN .803 .002 .003 .003 .003 .OG2 .003 .004 .003 .004 
MG .881 .Sb(, .ni .sn .B&2 .931 .863 .?78 • 91':; .9i3 
CR .73:! .738 .B58 .336 .820 .847 .780 .704 .841 .754 
NA .1Sl .174 .1.06 .H<J .us .867 .16~ .143 .123 • ibli 
K 
tH .001 

SUH 4.032 4.042 4.035 4.020 4.0C7 4.002 4.029 4.028 4.nlS 4.o:m 

CA 45.17 CA 4S.11 CA 46.62 CA 46.94 Cf.! 46.66 CA 46.00 CA 4S.U CA 40.33 CA 4t..23 CA 43.12 
tlG SO. 85 MG 50.26 HG 49.79 KG 49.22 MG 49.3'/ MG SO.Sb MG S0.24 HG Sb.06 MG 50.36 MG 52.27 
FE 3.99 FE 4.04 FE 3.59 FE 3.SJ. FE 3.97 FE 3.45 FE 4.35 F[ J.67 f[ 7 ,, 

W111,.1i)- FC 4.£,2 

fl: 92.73 H: 92.S7 11: 93.2E M: 92.76 M: 92.56 ti: 93.62 11: 92. 04 M: 93.85 M: 93.74 fl: 9Lf!3 
C: 47.&4 C: 47.bJ C: 48.36 C: 48.82 C: 48.59 C: 47.6-4 C: 47.48 C: 41.87 C: 47.39 C: 45.21 

it~t SAMPLE DIRECTORY i;~i 

SAMPLE NO. DESCRIPTION 5rrMPLE MO. DESCRIPTIOW 
----------· ----------·· --------- ---.. --··--·--

-1 07033.GT.LHZ. 6 07i73!CT.LHZ. 1+AMPH,SP,GT 
2 07853,GT.LHZ. 7 C7193 1GT.LHZ. ., 07073 1GT. LHZ. 1CPX .3+SP. 5 a 07023~LHZ. 1 +SP~PHL " 4 07i43 1GT .UIZ. 9 G7063 1LHZ. 1 CPX.3~RELICT CORE 
s 67ib3!GT.LHZ, 10 J7063iLHZ. 1CPX.1tSP.1,PHL,1 



11 

SI02 S3.32 
noz .34 
AL203 2.72 
CR203 2.s2 
rEO 2.64 
HMO HD 
liGO i7.0B 
CAO 13.25 
NAW 2.94 
K20 ND 

TOTAL 98.93 

OXYGEN 6 

SI 1.949 
n .08? 
Al .117 
CR .on 
FE2+ .081· 
l'IN 
HG .930 
CA .7iS 

.HA .145 
l( 

SUM 4.019 

CA 4L4I 
MG 53.91 
FE 4.bS 

H: 92.02 
C: 43.45 

SAMPLE NO. 

TAIU I'J-i3 
CLINOPYROXENESt:~COARS£ PERIDOTITES ~ HEDRotm1 

12 

53.92 

.2i 

.OS 

tm 
lS.i? 
2~.2S 

1.72 
ttD 

93.86 

M AlQiHC PRGPORTIOitS MSED OM SELECTED NO. OF OXYGENS U 

6 

1.995 
• Ott£. 
.U09 
.002 
.iiS 

.838 

.832 

.123 

4.0iS 

CA 43, 01 
MG 4S.S9 
f [ l..40 

K: 87.69 
C: Si.29 

~i;a SA!1PLE DIRECHlRY nu 

DESCRIPTION SAMPLE UG. 

11 07663~LHZ. 1CPX.4+SP ,PHL 
12 .07093~LHZ. 

DESCRIPTIOM 



TsnLE IV-14 
CLINDPYROXENES¥tPORPHYROClASTIC U!ERZOLITE - HEBP.ONU 

i .2 3 4 s (; '1 
I 

SI02 '.iS.iS 54.77 SS.St 54.61 54.64 S4.77 54.09 
TIC2 .21 .S1 .27 .ib .18 .17 .61 
AL203 .bi 1.32 .M .bO .59 .bi. 1.99 
CR203 2.57 2.ii 1.98 2.94 2.65 2.eo 1.?S 

FEO 2.31 ... ,...., 
"'"JI ~.Ja ~.22 2.40 2.26 3.75 

ttHO tm tm tm .14 .10 .12 .14 
l'iGO 16.32 17.30 16.72 16.29 16.44 ib.33 11:2& 
CAO 21.02 18.80 21.42 20.45 20.48 20.19 18.56 
NA20 LS9 1.4/ 1.47 2.07 i.63 2.00 i.67 
K20 ND ND ND ND HD 

TOT/il 99.80 99.93 100.41 99.49 99.32 99.25 100.02 

tt ATOMIC PROPORHOMS MSED ON SELECTED tlO. OF OXYGEN:J **· 
OXYGEN 6 6 6 6 6 b 6 

SI 2.BOS 1.98~ 2.084 1.996 1.998 2.003 1.962 
TI .606 • Oiii .007 .804 .&OS .ODS .017 
AL .026 .OSl: .027 .026 .02'.i .026 .oas 
CR .074 .060 .057 .OBS .077 .081 .OS6 
FE2i .070 .108 .072 .063 .073 .G69 .114 
MN .004 .033 .004 .004 
MG .304 .934 .908 .887 .996 ,[)90 .933 
CA .8i9 .no .829 .801 .803 .791 .721 
NA .112 .103 .103 .147 .130 .142 .117 
K 

SUM 3.99(, 3.993 3.999 4.010 4.011 4.fJ10 4.010 

CA 46. HI CA 41.18 CA 46.03 CA 45.bi CA 45.29 c~ 4s.20 CA 40.30 
HG 49.86 t\G S2.7i HG 49.98 ~G 50.53 MG S0.57 MG SO .S~ MG 52.77 
rE 3.96 FE 6.10 FE 3.99 FE 3.86 Ff. 4.14 FE 3.95 FE b.43 

h: 92.04 H: 89.62 H: 92.60 ti: 92.99 Yi: 92.43 H: 92.79 ii: ()9.13 
C: 48.68 C: 43.86 C: 47.95 C: 47.44 C: 47.25 C: 47.0b C: 43.60 

~iii SttnPLE DIRECTORY iiu 

SAMPLE NO. DESCRIPTION 5AMPLE NO. DESCRIPTION 

---------·· 
__________ .. ------·--

____ .. _______ 

1 B7103~LHZ.)CPX.1 6 07103ILLllZ. )CPX.3+0PX RIM 
2 07iC3,LHZ.)CPX.2 7 67103ll)LHZ •.• CPX. HOPX. 1 S RIM 

3 . 07i03!LHZ.,CPX.3 
~ 07103B!LHZ.)CPX.1+0PX.9 P.IH 
s 07103B!LHZ.,CPX.2iOPX.10 RIM 

-



TABLr g1-15 
ClIMOPYROXENES~iCOARSE PEHDOT!TES - H£l.TOP. ~OLD;i 

1 ... '7 i; 5 (;, c. tJ 

sro2 SS.00 SS.10 54.70 SS.?O SS.70 ss.oa 
TI02 .27 .H .Ob .11 1'' . (.. .06 
AL203 2.68 ~.56 i.6S 2.31 2.06 2.31 
CR203 1. <Jl. 1.61 1.07 1.33 1.64 2.1G 
FEO 2.48 ~.~1 2.47 2.56 2.20 2.3n 
HNO .07 .o~ .09 .08 &" ' I .09 
11GO iS.70 HdO 17.69 ib.40 !b.30 16.10 
CAO 19.56 2n. 10 21.eO 20.10 2C.40 19.90 
NA20 2.59 ~.20 1.18 2.01 2.22 2.17 
K20 ND ND. ND tlD HD ND 

TO Till 100.26 iOD.OS 99.86 100.M. HO. 72 103 .10 

¥* 1\101-ilC PP.O?ORTIOMS BASED OH SELECTED NO. or OXYGENS ** 
OXYGEN 6 6 6 6 6 6 

SI i.9H3 1.987 1.930 1.997 1.997 1.986 
Tl .007 .003 .002 .603 .003 .002 
Al .H4 .109 .072 .698 .007 .093 
CR .05b .646 .031 .038 .046 .062 
FE2~ .075 .067 .075 .077 • Obi. .069 
tlN .002 .002 ,(163 .002 .OG2 .063 
MG .644 .86~ .949 .37l ,{l7i .866 
CA .753 .777 .815 7'1') 

' IL. .784 .77C 
HA .Uli .15~ .fi83 .iitC .154 .152 
K 

SUM Ii.Hi 4.Cie 4.809 4.003 4.011 4.00, 

CA 45.06 CA 4S.4b CA 44.30 CA 44.76 CA 4S.5S CA 45.i4 
MG SO .4t. KG 50.64 He 51.64 MG 50.79 HG 50.62 t!G so I 7? 
FE 4.47 FE 3.90 FE 4.07 FE 4.45 FE 3.83 FE 4.&7 

H: 91.36 ti: 92.BS ti: 92. 70 ti: 91.95 M: 92.96 M: 92.58 
C: 47.17 C: 47.39 C: 46.17 C: 46.84 C: 47.36 C: 47.0S 

;ni SAMPLE DIRECTOR\' :u:;t 

S!IMPLE MO. l>ESCRIPTIOM SA/IPL£ NO. DESCRIPTION I 

---------· ---·-------
._ ... _ .... ___ ... ,~- ------ _____ , 

i 080S3!GT.LHZ. 6 68123 1GT.LHZ. 
2 08663,GT.LHZ. 

.3 68073 I GT. UIZ' 
4 98633 1GT.LHZ. 
s CBH3!GT.LHZ. 



· ittliLE IV-ib 
SPINELS*~COARSE PERID01ITES -HEilRONU 

1 ~ l 4 s (; 1 a 10 

SI02 
Tlil~ .ES .31 .25 .30 .3~ .24 .2~ . i 9 .12 HD 
l'\L203 H3.86 20.7? 20.53 ~c. ac 20.79 20.26 HUl2 19.98 22.73 S6.3b 
CR203 4l.23 4S.i9 44.% 4S.&~ 45.27 44.tS 46.54 46.01 43.58 i2.96 
FEO 18.91 19.$6 19.02 ~.?.92 19.48 rn.n 18.23 20.03 19.42 B.70 
ti NO .42 ,f,O .SS (;'' .... s<• ' I SI .70 .65 .S7 
ti(;O 13.SS i3.i2 13.0S 12.99 13.16 12.93 13.bS 13.04 13.33 21.BB 
CAO 
NA20 
K20 

lOTAL 'itl.88 99.67 98.39 99.65 99.bi 96.89 98.16 99.90 99.75 99.91 

U ATOMIC PROPORTIONS BASEii OM SELECTED NO. Of OXYGENS ii 

OXYGEN 4 4 4 4 4 4 4 4 4 

SI 
Tl .02i .967 .eob .007 .ooa .006 .005 .oos .003 
(IL .706 .770 .769 .771 .770 .771 .713 .742 .633 1.71~ 

CR 1. 161 i.123 L13C 1.120 1.12~ 1.126 1.178 1.147 1.071 .265 
FE2~ .S02 .S17 .586 .S24 .512 .SfiS ,4S8 .S28 .50$ .138 
tiN .011 .e16 .Oib .017 .Hb .~16 .019 .017 .OiS 

I 
ttG .M3 .614 .618 .609 .bi(, .622 .bS1 .bl.3 .618 .842 
CA 
UA 
K 

SUH J.045 3. 04(, 3.044 3.647 3. u.1:; ~.G46 3.051 3.051 3.045 3.0iil 

itt.t. SfiliPLE DIRECTORY *~~* 

SAMPLE HO. m:scRIPHOM 3MPLE NO. DESCRIPTIOH 
________ ,.,.., ------ .... ---·· -~-- ... ·------· --- .. ·--·--··---

i 070331GT .u~z. ~nISCRETE 6 G7073 1SP.S IH CPX.4 
2 07C731GT. LH'Z. .• nv. 1 @7093 1GT.LHZ. 1DISCRETC 
3 07073 1 SP , 4 IN GT . 2 8 07!.43,GT.LHZ. ,DISCRETE 
~ 07873 .• SP.2 IM Gi.i+Ai1PB 9 C7173,GT .LH7. .• , rn CPX+flMPH 
s 07073,SP.3 IN GT.itAMPH 16 On!l3 1GT.UIZ. 1IN GT KELYPHYTE RIM 

I 
• 



Tl:BL£ IV-16 
SPINELSUCOARSE PERiiiOHTES -HH:RONU 

H 12 . 13 14 15 

Sl02 
TIO~ • 0(, .sa 1.09 .9B 1.Si 
AL203 i0.72 8.99 ~.b.2 S. Oi .60 
CR203 ~;&.n S6.93 595'6 60.?f., 58.03 
Fto :~1.22 19.38 ~ic7<J 18.91 3LS2 
11!10 .72 .71 .71 .73 I 0!; 
NGO iL24 ii.34 iG.39 12.09 7.51 
CfiO .04 
Nfl2.C 
K20 

TOTAL 100.75 98.47 98.56 98.t.9 99.22 

** AlOHlC PROPORTIONS BASED OH SELECTED NO. OF OXYGENS M 

OX'fGE.N Ir ~ 4 4 4 

SI 
TI .OU .fi!S .1!28 .025 .64i 
Al .416 .357 .1B9 .i02 .026 
CR 1.478 1.516 1.646 1.647 ~ .• 672 
FE2+ .ss~ .~4b .633 • 549 .961 
MN .020 .020 .021 .021 .002 
11& .551 .594 .s:m .bi6 .468 
CA .001 
tt4 
K 

SUM 3.0Si 3.(149 3.CS4 ~.CSi 3.110 

SAl'il'LE Nu. DESCP.IPTHlN ~llMPLE NO. l>F.SCR I fl IO ti 

ii 07023 .• LHZ. !SP+PHL+C?X 
12 01043 ! LHZ. ~ rn ouvrni: 
13 C70o3!UIZ. ~sP.ifCPX.i+PHL.1 
14 67063,SP.2+PHL.2: IH CPX.3 EDG[ 
1 'S 07093 i l.HZ. i DJ SCRETE 



TAl:tE IV-17A 
srINELUPORPHYROCLAST!C LHERZOLITE •. HEllRONt= 

1 " 3 "' 
SI02 
TI02 ~.4S 3.27 3.SI 
Al2ll3 9.46 3.88 11.86 
CR203 4:1. 49 42.95 42.07 
f £0 25.21 22.90 ~3.40 

t!MO .~1 .47 .62 
MGO 12.25 ii.Sb H.62 
CAO 
t-!A20 
K20 

TOTf~L %.27 90.03 93.15 

~t ATotlIC PROPORTIONS MSED OH SELECTED 110 I OF Oi'.YGENS u 

OXYGEN 4 4 4 

SI 
TI .Hi .091 .091 
AL .3B4 .3Sb .492 
CR 1.18~ 1.254 1. 171 
FE2+ .726 • i'07 .t.9i 
H« .Oi~ .Oi5 .HB 
MC .629 .b3b ,biG 
CA 
MA 
K 

SUH 3.075 3.089 3.076 

ti** SAMrLE DIRECTORY S**# 

SAMPLE NO. DESCRlPTIOH 3AIWLE NO. DESCRIPTION. 

1 07103~SP .1 rn OPX ~IH 
2 07iG3:SP .2 IN OPX RIM 

·3 0710311~SP.i IN OPX RH! 



Tfil~LE IV-i TB 
IU1ENITE AS rn TAm.E IV--i7A 

l 2 '"! 4 s "' 
SI02 ND 
TI02 SS.8£, Sb.19 Sb.23 S6.4b 54.0! 
Al2!l3 ND 
CR203 2.40 2.46 2.99 . S.87 8.92 
FED 27.70 27.95 26.26 ~5.63 25.90 
nMO .21 ND MD .25 .2i 
HGO 13.09 13.13 i.2.87 12.20 H.63 
CAO 
NA20 
1{20 

TOTAL 9?.21 99.74 93.36 103 .41 100.77 

** /lllliHC rr<a?OP.TlOMS BASED 01'! SELECTED ND. OF OXYGENS ** 
OXYGEN 3 3 3 

., 
3 ,,) 

SI 
Tl .971 .972 .991 9''' , UI .931. 
t1L 
CR .044 .04S .055 .10(, .1bi 
FE2+ .536 .SJB .510 .~BS .496 
MN ,004 .ons .004 
tlG .451 .450 .HS .~14 .397 
CA 
NA 
I{ 

SUM 2.006 2.00S 1.991 1.980 1.989 

SAMPLE NO. l>f.SCF.IPTIOtl 5;~lWLE NO. PESCRIPHON 

1 87103B.DISCRUE IUl 
2 07103B~ILH1A.DISCRETE 

. 3 67i03B!ILl1.~A~NEAR iA 
4 07103~ILl1.?. rn OPX Rm 
S G7103!IU\.3 IN OPX RIM 



TAHLE Iil-18 
PHLOGOPITESii COARSE LHERZOLITES - HEBRONU 

1 ... ., 
4 c. "' 

5102 3S.39 38.77 39.50 40.48 
TI02 .19 2.B~ 1.32 3.10 
AL203 j,7, 98 iS.63 15.09 1.2.25 
CR203 i.66 2.13 LS? .44 
FEO 3.SS 3.28 :3. es S.90 
HMO MD .07 .07 MD 
MGO 23.28 ~3.63 24.60 25.20 
CAO .04 .Ol. tlD .07 
HA20 .36 .40 .94 .16 
K20 10.08 IJ ,13 8.96 9.40 

TOThL 95.54 ?S.12 95.51 91.01 

U ATOMIC PROPORTH!NS BASED ON SELECTED !~O, Or OXYGEt~S t:~ 

OXYGEH 23 23 23 23 

SI S.685 S.752 S.826 S.948 
n .021 .22~ .Ho .343 
f.:L 3.i3B 2.733 2.623 2.122 
CR .194 .250 .220 .o~a 
FE2+ .440 .407 .376 .725 
MN .009 .009 
tlG S.138 s.22s S.425 S.SiB 
CA • ll06 I 010 .011 
t-!A '.103 .HS .269 .046 
K 1.904 L72B 1.68b 1.n2 

SUM 16.631 ib.4S3 16.583 i6.S27 

SAMPLE NO. DESCRIPTION SAMP:.E NO. DESCRIPTiOH 

1 01043~DISCRETE 
2 07063~Pl!L.1 ~ {·C?X.1 tSP .1 
3 07063~PHL.2,~SP .2 IN CPX.3 EDGE 
~ 07693 1D!SCRET[ 



TABLE IV··i9 
AHPHIBOLES$tiCOARSE PERIDOTITES - HEBRON AND OTBERSU 

1 2 l 4 s 6 7 8. 9 u 

S102 44.69 45.22 45.40 44.95 45.SO 45.70 44.SO 54.29 55.60 S4.92 
Tl02 .19 .H .42 .18 MD NI> ND SJ .ea .S7 
Al203 12.26 13.14 11.71 10.S7 11.10 11.10 11.10 L24 .44 1.70 
CR203 2.18 1.98 1.S3 2.40 1.67 2.10 2.3C .Cb 11.-• J .BS' 
FED 3.32 3.41 3.34 3.00 3.18 2.64 2.73 ~.31 4.52 2.31 
ffh'O .06 .Ol. .07 .Ob • 0(, .13 .18 .07 HD ~m 

tlGO 19.79 19.61 18.96 19.88 20.22 20.20 20.40 21.16 ~1.43 22.52 
CAO 10.37 ii .10 9.85 11. 00 10.60 11.10 iC.BO 7.12 5.01 6.70 
HA20 3.29 2.48 4.31 3.64 3.79 3.20 3.26 3.24 4.04 3.84 
K20 1.41 1.17 1.20 1.34 .60 1.34 1.34 (.72 4.88 4.lii 
NIO .10 .35 .35 

TOTlll 97.56 98.28 96,79 97.32 96.83 97.92 96.97 96.80 %.96 98.07 

lt ATOMIC PROPORTIONS BASED Off SELECTED NO. OF OXYGENS *$ 

OXYGEN 23 23 23 23 23 23 23 23 23 23 

SI b.367 6.367 b.S04 6.439 6.502 6.483 6.394 1.770 7 .913 7.6?7 
Tl .020 .012 .045 .019 .064 .094 ,060 
Ill 2.059 2.181 1.977 1.83S 1.870 1.856 1.sao .209 .074 .28f 
CR .Nb .~20 .173 .272 .189 .~36 .261 .007 .017 .099 
FE2·1 .396 .402 ,400 .359 .380 .313 .32B .Sif, .S38 .271 
HM .007 .607 .COB .007 .007 .022 .022 .008 
MG 4.282 4.11S 4.048 4.243 4.30l. 4.271 4.368 4.Si3 4.S4S 4.70~ 

CA 1.583 1.675 1:s12 1.688 1.623 1.687 i.663 i.092 .764 1.006 
NA .909 .677 i.197 1. 011 1.0SO .880 ,9{l8 .899 1.US 1.044 
K .256 .~10 .219 .24S .109 .243 .2~6 .862 .386 .824 
NI .011 .840 .040 

SUM 16.044 15.SbS 16.084 16.ii7 ib.048 16.031 16.iii iS.939 15.948 15.987 

tu~ SAMPLE DIRECTORY u;; 

SAMPLE HO. DESCRIPTION SAMPLE NO. DESCRIPTION 
---------- --------- ---------- ---·--- ... -·- --

1 D7073~GT.LHZ. 6 IH HTZ 1BDi36B ,M~1SON+SMIHH i 975) 
2 07173 1GT .UIZ. 7 HI HTZ 1FDi3bB ,DAWSON·~SMITH(i 97".i) 
3 07Hl3 1GT.LHZ. B K-RICHTERITE I TYPE A iERLANK <19'/3) 
4 07043~LHZ. 9 K-RWITERlTE~nrr lLERLANl{(i9n> 
s IN HTZ 1WESSELTON-BOYD(i971) 10 K-RICHTERJTE 1TYPE C1ERLANKC1973> 



TABLE IV-20: SITE OCCUPANCY IN PERIDOTITE AMPHIBOLES 
<SEE TABLE IV-19) ,BASED ON 23 OXYGENS AND 
AFTER PAPIKE ET AL.,1974. 

SAMPLE N0.07073 07173 07183 07043 RICHTERITE 

SI 
AL-IV 

TETR. 

AL·-VI 
TI 
HG 
FE 
MN 
CR 

H1f2 ~ 3 

HG 
FE 
CA 
NA 

H4 

NA 
K 

6.37 
1. 63 

8.00 

.43 

.02 
3.92 
.37 
.01 
.25 

5.00 

.28 

.03 
1 • 58 
• 11 

2.00 

.80 
• 26 

1 • 06 

6.37 
1.63 

8.00 

.55 
• 01 
3.84 
.37 
• 01 
.22 

5.00 

• 28 
.03 
1. 68 
• 01 

2.00 

.67 
• 21 

.BB 

6.50 
1. 50 

8.00 

.48 

.05 
3.93 
.36 
• 01 
. 17 

5.00 

• 1 2 
.04 
1 • 51 
• 33 

2.00 

.87 

.22 

1. 09 

6.44 
1 • 56 

a.no 

.28 

.02 
3.07 
.35 
• 01 
.27 

5.00 

. 17 
• 14 
1 • (,9 

2.00 

1 • 01 
.25 

1 • 2 6 

WHERE SITES ARE TETR. =TETRAHEDRAL 

7.47 
.53 

8.DO 

' ·. 13 
.01 
4.45 
.28 

• 13 

5.00 

~ 20 . 
• 01 
1.04 
.75 

2.00 

.58 
• 4. 2 

1.00 

M1 ,2,3,4=0CTAHEDRAL 
A ~1i-FOLD ALKALI SITE 

CALCULATION OF ENDMEMBERS 

A 
B 
c 
%OTHERS 
%QUAD 
NAME 

WHERE 

54.9 51 .8 54.5 61.8 
42.5 47.9 37.5 38.2 
2.6 .3 8.0 
54.9 51.8 54.5 61.8 
45.1 48.2 45.5 38.2 
EDEN I TE-------------------

A = (NA·HO IN A SITE 
B =<AL-IV>*D.5 IN TETR.SITE 
C =<NA IN M4 SITE)*0.5 
OTHERS=A+B+C 
QUAD =100-0THERS 

61.4 
16.0 
22.6 
61 • 4 
38.6 

RICHTERITE 

RICHTERITE IS FROM ERLANK+RIC~ARD<1977,TABLE 1 ,N0.1) 



TABLE IV-21: RANGES IN 100*(MG/MG+FE) RATIOS OF MINERALS FROM 
LHERZOLITE XENOLITHS AT THE FOLLOWING KIMBERLITE 
LOCALITIES. 

GARNETS 

MA TSO KU 
BULTFONTEIN 
THABA PUTSOA 
PREMIER 
HEBRON 
MEL TON l.JOLD 

OLIVINES 

HATSOKU 
BULTFONTEIN 
THABA PUTSOA 
HEBRON 

ORTHOPYROXENES 

HATSOf.<U 
BULTFONTEIN 
THABA PUTSOA 
PREMIER 
HEBRON 
MELTON WOLD 

CLINOPYROXENES 

MATSOKU 
BULTFONTEIN 
THABA PUTSOA 
PREMIER 
HEBRON 
HELTON WOLD 

COARSE TEXTURE 

69.R-85.6 
78.1-85.0 
83.0-85.9 
82.8-86.7 
81.0-83.7 
81.5-82.6 

83.4-92.3 
89.3-93.4 
91.9-93.6 
89.1-92.4 

85.8-94.0 
90.8-94.3 
93.2-94.2 
92.7-94.0 
89. z.:...93. 2 
92.3--93.2 

84.2-92.3 
88.6-94.0 
93.2-95.4 
91.0-95.4 
92.0-93.7 
91.9-93.0 

DEFORMED TEXTURE 

83.4-78.4 
86. 6-·80. 9 
85.6-72.2 
86.0-81.1 

92.6-89.0 
94.6-89.0 
91.8-84.2 
91.3-87.3(07103) 

93.2-9'1.0 
95.2-91.9 
92.8-·87.2 
93. 3--8<J. 9 
92.4-87.1 (07103) 

91.9-·90.9 
94.~7-87.9 

92.2-86.1 
93.0-88.4 
92.9-·H9.1 (07103) 



. . - . . . . . .. ~. . . . .. - . . . . , .. .. . ... 

TABLE IV-22: EQUILIBRIUM TEMPERATURE CCELCIUSJ ESTIMATES FOR 
PERIDOTITE XENOLITHS FROM HEBRON AND MELTON WOLD. 

SAMPLE NO. (1) C2J (3) (4) (5) (6) C7) <8> 

HEBRON 

07033 
07053 
07073 
07'i 43 
07163 
07173 
07183 
07063 
07093 
MELTON 

08053 
08063 
08073 
08083 
08113 
08123 

· l.JHERE 
C/C+MG 
( 1) 

( 2) 

(3) 

(4) 
(5) 

(6) 

( 7) . 

(8) 

C/C+M L+D WELL WELL AV. D+B W+B E+G----------

47.04 
47.63 
48.36 
48.82 
48.59 
47.64 
47.48 
47.89 
51 • 29 

825 
OCL 
OCL 
OCL 
OCL 
OCL 
OCL 
OCL 
OCL 

88 2 
790 
788 
8 21 
886 
950 
856 
761 
1060 

872 
779 
782 
814 
878• 
951 
845 
757 
1061 

WELL LN KD X CA/GT 

877 
784 
785 
818 
882 
951 
851 
759 
1061 

973 
951 
923 
904 
CJ 1 4 
950 
956 
941 
OCL 

1000 
918 
914 
9 1+3 
1003 
1 050 
972 
889 
1133 

.9887 .1326 
NO GARNET 
1 .1 35 • 1380 
1.059 .1325 
1.023 .1358 
1.240 .1411 
1.212 .1240 
NO GARNET 
NO GARNET 

WOLD 

47.15 810 
47.29 800 
46.12 937 
46.79 865 
47.36 OCL 
47.05 825 

880 
984 
984 
941 
878 
914 

869 
992 
979 
931 
869 
905 

874 
999 
982 
936 
873 
910 

969 
964 
'1007 
982 
961 
973 

1001 .9208 .1258 
1013 1.013 .1257 
1093 .9997 .1397 
1054 .9333 .1253 
1004 1.020 .1450 
1 034 1 • 046 • 152 6 

= 100 * CCA/CA+MG) MOLE % IN CLINOPYROXENE 
= LINDSLEY+DIXON,1976:20 KB DATA: FOR CP)~ 1.nTH C/C+MG->47 

<47.5 USING A COMBINATION OF 20 AND 15 KB DATA. THE TEMP­
ERATURES ARE UNCORRECTED FOR PRESSURE EFFECTS. 
TEMPERATURES WERE ESTIMATED GRAPHICALLY. 

= WELLS,1977:AL IS ASSUMED TO BE EQUALLY DIVIDED BETWEEN 
THE M1 OCTAHEDRAL AND THE TETRAHEDRAL SITES:M2=CA+NA+MN/2 
,M1=TI+CR+MN/2+AL/2,FE AND MG ARE RANDOMLY DISTRIBUTED 
BETWEEN THE M1 AND M2 SITES AND THE ACTIVITIES OF MGSI03 
IN THE PYROXENES ARE CALCULATED AC£0RDING TO EG.24,25 OF 
WOOD+BANN0,1973.ALL FE IS ASSUMED DIVALENT. 

= WELLS,1977:WHERE CHARGE BALANCING IN THE FOLLOWING ORDER 
IS ASSUMED - NATIALSI06,NACRSI206,M2+CRALSI06~NAALSI06 
,M2+AL2SI06. THE REMAINING ASSUMPTIONS ARE AS IN (~). 

=AVERAGE WELLS,1977 CALCULATED AS AVERAGE OF (3) AND <2l. 
= DAVIS+BOYD,1966:THE FOLLOWING EQ. WAS FITTED TO THE 30 KB 

DATA. TEMPERATURE(CELCIUS> - 1·173.551 + (2871.756 * C ) 
- C 7011 . 628 -11· C * C ) , WHERE C = CA/CA+MG MOLE RAT I 0 OF 
CLINOPYROXENE. 

= WOOD+BANN0,1973:THE TEHPERATURE IS THE AVERAGE AFTER 
ASSIGNING ELEMENTS TO SITES AS OUTLINED IN <1> AND C2l. 

= ELLIS+GREEN,1979: FE/MG CGT) 

= II • . 
KO = ----------

FE/MG CCPX~ 
CA 

X CA/GT=MOLE FRACTION IN GARNET =---------
CA+MG+FE+MN 

OCL =OUTSIDE THE EXPERIMENTAL LIMITS OF LINDSLEY+DIXON,1976. 



TABLE IV-23: EQUILIBRIUM PRESSURE <KB> ESTIMATES FOR PERIDOTITES 
FROM HEBRON AND MELTON WOLD. 

SAMPLE NO.MACGREGOR !~000 WOOD AKELLA WT % AL203 
------------- -------- -----------
T=1 T=4 T=S T:::1 T=4 T:.:4 T=4 IN OPX 
P=1 P=2 P=3 P=4 P=S .P=6 P=7 

--------- ------------- -------- -----------
HEBRON 

07033 25 28 33 17 
07073 24 32 
07143 25 30 
07163 29 31 
07173 31 32 
07183 28 33 
MELTON WOLD 

20 23 
16 17 
17 18 
20 22 
23 24 
2 1 21 

30 
28 
28 
:~2 
3/c. 
31 

1 • 69 
. 1 . 59 
1 • 64 

. 1 • 64 
1 • 70 
1.49 

_________ ,.. __ 
08053 
08063 
08073 
08083 
08113 
08123 

l~HERE 

T1t4,5 
P1,2,3 

34 39 45 26 30 32 39 
34 40 45 26 31 34 40 
39 42 43 29 31 31 43 
38 43 46 30 34 35 43 
33 40 43 24 39 32 39 
3:> 41 45 24. 29 31 41 

=TEMPERATURE ESTIMATES AS IN TABLE IV~22. · 
=PRESSURES ESTIMATED AT T1 ,4,5 USING THE AL203 

• 71 
• ·11 
.94 
• 7 7. 
.67 
• 7 1 

WT. % CONTENT OF ORTHOPYROXENES COEXISTING WITH 
GARNET AS OUTLINED BY MACGREGOR,1974.AL203 WT. % 
ISOPLETHS BETWEEN 0.5-1.5 WT.% WERE CALCULATED 
BY FRASER <PERS.COMM.) FROM MACGREGOR'S DATA 

P4,5 =PRESSURES ESTIMATED AT T1,4 USING EQ.12 OF WOOD, 
1974.FE AND CR CORRECTIONS ARE APPLIED AND AL 
IS ASSUMED TO BE EQUALLY DIVlDED BETtJEEN THE M1 
AND TETRAHEDRAL SITES IN ORTHOPYROXENE <SEE TABLE 
IV-22~(2)). 

P6 =PRESSURES ESTIMATED USING WOOD'S (1974) METHOD, 
CALCULATING THE AMOUNT OF AL IN THE OPX M1 SITE 
AFTER CHARGE BALANCING IN THE ORDER OUTLINED 
IN TABLE IV·-22, (3). 

P7 =PRESSURES ESTIMATED FROM THE ISOPLETH DATA OF 
M<ELLA, 1976 IN THE SYEiTEM ct-ms. AL203 ISOPLETHS 
<1 .4 WT.% WERE GRAPHICALLY EXTRAPOLATED. 



TABLE IV-24: TEMPERATURES CALCULATED FOR CLINOPYROXENES 
IN JHE PORPHYROCLASTIC LHERZOLITE C07103) 
FROM HEBRON. 

CA/CA+MG L+D 
AT.% CPX 

1 

.4808 OCL. 

.4795 OCL 

.4744 OCL 

.4725 800 
• 4706 825 
.4386 i 1 OD 
.4360 1115 

D+B 

2 

933 
938 
958 
965 
972 
1084 
1092 

AVERAGE 
~!ELLS 

81:·8 
885 . 

3 

1079 

TEMPS IN CELCIUS WHERE 
1-LINDSLEY+DIXONC1976J;20KB EXPERIMENTAL DATA, 

ASSUMPTIONS AS IN TABLE IV-22. 
2-DAVIS+BOYDC1966) ,AS IN TABLE IV-22. 
3-AVERAGE WELLSC1977J,AS IN TABL~ IV-22. 



TABLE V·-1 : PRIMARY MINERALOGY OF ECLOGITIC XENOLITHS FROM LOVEDALE. 

NO. GT CPX RUT AP AMPl-I OPX KY GTZ l<-SP PHL ( 1 ) 

ECLOGITES 
02023 * * * 
02-1 * .,)!· 

02063 * ·~· 02073 * * 
02233 -!!· * 
02313 * * 
02353 * * 
02423 * * 
02443 * * 
02483 * * 
02513 * * 
02523 * * 
02-2 * -IC· * 
02083 oil· <II· * 

_,.;. 

02093 * * * 
02103 * * * * 
02433 * * * 
02203 * * * 
02413 * ·ll- -H· * 
02043 * * * * 
02123 "* * * 
KYANITE ECLOGITES 
02173 * * * 
02403 * * * 
OZ Lt 73 * * * 
02503 * * -!!· 

02133 * * ·~ 
02143 * ii· * * 
02153 * -ti· * * 
02213 * * -II· * 
02333 ~· * * * 
02453 «· * * * * 
02463 * * * * * 
WHERE 
( 1) ::: PRIMARY METASOMATIC PHLOGOPITE SUSPECTED 
GT = GARNET 
CPX = CLINOPYROXENE 
RUT = RUTILE 
AP = APATITE 
AMPH = AMPHIBOLE 
OPX = ORTHOPYROXENE 
KY = KYANITE 
CHZ :;: QUARTZ 
K·-sp = K-FELDSPAR 
PHL = PHLOGOPITE 
* = MINERAL. PRE~IENT IN TH IN SECTION 
BLANK = MINERAL ABSENT 



TABLE V-2: SUMMARY OF PRIMARY TEXTURES IN ECLOGITES AND KYANITE 
ECLOGITES FROM LOVEDALECLOVEJ ,ROODEKRAALlROOD> s 
JACHTFONTEINCJACH) AND MARKTCMARK) 

LOVE ROOD JACH MARV. 

---------....--- ------- ----·-·_. .,, ................ _ ............... _____ ..... -----·-
EC KY EC EC 1-<Y EC EC lt~Y EC EC 
----- ----·- ----- ----- -----·-.. ----- __ .. ___ 

TEXTURE 
CG 3 
MG 1 
CGB 1 2 3 3 1 6 3 
HGB 2 2 
CMGB 2 1 1 
MMGB 2 6 1 2 1 
FMGB 1 1 1 . 

c BAND 1 1 1 2 1 7 'I 
F BAND 1 5 1 1 1 
MASSIVE 9 5 3 1 r.· :> 

FOLIATION 6 1 1 
GLASS IN 3 1 
SECONDARY 
ASSEMBLAGE 

N = 21 11 6 2 B 1 6 
TOTAL=55 

WHERE 
EC = ECLOGITE 
KY EC .. ~<YAN I TE ECLOGITE 
CG .. COARSE - GRAINED GRANULAR TEXTURE 
Mf:i MEDIUM - II II II -
CGB = COARSE - II GRANLILOBLASTIC TEXTURE 
MGB = MEDIUM - II II I! 

CMGB = COARSE - II MOSAIC GRAMULOBLASTIC TEXTUR.E 
M11GB = MEDIUM = II II II II 

FMGB = FINE II II II II 

c BAND = COARSE BANDING SEE TEXT) 
F BAND = FINE BANDING II 



TABLE V-3: PRIMARY MINERALOGY OF ECLOGITIC XENOLITHS FROM 
ROODE~RAAL,JACHTFONTEINJMARKT~LEUWEFONTEIN, 
SWEETPUT,LEYFONTEIN,UINTJIESBERG AND LEKKERFONTEIN. 

LOCALITY+NO. 
ROODEl,(RAAL 
42043 
42543 
42073 
42163 
42533 
42203 
42213 

·42313 
JACHTFONTEIN 
20093 
20113 
20163 
20223 
20253 
20263 
20273 
20323 
20373 
MARKT 
10043 
10053 
'i 0063 
12093 
1 211 3 
12123 
LEKKERFONTEIN 
33043 
33103 
LELIWEFONTEIN 
26043 
SWEET PUT 
03-1 
LEYFONTEIN 
01-1 
UINTJIESBERG 
09123 

GT 
* 
* 
* 
* 
* . .,.. 

* 
-ti· 

* 
* 
* 
-l<· 

* 
of!· 

* 
* 
'* 

* 
* 
* 

* 
-!!· 

* 
* 

CPX 
* 
* 
* 
* 
~· 

* 
* 
* 
* 

* 
-It· 

* 
* 
* 
* 
* 
* 

·* 

* 
* 
·)} 

* 
* 
* 
? 
? 

* 

* 

* 

* 

RUT 

* 
* 
* 
* 
* 
* 
* 
* 

+l· 

* 

AP 

* 

* 

~<Y 

* 
* 

. t:· 

WHERE MINERAL ABBREVIATIONS ARE AS IN TABLE V-1. 
?~CPX SUSPECTED BUT NOW TOTALLY REPLACED BY CALCITE. 

QTZ K-SP 

* 
* 
* 



TABLE V-4: TEXTURES OF THE GARNET GRANULITES <GT GRANJ AND 
KYANITE GARNET GRANULITES CKY GT GRAN>. 

TEXTURE 
CG 
MG 
CGB 
HGB 
FGB 
MMGB 
FMGB 

GT 
.3 
1 

10 
2 

GRAN KY 

2 
2 
2 
2 
2 

COARSE BANDING 5 5 
FINE BANDING 1 2 
MASSIVE 10 :,, 
FOLIATIONS 5 6 
EXSOLUTION 1 
REACTION TEXTURES 2 7 
CSEE TEXT) 
N = 16 10 
TOTf~L=26 

GT GRAN 

FOR TEXTURAL ABBREVIATIONS SEE TABLE V-2 
ALSO,FGB = FINE-GRAINED GRANULOBLASTIC TEXTURE 

TABLE V·-5: PETROGRAPHIC MODES FOR SOME TYPICAL GARNET 

NO. GT ·cpx PLAG RUT AP SCAP AMPH OPF-~Gl OPX 

H5-1 43.6 17.3 35.8 1 • 4 1 • 3 
H5-2 36.5 30.8 1 B. B 2.6 .8 .6 9.9 
06-2 15.9 21 . 0 56.5 • 2 1 • 6 2.4 7. • 4 

07403 29.4 13.5 43.4 . 8 .8 9.5 1 • 4 1 • ) 

11-1 13.7 11 • 8 72.B • 2 • 2 L3 
12133 22.4 32.4 4.5. 0 • 2 
25023 20.0 24.0 55. 9 • 1 
30·-1 18.9 39.3 41 • 8 
33023 .7 5.9 b5.4 • 1 24. 1 :.'. 8 

WHERE MINERAL ABBREVIATIONS ARE AS TABLE V-1 
ALSO PLAG -· PLAGIOCLASE 

SCAP = SCAPOLITE 
OPAQ = OPAGUE OXIDE 

HODES WERE CALCULATED ON POINT COUNTS >500<1000 
FOR LOCALITY CODE SEE TABLE V-6 

GR~1NUL I TES. 



TABLE V-6: PRIMARY MINERALOGY OF GARNET GRANULITES AND KYANITE 
GARNET GR(~NUL I TES FHOM DIFFERENT LOCALITIES. 

NO. GT CPX PLAG RUT AP SetiP ~<Y QTZ OPAQ OPX AMPH REACTION 
GARNET GRANULITES 
30-1 * * * 
06-1 * '1:1· * * .; 

12133 * * * * 
25023 * * * * 
07413 * * * * 
33013 * * *' * 
06043 * * * * * 
42303 * * -U· * * #1 '4 
11 -1 * * * * -II· ·JI. 

HS-1 * '* * «· -II· * 
33023 * * -!(· * * * ff1 '2 
H5-2 * * * '* * «· * 
06-2 * * * ... , * «· * 
09153 * * * * * -i• * 
07403 ·JI- * * * * * -If· * 
09133 * * * «· * *· * * 
J<YAN I TE GARNET GRANULITES 
02223 * * -M· * #9 
02243 * * * -:!· #9 
02273 * * * * . #9 

02323 * * * * #9 
02343 * * * * #9 

02493 * * * * 
02263 * * * * «· ft9 

02363 * * ? ? i(· * 
12133A * -II· * * ~· #9' 1 0 

. 04-1 * * * * ·~ * * #6,7,8 
LOCALITY CODE 
02=LOVEDALE 
04=VETLAAGTE 
06=CORDAATSKUIL 
HS=HEBRON NO. 1 
07=HEBRON N0.2 
09=UINTJIESBERG 
11=KALKPUT 
12:::MARKT N0.2 
25=WINDHOEK,SOUTH BLOW 
30=GOEDEHOOP,GHII 
33=LEKKERFONTEIN 
42=ROODEKRAAL 
REACTION=# IDENTIFIES THE REACTIONS DISCUSSED IN V.2.1.G<SEE 

TEXT> 
MINERAL ABBREVIATIONS ARE AS IN TABLES V-1 , 4 
? =HINERAL IDENTIFICATION NOT POSITIVE 



1 

s102 39 .eo 
no~ .11 
AL2tl3 22,Bi 
CR203 .07 
FEO 14.78 
Mtm .2S 
MGO 11.12 

- CAO 10.90 
NA20 .07 
K20 

TOTAL ?9.91 

OXYGEN 12 

SI 2.9bS 
TI .006 
Ill 2.003 
CR .084 
FE2-t .921 
i-in .016 
MG L23S 
CA .870 
NA .fiH 
K 

SUM 8, 030 

TAI:U:: \F.S 

Gf-1RNETS ** ECLOGITES - l.O\!EDALE U 

., 
c.. 

39.78 

22.37 
.08 

1-1.b3 
,28 

11.iO 
9.9::; 

.OS 

98.B7 

:w .Si 

'!~ 

.08 
H.67 ., .. 

t I./ 

U.13 
10.27 

,{15 

99.26 

37.3S 
.20 

ND 
17.66 ,..., ,...,, 
10.?4 
ii. bl, 

.i.O 

100.0·t 

.17 
22.74 

Hn 
iS'.10 

.60 
10 .b.6 
7.2t 

.07 

99.72 

39.84 
.14 

ND 
i?.36 

?.74 
7.3(, 

.07 

100.41 

., 
I 

39.SC 
.2i 

22.65 
ND 

i?.61 

I0.?2 
£,,52 

.09 

109.08 

39.33 
.17 

ND 
i9.73 

i{1,4s 
7.67 

.fi& 

100.ib 

t:t ATOMIC PROPORTIONS BASED OH SELECTED NO. OF OXYGEN~ U: 

12 

2.983 
.007 

.005 

.9i8 

.018 
1.241 

.BOO 

.007 

8.0Gfi 

12 

2.977 
.607 

2.01s 
.oos 
.918 
• Oii' 

1.241 
.823 
.007 

B.61G 

12 

2.963 
.O!i 

2.002 

1.233 
.Olb 

i.228 
.537 
.OiS 

lU31 

12 t.2 12 12 

2.957 2.9?1 2.970 2.9b2 
.010 .ooa .012 .IJj.9 

2.024 2.021 2.007. 2.lJib 

1.206 1.247 l .233 i .. 243 
.038 .035 .OY. .C~~ 

1.193 1.090 1.224 Li'll. 
.587 .592 .S25 .570 
.010 .010 . 013 .Ci2 

8.C2~ 7.99S 8. 321 !3. 02b 

39.fiB 
,13 

~2.27 

?.33 
s.na 

.Ob 

100.33 

10 

'., 
'll 

22.'53 
.llS 

20.05 
.• CG 

iL43 
S.96 

.06 

100.26 

12 12 

2.?lE 2.9~0 
.OiO .010 

L99::.' L99U 
.004 .003 

1.4i~ 1.2(,2 
• {139 , OSi 

Liii 1.202 
.478 .480 
.007 .009 

8' 628 fi, 04~ 

CA 2B.7i:i CA 27.03 CA 27.bi CA 17.09 Cfi 19.67 Cfi ~0.22 CA 17.61 CA i9 .• n3 Ci>. S.5.92 CA iS.89 
11G 40.81 KG 41.94 MG 41.61 KG 40.fiB ltG 39.94 MG 3/.2i NG 4i.fi3 ~G 31/.3S HG 37.02 MG 42.39 
f'E 30.·M FE 31.02 FE 30./8 FE 4L:;3 FE 40.39 FE 42.58 FE 41.35 fE li! .• S7 FE 47.66 FE 41.72 

M: 57.28 H: 57.'18 M: 57.48 H: 49.79 M: 49.72 ll: 4b.64 11: 49.81 li: 48.63 M: 44.03 rt: S0.39 

SAHPl.E NO. 

1 
2 
:s 
4 
s 

DESCP.IPTlON 

02-1iGT.~ CENTER 
62·1:GT.2 EDGC 
02-i:AV. OF 3 
82--2~GT.i CENTER 
62 .. 2iGT.i F.l>GE 

5A!1PLE NO. 

., 
I 

t• 
1J 

~ 
10 

ilESCRIPTION 

02-2.GT.2 CENTER 
02-2 ~GT. 2 E:DG[ 
02-2:tW. OF b 
02023~GT.4 CENTER 
0262~~ 1 GT .4 EDGE 



TABL[ V·7 
GARtUS ¥~ ECLOGHES - LOVEDALE U 

H i:'.: i.3 14 15 16 17 1B 19 25 

SI02 38.98 40.15 39.39 39.48 40.3S 39.60 39.36 39.96 38.04 38.98 
TI02 .17 .21.. .i7 .1& .22 1·· .1~ .06 .11 ':IC' 

' l •"-J 

P.L20Z 22.47 22.BS ~2.47 ~2,60 22.92 22.86 22.'fS 23.02 22.39 22.35 
CR203 .GS , O!; .OB .o~ .OS ND ND .10 ND ,09 

FEO 22.01 19.SO ~1.68 28.26 17.91 19.32 13.47 15.33 23.10 20.21 
iw.o b" t I .SB .60 .59 .Si .~'/ .3b .30 .4b .49 
NGO 10.67 12.0S 10.11 ii.17 13.17 12.05 10. 11 i3.22 9.36 10.36 

CAO S.93 S.Si. !/,BS S.84 S.63 S.67 9.24 7.57 7.ib 6.71 
HA20 .04 .07 .06 .OS .09 .tb .C4 ND fl• ..... .n~ 

t20 

HITAL i00.42 101. 32 100 .47 100.22 100.BS IOO.i9 10D.7G 99.63 S.00' 43 99.48 

U ATOflIC PROPORTJ.Ol\S BASED ON SELECTED HO. OF OXYGENS n 

OXYGEN 12 12 12 12 12 12 12 12 12 S.2 

SI 2.953 2.972 2.973 2.968 2.97S 2.961 2;946 2.?64 2.%4 .?. '%2 
TI .010 .014 .OiO .810 .012 .003 .noa ,oq3 .006 .lli4 
Al 2.006 1.993 1.999 2.002 1.992 2.0i5 2.025 2.013 2.fli4 2.032 

CR .oos .003 .oos .003 .003 .006 .oos 
FE2l 1.394 1.22[, 1.369 1.274 1.104 1.208 1.15& .'JS4 i.474 i I 28~ 

KN .043 .036 .038 .038 .032 .030 .023 .019 .336 .331.'. 
tlG 1.137 1.329 1.144 1.2Si. 1.447 1.343 i.l23 i.461 .9~4 1. i?J 

CA .481 .U7 .473 .470 .·HS .454 I ~~4~ ,602 .~SS .546 
HA .606 .016 .099 .007 .013 .ori .006 • OOli .09k 
K 

S!Jtl 9.G3S ~.021 e.020 8.023 B.022 {L02'0 e.o3~ S.G2S g. 02'"5 8.02~ 

CA 15.98 CA i4.b1 CA iS.BS CA 15.70 CA 14.84 CA iS.12 CA 2·LSn tA 19.94 cr1 19.49 CA 18.19 

KG 37.74 i'\G 44.43 liG 38.32 tiG 4L7B MG 48.30 HG 44.68 MG ?.7.28 liG 43,44 HG :S1.1:3 MG 39. O~ 
FE 46,29 FE 40.']7 FE 4S.84 FE 42.52 FE 36.86 FE 40.2G FE :rn.22 FE 3i.62 FE ·19 .BS fE 42.76 

ti: 44.91 11: 52.03 H: 45.53 M: 49.Sl. i'i: Sb.72 H: 52.64 l~i 49.38 K:M.SO. Mi 39 .03 Ii: 47.7·~ 

int SAMPLE fiIRECTORY nu 

SAMPLE HO. llEStRlPTIUN ~AMPLE UO. !JESCP.lPTmM 

---------·· 
____ ..,,.,. _____ .. ~ _______ ...... _ 

··--··-........ ~- .... p 

H 02023!GT.2 ADJ. CPX9 16 02063:AV. OF 3 
12 02023 ~GT. 3 EDGt 17 e2~73:AV. OF 3 

13 02023_.C:T .7 CENTER 18 ft20S3 1AV. OF 4 
14 02023 :GT. 7 tDGC 17 U2093 1AV. OF S 
15 6204JJN. OF 2 20 02i03!1W. OF Z. 



rn~LE V .. 'l 
GARNETS U ECLOGHES - LOVEDALE ** 

21 22 23 24 ZS 2t 27 2B 29 36 

SI02 40.GO ii.97 39.n 40.~8 38.19 39t33 39 'i'.~ 39172 39.58 3'1' .66 
H02 .o~ ND .OS .09 .12 • i~ • 6& .i4 .17 ,i4 
AL203 ~2.b9 23.86 22.15 23.37 21.67 22.68 22.71 2(..63 22.so 22.57 
CR203 ND .12 MD .OS HD ND ND .H &'" I :.. .08 
FEO 17.42 1.6. 28 ~4,58 ii. 94 23.~6 ~0.46 IQ Ot; 

••• 1J,.,. iB.22 rn.a 1'1.73 
KHO 4" ' .. 2~ . " .07 .23 .54 .44 i. ;~~~ .48 ,~s .47 
HGO 1U.S2 S.9.19 s.os 14.15 7.06 9.25 H.6! i.0.27 i0.63 1.0. 46 
Cf'\O 9.26 4.'li (;,,72 e.&4 B.3S 8.J3 s. '1·1 9.0(;, e.ss 8.26 
M~20 MD .Ob .Cb .cs ,04, .C7 , .. .Ol tm .D4 I\,·~ 

K21l 

TOTAL rnn.44 100.43 100.00 ?9.00 9S'.4b 100.72 i.00. 57 i09.69 190.20 iGL·% 

it ATOMIC PROPCRHONS BASEn ON SELECTlD NO. OF OXYGENS ~t 

OXYGEH 12 12 12 12 12 12 12 12 12 l2 

SI 2.98$ 2.984 2.980 2.979 2.966 2..964 2.941 2.970 2.'17~ 2.9S'l 

TI .oos .605 .oos .007 .098 .003 .oec .010 , f;GS 
{{L 1.996 2.eon 1.991 2.§27 1.984 2.014 2.f!09 1.994 ~.g'fo j_ W•7 , 1V\J 

CR .007 .003 I 6~7 .f.1~3 ,cos 
FE2'.. 1.087 .611 i,56& .735 i.524 i.287 1.252 i.U? i. if;'~ !. ·rn 

I £.~\J 

MN .0?.7 .014 .oos .614 .03& .020 .Gn ,, (!:~{i .03i ,030 
HG 1.170. 2.032 .915 1.ss2 .817 !.039 1.299 i.l44 1110V 1. i(,~: 

c~ .746 .3S? .S4'~ .681 .b9S .673 . 46?. .726 .6B7 JM 
Ht. .008 .609 .007 .006 • 010 .606 .uo9 ,(i(J~ 

K 

SUM !Ul.2 8.616 8.023 8.004 e.037 U.02l 8.~53 R.&27 tU26 e. O·~~ 

CA 24.70 CA ii.?S CA l.B. 11 CA 2;2. 9S CA 22.89 CA 22.4i CA iS,32 [;({. 24. i2 CA 22-A1i' U1 2!.60 
llG 39.03 MG 61.f}) MG 30. HI tlG 52.29 flG 26.92 HG 34.62 f.G 43.il. .KG 3e. 03 r!f.~ ~4? 138 ~~c 38 ~ (~~ 

fE 36.27 FE 20.36 FE Si.71 fE 24.76 FE 50.19 FE 42.?7 FE 4L S7 FE 37 ,Bt\ FE 37.95 FE 1!(1 .37 

tl: 51.83 H: 76.88 I\: 3b.8S M: 67.ai fl: 34.91 ti: 44.62 H: so.n Ii: SO.H ll: S0.99 fl: 48.52 

uu SAM?LE DIRECTORY :(~ii 

SAMPLE HO. DESCRIPTION SAMPLE NO. DESCRlf'TlOFI ________ ... -----------· ----.. ~--·--·· --·-~ .. -......... --.. 
2! 02123 1AIJ. OF 2 26 02443 1/W. OF 2 
22 02233,AV. or 2 2.7 02433 1'1V. or ... ... 
23 C2413 1AV. OF 2 28 G?.Si3:GT.3 CEtHER 
24 02423)A'J. or 2 29 02Si3:GT.3 EDGE 
2S 02433:AV. OF 3 30 0251'3, tiV. OF ·1 



TABLE V-7 
GARNETS t.* ECLOGITES - LOVEDALE U 

31 32 :n 7'4 35 

SI02 1,9, Oi 39.44 39.87 :W.79 39.72 
TI02 1" ... .OB .17 .22 .14 
A!.203 22.75 22.67 22.66 22.80 22.71 
CR203 Nfi .04 .04 .04 .o~ 

FEO 19.51 26.36 19.03 18.34 19.58 
MNO .Sl Sl .54 f'.'"· ,;,._ .53 
NGO 10.94 in. H 10.74 16.79 10.ss 
CAO 6.51 6.53 7.00 7.SS b.81 
NA20 .08 004 .04 .os .OS 
1{20 

TOTAL i00.45 99.84 inU.09 100.10 100' 12 

~* f.tTOIHC PROPORTIO!'ES BASED ON SELECiTD NO. OF OXYGENS U 

OX'f GEK 1~ 12 12 12 12 

SI 2.990 2.981 2.990 ~.979 2.984 
TI . ao1 .oos .816 .012 .60~ 

AL 2.004 2.020 2.003 2.012 2.611 
(',!! .002 .C02 .ce2 .ooz 
FE2+ 1.220 1.287 i.i.73 1.14S 1.230 
tm .032 .036 .034 .on .034 
MG 1.219 i.139 1.280 1.204 i .itli 
CA .521 .529 .S62 .666 .547 
HA .012 .006 .086 .007 .007 
K 

SUM 8.006 8.006 B.001 8.065 a.oos 

CA 17.62 CA 17.90 CA 19.03 CA 20.48 CA 18.50 
tlG 41.18 KG 38.54 MG 40.60 l'if. 40.70 HG 39.92 
f( 41.21 FE 43.Sti FE 40.37 Ff: 33.82 FE 41. S8 

Ii: 49.98 tl: 46.95 H: S0.14 M: Si.18 11: 48. 98 

t*ti; SAMPLE DIRECTORY :m:i 

SAKPLE NO. DESCRIPTION SAMPLE NO. DESCRlPTiOii 

---------· ---------· ----------· ... ---------
. 31 02523:GT.i CENTER 

32 02S23:t:T.1 EDGC 
33 02S23:GT.3 CENTER 
34 02S23:GT.3 EDC( 
35 02S23 11iV. OF S 

I 



TA'~LE \!·'Ht 
CARNETS ;; ECLOGITES-DIFFEREHT LOCALITIES i~ 

1 2 J 

SI02 39.39 -\0.44 46.H 
. TI02 .11 .rn .1? 
AL203 22.bi 23.20 23.12 
CR203 ND .08 .bB 
f EO 26.17 14.88 I4.12 
mm .3S .36 .39 
fiGO U.91 11.50 i1.6b 
CN.l b.76 10 .13 10.02 
NA20 ND .05 ;os 
R2G 

TOTAL iGB .32 rno.e2 100.32 

~f( ?1TOHIC PROrGRTIOttS BASED ON SELECTED HO. ar OXYGENS ~($ 

OY.'fGErl 12 12 12 

SI ~.%1 2.975 2.961 
n .00/. .010 .009 
{Jl 2. 004 2.012 2.&16 
CR .oos .DOS 
FE2+ i.268 .9H .916 
tlH .622 .&22 .824 
KG 1.222 1.270 1.285 
CA ,545 .799 .7?4 
HA .007 • 8(i7 
K 

SUM 8.631 n.010 8.0iB 

C(1 17.94 CA 26.Si. CA 26.Sb 
MG 40.27 NG 42.6;! i!G 42.99 
FE •\1. 78 FE 3057 FE 35 .45 

M: 49.08 It: SB.23 11: S8.S3 

~:tt~ SAMPLE DIRECTORY tiu 

DCSCRIPTIOH SA!iPl.E NO. DESCRIPTlON 

1 99i23~AV. or 4!UINTJIESBERG 
2 12093~GT.1 CENT£R 1 MA~KT 
3 12093,GT.i EDGE1MARK1" 



TABLE v .. a 
GARNETS U KYANHE ECLOGITES - LOV£Dr.LE ii 

1 s 

SI02 40.03 41.09 39.54 39.92 39.92 40.33 
1102 .07 .04 .~5 .64 ~D .bi 
Al203 23.07 23.41 22.73 ~2.99 23.04 23.38 
CR203 .O~ .06 ,84 .06 .os .13 
FEO 16.33 12.81 i7,39 16.39 15.07 12.88 
11~3 .30 .20 .38 .39 .34 .28 
MGO 12.21 14.40 9.57 10.09 lirOJ 13.54 
CnO 7.45 7.94 10.25 10.23 10.22 9.02 
!>lA?.O , 04 !-!!} ND .04 MD N5 
K20 

l'OTAL 99, SS 99.96 99.98 100.20 99.?2 in0.!9 

" ' 

40.20 

23.11 
.14 

12.47 
.2~ 

13.50 
8.BB 
MD 

98.SO 

B 

39.41 
HD 

22.97 
.os 

10.13 
.S7 

10.38 
7.82 
ND 

99.40 

9 

39.63 
HD 

~3.12 
.09 

16.70 
.41 

11.47 
7.n 
ND 

99.22 

.. 

10 

39.37 
ND 

23.0i 
.05 

17.8~ 
.53 

10.89 
7.43 
• ft4 

99.21 

U ATO~IC PROPORTIONS BASED OH SELECTED NO. OF OXYGENS ** 
OXYGEN 12 

SI 2.981 
n .004 
fal 2. 025 
CR .063 
FE2-t 1. 017 
HN .019 
MG 1.355 
Ch .594 
MA .006 
K 

SUH 8.004 

12 

2.99l. 
.002 

2.012 
.003 
.781 
.n12 

1.S6S 
.620 

7.994 

12 

2.974 
.003 

2.81S 
.002 

1.094 
.024 

1.073 
.826 

B.6ib 

12 

2.98D 
.002 

2.623 
.004 

i.023 
.025 

1.123 
.022 
.oo~ 

12 

2.976 

2.024 
.003 
.94C 
.021 

1.22S 
.816 

B.018 

12 

2.952 
.034 

2.017 
• ROS 
.788 
.Di7 

1.477 
.707 

8.&fi3 

2.984 

2.022 
.o~a 
.774 
.OiS 

1.~93 
.7GO 

12 

2.973 

2.643 
.06S 

LH4 
.636 

1.ib7 
,632 

e.~os 

12 12 

Vl12 2 , 9f., 9 

2.044 2.045 
.oos .005 

L047 L i2~ 
.026 .034 

1.2132 1.224 
.b24 .600 

.6Cb 

a.oos a.ooa 

CA 20.04 CA 20.91 CA 27.60 CA 27;7C CA 27.:m CA 23.80 CA 23.S? CA 21.48 Cf1 2Li2 CA 2(!,3b 
MG 4S.b8 KG 52.75 HG 35.B~ HG 37.82 i\G 41.10 NG 49.68 HG S0.33 MG 39.65 MG 43.41 HG 4i.58 
fE 34.28 FE 26.33 FE 36.55 FE 34.48 FE 3LS1 FE 26.S2 FE ;!6.09 FE 38.87 FE 35.47 FE 39.iS 

ti: 57.13 tl: 66.70 ti: 49.51 M: S2.3:1 M: S6.66 ii: 65.20 Ii: l1S.!:J£, fl: SO.SC M: SS.03 i~: ~2.10 

SAMPLE NO. 

1 

·J 
4 
s 

DESCRIPTION 

02133.AV. OF 4 
02143)V, OF 7 
021S3~AV. OF 4 
021n~f\v. or 2 
02217.LAV. OF 2 

SAMPLE NO. 

6 
7 
8 

10 

DESCR1PT10H 

02403. 
G24S3 1AV. OF 2 
D2...\63 1GT. i 
C24l·3 1GT.2 
024b3 1GT.3 



TABLE v-e 
G1-1RNf.TS t:t: KYAHITE ECUJGiiES - LOVEDf.11.E ~$ 

B 12 13 

SIU2 39,47 ~1.16 41.21 
TI02 ND ND ND 
/1L~O:~ ~J.04 23.59 23.71 
CR2Dl .ti8 .iS .10 
FEO 17.55 9.H i:~.73 

mm .sn .40 .28 
tlGO 10.n 17.03 15.30 
CfiO 7.67 i.97 1.41 
ttA20 Nii Nii .us 
K20 ND 

TOT?1L 99.26 99.26 100.89 

U t:iTmllC PROPORTIONS BASED ON SELECTED HO. OF OXYGENS t* 

GXYGEN 1'' ,_ 12 12 

SI 2.972 2.971 2.975 
lI 
AL 2.9~5 2.007 2.011 
CR .oos .009 .C06 
FE2·} i.iOS .SS6 .760 
HN .n32 .&24 ,Q1' 
MG 1.224 L9i.8 Lb4b 
CA .619 .~J9 , sn: 
NA .007 
K 

SUi'I 8.005 s .. 021 8.016. 

CA 26. 99 CA 17.93 CA 19.31 
tiG 41. 5..1 HG b3.78 MG SS.01 
FE 37.49 FE HL29 FE 25.b8 

ti: S2.S6 Ii: 77.72 tl: 68. 17 

Utft SAMPLE DIRECTORY $U* 

~iAfiPLE NO. DESCRIPTlOH 5~i1PLE HO. li£SCRlPHGN 

-------- --------· -.-------·-
11 D2463 1AV. OF 3 
1~ 6247311\IJ. Of 2 
1.3 02503 I A1J' OF 3 



TAl-tLE V··9 
GAkN£TS ti GARNET GRANULITES - DlffEUE!H LOCALITIES ti 

1 2 3 4 s b 1 8 9 u 

Slt12 ~S.75 ~9.21 39.11 39.21 39.11 39.16 39.62 39.88 39.75 39.12 
Tllk! HD ND MD .07 ,67 .07 .07 .06 o·· ' I .07 
Al203 21.82 22.24 21.74 21.71 21.BO ~i.76 ~2.3S 22.34 22.34 21.99 
CR203 ND ND ND HD ND ND ND .os ND .08 
FEO 22.84 23.C2 22.09 22.40 22.Sb 22.43 20.M. 20.65 20.63 23.10 
!iNO ,5$ S"' .S4 .43 .JM .43 .32 .34 

.,., ,40 . "' t'tr.1V 

MGO B.40 8.43 S,·17 8.7B 8.88 8.7S' U.H> 10.94 11.05 8.85 
CAO 7.59 7.17 7.2B 7.49 7.62 7.S!; S. 93 6.12 6.G3 7.2~ 

P.1'20 .65 .C4 .04 1m HD rm .OS ,04 .04 .os 
K20 t!D 

TOTfiL 100.04 100.68 99.31 160.12 108.52 100.27 100.i3 iC0.42 i00.27 100.95 

;t ATOMIC PROPORTIONS DASED OH SELECTED HO. Cf OXYGENS 41$ 

OXYGEN 12 12 !2 12 12 12 12 12 12 12 

SI 2.973 2.982 3.006 2.994 2.979 2.988 2.9B2 2.994 2.933 2.'l71 
Tl .004 .004 .004 .&34 .003 '03·1 .004 

AL i.973 1.994 1.970 1.954 1.~7 i.957 1.993 1.977 i.979 1.%0 

Ck .003 .cos 
FE21 1.466 1.464 1.420 1.431 1.437 1.434 L?.97 t.2% i .?!17 1.4t.:l 

MN .036 .034 .035 .n2a .028 .028 .02G .022 .62i • 02l> 

l'IG .961 .9% ,970 .999 1.608 .999 1:252 1.224 1.233 i.002 
CA .624 .584 .600 .613 .622 .617 .473 .492 .48b .593 

NA .007 ,006 'O&t. .OC7 .nou .OOb 'fitl7 

K 

SUK 8.6112 B.622 a.om 8.026 8.040 El. 03i a.u2s 8.01(, . R.G26 S.043 

Cfl 20.46 CA i9.4S CA 20.os CA 20.14 CA 20.28 Ct1 20 .2"3 CA 1S.30 CA ib.34 Ci~ 16. 08 CA i!J.37 

tlG 31.49 tit; 31.81 t1G 32.4S MG 32.34 HG 32.87 MG 32.7li rlG 41. 35 HG 46.63 HG 40. 98 i'iG 32.75. 

rE 413.GS FE 43.74 FE 47.49 FE 47.02 FE 46.86 FE 47.0i FE 42.35 FE 43,0·3 FE 42.94. FE 47.91 

ti: 39.59 M: 39.49 ti: 40.S9 Ii: 4i. i2 ti: 41.23 M: 41.07 ti: 49.ii K:·48.5o H: 43.84 11: -40. 57 

tiu SAMPLE DIRECTORY **** 
SAMPLE NO. DESCRIPTION 5AHPLE MO. DESCRIPTlOH 
---------· ---------- ··--------· 

___ ... _.,. ... _____ 

i 06023,CORDAATSKU!L,GT.2 CENTER b 06043,AV. 
'I 06023,GT.2 EDGI: 'l HS-t 1BEllRQM 1GT. i CENTER .. 
3 06023,AV. OF 4 8 BS-1. ~GT .1 IIJGE 

~ &6043 1GT.1 CENTER 9 \IS-t,AV. 
s 06043,Gl.1 EDGE 10 BS-2 1 GT.1 CENTER 



TABLE V·9 
GARNETS ~* GARNET GRANULITES - DIFFERENT LCCALITlES i1.C 

·H 12 13 14 15 ib 17 rn jl' .1 26 

SI!l2 39.00 39.0b 38,80 39.11 39.95 30.32 37.46 37.39 j9,SO 39.2S 
TI02 .04 .GS .17 . .., 

t l&.. .14 .C9 ;06 .08 .13 .H 
Al203 22.40 ~2.!9 21.80 ~i.96 21.SS 21.93 22.1~ 22.04 ~2.SS 22.62 
CR203 .Ob .07 ND .04 ND .04 .OS .05 .64 ND 
FEO 23.4S 23.27 22.73 23.64 22.88 23. 1lS 23.86 23 .. $5 20.04 19.90 
MNO .3S .39 .43 .47 .4S .4/J '4(, .4.l .3S .3(, 
tl61l 8.38 8.61 8.18 B.29 8.23 S.9C 8.66 8.78 u .~o 11.0S 

CAO 7.24 7.26 7.72 1.3(, 7.54 b.C3 6.i3 ti.GB t •. 72 b.18 
N(l20 till ND ~D tlD ND , C·~ ND tm ND ND 
K20 

TOTAL 100.94 100.92 99.06 100.34 100.0B ?9.26 98.86 99.06 100.34 IOO,ii 

t:t ATOMIC PROPORTIONS I:ASED Qt! SELECTED tiO. OF fJX'tGENS it 

OXYGEN 12 12 12 12 i.2 12 12 12 12 12 

SI 2.964 2.968 2.979 2.988 2.984 2.960 2.917 :::.939 2. '%7 2.9S~ 

n .962 .co:s .n10 .007 .008 • (16S .U04 .oos .307 .nob 
l'\l 2.006 1.987 i.973 1.972 i .. 973 J.. 997 2,634 2.01.s i.9% 2.007 

CR .604 .OU4 .002 .002 .003 .no3 .002 
fE2{ i.490 1.479 1.46C 1.472 i.46(1 i.Si5 !.554 1.534 i.2'511' . i ~2S3 

MN .G23 .024 .028 .030 .029 .030 .038 .030 ,(122 .023 

tiG .949 .975 .936 .944 .946 LC21i LOCS i.H'3 
l ,..,,, 

i.2,~0 ,«;. 't:'1• 

CA .590 .S9i .635 .632 .619 .499 .Si2 .sns .54i .S4"/ 

t¥1 • 00(, 

K 

SUll 8.G30 3.036 8.024 8,Gj.9 ll.022 8. O~~B 8.·062 a.nse 8.027 t3. 035 

CA 19.46 CA 19.U CA 20.90 CA 19.96 CA 20.4b CA 16.43 CA 16.66 CA 1b.S4 CA 17.84 CA 17.99 
MG 31.33 MG '.52. 02 !IG 30.88 HG 31.27 tlG 31. 07 tlG l3.72 MG 32,73 tlG 33 .2.3 ttG ~n.&2 MG 4tJ .79 

fE 41.2G FE 46.57 FE 48.ib FE 43.77 FE 48.47 FE 49.86 FE 5U.li FE SO .23 FE 4) .• 53 FE 41.22 

M: 38.91 tl: 39.74 11: 39.07 11: 39.07 H: 39.06 11: 40. 3S H: 39.28 M: 39,32 II: 47.4~ 11: 49 .74 

i~~.i SAMPLE ~!RECTORY t~:~'.~ 

SAMPLE tm. DESCRIPTION SAIWLE NO. DESCRIPTION 
__ ......... --·-- ·-·--------... -~--··---~···· ----·-----~·-

ii HS-2iGT.1 EDGE 16 D74!3:CT.1 CENTER 
12 HS·-2~AV. 17 074i3 .• GT .i Ef1GC 
13 07403!GT.1 CEN'TER iS 074i3:AV. 
14 07403:CT.l EDG( iS' G912J ~UHff HESBERG ,GT. 1 t.:EiITER 
iS 07403!AV. ~o G9123 1GT.i EDGE 



TABLE V-9 
. GARNETS U GARNET GRAMULITES - DIFFERENT LOCALITlES $ft 

21 22 23 24 2S 26 21 28 2~ 30 

SI02 ' 38.63 38.49 38.68 ::m.10 3t!.1S 39.48 39.39 39.SS 39.49 ~o .3o 

TI02 .06 .06 .oi ,01/ • 0(, ND .ca .10 • oc; ND 
AL203 21.97 ;;i.86 22.GS 22.02 21.41 22.4b 22.SO 22.iS ~2.32 23.25 
CR203 .04 .07 .OS .04 ND ND • 0(, ,OS .OS ND 
FEO 23.30 23.36 22.60 23.00 2S.b9 19.61 21.Sb 21.35 ~i.45 16.Si 
mm .44 I 4(, .43 .... 

,:;)"} .40 .37 .35 3"1 
' I .36 .24 

MGO ']. 04 8.95 9.35 8.93 b.22 10.BB 9.40 9.14 9.27 13./8 
CAO 6.03 6.13 S.98 6.46 8.62 7.23 1.12 7,35 7.23 b.34 
Nf120 Im ND HD HD HD ND .04 .us .04 ND 
K20 

TOTAL ?9.54 99.41 99.51 99.'78 100.59 100.14 160.50 100.14 160.36 iG0.49 

. ii MOMIC PROPORTIONS BASED Ori SELECTED NO. Of OXYGENS '11t 

OXYGEN 12 12 12 12 12 12 12 12 12 12 

SI 2.970 2.967 2:968 2.969 2.961 2.97'. 2.171 3. 001. 2.999 2.%4 

TI .003 .G03 .083 .GOS .064 .GOS .006 .&SS 
Al 1.991 1.98L 1.995 1.991 1.959 1.992 2.oos L980 i.'N2 2. Oil. 

CR .002 .004 .663 .002 .004 • on:< .003 
FE2{ i.498 1.506 1.463 i.475 1.6l:i8 1.23~ 1.363 i.3'5; i.3513 1.0H, 

l1N .029 .030 .028 . .034 .626 .024 .022 .024 . 0?.3 .Ofi 

MG 1.036 1.028 i.069 L021 .719 1.228 1.0SS' i.033 i. ~{€; 1.Sii 

CA .497 .SOb .492 .S3i .717 .SB7 ,577 .597 .SB/ .soc 
NA •. OOb .007 • ~Di. 

K 

SUM 8.032 8.03l 8.G32 8.C30 fUSS 8.032 S. Oi7 c.oos a.om e.02l 

CA ib.39 CA i6,6S CA S.6.23 CA I7. 54 CA 23. ie CA 19.30 CA 19.23 CA 20.ui CA 19.M CA 1l:..Si 
HG 34.18 MG 33.82 HG 3S.30 HG 33./2 HG 23.18 HG •\fl. 12 t\G 3S.31 HG 34.61 liG 34 .97 11t: •IS'. n 
rE 49.43 FE 49.S3 FE 48.47 FE 48.74 FE S3.72 FE .1e.ss FE 4S.4S FE 45.37 FE 4S.41 Ft 33.56 

M: 40.88 M: 40.57 tl: 42.14 M: 40.89 l'i: 30 .14 M: 49.72 H: 43.72 Ii: 43.27 ti: 43. ':;1 M: 59 .CO 

;~ii SAMPLE DIRECTORY *~~-

SAMPLE MO. DESCRIPTIOH 5AIWLE MO. DESCRIPTION 

--------·· --------· ---------· ---·--··-- .. -
21 05'133! GT.2 CENTER 26 121331MARKT,AV. OF 3 
22 09133 .• GT .2 EDGt 27 2S823~1HND1!0£K !:iOUTH!Gl'. 1 CENTER 

23 09133 1AV. OF S 28 25023 1 Gl. i EDGE 
24 09i53 11w. or ~ 29 25023,AV. 
25 11-1 1KALKPUT,AV. Of 2 30 30-i:GOEDEHOOP,GT.1 CENTER 



TAiiL( 1J .. 9 
GARNETS U GARNET GRANULITES - DIFFERENT LOCALITIES *ti 

Ji 32 33 34 35 36 

SI02 46.48 40.39 3B.8S 39.0t :m.94 3H.63 
TI02 ND NI'> .07 .ft5 .fl6 ND 
AL203 23.27 23.36 22.G7 a.Sil Zi.96 ~2.07 

CR203 ND ND HD .oa .OS ND 
FEO 16.36 16.~3 24.59 ~4.37 24.~3 "'7 00 

"-V• i 7 

tlMO .2s .24 .SS .S3 .S4 .S2 
MGO i3.37 i3.S8 8.33 S.16 8.24 6.92 ~ 

CAO 6.TJ 6.53 b.22 l, .21, 6.24 7. 90 
NA20 ND ND HD ND ND ND 
K20 

TOrnL 100.53 100.60 i00.7S i00.35 i.00.54 ifl0.00 
/ 

U AlOlHC PROrORTlOtlS BASED OH SELECT£)) NO. OF OXYGENS U 

OXYCD! 12 12 12 12 12 12 

SI 2.9'Jb 2.967 2.971 2.990 ?..980 2.979 
TI .094 .003 .803 
Al 2.616 2.023 , i. 9SB i.975 1.981 2.006 
CR .cos .003 
FE2i 1.066 1.009 1.S7i 1.S62 1.567 i.Sti1 

MN .OiL .01s .03b .934 .GJS .034 
HG i.465 1.487 .949 .932 .946 .795 
CA .530 .Sl4 .S09 · .S14 • !ii2 .6~3 

NA 
~ 

SUH 11.014 fl. 020 S.032 S.620 S.626 O.OHl 

CA 17.&7 c~ 11.os CA il.Si CA 17.09 CA i6.9S Cf; 21. 7S' 
MG 48.Si lib 49.39 HG 3i. 3j. t\G Z0.98 !iG 31.14 MG 26.SS 
FE 33.S2 FE :n.53 f[ SLB7 FE Si.93 FE Si.9l FE SL/JS 

n: s?.29 M: S9.Sb M: 37.64 ti: 37. 37 ti: 37.49 H: 33.95 

**~t SAV~LE DIRECTORY *ll~t,( 

SAMPLE HO. m:scR IP Tl ON S81'\PLE Mll. JiESC{i!PTION 

--·-----· ------------ ------- ... _.,. --·- ··--... -----
31 30-1 ~GT .1 EDGE 36 33023: r~v. OF 2 
.. ,,) ..... 30-1 1AV • 
'33 33013~LEKKERFONTEIN 1 GT. i CEITTER 
M 33813 .GT. i EDGE 
~s 3301:s;(w. 



SI02 
TIO~'. 

AL203 
CR203 
Ff.O 
HNO 
Mf>O 
CAO 
MA20 
KW 

4L5S 
t!D 

24.05 
HD 

ii.SO 
.28 

i6.bB 
6.29 
ND 

l(!BLE \1··10 
c;iRHETS ii KYAIHTE Gt~~NET GRAWULITES - DIFFERENT LOCALITIES ;t 

41 .33 
ND 

23.60 
llD 
9.63 

.2l 
18.51 
6.63 
ND 

4LS3 
ND 

24.30 
.OS 

'J .64 
.23 

18.39 
b.!13 
ND 

41.66 
ND 

24,19 
HD 
9.?1 

.27 
18.19 
6.08 
tm 

s 

41.52 
ND 

24.0S 
NI) 

10.s~ 
.35 

ib.76 
7.28 
MD 

41.% 
HD 

24.18 
ND 
9.84 

.30 
17.20 
7.12 
tlll 

1 

41.70 
MD 

22.,7S 

10.6& 

il.97 
6.?8 
Nil 

8 

41.82 
~ HD 

jij) 

1c.oe 
.29 

i.7. Sl 
6.83 
HD 

9 

40.&3 
llD 

~3.46 
.~? 

i.3.n 
.39 

i3, 08 
'l. 22: 
Nii 

u 

40.S1 
ND 

23.53 
,C7 

i4.05 
.40 

10.32 
!-!ti 

· TOTAL iD0.3B 106.43 101.09 100.13 100.SS 160.63 99.44 iOC.30 106.82 101.69 

~* ATOMIC PROPORTIONS MSED ON SELECTED NO. or OXYGENS ~i 
) 

i.2 J.2 12 12_/ 12 12 12 OXYGEN 12 

SI 
n 

2.994 2.980 

AL 2.636 1.983 
CR 
FE2·1 .691 .574 
KN .017 .013 
tiG 1.785 1.%7 
CA .484 . 507 
NA 
K 

SUM .7.998 8.027 

2.947 

2.633 
.003 
.572 
.014 

1.945 
.519 

2.974 2.974 2.90'7 3.02$. 2.989 

2.C3S 2.031 2.030 1.943 2.007 

. 530 .63l . SS& .Mt. .M3 

.016 .021 .018 .e21 .em 
1. 935 1. 7B9 1. 626 1.8~2 L36S 

.465 .S59 .543 .542 .523 

e.ona e.010 7.996 a.nos ti.001 

12 

2. e;.~s. 
.GOS 
.m~1 

: &;~4 
I .,~?.ti 
.723 

a.om 

12 

2.970 

2. OS.ii 
,004 

r;'l·l: 
r 1.~ (.., ·' 

8.~21 

CA ib.3S CA 16.62 CA 17.10 CA 15.61 CA 18.75 CA iS.39 CA 17.94 CA 17.49 CA 24.ii CA 26.76 
MG 60.3i !iG 64.S.4 NG 64.0S MG 64.9-~ !'IS 60.03 HG 6i.78 tlG t10.67 MG 62.36 W~ 47.S2 MG 44.GG 
rE 23.33 FE 18.84 FE iB.fJ4 FE j9,45 FE 21.22 FE 19.83 FE 2i.3V FE 20.15 FE ;~a.38 ff 20.44 

ti: 72.10 M: 77.40 K: 77.27 tl: 76.9'.i H: 13.88 H: '7S.7~ ti: 73.94 11: 75.58 M: 62.ii ii: 61.17 

SAH?LE NO, 

1 
2· 

. 3 
4 
s 

DESCRIPTIOH 

04-1!VtTLAAGTE 1GT WITH CPX-KY 
02223 1l.OVEDALE 1GT.i CENTER 
02223 1 GT.i EDGE 
02223 1GT.2 CfMTER 
92223,GT.:-! EDGE 

Sti!WLE HO. 

6 
7 
a 
9 

10 

DESCRIPTWN 

02223 ~GT, 3 CEtnER 
02223 .• GT .3 EDGE 
o;!223 1AV. 
G2243,GT .1 CEIHER 
02243 ! GT. i EDGE 



TAltLE V··i C 
GARNETS U KYANITE GARNET GRANULITES - DIFFERENI LOCAUTIES ~* 

11 12 

SI02 40.75 46.80 
TIC2 HD tlD 

· Al.203 23, 49 23. SD 
cR203 • oa .12 
FEO 13.98 13.13 
MNO .39 .32 

.MGO 12.75 S3.07 
· CAO 9.77 9.BS 

NA20 HD ND 
~20 

13 14 

39.19 46.69 
.GB ND 

i2.4i 23.02 
ND .08 

17.08 15.71 
.23 .41 

0.27 10.93 
12.72 . 10.66 

MD ND 

15 

40.bi 
ND 

23.47 
.Ob 

14.43 
.30 

13.SB 
8.60 
ND 

16 

40.59 
.Ob 

~3.57 
.04 

12.82 
.2n 

H.41 
8.39 
1m 

17 

40.78 
ND 

23.62 
~m 

13.31. 
.23 

H.z.4 
8.24 
ND 

iB 19 

40.64 ( 40.52 
ND ,_ HD 

23.45 i::-5.t.7 
tlD HD 

12.50 !2.95 
.22 .22 

l.4.M i4.3i 
'/.B9 7.91 
tm t·m 

21 

40.30 
ND 

23.37 
Nfl 

12.59 
.2i 

14.59 
7. !;(. 
tm 

TOTAL 101.23 100.93 100.00 106.95 101.00 100.10 106.SS 99.38 99.42 9S.bS 

at ATOMIC PROPORTIONS BASED OH SELECTED NO. OF oxY.;rns u 

OXYGEN 12 12 

SI 2.970 2.974 
TI 
AL 2.018 2.019 
CR .OOS . .007 
fE2{ .as2 .ano 
MN I 024 I 020 
MG 1.38S . 1.420 
CA .763 .769 

SUM 8.019 8.012 

12 

2.966 
.DOS 

1.999 

1.081 
.01s 
.93J 

i.03i 

8.631 

12 

2.96S 

2.007 
.oos 
9

,,..., 
I '" 

.026 
1.265 

.845 

12 

2.961 

2.017 
.003 
.sso 
.019 

1.475 
.672 

8.029 

12 

2.963 
.003 

2.020 
.OQ2 
.783 
.012 

i,566 
.656 

B.G19 

12 12 

2.967 ?...979 

2.~26 2.~2[, 

.ate .7b6 

.Oi4 .Ci4 
1.SSS 1.$99 

.b42 .620 

S.OiS' e.no1 

S.2 12 

vm, 2 . irn 

2.032 2.U:H 

• '/9'5 • 778 
.014 .Ci3 

1. ~~b 1.60& 
,622 .S93 

3.0SB 8,007 

CA 25.43 Cfi 25.73 CA 33.87 CA 27.9S CA 22.19 CA 21.83 CA 2L36 CA 20.76 CA Z0.86 CA 20.0b 
MG 46.16 HG 47.49 MG 38.b3 MG 39.86 MG 48.74 NG 52.i4 HG Si.71 tlG 53.57 HG 52.4'1 MG ~)3.06 
rt ?.8.40 FE 26.77 FE 3S.SO FE 32.19 FE 29.06 FE 26.03 H. 26.93 FE 25.67 FE 26.bS FE 26.08 

H: 61.91 Ii: 63.9S 11: 46.32 H: SS.32 Ii: 62.65 ti: 66.?il ti: 6S.7S M: b7.M. ii: 66.32 tl: 67 .37 

SAMPLE MO. 

ii 
12 
13 
i4 
iS 

DESCRIPTION 

02243~1w. 
82243~GT.4 IN CPX BAND 
C23~3~AV. OF 2 
024931AV. or 2 !M PLAG BAMD 
02493 11W. (IF 2 rn CPX 1GT B~ND 

SAMPLE NO. 

16 
17 
i8 
1V 
29 

DESCRlPHON 

i2133A,MRKT.,GT .1 CEMTE:R 
12133A1GT.1 EDGC 
i2i33~,CT.2 CENTER 
12133fl~GT.2 EDGC 
12133A 1GT.J CENTER 



TABLE V··i.O 
CAkNE.TS t.~ KYANITE GfiP.NET GRANULITES - DIFFEREh'T LOCALITIES U 

21 22 23 2~ 

SI02 46.31 U.24 41.02 4 0' bl 
TI02 tm ND HD ND 

(~ Al203 23.48 23.88 23.31 23.SS 
CR203 ND ND ND ND 
FEO 12.68 12.06 i2.9C/ l.2.74 
HMO .22 .20 .23 .22 
11GQ 14.S?. iS.39 iS.47 H.74 
CAO 7.S1 'I .19 6.1!3 1.l2 
IU\2ll ND WD ND HD 
K20 

TOiRL ?B.75 100.00 99.83 99.M, 

~* ATOMIC PROPORTIONS MSED ON SELECTED NO. or OXYGENS ~1,( 

OXYGOI 12 i.2 12 12 

SI 2.4i74 2.9B8 2.9B3 2.97S . 
TI 
AL :.'..U42 2.939 2.041 2.033 
en r. 

f£2~· .782 .731 • 796 .779 
m1 .614 .012 .014 .614 
HG 1.597 t..662 1.6i/ 1.607 
CA .594 .SSS .489 .597 
IUt 
v. 

SUM 8.005 7.993 7.9% s.ooa 

CA 19.97 CA i8.92 C?i 16.55 CA 20.02 
tlG 53. 71 MG So.32 MG 56.72 KG 53.86 
FE 26.32 FE 24.77 FE 26.73 re 26.12 

fl: l7.H th 69; 46 ti: 67.97 11: 67.3~ 

$*~;}: SMIPLE IHl!ECTOR'f ~SU 

SAHPLE tm. DESCRl?Tlffil SAH?LE WO. f>ESCRIPHON 

--------- -----··----- -------- ---··-··----
21 12i33A1GT.3 EDGE 
22 12133A)CT.4 CEHTER 
23 12133A1GT.4 EDGE 
24 12133~~AIJ. 

'. 



TABLE V-ii 
crx ~- CPX u ECl.OGJTES-LO'JtDALE ** 

1 ... 3 4 s b 7 s <; iU ~ 

5102 S3.8S SS.08 SS.25 54.91 SS.27 54.93 S4.b9 54.77 54.40 54.63 
TI02 .29 .40 .3S .4! .39 .43 .SS .48 .Sa ,r;,7 

Al203 ii.49 10.95 ii.. Oi 13.68 ii.OS 11.67 9.68 9.Si 9.ii 8.7·1 
CR203 .07 ND fll) ND ND .04 .C7 .67 .OS .09 
f EO ~.45 5.73 S.63 S.82 S.7i S.78 b.4B 7.02 b.39 b.4i 
HMO Nl> • 0(, .04 .07 .07 .07 O" ' I ,Ob .6? .07 
MGO 9.33 S.86 8.83 9.12 8.65 a.a4 9,94 9.32 9.% i0.39 
CAO iS.23 13.29 13.17 13.59 13.23 13. 17 13.93 13.12 14.08 14.21f 

HA20 b.GS 6.71 6.69 6.48 6.67 6.79 6.23 6.SO b.02 5.93 
K20 ND HD ND tlD tm ND 

TOTAL 99.79 i.61.12 101.00 101.1.2 iOi.26 101.12 101. OS 100.87 iOO.bB 101.0b 

ti ATOMIC PROPORTIONS B?iSED ON SELECTED HO. O( OXYGENS *t 

OXYGEl4 6 b 6 6 6 6 6 6 6 (; 

SI 1.929 1.9Sb 1.9M. 1. 953 1.959 1.951 !.9S8 1.%4 L 9S4 i.9Sb 

TI .DOB ·.OH .009 .OU .010 .011 ,tH.5 .on . , Ol.6 I o~.5 

Al .485 .4511 .461 .448 .462 .464 ,381 .462 ,336 ,36Y 

CR .002 .061 .eo2 .002 .001 .C03 
f£2t .103 .170 .167 .173 .16~ .172 .194 .2ii .i.92 .19l 

MN .092 .001 .002 .002 .092 .C62 .002 '003 .602 

MG .498 .469 .467 .483 .457 .469 .533 .49B .~33 .SSA. 

CA .584 .506 .501 .Sia .563 .50i .534 .504 .S42 S% 
NA .420 .462 .1;68 .447 .472 .408 .4i2 .452 .419 .412 
K 

SUM 4.031 4.035 4.029 4.036 4.035 4.~39 4.USi 4.~43 4.04b 4.049 

CA 49.29 CA 44.17 CA 44.13 CA 44.10 CA 44.S2 CA 43.93 CA 42.4S Cfi 4i. S7 Ci; 42.77 CA 42.23 

llG 42.06 KG 40.96 HG 41.iS MG 41.16 KG 40.48 MG 4i.02 ViG 42,13 liG 41.07 KG 42. 33 HG 42.87 

rE a.·11 FE i4.f.l7 FE 14.72 FE 14.74 FE iS.00 FE 15.0S FE ~.S.~i FE 17.36 fE iS.15 FE 14.BS 

H: 82.82 M: 73.37 M: 73.bS It: 73.63 ti: 72.97 ~l: 73.16 11: 73.22 H: 7D.29 i1: 73.~ M: 74.2li 

C: 53.99 C: 51.89 C: Si.75 C: Si. 72 C: 52.37 C: 51.72 C: S0.19 C: S0.30 C: SU.41 C: 49.66 

~1*~ SAf\Pl.E DIRECTORY tut 

SilliPLE NO. DESCRIPTION SAnrLE NO. liESCUPTION 
--------· ---------- ··-----..... - ---·'4-.... -----

1 02-i!AIJ. OF 4 6 62-2,CPY..2 EllGE 

2 02-2)1W. OF ~ 7 e2e2J)t1V. or 4 

3 82-2 .. CPX.1 CENT~ 8 02623,CPY..9 
-4 @2-2,crx.1 EDG[ 9 02023,f.PX.3 EDGE 
5 02~2!CPX.2 CENTER . 19 02023)CPX.7 EDGE 

.. ----- .. ··:. 



T1\BLE V-·11 
CPX + OPX U ECLOGHES·tGVLDAlF. U 

11 12 13 14 1S 16 f' ./ 18 19 2C 

SI02 54.16 54.99 SS. iB SS.SS SS.19 S3.77 52.69 56.SS 54.43 SS.09 
TI02 .S7 .31 .22 .1s .28 .27 ND ND nf2 .2~ 
AL203 7.64 B.71 i6.S4 U.63 10.16 ?.ii 7.95 9.2i 'I. i'S Hl.62 
CRW3 .o~ .04 HD .17 .o~ .i3 .30 ND .22 0' . -'-

FEO 6.U5 6.0i 4.67 3.i7 6.1!9 6.S~ 3.S9 011 . 
' I 

,... r;~· 
i.. • .-.J (.;.% 

rnm .il7 .Db .64 .04 .05 .Ou .11 f'J) Nl.! .GS 
MGO 10.90 10.45 9.94 ~.6 .11 8.77 13.46 S.2.Sb 22.29 11.~'4 7 r-9 .::i. 

CAO iS.24 S.4. B2 iS.H iS. i4 13.71 15.96 2D.'/'5 2.00 17.SO 12.7@ 
NA2il 5.21 s.n 5.66 S,?U 6.SB 4.6/ 2.10 •'l •. u .. 4 .. ss 7.08 
KW l~D ND tm ND ~D .:m NJ) 

TOH1L ~19.94 101.12 i.Oi. 71 Hi.'lb. 101.49 99.93 97.67 90.64 99.99 iOfl .42 

tt IHOM1C PROPORTIONS BfiSED ON SELECTED HO. Of OXYGENS ia 

OXYGEN 6 b 6 b 6 b b 6 6 li 

SI 1.963 1.964 1.944 i.942 1.964 1.974 U39S 2.054 1.943 1. '179 
TI .016 .OOB .C06 .004 .C07 .367 .~63 • tttl7 
AL .326 .367 .4SO .479 .426 .39B .337 .394 ,385 .4SU 
CR .003 .601 .665 .001 .064 .6C9 .nct:i • ~i)i 
FEN .183 'i.BO . ~.30 .093 .199 .202 .109 .6H .Ob7 .2ug 
MN .602 .002 .601 .C01 .C02 .oa2 .003 0'") • \l<.. 

w~ .589 .SSb .S22 .527 .465 .572 .697 i.206 ,b2S ,ft,06 
Cf~ .sn .Sb'.l .570 .567 .523 .628 .909 ,07{1 .67~ .-~89 

ttA .366 .396 .38B .392 .454 .332 .148 .ccs .:m .493 
K .om 

51JM 4.040 4.042 4.0i'l 4.H8 ·1. 042 4.~30 4.007 3.'l6i 4 I Ui~i 4.0Z& 

CA 43.39 CA 43.5'3 CA l,b.38 CA 47.80 er~ ,14, G4 C{1 ·H. 77 Ci\ SO .07 Cti 6.0S Gti li9, i8 CA 44.27 
!1G 43.ib HG 42.69 MG 42.43 MG ,~4.39 MG 39.13 1-iG 'i0 .Bi liG 43. H, ~r; n.s:: MG 4;;,39 HG 36 .G~ 
n:: 13.44 FE S.3.78 FE ii.19 FE 7 .21 FE 16.71 FE S.4.43 FE 6.70 Ft. .09 FE 4. ~'4 FE iS.94 

fJ: 76.25 H: 75.69 M: 79.14 H: SS.04 !\: 70.02 N: n.aa M~ 86,4lr a: 9?.9n 11: S'0.2'J Mi 66.92 
C: Sil.13 C: S0.49 C: 52 •. 22 C: Si.HS C: 52.92 C: 52.31 C: S3.7i c~ 6.Cb C: Si,73 C: 54.bi 

~ttt; SMPLE DIR EC TORY *"~"' 4-"'"' 

Sl!MPLE NO. l.il:tCRIHIOM SAMPLE NO. DESCRIPTION __ ... ________ -------- _., ... , • .,,.,a..,..,, _ _._, ··---------··· 
ii 02643. ~.6 ~2i03. 
12 02c63 1r.v. or 3 j1 ~212:3, 

13 02C73~AV. OF 4 15 0('.l.23: RELICT l1PX 
14 020S3 1AV. Of 2 1 If ~2233 1 ti'J OF 2 
iS 02093 1Av. or 2 20 c12>;1z 111v. or 2 



lABLE \Hi 
crx t OPX 4\~ ECLOGITES-LOVEDALE *~ 

21 22 ,._.., 
(.>.I 24 2S 26 27 21.l 

SI02 54.76 S3.31 54.84 54.33 53.74 S4.i4 53.66 SJ.90 
no2 .25 .26 .32 .1S .32 .26 • 3'~/ .1S 
AL203 i.0.66 8.62 iG I 'l! 9.B2 9.12 9 .14 9.07 9.1'1 
CR203 .64 HD ND llD Ml> tlD .04 .OS 
FEO 2.45 7.32 5.46 S,95 S.9i 5.59 5.71 S.69 
MNO ND .04 ND .i3 ND HD rill .25 
MGO 16.41 8.iS 8.42 8.90 9.18 9.02 9 ,;,'H 9.64 
CAO 16.51 14.71 13.93 J.3.22 1S.48 1"' ,,~ ... 't..J i,S.34- 14. 07 
HA20 4.81 6.0b 6.27 . 6.70 6.07 6.27 S.89 6.32 
K20 ND ND ND tlJ) ND Nil Nli 

TOTAL 100.09 99.00 100. 06 99.74 99.90 99.75 99.43 99.26 

~* ATOMIC PROPORTIONS BASED ON SELECTED NO. OF OXYGENS t~ 

OXYGEN b 6 6 6 6 6 b 6 

SI 1.942 1.967 1.966 1. 9'79 1.951 1.964 1. $'54 i..%0 
TI .067 .007 , (tD9 • fl04 .609 .337 .010 • ~01, 
(..{. .454 .375 .453 .ua .390 .391 .331 .420 
CR .001 .~Oi .061 
FE2~ .073 .241 .164 .mo .179 .11r. .174 .17l 

MN .001 .004 • Gas 
MG .SS1 .448 .450 .479 .497 .488 ,$05 ,1i90 
CA .628 .SBi .537 .Sii .602 .593 .S9B .540 
HA .331 .434 .4lb • .tM' .427 .441 .416 .446 
K 

SUM 3.990 4. CS(; 4.Di6 li.043 4.0S? 4.655 4.049 4 I 04? 

CA SO.HJ CA 4S.7b CA 46.67 CA 43.71 CA 47.ii CA 47.42 C11 46,35 CA 4S.26 
tlG 44.01 ttG 3S.2b !iG 39.10 fib 4@.93 MG 38.86 MG 3?.0t MG 39.54 f1G 40.4!i 
fE s.e1 FE 18. 99 FE i4.23 FE 15 .36 FE i4.04 FE 13.S7 FE j.3.6i FE 14.29 

H: 88.33 M: 65.00 11: 73.32 tl: 72.72 ti: 73.46 H: 74.20 K: 74.4G M: 73.90 
C: 53.28 C: 56.48 C: 54.42 C: 51.64 C: 54,BO C: 54.86 C: S4.23 C: 52.81 

i~;;:i SAHPLt DIRECTORY ui; 

SAfiP LE IID. DESC!HPTlON SAMPLE NO. DESCRIPTION 
-------- ---------- -----·~··--- --... ·---·----· .. 

21 82423.AV. Of 2 26 nSi3,CPX.3 cnntR 
22 02433: 2" (ll;'513 ~CPX. 3 EDCE I 

23 02443~AV. OF 2 w 02523,AV. OF 2 
24 t24S3:AV. or 2 

- 25 02s13:AV. or s 



rnBL[ V··HA 
CLIWl?YRGXENCS 1i:SECLOGlTES-DlffERENT LOCALITIES U 

1 2 3 4 r 
" 

SI02 se.20 S0.91 S3.SS S3.!l8 53.59 
TI02 .EM .60 .75 "" • f;L. .24 
Al.203 8.10 7.43 7,60 !i. 90 6.iS 
CR203 ND ND NO MD .15 
FEO 7.00 6.48 6.69 4.38 4;27 
KHO .04 ND ND HD .u 
MGO 10.90 ii. 09 1i.0(> 12.61 i2.S4 
Cf.IQ 19.SB 20.09 19.89 iB.99 18.91 
Hh20 2.53 2.44 2.51 3,23 3.13 
K20 ND NJJ ND ND ND 

TOrnL 'i9.21 99.07 99.6fl 99.:?.B 99.13 

1ti ATOtHC PROPORTIONS BASED ON SELECTEll NO. or OXYGENS ~* 

OXYGEt1 6 6 6 6 6 

SI I.BM 1.889 1.978 1.965 1.957 
TI .023 .017 .021 .G06 .007 
Al .355 .325 .333 .254 .206 
CR .00~ 
FE2f· .217 .201 .208 .134 .130 
MN .001 .noJ 

. HG .603 .613 .612 .MlS .682 
c~ .779 .799 .192 .742 .740 
Nt'l .182 • i76 .185 . .228 .222 
K 

SUM 4.026 4.020 . 4.025 '4,016 4.012 

CA 48.70 C?i 49 .S2 CA 49. 12 CA 47.54 CA 47.65 
HG 37.71 HG :m.02 MG 37.99 HG 43.90 liG 43.95 
FE 13.59 FE 12.17. fE 12.f!S' FE tLSt. FE 8.40 

11: ·73.51 ": 75.31 M: 74.66 K: 93.69 Ii: 83.96 
C: 56.36 C: 56.57 C: 56.39 C: Si.99 C: 52.02 

Ut:~ SA~PLE DIRECTO.~Y iu~ 

SMPL£ HO. DCSLRXF'TION SAMPLE HO. Df.SC~IPHQN 

--··--··--- ----·----- ---... --.... -... ... -.. · .. --~·-·---
i 09123!CPX.2 CENTER 
2 09123,CPX.2 EDGE 
.3 0912:i!l\V, 
4 12093~CPX.1 CENTER 
s 12093,CPX.i EDGE 



TAllLE V-12 
CL.lNOPYROXEtU ti KYAMITE ECLOGITES - LOVEDAU.: U 

i 2 
., 

4 s b i 8 ? it ... 

5!02 SS.76 SS.60 SS.33 S4.74 54.ti2 SS.~1 54.67 54.f.S SS.7~ 52.86 
TI02 .24 .18 .i2 .llB .oa ND .66 .14 .n·1 . 0)' 
AL203 13.94 12.2& f"'I t;"t 

«1>1.'r IV 12.88 1.2.49 ii.93 10.73 H.46 12.37 6.36 
CR203 .06 .10 .04 .07 .09 .10 HD .18 .i5 .12 
FEO 3.04 2.35 3.52 "I.,.,, 

.JatJ0 2 0'7 
'II 3 .1'.7 3.1e Lia ~cJi 3,9g 

mm ND tm .04 HD 1!9 .07 Nfl .u~ ND Nr-
HGO S.2b 16.iS 8.26 B.118 9.15 3.94 9 .~;~ 10 .St 9.41 H.94 
CflO 12.88 15.44 13.61 13.91 14.80 14.18 14.91 ilio 99 14. 90 18.66 
tlA20 6.56 S.24 6.23 f,. Cb 5.60 6.62 s.n 4.72 5.11 2.53 
K20 HD ND }-li) iiD MfJ MD tll.i ND .o~ 

TO Till 100.78 101.28 1Si.09 9'1.61 106.04 rno.9s S'S.711 99.27 iCO. 71 9B.S4 

** A'fO!iIC PIWPORHGNS BASED o~ SELECTED NO. nr OXYGENS ~~; 

OXYGtN 6 6 6 6 6 b L 6 b 6 ~I 

SI 1.949 1. 941 i.936 1.947 i.942 1.96~ 1.968 i.??.7 1.954 L930' 
TI ,006 .003 .OG3 on') . 'n. .002 .092 .·~U4 .~02 .B02 
f1L .574 .S04 .S7S .546 .521 .1;94 .45~ .482 .~1i .3l0 
CR .002 .003 .out .002 .062 .OC3 .ncs , Eu·\ . ~o~~ 
FE2·: .089 .069 .103 .&9? .OHS .~?3 ,093 .935 .li6B .H9 
~N • 0(11 .002 .OUi 
MG .430 .523 .431 .449 .493. .4bB .S~9 ,SSS' }.(/') 

• r1{. .hSO 
CA .482 sn .SiO .s:u ,562 .S34 .S7S .M'.i' .SbO .730 
NA .445 .355 .423 .418 .3BS .'iSi ,:r,99 ,32:l .3G3 • J.79 
K ,002 

SUtl 3.979 3.98i 3.984 3.$89 3.987 4.012 4.003 3.1·e9 3.?BO 3.97/' 

CA 48.17 CA 49 .1'9 CA 49.88 CA ~9.20 CA ~9.S9 CA t;S.75 U\ 48<tl6 Cii S2 .23 CA 50.0i GA 48.71 
MG 42.96 MG 44. 97 HG 41.26 ~IG 41.63 MG 42.64 MG 42.75 NG '1-J,2i w; 41,'14 HG 4~;, 9;:; hG 43.35 
FE B.87 FE S.84 FE 9.87 FE 9.17 FE 7.77 FE 8.51 FE 1.n r:r. .... !! • B..1 f E b.&5 FE 7.95 

Ii: 82.88 M: aa.so 11: BO. 70 !l: Bi.94 M: !H.S9 11: KL46 ii; (lf;. 4'7 M: 94,07 tl: 87.89 n: fl4. Si 
C: S2.BS C: S2.24 C: 54.23 C: $4.17 C: 53.77 C: 53.28 C: 53.07 C: S3.7S C: 53.24 C: 52.9i 

~~* SAMPLE liIRECTOR'f t:l:~t 

SAMPLE HO. DESCR IPTIO!~ 5AY.PLE NO. Dl::SC!nf'Tlotl 

--------- ----------· --- .. --~ ........ ... --.-.-------
1 02133~AV. OF 4 b 02363. 
2 G2H3~AV. or 4 1 G2~b3:AV. (If '~ 
:s· G2iS3,AV. Of 3 3 ~2473,tiV. Of 3 
4 02173,A!J. OF 3 9 C2503~AV. OF 3 
s 622!.3 ;AV. Of 4 j~ ~22i3 1 TURBID CPX 



T~RE V·l.3 
CPX+!IPX $:t; CARNU f;lUiNUl!T(S - DIFFEREtH LOCALITIES tt 

1 2 3 4 s 6 'l 8 9 iO 

Sl02 SG.66 Si.~9 Si.68 Sfl,99 Si.~5 SLi3 · Si.67 51.99 Si.33 su.ec 
1'102 .53 .39 .45 .·~e .58 .SB .$1 • 111 .46 .Si 
t1L203 , 11n 

I). l-7 5.53 S.il6 s. 9(, S.83 S.89 s.n S.i3 S.42 b.23 
CR20:S MD ND rm .04 HD .04 .Ol. I Of. ,8{· .O? 
FEO e.61 7.44 8.0i 7.94 7.SS 7.74 b.JS S.79 &.S7 7.21 
liNO HD MD f.ll) I (;4 .04 .C4 .OS .OS .OS ND 
HGO ifi.91 11.65 H.c2 1L44 ii.SS ii. sn 12.53 1?.69 12.&.\ ii.B3 
CAIJ 20.63 20.53 20.~2 29.~3 20.17 26 I ii) 2~.Si 2L40 23.9$. 20.9J 
N(120 2.i2 ,, '" 

'-' ll ,.18 2f;~a 2 ,3/t 2.3i i. 9,! i..98 i.9S 2.22 
K20 ND ND tm HD ND HD ND ND ND ND 

TOTAL 99.21 99.66 '19.b9 'l9.3i 99.35 99.34 99.32 99.Si 99.4i ?9.83 

t::i\ ATGViIC PROPORTIONS BASED OH SElECT£D NO, OF OX'fCENS ~t~ 

OXYGEN b (1 b 6 b b b 6 b b 

SI 1.896 1.9lS 1. 960 1.9~2 i .. 90B 1.9CS 1. 912 i.ni 1.9>7 i.885 
TI on· ' .. ;:; .OH .013 .Oi6 .016 .l!16 .814 .Oii ,613 .Oi4 
AL .278 .243 .257 .262 .25& .259 .24~ .223 .23(; .2n 
CR .GCl .. .9~1 .092 .fi02 . co;~ .602 
ff2l .27& .232 ,21~9 .249 .235 .241 'j.97 .:t'.J') t 10.n .224 
MN .001 .001 .001 .OG2 01\') 

• \iC.. . oc:~ 
lffi .bOi .648 .644 .63() .641 .639 ,691 .699 .6'1'5 .654 
CA .003 .821 .814 .361 ,805 ,803 .8i3 .S47 .!130 ,8.32 
t~(.1 .154 .157 .157 .w; .169 .167 '13?. .1~;;, .140 .160 
K 

Slli~ 4.027 4.031 4.037 4.e33 4.03?. 4.032 4.fiiB 4.C2b 4.022 4.044 

CA 4'1, 7B CA ~8.26 CA 47.67 Ct'1 47.53 CA 47.88 Cf{ 47.7C Ci~ 47 .92 CA 49.12 CA 4il.A7 CA 4S.66 
MG 36.19 MG 38.09 MG 'J7.73 MG 3'7, 7l, MG 38.13 HG 3'!.96 tiG 49 .63 MG 40.Si t\G 4US/ nG 38.2S 
FE iii. 03 FE 13.bS FE i~.60 fE 14.71 FE 13,99 FE .1.4.34 FE ii. 55 FI i0.37 FE 10 .96 FE 13.08 

H: b9.31 H: 73.62 H: 72.U f\ i 7i.rl M: 73.16 K: 72.59 H: 77.86 ti: 7?.62 tt i 78.73 !1: 74.~i 
C: S6.90 C: SS.B9 C: SS.82 C: 55.73 C: SS.67 C: SS.69 c~ 54.~6 C: 54.80 c~ 54143 C: 55.99 

t:i'.4'1 StwlPLE DIRECTORY 1$~~~ 

SAMPLE N!J. DESCfiIPTlON SAMPLE NO. D[SCx !PTHJM 
__ ..., .. __ ...... , ___ __ .. ___ ------ _________ ,., 

-----··-· .. -
1 e6023!CPX.2 CENTER 6 06543,fllJ. 
2 ot.e2.3!CPX.2 £DG£ 7 HS-1 1 CPX .1 CENTER 
3 06U23!AV. or 4 8 H5-!!CPX.i EDGE 
4 Cb0-~3 1 crx.1 crnrrn s· ::s··l 1(N, 
s 06043,C?X.1 E~GE le HS-2 1CPX.1 CENTER 



H;DLE 'H3 
CPHOPX ** GARNET G~AN!.fLHES - DlffERtNl LOCALlTJ.ES ;ll! 

ii 12 13 H 15 16 1.7 i8 i9 20 

SlOl'. Si.97 51.32 S0.79 Si.72 Si.25 50.% S2.2i. Si.SS 50.67 S1.3S 
H02 .rJ .44 .bb 

,., 
.:n .58 .52 .3i ,1i2 .45 .4i 

t1L2li3 ·1. 90 S.Sb 5.55 4.40 S.6i. S.31 3.S2 4./ii 4.93 J.. 78 
CR203 .Ob .06 .04 ND ND .06 .ts .SS ND ND 
FF.O 6.20 6.71 8.27 7.69 1.98 B.~2 ~.29· 7:31 9.26 S.C9 
HNO MD tm .06 tm .64 .07 ND .us .cs o•· . .,, 
MGO 12.flS i2.3b 1LS4 12.bb 12.10 11.S3 1::.z3 i2.S3 12.83 !2.00 

CAO 21.46 21.19 21.72 21.73 21.TJ 29.92 2i.9S 21.-fiS i'l .?7 21.62 
NtiW s. 93 '.2. ~8 1.S7 1.33 1.45 Ls~ L4S 1.se ! f :10 ' !:""' ~ t ~I) 

K20 rm Nii HD tHI tm ·ND 

TOTflL 99.81 ?9.7S i00.21 1&6.!.B 106. i'J 99.S3 99.68 99.31 9'1.57 99.31 

f;~ ATOMIC PROPGRTillHS BliSED OH SELECTED MO I IJF OXYGENS. 41 ~ 

OXYGEN b (; 6 6 b b b b 6 b 

SI 1.919 1. 9,1 1.883 L9!S L9fl2 i.?32 i.944 1.?n LU?S 1.n~o 

TI .010 • 0 I?. .om .014 . Oio , Oi.5 .069 .Oi2 .H:> .012 

Al .2i3 .243 .2.~3 .i'll .21.9 .234 . iS1l IQ,~ 
l 4i' ; , 2i.i~ .2H 

CR .062 .G02 .~Oi .002 . ~~.\ .~~i 

f £21 .19i .239 .257 .238 .248 .260 .196 ~) ')"l 
1<..t-t.J .296 .2S3 

MN ,{l02 .001 .002 .9~2 .002 .002 
MG • '7&9 .632 ,63·g .691 .• 669 .6SS .731t .696 171.5 .668 
CA .849 .84i .%5 .862 .B64 .837 ,'(:77 ,B~7 .BO~ .942 
Hf\ .138 .149 .u:~ .C9S .104 .iH .HS .1.oa .rn?. .H·1 

It 

SUfi ~.e33 4.039 4.fl2G 4. 021. 4.024 4.e21 t;,022 4,02;~ 4.034 ~i. tl2.0 

CA 4S.S'1 GA 48.58 CA 49.H CA 47.93 CA 48.52 CA 47.69 CA 48.53 rn 48. u. CA 44.34 er~ 47. 75 

MG 40.52 NG 39.41 MG 3t1.29 HG 38.84 tlG 37.SB HG J.'/, Si MG 4fl ,(.J flG 39,(!? t:G J? .62 MG 37. 95. 
rE 1G.95 FE i2.0i FE 14.60 FE 13.24 FE i3.9i FF. i4.83 FE iU.84 fl: i2.S6 FE 16. OS FE l.4.3'1 

I{: 78.73 ti: 76.65 H: 71.32 H: 74.SS tl: 72.99 H: 7i.7~ N: 78.94 tt: 7S.3it H: '/Li.7 ii~ 72, SS 
C: 54.59 Ci SS.21 C: 57.SO. C; SS.24 C: 56.35 C: SS.97 C: S4.4:S I'' SS.17 C: 52.Si C: SS,74 "' 

*1Jtii SAMPLE DIRECTORY Mi)* 

SMiPLE NO. DESCRiPTlOM 5Af!PI..( NO. liC:SC.~ lHlUN 

-· ... -------·· -----··---- ........ -~.·-··-··-·" --·- .... .--~··----· 

11 HS-2 ~CPX. i EDGE 16 074l.3,GPX,i CENTER 
12 HS·-21AV. 17 &74l3~CPX.1 EDGE 

13 074C3 1CPX.i CEh1ER 18 G74i3.AV. 
14 07·103 1CPX.1 E!X::: 19 ti?1Z3,CPX .2 CENTER 
15 07403~AV. 20 09133 1CPX.2 EDGE 

-· -·- -· ~.·, - :: .... ·· 



TMJLt V-13 
CPX·t·OPX ** GARNET GU1HtlllllS ·• DiffER!::M'f LOCl'!LITIES ~* 

21 22 n 24 2S 26 27 28 29 30 

S!02 Si.GB SG.44 59.61 SO.SS 50.79 Si.63 5L09 s2.n· S2,32 S3.06 
TI02 .46 .SS .SS .SS .49 1;-

' 1'\~ .~(; .£:8 .4f.I 3c· . ;) 
AL20?. s.au S.37 S.4i s.:i6 S.46 S.26 S.37 8.42 r, ('I 

J '.JJ. 'J. Oi 
CR203 HD .04 .OS .64 14D Jl!) ND .97 .G5 rm 
FEO 8,09 8.42 8.43 9,3,7 B.99 £.30 8.71 ·tOO b.49 6. Oi 
MNO .04 o·~ .es .ns .06 .04 flt" MD .04 HD 

' .I 
I 1J .. .f 

MGO 12.0i 11. 87 ii.75 ii.S'? 10.89 ~L50 1Li4 i1 .24 1L44 11. Si' 
Ct.a 26.93 2G.S2 26.55 20.SS 20.32 20 .49 20.38 i7.9B 11 .36 1.9.69 
Hf\20 i .-, -. ;,,., 1.6? 1.58 1.59 2.:rn ~.2i 2,27 .~.27 3' i'J :us 
K20 tm NO MD ND Nil ND HD NO ND 

wrnL 99.16 98.94 ?8.99 98.94 9?.:53 99.89 99.SO 99.67 ~60.31 iUL2i 

aa ATOiHC PROPORTIONS BASED o~ SELECTED MO. Or OXYGENS at 

OXYGrn 6 b 6 6 E; 6 6 b b 6 

SI 1.912 1.B96 1. 9!10 i.099 i .. 907 L9i9 i. 912 i.)·2S i.902 i ,'tHl 

TI . Oi~~ .016 .016 • OI6 .014 .012 .013 .oaa .913 .OB 

AL .22i .238 .239 .237 .242 .23n ,237 .362 "'P1".i""i 2"" • t).;., . • -11 

CR .no1 .COi .001 • 002 • uOj . 
Ff.21 '}~-

.i..~...:1 .26S '}Ir' ,..,o;i .2t,J .282 .2SB .273 .i22 .1n (O::. 
• .,-,1.}j, . 

KH .001 .oa2 '{:02 .002 .002 .001 .692 . @e1 
HG .6'lfi .665 .6r;J .664 .609 .637 .621 .6ii .6?.0 • (,4(1 

CA .s~w .826 .827 S'YI 
t 1 .. 1 .Bia .Sib .!H.7 .763 .754 .n1 

i~A .110 .122 .HS .Hf, .167 .159 • i6S .3U2 .22'~ .223 
t; 

SUM 4. 028 4. 030 'i.022 4.u2s 4. G42 ~.n34 4,640 ~.n36 4. o:~i 4.035 

Ch 47 .62 CA •i'J. 06 CA 47.;?7 CA 47. iti CA 47.83 CA 47.69 Cf\ 47.'76 Cfi 48.94 CA 43.Ga CA 48.l.S 

MG 38.0! MG 37.86 tiG 37.59 tlG 37 .87 MG 3S.6S MG 37.23 tlG 36.3J. MG 42.Sb HG ;~9 .45 MS 40 .3S 
n. 14.37 FE iS. 07 FE iS.i4 FE 14.99 FE 16.52 FE l.5.08 FE iS.'13 FE '8. so FE 12.Sb FE 11.47 

M: 72.57 M: 7LSJ H: 7.\.30 H: 71.65 M: 68.34 M: 71.17 M: 69.~C 11: 83.35 ti: '15.65 Mt 77 .B7 
C: SS.61 C: SS.42 C: SS.70 C: SS.45 C: 57.29 C: 56.16 C: ~6.21 (;: 53.49 C: 54.89 C: 54.39 

~i{I~. SAMPLE IH?.ECTOP.Y ~~~* 

SAllPLE NO. DCSCRIPTlGN SAMflE NO. DtGCRl?TlOM ________ ... 
---------- -··· ... ------·- --···~ ........ ~ ..... _ ... 

2i. 09133 ~(.\V. OF 4 26 H-1,CPX.2 EDGE 
22 69153iCPX.2 CENTER 27 ii-i~1W. OF 3 

23 091'53!CPX.2 EDGE 2e I2B3~1w. or 2 
24 C9iS3~AV. OF 3 29 2S~23 .• CPX. l CENTER 
2S ii-i)CPX.~ CENTER :rn ~S023) rn .1 EDGE 



rniu v· 1'3 
CPX+OPX ti G1~RNCT GRtiNULITES - DIFFEREHT LOCAL!TIES U: 

31 32 33 34 3S 36 37 38 39 40 

5102 S3.11l S3.5'3 53.ie S3.3S S2.u3 S2.H s2.;=3 51.3~ 52 .• &7 S2.7S 
H02 .~9 .34 .3S .35 .41 7' .:~6 .12 .09 ND .... 1 

AL203 7.11 7.23 7.93 7.i3 S.61 S.S7 S.S9 2.n i.84 2. Oi. 

CR203 ND 0'' .04 .65 .20 .21 .20 • (<4 ND ND 
' I 

FEO b.62 3.65 3.11 3~38 7.B:s 1.'Jb 1.59 9.32 ~0.7B 2:t. 40 

t!NO ND KD rm ND .Ob ND .il5 .i3 .i3 .14 
liGO iL74 12.98 i2.SO 12.89 ii.28 H.:rn ii.33 f;!.Ji ~3.08 22.36 

· C?IO 19.65 20.39 20.48 20.43 18.S3 ie.&3 H1.S8 21.tJS .39 .31 

NA?.O 3.15 2.67 2.S6 .'.?.61 3.2,i j,jJ 3Si .92 ND ND 

Y.20 tm ND HD Ni) ND ND ND HD 

TOHiL 1111.W 100. 89 99.53 100.22 99.17 99.0'/ 99.ii 99.B3 99.22 99.0S 

ti ATOMIC PROPORTIONS tASED OH SELECTED t!O. OF OXYGENS !it 

OXYGEN 6 6 6 b 6 b & 6 6 f, 

SI i.91? 1.920 1.923 1.924 1.936 L 947 1.942 U'40 L?iS i.'i6fi 

Tl .OH .OB9 .010 • 00)1 .OH .fl09 .OiO .003 .003 

Al .3C3 .:m, .300 .39~, .246 .244 ~24S • 130 • ~Tii .083 

CR .002 .001 .601 .666 .Ht6 .066 , nn! . 
FE2-1 .Hl2 .169 .894 .162 .244 . 229 ,23f1 .2<lS .Mb .66fi 

MN .002 • ~Q;~ • (104 .OG4 .0~4 

HG .632 .694 .692 .693 .&2li .63C .62l3 .694 1.278 1.2A3 

Cf\ .760 .784 .796 .789 .739 .741 .740 .BB9 .HS .012 

tt~ .?.2i .136 .186 .183 .232 "?t"' ,l;t;,.1 • 221 .067 
I{ 

SUM 4.C29 4.910 4.6&2 4.006 4.M2 ~.~32 4.937 Jt,&2'5 '1 <'{>"'/ 3.987 1,) I} /\..I 

CA 48.3i CA 49.38 CA 50.31 CA 49.B3 CA 45.95 CA 46.34 CA 46,j.S CA 47.36 CA .7S CA .lA 
MG 40.14 HG 43.72 nG "3.73 MG 43.73 t\G 38.90 HG 39.37 tiG 39. i4 ~'G ~;6: 94 NG i-/5. ?2 MG fA.64 

fE ii.SS FE 6.90 FE S.% FE 6.44 FE 15.15 FE 14 .29 FE i4.7i FE iS.70 FE 33,30 FE 34.72 

11: 77.65 M: 86.37 M: BS.00 11: 67. 17 M: 71.97 11: n.37 ti: 72.6\3 !ii 7U.iE !'\: 66.43 M: 65. OJ, 

C: S4.b2 C: 53.04 C: 53.SO C: 53.26 C: 54.15 C: 54. 67 C: 54.H C: S6.iB C: i.i7 C: .99 

i1.:t¥ SAMPLE DIRECTO~Y *4'*; 

SAMPLE NO. DESCRIPTION SAilrLE liO. DESC~!PHOH 

---------- -····---·---· -4· .. ·------- -----.. ·--· .. -
:Si 2S023~AV. OF 3 36 33013.CPX.i EDGE 
32 30-11CPX.1 crnTER 37 331113~{\'J. 

33 30-i,CPX.1 EDGE ·;re 3:5023, riv. or 2 

34 30-1 Jtl]. 39 33923,fiPX.i)!EAR ~T 

35 339i3 1CPX.t CENTER 40 33023,0PX.21112 WAY TO orx CENTER 

....... __ ,, .. ·-·--·-· 



HiDLE \1··13 
Cf'X+OPY. ** GRRNET t;RAfHJUTES - IHFFEREIH LOCALITIES $~ 

41 

SI02 52.35 
TIG2 ND 
AL2U3 LBS 
Ck203 ND ~ 

f EO 22.75 
liNO .il 
HGO 22.75 
CAfl .31 
llr'2U HD 
l20 ND 

TO"f flL HO .2i 

U ATOOIC rROPORTIVNS Df.1.SED ON SELECTED NO. GF OXYGENS $:!; 

OXYGEN i 

c· .,)!. L946 
TI 
{!l .6fH. 
CR 
FE2-1 .761 
liH .004 
MG 1.260 
Cl\ .Gi2 
NA 
t 

SUM 4.~i3 

CA ,(,2 
HG b?r.66 
FE 3S.72 

K: &4.0S 
C: .97 

SAl'\PLE NO. nr:scaIPTIOH 5AM!'l.E NO. 

41 33023~DrX.3 CENTER 



TABLE V~i4 -
CPX 10PX U KYANITE GARNET GRtiNULIT£S -· DlFFE~ENT LOCALITIES U 

i 2 3 4 c .. 6 1 8 9 10 

SI02 52.09 52.93 S2.75 52.99 S3.6i 53.76 52.?6 S'.3.59 52.73 52.94 
TW2 .10 .07 .OS .04 KD ND till ,cg • Dt3 
AL203 7.85 S.99 5.75 r· ( C) 

J,vl b.19 S.Bi 4.95 4.47 b.19 S .• BS' 
CR203 .30 .24 .04 iW ND HD .18 .69 .21 .• 19 

f EO 3.59 "f co 
.at.JI 3.5~ 3.49 1.66 i.&C ii.70 12.38 ~.45 3.4b 

ltNO .u .07 .10 .03 MD ND .i9 .rn • 0£, .OB 
11(;0 i2.8b i3.S9 i3.S3 !3.75 14.48 14.91 29.27 2S'.27 13.-tS f3.6G 
CAO 26.75 20.74 21. 02 20.e1J 2!..97 2l..43 .12 .2i 21.10 2i I j.4 

Hf.120 2. 10 1.95 1.99 2. or. 1.78 { u,.. 
,L I ~./\./ ND ND ~., 91 i.95 

K20 tm ND NJ) ND ND ND ND ND Hf! ND 

1'0TAL ?9. 76 99.iB 98.93 9B.93 99.77 99.46 9'?.48 99.92 9S1
• S.9 S''i .34 

1,{i; ATOMIC PROPORTIOmi GASE!) ON S8..ECTO) NO. OF OY.YGt:NS ~·* 

OXY~,EN 6 6 6 6 6 b 6 ii 6 6 

SI i.Bn 1.933 1.936 1.94U 1.932 1.940 LHHS 1.899 1.n7 i cr?'J ·#·;,,;(.. 

Tl .003 .no2 .001 .COi .&02 . oo;~ 
f.tl .336 .2sa .249 ,2ljb .2li3 .247 .208 .i.8? .267 ~ ~~S] 

CR .OGS' .607 .801 .oos .na1 , unb • OGS 

FE2i .109 .HO .HO .107 .GSG .848 .349 .3S8 .His . rn& 
liN .003 .002 .693 .002 .036 .oos .602 . ca;~ 
l".G .696 .740 .740 .750 .778 .30S i r·e" ,;>:,,,;. L54l • /jf~ .7~0 

CA .808 .812 .£27 .819 .848 .1529 .oos .ens .C26 .827 
Mt1 .148 .138 .H2 • i42 . ~.2~ .120 ,13S .s.:m 
K 

SUH 4.0D6 4.002 4.909 4:008 3.998 4.000 4. 6C~1 4.iiCJ '1.603 4.00l 

CA 50.07 CA 48.86 CA 49. :~e CA 48.88 CA SG.62 CA 49.26 CA '•.& 
J '· ~ CA .42 CA 49.6S C1\ 49 .44 

MG 43.ib MG 44.53 HG 44.13 MG 44.75 HG 46.4Q NG ~7.07 MG Sl.48 VIG 8t.% MG 44.C2 m;; 44,24 

r1 6.76 FE 6.60 FE 6.)7 FE 6.37 FE 2.99 FE 2.37 FE iB.28 FE rn.n ff, 6.34 FE [; ,3;~ 

M: 86.46 ti: 07.69 11: 87.04 M: 87.53 ti: 93.% H: 94.34 11: 81.60 tt: 81.28 M: 87.42 Ii: 07.!ii 

C: S3.7i C: 52.32 C: 52.76 C: 52.21 C: S2.17 C: 50~1·2 C: ,;:)' .... 
"' .Si C: 53.61 ('• ... 52.78 

t*U CAi1?LE DIRECTOirt ~:~ti 

SA!iru: NU. DESCRIPTION SMf'LE i!O. DESCP.lPTlOM 
------·--··- ··--··--···---·· ----··- ....... -,,. -··-··--···-··'"-

1 04-i~CORE CPX.i CENTER 6 04-i~CPX.3A OF CPX-·KY 
2 04-1,CORf. CPX.1 EDGE 7 G4-i,.CORE OPX.l cnnrn 

-3 04-1,.CPX.iA or CPX-KY a ii4-i ,.CORE OPX, i HtE 
4 @4-l,CPX.1B OF C?X-~Y 9 Cti .. 1,.CPX.2A--Y.Y OF DPX.i 
s 04-i,.CORE CPX.3 10 04-l ,.CPX.21H<Y or OPX.1 



TABLE IJ··14 
CPX,OPX ~1: KYANHE GARNCT GRAWJLITES - lHFFEf(ElH LOCALITIES ~; 

11 12 13 14 15 ib 11 iB 19 20 

SI02 53.45 54.33 54.2l) 54.0S 54.!2 S·~.72 52.S2 S2.Si 52.47 S2.4l. 
TI02 ND ND .07 .09 .ca Wl .13 .26 .41 'fi/' 
Al203 4.Si 3.57 'l.26 7.24 1.2S 7.16 9.16 0.67 13.25 9.39 
CR203 .16 .10 .ea .~4 .Ob .~7 .10 .07 .19 
IT.O 12.11 12.30 1.47 i.47 i.4'7 1.40 2.4'1 2.29 3.62 2.91 
M»O .21 .i7 MD HD t!D ;m nt· di.1 fli) .07 ND 
MGO 29.63 28.89 13.91 f.3.59 i3.7S 14.fi8 i2.3S i2./S S. 7B 12.13 

. CAO .ib .14 21.40 2l.34 21.37 ~~o. bS 2L2~ 21.53 16.~S 2i.32 
NA20 HD rm 2.50 2.59 2.57 .2.73 " ("') .L,,:;;,._ 2.30 s. 00 2.6~ 
K20 ND ND ND HD HD 'tW tlD tm ND ND 

TOTHL 9'9.64 99.S3 106.92 100.44 100.7G 100.79 i00.42 HQ., S?. 1011 .;:s 101.iS 

t.* f·iTOMIC PROPORTIONS FJ(iSrn ON SELEC"frn ND. Of' OXYGEHS is 

OXYGEN 6 6 b b 6 6 b b (; 6 

SI 1.900 L9J2· i. 927 1.93i 1.92B L942 i. (1(~5 L3BS Lan 1.sn 
Tl .002 .OU2 .ao2 • 634 .91.i7 .. OH .802 
AL .189 .iSO .364 .305 ,30$ .299 .3813 (3.67 • 5'53 .396 
CR .0~4 .003 .OU2 .Oai ,Q02 .e~2 .i\03 .062 ,GuS 
FE2{ .360 .366 .044 .044 .844 .042 .rn~ .06S' .103 .037 
m~ .006 .nos .eo2 .ec2 
tiG LS3li LS3i .737 .723 .730 ,74S .6bi .682 ,N)B .b4b 
CA .fiOb .cos .ms .Bi7 • fJ16 ,/SS .fliS .8?.8 .634 ,817 
NA .172 .179 .178 .ma .175 .tbb .3~7 .HM 
K 

t;UH 4.664 3.992 4.0U4 4.084 4.00S 4.602 4.004 4. 00:1 4.GOb I;. 0.1.4 

CA .32 CA .28 CA Si.OB CA Si.56 CA S5 .• 32 CA 49.97 c~ s:~ .fi6 CA S2.4S CA 52.39 CA S::!.t/7 
HG 80.76 MG &B.49 MG 4f,, iB MG JiS.67 HG 45.93 MG 47.34/ HG 42.67 llG 43.20 MG :SU .66 f'l~ 4i. 7G 
FE Hl.92 -FE 19.23 FE 2.74 FE 'i_,77 FE 2.'76 FE 2.b4 FE If.bl n: 4.35 FE 8.94 FE 5.61 

ti: 81.02 M: 86.72 ti: 94.40 ~: 94.23 H: 94.34 M: 94 .72 Ii: 90.13 n: 90.34 H: 81.2i M: U0ii3 
C: .4G C: .35 C: S2.S2 C: 53.03 C: 52..77 C: Si.33 G: SS,24 C: SUl3 C: S7,54 C: SS.82 

~ii:~ SAMPLE DIRECTO~Y ¥i~* 

SAl1Plf. NO. DCSCR!PTION ZfiHPLE NO. Dl:5CRlHlOH 
.. .,·---·---- ..... _______ .... _ 

---------
_ ...... ___ . __ ......... 

ii 04-1 1CORE Ol'X.2 CENTER 16 02223 ~CPX. iA-K'i 
12 04-1 1CORE OPX;2 EDGE 17 e22431~V. CPX m PLl\G DMD 
13 02223 1CPX. i CENTER iS s22~:s~AV. CPX IN Cf'X BAND 
14 02223 1CPX.i EDGC t9 02343 1AV. OF 2 
15 62223 1AV. ~o 62493~AV. CPX HI f'LAG BAND 



J 

TAI<LE V· i•I 
CPX!OPX tt KYANITE GARNCT GRANULITES - DIFFERENT LOCALITI£S U 

21 22 2·1 ,,) 24 25 26 27 28 

SI02 S" '" c.,0>/ S2.26 Si.77 '53.44 S4.b3 53.67 53.48 5iL16 

TI02 .H S'' .41 .34 .12 .30 "'!' .3~) 
• I. 1f .. ,J 

t1LW3 8.32 9.11 9.4S B.SB S.bS 8.93 3.7S 
CR20J .26 to.JS tlD Mn trn ND ND 

FEO 2.59 1.9l 1.67 L'lS' L90 1.91 2. 01 2.07 
MOO Ni> l{l) 

11[;0 12,0S H.49 11.71 ii.68 i~ .. 87 12.GB 12.0i 12.G9 
CAO 21.Si !9.19 19.Cil 18.SS 18.26 18./8 rn.7S 19.35 

H?i2il 3.Dil 
,, 11""1"' 3.69 3.8S 4.ii 3.77 3.64 3.3B ,) • :l( 

K20 ND tfl) ND ND ND rm ND ND 

TOTiil 106.24 99.2S 98.23 99.13 99.73 99.21 99. (~7 91.2e 

~:ii ATOMIC PfiOPORTIONS BASED OM 58-ECTEfl Nfl. OF OXYGENS ~! 

OXYGEN b 6 b b b b 6 6 

SI 1.893 1.956 i.890 1.924 i.952 1.934 i o rt.r 1.ne 
TI .!!03 .OiS .OH .009 • Of!3 ,goc '£JQ6 .V10 

AL .354 .4Hl .401 .374 .~~69 .338 :!in 
CR , ~G'J .306 
fE2-t .078 .fibG .OS7 .054 .057 .nss • OU • Q(i3 

MM 
NG .649 .Mi. .b37 .b'll .632 ,()4)' ,64(, ,i;Si 

CA .833 .170 .746 .716 .b97 ,'125 .ns .749 

HA .2ill .256 .261 .269 .28S .2b3 .25S .23f 

K 

SUM 4.929 4.004 4.02l. 4;00:l 4.066 4.fl66 4,032 4.CC2 

CA 53.39 Cti s2,3.; CA 51.78 CA SL2S CA S~.29 CA 50.6& CA 50,M CA Si.22 

m; 41.bO HG 43.59 t'tG 44.25 Yr{; 44 .8~1 11G 45.62 MG 4:1.32 HG ~:,. i2 l·IG 44 .Si 

rE s.02 FE 4.07 FE 3.97 FE 3.86 f E 4.iO FE 4.02 FE 4.24 FE 4.2S 

i'l: 89.24 ti: 91.47 H: 91.73 11: 92.08 M: 91. 76 M: 91.BS H~ 9i.4i Ii: 'ti.23 

· C: S6.2i C: 54.Sl C: 53.92 C: 53.31 C: 52.43 C: 52.78 C: 52.Sfi C: 53.SO 

ttit SAMPLE DIRECTORY Uf.t< 

SRl'ff'LE NU. DESCRIPTim~ SM?LE NO. ?IESC!lIPTION ____ .... ____ -------- ·--------···· --- -----· ... ·--
21 02493~AV. CPX IN CPX BAND 26 12133A~CPX.4A-KY 

22 12131/.\,CPX.3 CEMTER 27 12133A1CPX. SA--K'f 

23 12i33A,CPX.3 EDGE 2B 121331\ 1CPX.OA-K\' 

24 j.21331\~CPX.2 

2S 12i33A!CPX.1A-KY 



TABLE V-14A 

GARNET AND CLINOPYROXENE KD'S CFE/MG): ECLOGITES+GRANULITES. 
------------------------------------------------------------
SAMPLE NO. CENTER EDGE AVERf..\GE 
- -· - .. -- - _,,...,. - - _ ... _ _, ___ ..... _ ..... ·-·-·- -
ECLOGITES 
---------· 
02023·11:· 2. 91 2.56~2.94 

02·-1 2.94 
02···2 2.82,3.09 2.82,2.79 
02043* 2. 4-6 
02063 2.77 
02073 3. 88 
02083 3.70 
02093 3.65 
02103 3. 'I 0 
02123 5.94 
02233 2 • 80 
02413 3.33 
02423 3.57 
02433 3.46 
02443 3. 41 
02483 2. ::>6 
02513* 2.86 2.79 
02523* 2. 95 
KYANITE ECLOGITES 
-----------------
02133 3.t:.3 

02143 3.82 
02153 4. 27 

02173 4. ·1 3 

02213 4.21 
02463 4.94 
02473 4. 58 
02503 3.3B 
GARNET GRANULITES 
-----------------
06023 3.44 4.28 
0604-3 3.67 3.91 
H5-1 3.63 4. 13 
H5--2 4. 28 5 .-83 
07403 3.87 4.58 
07413 3.74 5.79 
09123 2.84 3.08 
09133 3.56 3.87 
09153 3.65 
11 ":"' 1 5. 27 
12133 5.07 
25023 4.05 4.61 
30·-1 4. 7.8 5.06 
33013 4.25 4.60 
33023 4.58 
KYANITE GARNET GRANULITES 
-------------------------

" 



2. 

02223 5.02 5.81 
02243 5.64 
0234,3 5.02 
02493(PLAG) 5.99 
02493CCPX) 4.9b 
12133A 5. '18 5.47 

tmERE 
<FE/MG) IN GARNET 

KD = ------------------------
<FE /MG) IN CL I NO PYROXENE 



TABLE V-148: CLINOPYROXENE ENDME~BERS CFOR METHOD SEE APPENDIX>. 

SAMPLE NO.TSCH JAD ACM WO+ENS+FS JAD/JAD+TSCHC1> 

ECL.Or::i I TES 
02-1 
(12-2 
02023 
02063 
02073 
02083 
02093 
02103 
02123 
02233 
02L~13 

02423 
02433 
02443 

6.02 
3. '14 
2.51 
2.64 
4.86 
5.33 
2.73 
1.82 
10.70 
5. 27 
1 • 33 
4.69 
2.40 
2.44 
1 • 69 
3. 68 

34. f:.B 
37.28 
30.8~ 

29.27 
34.05 
36.64 
34.62 
25.89 
12.88 
27.05 
4.0. 1 0 
32.38 
29.85 
41. 80 
35. <]14 
28.52 

3.36 32.52 
3.14 19.23 
10.88 12.42 
9.14 13.31 

5. 8.3 
6.66 
9.31 
8.09 
3.70 
2.07 
8.09 
5. 94. 
1 • 78 
3. 71 
6.75 
7.54 
10. 1 7 
.78 
8. 1 B 
1 0. 76 
9. 16 
2.85 
5. 1 0 
3.69 

--------- ----------------
53. 68 
5 2. 92 
57.2£3 
60. 00 
57.39 
55.95 
54.56 

74.,64 
63. 96 
5'1. 83 
55.38 

54.98 
54 r 1 9 
57.04 
54.95 
74.79 
7·1. 61 
73.86 

85.14 
92. 23 
97..47 
9'i. 73 
87.51 
87.30 
92.69 
9.3.43 
~:)4. 6 2 
83.69 
96. 7c:; 
87.35 
92.56 
114. 4B 
95.51 
88.5"7 
90 "61., 
e..5.96 
:;;3.3_0 
:'.>9.29 

ECLOGITES 
4.46 44.15 3.87 47.52 84.65 
5.64 35.24 3.67 55.53 86.23 
6.06 42.01 2.98 48.96 87.39 
s.oa 41.63 1.99 s1.zi1 89.12 
5.62 38.35 2.39 53.69 87.22 
3.44 41."?3 2.67 52.17 92.38 
2.99 39.38 .50 57.23 92.93 
6.90 32.60 1.80 58.70 82.53 
4.38 38.61 3.48 53.53 89.81 

.02483 
02513 
02523 
12093 
09123C 
09123E 
KYANITE 
02133 
02143 
02153 
02173 
.0221 :~ 
07.363 
02463 
02473 
02503 
GARNET 
06023C 

GRANULITES,C=CENTER,E=EDGE OF EACH CLINOPYROXENE 
8.56 9.62 5.19 76.63 52.92 

E 
06043C 

E 
H5·-1 C 

E 
H5-2C 

E 
07403C 

E 
07413C 

E 
09133C 

E 
09153C 

E 
11-1C 

E 
12133C 

7.73 9.93 5.93 77.89 56.23 
7.82 9.44 6.29 76.45 54.69 
7.24 9.91 6.20 76.64 57.78 
7.21 10.03 3.41 79.36 58.18 
6.54 8.56 5.10 79.89 56.69 
9.04 6.45 7.88 76.63 41.64 
6.77 6.96 6.20 80.08 50.69 
9.16 5.08 5.76 BO.OD 35.67 
6.89 5.24 3.98 83.90 43.20 
8.06 6.80 3.98 81.17 45.76 
4.55 5.91 4.26 85.27 56.50 
8.91 3.20 6.69 83.04 26.42 
6.60 7.28 3.79 82.33 52.45 
8.42 6.03 5.65 79.90 41.73 

-8.13 6.87 4.26 80.74 45.80 
7.44 7.'1'1 7.82 76.84 51.53 
6.49 8.66 6.30 77.34 57.16 
6.27 21.33 6.92 65.48 77.2B 



2~>023C 8.06 14.52 6.83 
E 6.53 14. 07 6. 1 7 

30~1c 6.99 16 .. 3,~, 1 . 97 , 
E 6. 19 1 ·7. 66 .30 

33013C 4.99 13.73 8.09 
E 1+. 20 'i5.·•6 6. 0·1 

33023 5. 51 1 • 64 4.83 
£.<YAN I TE GARNET GRANULJ:TES,NO'S 
04-1C,1 1o.33 13 .. 60 'I. 09 
II E~2 6.49 13.4·7 • 30 
"+KY ,3 6.23 12.25 1. 78 
"+KY ,4 5.93 1 2. 46 1.58 
II C,5 6.70 1 2. t;.o 
II E,6 6.00 'IZ.70 • 1 0 
02223,15 6.85 16. 57 .09 
11 +KY , 1 6 5 .• 78 ; 8 0 ;~5 .50 
02243,17 11.04 16.52 .90 
II , 1 B 10.69 14.95 1 • 4.9 
02343,19 11 • 20 32 u c;o 1. 49 
02493,20 11 • 9.7 15.40 2" 65 
II 

' 21 9.99 1 ..; .• 63 5.47 
12133AC,221D.03 23.75 .70 
II E,238 .. 81 21 . 54 3 .. 90 
11 +l<Y ,254.50 28.37 • 01 
11 +KY ,265.75 25. 10 • 01 
"+KY ,276.47 24.90 .50 
11 +KY 1286.97 7.3.31 .30 

l,JHERE 
lSCH=CALCIUM TSCHERMAc~·s 

JAD =JADEITE 
ACM =ACMITE 

2 • 

70.59 
'73.23 
71; .• 70 
75.35 
"i,~.1'7' 

71t.33 
88.01 

1-28 ( U~BLE 1/-1/:.) 
7 Ii. tf B 
7 17. 74 
79.74 
8D.f.J2 

. 5 Q BO. 't 0 
81.20 
75.50 
75. 47 
71 • 54. 
72.87 
54 .• 41 
69.99 
69.85 
65.52 
6~~ n 64 
67,,03 
68.15 
6lL 13 
6CJ " 4 7. 

PSJ =PSUEOO-JADEITE OR ESKOLA'S MOLECULE 

64.3[1 
68 .. '30 
70.04 
74 . • 05 
73.34 
78.64 
22.'74 

56.83 
67.48 
6{) r. :2 9 
67.75 
64.92 
67.91 
70.75 
75.95 
59.94 
58.31 
74.60 
56.27 
59.42 
70.31 
70.97 
atJ •. :& 1 
B1.3b 
i.,9. :rn 
76.98 

WO+ENS+FS =-~QUAD= QUA DR I LATERAL ENDMEMBERS ~JCU .. ASTDN I TE~ 
ENSTATITE,FERROSILITE. 

(1)=100•CJAD/JAD+TSCH) 



i 

SI02 b~: .16 
TI02 till 
At.20:5 24.H 
CR203 
FEO .OS 
HNO 
MGO tm 

· Ci10 S.33 
N42U !L4i 
K20 .so 

TOTAL 100.bi 

OXYGEN 8 

SI 2.744 
Tl 
AL 1.2!)b 
CR 
rE21 .8C2 
MH 
KG 
CA .252 
NA .129 
K .G?.B 

sun S.062 

AN 25.21 
AB 71.98 
OR 2.82 

SAMPLE NO. 

i 
2 
l 
f 

hiBLE V-iS 
PLAGIOCLASE ~~ GARNET GRANULITES ~$ 

2 J 4 s 6 7 fJ 9 10 

ti2.~a bi.43 62.03 60.00 63.Si 59.0l 63.95 59.60 61.28 
ND MD rm ND. W> ilD ND HD ND 

24.02 ~l\.93 ;~4 '67 25.60 19 .17 2S,/ii i9 ,;:9 25.54 24.4i 
·ND ND ND ND ND WD ND 

.04 .04 .84 ND ND nD ND ND .04 
ND ND HD ND ND ND Nl'i 
MD MD ND ND ND f.l)) ND MD ND 
S.06 S.43 S.24 7.06 .12 b.93 .12 6.'Ji 5.43 
9~ Oi. B.4S n.69 7.70 LSD 7.74 L17 7.75 B.68 

.63 .26 .26 .45 14.74 .st 14.78 ,4? .47 

106.89 iD0.59 109,98 163.87 99.09 99.bb 99.3b Hfi.34 100.37 

3:t ATOMIC PP.OPOH!DNS BASED OU S£LECTED NO. OF OXYGENS i$ 

8 8 

2.746 2.712 

1.2~9 i.297 

,001 .60i 

.~39 .~7 

.771 .123 

.035 .OiS 

S.038 5.0tfB 

AN 22.ss AN 2S.S2 
AB 73.TJ AB 72.7i 
OR 3.39 OR i.47 

66023! RELICT PLAG 
ti6043 1RELICT PLAG 
HS-2,PLAG.1 CENTER 
KS-2 1?Lt'.C. i. [l}GE 
07403,.PLAG.i 

3 s 

2.7'!1 2.657 

1.278 1.33b 

.OH 

.247 .335 

.'l4'1 .661 

.016 .025 

S.012 s.nrn 

Ml 24.60 !'IN :~2. 79 
AB 73.fl3 AB 64.72 
OR 1.57 GR 2.49 

fl a s s 8 

2.955 2.Me ?..?tJ 2 .b~i4 2.1113 

LOS1 1.34·~ i.OS3 i .:::11 1.;~n 

.COi 

.nnb .333 .0% • 3:1,0 .2S8 
pi-, .. iJ . .J .f>74 .165 .669 .74i 

.87S .629 .B73 .cw ,027 

S.C24 S.031 S.OH s.~24 5. U29 

fiN .59 AN 32.17 AN .60 AH 3:?.H M>l 2S.03 
AB lJ.3?. ~iB 65.ui tiB i.fi,(;7 4B 65,i~ 1;51 n.3? 
OP. Bli.13 fJI{ 2.82 OR BS. 'l2 OR ., ., .. 

... , 1 OR ~~. S3 

SAHrLE NO. DESCRIPTION 

b 
7 
ti 
9 

16 

07463~K-SPAR.t IH PLAG.1 

07403 1 ~-SPAR.2 IN PLAG.2 
07463,PLAC AV. OF 3 
@74s.3,PLAG.i CENTER 



H 

Sl02 bi.ii 
TI02 ~m 

AL2lG 24.39 
CR203 ND 
FEO .as 
mm ND 
l1GU ND 
CAO S.34 
N/12il B.bS 
K20 ,1~7 

TOlR inO, 09 

OKYGEN B 

SI 2.7i3 
TI 
AL L2/1J 
CR 
FE.:1 .002 
t!N 
it 
Ch .254 
tm .748 
K .027 

SUH S.ti30 

AN 24.71 
AB 72.70 
OR 2.59 

SAMPLE NO. 

H 
S.2 
13 
14 
15 

TABLE \1-iS 
PLAGIOCLASE ~* GARMET GRANULITES M 

12 13 14 1S 16 i'l rn 19 

60.57 bi.39 61.09 6i.2i 59.99 62.07 l2.10 62.19 
Nil t!D ND rm ND 

24.31 2S.18 24.Gu 25.1~ 24.b7 ?4.14 z;~,76 ::~3. 91 
tID tm MD tm tm 

,QS ND llD MD 
!ID ;ti) HD HJ) 

ND N~ l!D ND 
S.34 6. 10 6.61 6.02 5.99 S.46 5.2i S.26 
B.fib 7Au 7.S4 7.SS 7.66 8.77 8.B3 B.Sb 

.so .47 .46 .48 .61 .45 .'16 .46 

99.48 10Q.S4 99.93 100.4S 98.N 10036 1(10 .46 1~n.7S 

t.t: ATOMIC PRO~ORTlONS BASED ON SELECTED NO. OF OXYGENS U 

s 8 

2.712 2.769 

1.2133 1.310 

.002 

.::'.Sb .288 
.~'52 .633 
.929 .026 

S.036 4.966 

AM 24.71 AM 30.42 
llB 72.S3 AP 66.79 
UR 'l..~;b OR 2.79 

llCSCRIPTIOH 

07413~PLAG.2 EDGE 
07413.Jiv. or s 
09133!PLAG.4 CENTER 
09133 1 Pl.AGA a~GL 
O)'i33!AV. OF S 

9 8 

2.7i4 2.705 

L299 1.312 

.286 .285 

.656 ,1;;41 

.~26 .627 

4. ~''J4 4.976 

AH 29./S AN 29.72 
AB 67.54 A9 67.46 
OR ·2.11 OR ., rn 

1-..c-t .. 

0 a 8 a 

2.698 2.735 2.748 2 ",,r-o /'i,) 

1.303 1.254 t.;~39 1.~Wl 

.299 .2SB ·'~~~ ,;:49 

.668 .749 .758 ,/'.if.I 

.035 .C2S .026 .0?.6 

4,9~'S' s.n24 5.923 S.il24 

flH 29.H AN 24.97 Ali 24.07 flN 24.0H 
ilB 6? .U1 AB n.59 i1B 73.4i A:~ n.u 
OR 3.53 O" !\ ;~.45 OR ~.52 OR V:ii 

Sf.\HPL£ HO. DCSCRIPTION 

16 
!7 
18 
19 
2G 

095.S:{, AV, OF 2 
H-i ~·?LAG. i CDffER 
H-1 ~PLAG .1 EilGE 
iS-1 1 ~.V. OF 3. 
12i:SJ ~/W. GF 3 

20 

M.i9 
ND 

22.47 
ND 
Nii 

3.19 
i0.2~ 

Si' 

190./'fi 

s 

2.823 

i.ioS 

.5.'5& 

.an 

.G33 

5.9SG 

Mi i.4.17 
(1B 82.71 
o~ :u.2 



21 

SI02 63.53 
TI02 ND 
AL203 23.17 
CR2U:~ ND 
rm MD 
mm ND 
KGO UD 
CAO 3.97 
~20 9.S4 
K20 .49 

TOTAL 1(19 .1S 

OXYGEN 8 

SI 2.794 
n 
t1L 1.201 
CR 
F£21 
tU4 
KG 
CA .187 
M~ .814 
K .027 

SUM S.025 

AN 18.20 
llB 'J9. i.3 
OR 2.67 

SAMPLE NO. 

21 
?.2 
23 
24 

TflP.lE V··1 S 
PLA£.;IOCLASE 1/.ff. GA~Nn GRANULHES ~; 

22 23 24 2S 26 27 28 

62.34 62.bI 62.SO 64.56 64.bi 64.S8 S0.4S 
!iD HD HD I'm HD IHJ ND 

:~ti. 16 24.69 24.i7 22.52 'I') 1;1 
i..&..c.1.l 22.Si 31.75 

fl!) HD ~m ND 
MD MD MD ND HD ND ND 

HD ND Nf1 ND 
ND ND ND im 

4.99 4.91 4.95 2.96 2.92 2,!)4 14.29 
B.76 8.79 8.83 rn.32 ~fl f.I.: .:.o.1• ,_. rn.:m :!1bi 

• Sb .S3 .53 .2S .26 .25 .20 

1CUl3 10D.9S 101.00 166.66 u~.83 iOC.71 i~U.45 

~11 (1TOIHC PROPORTIONS BASED ON st.u:crrn mJ. or ()};'((;ENS M 

a e 

2.74b 2.7S3 

1.254 1.24S 

.~3b .231 
.71\B .749 
.031 .630 

S.Ulb S.612 

AM :~3.2G AN 22.89 
AB 73.70 AB /4.16 
OR 3.13 OR 2.94 

ocscr:IPnm! 

c:so23 JW. or 2 
36-1 1?LAG.1 CENTER 
30··1 lLAG.1 EDGE 
30-1.,iW. OF 3 

a 8 B B a 

2.748 2.333 2.332 ?.. 8:~3 2.292 

1,253 1 • .l.6S 1.Hi3 1.iM 1. 701 

,;::33 .I39 .i37 .rn~ .6% 
.753 .878 .SBS 1003 .3iS 
• o:rn .014 .us .Ol4 • Oil• 

S.617 S.031 S.C37 S.033 5.024 

AN 22.96 AN 13.56 M ~.3.i9 AN 13.35 fiN f;/ .SS 
~B 74. i1 (ilj 35 .1 s AB 0'5.41 AB 85.:~0 llB J~ .38 
OR 2.93 OR i.36 OR 1.~q OR i "I\'.' ,.,_, OR i.58 

·ttU SAf!PLE DIRECTORY *~zt 

SAMPLE i10. liCSCRIPTION 

26 
'{J 

20 

330 B J'LAG .1 [!)GE 
330 i31(ilJ. 
33G2l. 



1 

SI02 59.53 
no2 ND 
f;L203 26.63 
cn20:~ lit 
f £0 HD 
MNO ND 
MGG IW 
CAO b.84 
NA20 7.49 
~20 .34 

TOTAL HI0.89 

ClXYGEN B 

SI 2.63i 
n 
~l i .33'7 
CR 
fE2·: 
MN 
lie 
CA .~24 

HA .b42 
I{ .019 

Sl.lli s. ~81:, 

AN 32.£9 
llB 65.17 
OR i.9S 

SAMPLE MO. 

1 
2 
3 
Ii 
5 

TA~LE V--1.~ 

PLAGIOCLf>.fiE ** K"t'AIUTE Gr~RNET G~liNULHF.S M 

2 j 4 s 6 I B 9 

60.36 59.45 59.91 59.45 59.94 1~0. rin 59.26 59.39 

25.51 2S.2i 2s.:~b 26.38 ~S.BS 2S.Bll 24.81 25.71 

b.42 6.99 6.2'5 7.34 7.'t.9 l'J 4t" 6.05 7 .2!.1 · 1,,1..i 

1.74 li.37 s.uii 'l.27 1.6-.S /,48 ~l t 72 7,S3 

.31 ~32 3? .23 .31 i'"' .33 .21 . - ' I 

i00.34 79.44 99.90 101.2'~ 1.0i.f!2 mo.&~ 9B.9i uo.rn 

it f!TOtiic PROPORTIONS 1w:rn ott SELECTED MO. oF nx1cE1~s ~t 

fl 8 

2.6n 2.bfi7 

i.333 1. :~z3 

.30S .~n 

.6!>6 .728 
,OiS • 01!3 

4.998 s.o:w 

Ml 3U .S'l fiN 2B.17 
AB 67.35 AB 70.il7 
ov. 1.77 OR 1.76 

Df.SCR IPTI O:~ 

64-i. 
92?.23 ~PLAG.1 CENTa 
02223 1PLAG.1 EnGE 

a 0 

2.672 2 ,(0.) 

1.333 1.373 

,;;99 I 7.7i 
.697 62'> I &. 

.om .016 

S.H9 s.cn1 

t1H 29' .46 AM 36.76 
AB 68.75 '1B 61.68 
m: LS3 OR i.Sb 

B 

2.049 

1.34'1 

.34S 

.654 

.017 

S.1!13 

1\N :n.rn 
f1B 64.32 
OR i.72 

6 
7 
s 
9 

1C 

8 8 8 

2.bS'l 2.in 2.&17 

i.3~'1 1.320 L3Si 

.33'1 .:m .·34H 
IJ..1':· .o.c. ,1:,7'; b''' I JJ. 

.nm .019 .OiS 

•1, 'J''i'S S.H<l S.Cii 

Ml 34.n Ml 32.29 All 34' 29 
AB M.30 li8 65.% 1~B 64.i.9 
OR .97 OR 1.85 GR LSI 

DCSGRlPlIDf! 

022~3 1 PLAG.i EDGE 
02243) Pl.f1G. 2 Ctl!Tfll 
02243 1PLAG.2 EDGE 
VU'.43 :f1V I 

e;~;~4~~ 1PLAG. 4 IM GT 

i8 

62.0B 

22~83 

.39 

:i:n 
iO.Sl 

.£11 

100.60 

a 

2 t ~161 

1.1?7 

.015 

.1'79 

.932 

.9% 

s. !jg 

AN iS.48 
r'f> S!J,.S5 
Gf~ :5 I 9'? 



H 

SI02 bi. 79 
T102 N» 
AL203 2:~.31 
CP.203 
FEO .OS 
MNO 
MGO. 
CAO 4.28 
Wi20 if..'.:N 
1:20 .!7 

TOHlL itl0.20 

OXYGEN s 

SI 2.749 
TI 
Al. 1.222 
CR 
f£2'. .OG2 
MN 
Y.t 
CA .2G4 
NA .914 
K .n10 

SUM S.161 

{~N 18. 10 
AB 81. o,i 
OR .Bl! 

SAKPLE MO. 

H 
12 
13 
14 
15 

TAl:H V·ib 
PLN;IOCLASE U KYP.IUTE GAR"[T GRAf.;ULlTES ~* 

12 13 14 15 l6 17 rn 1S' 

62.37 60.11 66.96 60.Sb 63.32 M.23 ~3.67 42.3S 
ND MD Nl) ND ND 

.22.94 2P..83 24.bi 24.61 23.38 22.~3 (.2.97 35.97 
MD ND ND 
.H ND i'{l) ND ND ND ND "It; . "''·' 

ND ND ND 
ND ND ND 

3.85 6.49 S.74 6.6S 4 I Ol; 3.~7 3.SB 11.s~; 

i0.3b 0.41 8,42 B.24 9,;G 9.37 1.b4 1.19 
.4i .33 .72 .63 .27 .33 .3G .w 

HU.Sb 100.89 100.48 100.45 iOC.54 99.94 Hu.J.7 90, 4!> 

U ATOMIC PROPORTIONS Df.iS£D OM SELECTED HO. Of OXYG£HS ii 

8 D 

2.767 2.687 

1.260 1.29S 

• 004 

.i83 .~DB 

.934 .729 

.023 .019 

5. l.12 S.C39 

M~ 16.0S AN 29.i7 
AB 31.92 AB 69.06 
m: 2.03 OR 1.77 

Dl:SCRIPTION 

02'343~PLAG+KYANITE 
92343,AV. OF 4 
02493 .• PLAG, 3 EDGE 
e2493 1PLAG.S EDGE 
C2493iAV. or 4 

8 8 8 8 a G 

2.706 2.702 2.730 2.836 2.809 ? .• Of!O 

1.287 1.238 1.213 1,j,67 1.194 2.602 

.014 

'~~13 .2S8 .~.n .HS .169 .903 
,/2S .789 .811 .B4S .B2S .iG9 
.041 .636 .OlS .019 .Oi7 .940 

s.~37. S.026 S.li19 S.H2 S.OiS S .G72 

AN 26.29 r~N 27 .tl7 AN HU!~ M 14.~0 AN i6.74 M~ 85.Bi 
f;B 69.78 AD 68.68 AB 79.&9 AB 83.7& r1B BiSi ?.B i 0, 3S 

OR 3.93 OR 3.45 OR 1.49 OR i ,$4 OR i.67 fJR 3.84 

**U SAMPLE DIRECTORY t1'~ti: 

SAMPLE NO. DESCRIPTION 

16 
1.7 
iB 
19 

i213:!?'.,PLAG.2 CENTER 
i?.i33A 1PLAt.2 EDGE 
12n;s;,,Av. or 3 
02363,.PLAG IN ALTERED MC~ 



1 

Sl02 41.48 
no2 1.6S 
AL203 16.90 
CR203 .09 
FEO S,95 
mm ND 
ti GO 1~.4i 

CAO i2.H 
HAZ~ 2.57 
K20 .96 

TOHll. %.65 

OXYGEN 23 

SI 6.!i43 
TI .Hli 
AL 2.902 
CR .om 
FE2l .72S 
tm 
MG 3.t29 
CA LB7S 
MA .72& 
K .17!l 

SIJ~ S.S.77' 

SAMPLE NO. 

1 
2 
3 
4 
s 

TAKE V--.l.7 
PRil1ARY Al~PHJ.l!OLES t:~ ECLO'~lTES t GRANULHES Z* 

2 
., 

4 s b .... 

47.11) 4L99 43.31 12.s2 40.Bi 
C'' I I t,63 1 .• 35 1.13 2,2$ 

i6.i2 13.64 14 ,;:~s 13.63 13.24 
.Ob ND .07 .09 .iS 

6.34 u.n n "l"A 
(J ~ T.J"'I 11.33 13.35 

.u Nl) ND NO .04 
,,4,37 i'' ,,, 

i.. "'' 
f.1,20 1:s.s4 H.9S 

B.69 iUlb 1.2. i?. iLSi 11.33 
4 ·'~9 I'\ Ill 

-~•\PU ~. c·o 2.S3 " , .. .., 
J, I ;tJ 

.Si 2.eo LS3 1.Sb 2.12 

97.89 96.91 97.99 97.62 97.31 

t.a ATONIC PnOPORHONS tASf.D llN SELECltD NO. 

23 n 

6.b21 6.243 
.007 .ms 

2.669 2. :~92 
.607 
,'74$ 1.390 
.Oi2 

3.008 2.765 
i,3aB 1.89i 
i.223 . ~~94 

.091 ,:m~ 

jS.b9i iS.854 

lJi:SCRJ.PTIO!~ 

02123~ECLOG!T£ 
02363 1rf, E.CLOGITC 
O!i!l23~CT. GRNWUTE 
HS-1 ,GT. GRt1Hb'UT£ 
ll~-2 l G1 . GN.mlLI n: 

?3 2~~ 

6.33fi 6.261 
.147 ci2S 

2.427 2.36b 
.003 .cm 

LU08 1.3M 

3.&sa vm. 
i.876 '·.Sib 

.560 .72?. 

.337 .293 

15.754 iS.933 

23 

li.129 
.2'54 

2.34~ 

,0"18 
L677 
.nos 

2.675 
1. 'i04 

.457 

.4~b 

l.S.868 

b 
7 
e 
9 

'/ s 9 

4LSS 42.94 42.10 
i.98 1.94 ,87 

12.9S 12.BS i4.0$ 
.Ob ,04 NP 

12.48 10.7'7 10.23 
HD ~D .04 

i2. i.2 1;~.74 12,82 
H.52 ti.SS 12.0l 
L87 i.75 LS'l 
2.l.9 2.26 2.24 

90.78 96.86 97.iS 

OF OXYGENS ** 
23 

6.243 
.224 

2.292 
O"''' ' U! 

i. Sf)'l 

2.712 
i.8S3 

.544 

.~26 

iS.6&6 

23 Z3 

6.368 (;,2i9 
.216 .691 

2.246 2.SU6 
.nos 

1.336 1.270 
.005 

;~.316 2, l32~: 
l. ,3;55 ~ ')\\19 

.5ii3 .5:% 

.428 .422 

1S.7~6 iS.869 

07403,GT. GRANUUTF. 
09i33~GT. GRANULlTt 
t9i53 1GT. GRf.lNULr!E 
:S3021:GT. GRA~uun: 



TABLE V-17A: SITE OCCUPANCY IN AMPHIBOLES FROM ECLOGITES AND 
GRANULITES,BASED ON 23 OXYGENS CAFTER PAPIKE ET 
AL .. ,1c;74). 

TABLE =3 4 5 6 7 8 9 1 2 
V-17 

06023 H5-1 HS-2 07403 09133 09153 33023 02123 02363 

SI 6.25 6.33 6.26 6.13 6.24 6.37 6.22 6.04 6.62 
AL-IV 1.75 1.67 1.74 1.87 1.76 1.t'.!3 1.78 1.96 1.38 

TETR. 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

AL-VI 
TI 
MG 
FE 
MN 
CR 

061; .76 
.19 .15 
2.76 3.06 
1.39 1.01 

• fJ 1 

• 63 
• 1 3 
2.90 
·1. 33 

.01 

.47 

.25 
2.61 
1..64 
.01 
• 02 

.54 

.22 
2.68 
1 • 55 

.01 

.61 ~81 

.27- .10 
2.82 2.82 
1.34 1.27 

• 01 

.95 
,. 1 H 
3.13 
• 7 :5 
.Oi 
• 01 

'I • 29 
.01 
2. 1/5 
. 73 

M1,2,3 4.98 4.99 5.00 5.00 5.00 5.00 5.00 5.00 5.00 
--. ..:--.. 

HG .07 .06 .03 .06 
FE .03 .04 .02 .01 
CA 'l.89 1.88 ·1.82 1.90 1.85 1.84 1.91 1.88 1.31 
NA .11 .12 .08 .10 .16 .09 .12 .62 

M4 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

NA 
I< 

.49 

.38 

.87 

.44 
• .33 

.77 

• 6.4 
.29 

~93 .87 

• 45 • 34 
.42. .4.3 

• 87 • ·17 
............... 

.45 

.42 

.87 

.60 

.18 

.69 

A 48.2 46.3 50.6 48.0 48.3 46.0 48.2 42.8 40.8 
B 48.8 50.0 47.2 52.0 50.0 49.0 49.4 53.8. 40.8 
c 3.0 3.7 2.2 2.7 5.0 2.4 3.4 18.4 
%0THERS48.8 50.0 50.6 52.0 50.0 49.0 49.4 53.8 40.8 
%QUAD 51. 2 50.0 49.4 48.0 50.0 51.0 50.6 46.2 59. 2 
NAME EDENITE-------------------~---------------------PARG-

ASITE 

WHERE A,B,C,OTHERSvQUAD ARE AS IN TABLE IV-20. 
SITES ARE TETR=TETRAHEDRAL,M1,2,3,4=0CTAHEDRAL,A=12-FOLD 
AU<AL I. 



TABLE V··18 
KYAIHTES ~* ECLOtllES + GRANliUiES *$: 

1 •. 3 4 s 6 7 8 9 "° c. 

SI02 36.Bil 37.)J j(~. 92 36.9S ·1~. 0"> 
....;-ti·1,1t .. 3SJ?2 36.S7 36.Si 35.40 36.66 

T!02 .OS HD MD !HI ND .fJ4 ND ND 
AL203 63.04 6:4. 49 &3.33 63.S9 63.7~ 63.~2 63.71 63.as b3.80 61.ci 
CR203 .09 .iS .67 .u 0\1 

O I .:~2 .23 HD 
f EO .37 .39 ,-t, .38 .36 '•n ' .... .:~ .29 .36 'l() . .... 
liHO fill tm 
l'iGO ND HD MD RD ND .04 Ni} 

CAO 1rn !{!) ND tm Nll HD tm .15 ~? 
I <Ah~ 

Nf.,20 ND ND W) 
~20 

TOTAL i00.45. 101. 04 iUG. s;~ iOi.40 101 .23 99.75 100.84 108.Ml 99.76 p3.b9 

t:\: ATOiHC PRCWORTJ.DNS Bf.lSED ON SELECiED NO I Of OXYG£N!) ** 
OXYGrM 20 i~O 20 2G 20 ;::o 2G 20 26 ~~6 

SI 3.%5 :t l/74 3.962 :L943 3.946 3.877 3.925 ~ 'l/.22 3.B45 4.i43 

TI .064 .fi~3 

AL S.GG6 'i.?93 E.Ui2 3.~Y,7 8.036 B.H4 r:. 060 3.0fl4 H.Hi8 7. '/82 
CR .OCB .013 .i106 .fi09 .OSB • (121 .U24 
FE2<· .633 • C2"/ .038 .034 .G32 .cm .~2S ,(i2~ .B~ • (!26 

1~n~ 

h'' i,) ,OS& 
Cfi .n17 .014 
iilA 
1: 

SUM 12. (;25 12.013 12.827 12.0;n )2.631 12.&t;!-! 12. 033 i.2. r136 12.M'I l.i.%5 

**i* S(ir\PLE D UEcrnr-:.Y z~~i • • SAttf'LE HO. li[SCRIPTION Sf,!1rLr HO. &tStR!PHOll 

---·--.. ·--"'· ----·- ... -........ -.. ··---.-····-· .. 4~ ---· ... --.--··-
i. 02133,KY, ECLDGITE b a24G31 m 

2 621431 'l C24S31 
ft 

3 021531 e a 024631 • 
4 C~i73~ ' 9 u2243 1H .• GT GRANULI1I 

~ s 022131 ' iO a23~3, 

/ 



u 

SI02 36.95 
TI02 NO 
Al203 ;)3.96 
CR203 ND 
FEO .33 
tlNO 
HGO ND 

· CAO ND 
NA2tl 
K20 

TOH!L iUL24 

OXYGEN 28 

SI J.947 
TI 
AL 8.046 
CR 
FE2+ I Ci!9 
Mn 
KG 
CA 
HA 
K 

SUM l2.D29 

SAHPLE rm. 

H 
12 

Thr{LE \H8 
KYAIHTES Ti;* ECLOGITES + GRANULlTES ~$ 

12 

36.43 
ND 

tJ3.8b 
rm 

.1.9 

ND 
HD 

160.54 

f;t: ATOMJ.C PROPC~HONS i}f'{SED Oii Sl:.lECTED NO. or OXYGENS it: 

2e 

3.917 

8.094 

.Oi1 

1.2. G3S 

024931 
12133~, 

• 

DCSCRlPiIOH iii:SCRIPHGH ) 



' TABLE V-19: PRIMARY SCAPOLITE IN GRANULITES. 

SI02 
TI02 
AL202; 
CR203 
FEO 
MNO 
MGO 
CAO 
NA20 
K20 
503 
TOTAL 
+H20 

H5·-2 

47 .. 50 
ND 
24.92 
ND 
• 09 

.02 
14-. 68 
'h 93 
• 19 
2.30 
93.63 

06043 0;1403 
--·----· _ ..... ____ 
48" .~ 9 47.60 
• 06 ND 
2 4 • 6!.:> 25.83 
ND ND 
.05 .n 
ND ND 
.02 .05 
14.54 16 .1 D 
5.27 4 .• 35 
.27 .25 

4.40 
9~ ... 35 93.69 

A B 

47 •. 57. 4.3 • 2 1 
ND <. 1 0 
2~3.21 27.75 
ND 
• .30 .32 
• () 2 
• 'I 4 • 2 2 
15.48 18.27 
4 .• 5 2 2.66 
• 'i 0 .24 
4. 17 5.58 
97.46 913.35 
":30 

+COZ 2.16 1.H6 
ATOMIC PROPORTIONS TO 12CSI+All 

SI 7.415 7.504 7.319 7.382 6.830 
AL 4-.~>8~> 4 .• 496 4.681 4.618 5.170~ 
TI .007 ( 
FE .012 .007 .. 014 .039 .043 
MN .003 
MG 
CAO 
NA 
I( 

%ME. 
t4HEF:E 

.005 
2,456 
1 • 491 
.038 
61 • 79 

.005 
2. Id I 
1 • 581 
.054 
59.78 

.011 
'~. 653 
1 • 297 
• (149 
66. 5·5 

.033 
2.577 
1. 360 
• 02 0 
65. Tl 

.. 052 
3. u94. 
• Bl 5 
.04.B 
78.70 

A=SCAPOLITE FROM GT+AMPH+CPX+PLAG GNEISS,GHANA<VON KNORRING+ 
V.ENNEDY s ~ 958) • 

B=SCAPOLITE FROM DELEGATE TWO-PYROXENE GRANULITE CR18} 
CLOVERING+WHITE,1969). 

ZHE.=%MEION!TE ENDMEMBER CALCULATED AS 100(CA+MG+FE+MN+TI/ 
NA+K+CA+MG+FE+MN+TI> AT. PROP. 



TABLE V-2D 
SECONDARY CUNOPYROXEHES ~~ ECLOGHES ~>l 

i 

SI02 ~7.46 ~b.93 

Tl02 1.08 .8i 
Al203 i3.S2 9.98 
CR203 .04 .04 
FEO a.24 a.sa 
tlNO .27 .30 
MGO 12.22 ii.39 
CAO 19.89 20.51 
MA20 1.43 i.30 
K20 Hu HD 

3 

46 '65 ·~7. 55 
.l7 .93 

ir..42 ii.GS 
Nri rm 
8.53 7.B2 

.24 .l6 
H.83 H.54 
18.:B 19.l/l 
i.37 L49 
ND tm 

46.32 
1.16 

10.45 
ND 
8.42 

.22 
1LSS 
i9.S2 
!.34 
ND 

46.SO 

ii~, Oi 

f:. l.4 
.14 

10.86 
21.~S 

,92 
Im 

7 

.@'] 

6,BS 

8.134 
.24 

S.2.15 
22.35 

.SS 
HD 

99.SS 98.08 i00,24 99.S2 ao.s3 iGO.s& 

a 

.\2.33 
3.67 

i3.,27 
;C6 

6.39 
.!S 

B.95 
20.12 

.% 
Mli 

98.51 

9 

44.10 
2.G:l. 

iLBb 
ND 
7,913 

.27 
10 'f'i 
2C.44 
L13 
ND 

'1B.S3 

10 

42.89 
3. ib 

:l.2.67 
ND 
7.14 

.20 
iO.n 
20 .39 

ND 

98.30 

*t ATOMIC PRO?ORTIONS BASED liM SELEf:l'[J} NO. Of OXYl;ENS i* 

OXYGEN b 

SI 1.744 
Tl .030 
?il .4% 
CR .OOi 
F£2{ .2S3 
MM .ooe 
MG .670 
CA .784 
MA • 1fi2 
K 

SUK 

6 

1.755 
.023 
.440 
.OOi 
.2Ml 
• Of O 
.63S 
.822 
.OS'4 

b 6 

L 764 .1. 7Sli 
.019 .026 
.464 .48~. 

.270 .242 

.003 .oos 

.6b7 .635 

.743 .778 

.s.no .u1 

4.@31 

1 .• 750 

.460 

.263 

.0{!7 

.643 

.732 

4.K~b 

i.723 
.014 
.524 

.252 

.8B4 
.6CO 
.851 
.Obb 

ti.C3S 

1.839 
.003 
.3~0 

.27S 

.nv!l 

.613 
,89~ 

.046 

4.il2B 

6 6 

i.60S. L6'ifl. 
• 1(14 • 357 
.~92 . 531 
.tt92 

.6~S .G~9 

.t.i7 .M~' 

.846 . .831 

.070 .031 

4.033 

i,629 
.090 
.%7 

.227 
• Ofl6 
.M6 
.830 
.003 

4.03)' 

C(.i 45.92 C{I 47.M CA 44.23 CA 47.03 CA 46.30 CA 49.9S' CA 48.~3 CA Si!.61 C?i 49,13 CA 49.92 
MG 39.24 1'\G 36.60 ~G 39.70 HG :m.3e !'it 38.l.i MG 3S.20 !'::G 36,[)2 HG :5/,2C liG J5.9C MS 36.4~ 
FE 14.85 FE iS.56 FE ib.Q.'.l FE gs; FE IS.59 FE 14.81 FE 5.4.9S FE 12.18 FE i4.97 FE 13,6~ 

Ii: 72.5'5 M: 70.29 n: 71.11 !1: 72.45 K: 73.5'7 tl: 79.39 M: 7i.H H: 75.33 t\: i'~.57 i'!: 72.76 
C: $3.92 C: 56.~2 C: 52.7@ C~ SS.07 C: 54.86 C: SB.bB C: Sb.94 C: S7.b4 C: S7.78 C: S7.Bi 

SAMPLE NO. SAi'iflE Hu. I1CSCRlPTWH 

1 
2 

·3 
4 
s 

02023.0VERGRO\-liH CPX.3 
02023; ' CPX.10 
~202:) i l.H GLJtSS ~ CPX A 
020231 • l.PX .1c 
02023t ,TI~Y CPX 

6 
7 
8 
9 

1G 

02-1.CPX.i ~DJ. CALCITE DLOB 
02··1~C?X.2 
«26431GPX.Ai Ctrfl'ER 
C20431CPX.Ai fDCE 
02043,CPX.B CENTER 



Tt:SLE V··20 
S[cot~MRY ct.rnorYROXENES ~¥ ECLOGITlS t.* 

11 !2 i,J 14 1'5 ib 17 18 19 

SJ.02 4S.ii 44.61 49.87 44.79 4'1.09 48,2i 40.01 S2.B6 S3.:n 
no2 LH 2.30 .42 .M .42 2"' I .:J .n .09 .rn 
f'l203 ii.bi i?..f,5 8 ".!? 11..f .. 14.34 10.72 3.9'/ 12.18 8.36 11.53 
CR203 .e7 ue • .I MD ND tll> tl!) .12 .17 
FEO 8.39 7 ."11 t.Bb 7.56 9.28 16.80 8.H 3.90 ~.47 

tlNO .32 .21 ,i8 .1S .30 .41 .20 '---' ND tUl 
MGO in.91 iG.83 iS. i~ 9.70 1G.72 11.06 H.15 U.94 9.97 

· CAO 20.SC 20.73 n.93 21.65 i9.32 i!l.82 19. 12 1B. (,(; 16.08 
M1~20 L04 1.11 L~J i. n<J 1 .. 04 L ~n i.3·1 2.S3 s.2a 
K20 ND ND ND ND ND tli> ml .ns .u 

TOTAL s·9 .01 99.61 99.B9 99.37 99.43 99.66 98.87 98.54 99 •. 6S 

;ti ATOIUC PROPORTIONS Ut1SED mt SELECTED NO. OF OXYGENS i* 
OXYGEtt b 6 b b b 6 6 b b 

SI 1,702 !.651 i.827 i.675 
-.......____; 

L'lbS Ulii 1.725 1.930 i.918 

Tl .631 .ObS .612 .018 .Oi2 .006 .n20 .802 .oos 
AL .Sib .SS9 .3SS .632 .474 .397 .533 .360 .489 
Ck .002 .001 I 003 .OD5 
FE2·1 .26S .242 .210 .23i> .291 .342 .254 .H9 I 0:74 

M« .010 .~~7 .30b .nos .019 .HJ .OOb 
MG .b13 .tiiiS .827 ,SJ,i .599 .619 .623 .bSO .534 
CA .629 .833 .704 .fl43 .796 .~1S8 .768 .ne .62!! 

llA .en .om. .687 .079 • O'l6 .on .097 .179 .3b3 
I( .oor.: .065 

SUH 4.046 4.0'15 4.G23 4.031 4.f24 4. e;!t ~.Gl4 3.?77 4.014 

CA 4B.S5 Ct; 49.SS CA 4r, .4'f CA s2.os rn 47.22 CA 44.0B GA 46.iifl ,CA 48.71 cA sa.45 
HG 35, 9'~ l1G 3b.ff3 MG ~7.49 MG 33.36 MG 3S .. S2. MG 36.03 MG 37.8& llG ~3.35 NG 43.50 

fE IS.Si IT 14.39 rE 12.oe FE 14.59 FE i7.26 FE 1?.fl9 FE iS.4S FE 7.9S FE b.OS 

ii: b9.SS ll: 71.45 tt: 'l?.n M: 69.57 M: 67.30 ti: 64 .43 li: 'lL 01 H: 84.5~, ti: 87. 79 
C: S?.46 C: S7.92 C: 45.99 C: OC.9·\ C: S7.~7 C: SS.02 C: SS.22 C: 52.91 C: S3.b9 

nii SAMPLE DI.RECTORY in1 

SAMPLE NO. iiESGRIPTlOM St1t!PLE NO I DtSCr.IPTIOH 

·---·---·- --·-· .. •-r..---·· ··--··-.............. _ 
_ __ ... ___ .. , ___ 

H &2-043~CPX.J.l EDCE 16 02513) • CPX.7, rn KELT 
12 02U43 1CPX,C 17 02523 1 Hl GLAS:> 
13 02423) GVERGRO~!TH CPX 1B 0221::; )FH!C SHiPLECTITE 
14 92Si3 1 a CPX.5 ADJ. CPX 19 624531 r. 

iS '12513 1
1 CPX.6 1 i 2 WiW TO MELT 



TABLE V-ZUA: ENDMEMBERS FOR SECONDARY CLiNOPYROXENES <NO'S 
REFER TO ANALYSES IN TABLE V-20. SEE ALSO TABLE 
V-·14B). 

TSCH Jf:iD ACM QUAD 100CJAD/JAD+TSCH) 
-----------------

02023,1 21 • 1 4 .47 9. O'? 69.37. 2. 1 7 
II 

' 2 20.80 : 8 t 8 'i 70.ltO 
. II ;3 7.0.70 2.85 f1.6f:!t 6'71. 75 12.1 0 

II ,4 20.89 4.31 5.94 68" g~;. 1 ·1 1 0 
02-1s6 25.07 6.29 6B .. r;.1;. 

'\..._, 

II ~7 15.22 3. B~.> 130.92 
02043,8 7.B. 1 B .• 1 9 6.49 6''.L 14 .67 
II ,9 25.3:> 7.63 6l. 01 
II '1 0 26.62 .47 7.39 65.51 1 • 73 
II , 11 25. 1 2 7. i ~:) 67.73 
II '1 2 26.70 7.60 6:1. 68 
02423,13 15. 5 /.'. 3. 1 B 5.20 76 .. , 0 17 .·01 
02~·13,14 29.45 1.73 5.85 62. en 5.55 
ll 

J 1 5 21 , 6 2 2. '71 4.65 71 • 01 11.14 
II 

J 16 17.87 3.03 4 .10 75.00 14. 5() 
02523,17 24.36 7. .. 6 7 6 < 5~) 66 • .38 9. BB 



"fflM .. E IJ··21 
SECDt~U1~Y t~i1?HlBOLES ~:$: ECLOGITES ~t 

1 2 ;, 4 s 

SI02 38.65 39.tS 31).26 "l'J I .1 
". ' .I "f ·H.74 

TI02 1.40 2.21 2.37 4.24 .96 
AL203 i6.S2 16.32 ib.38 .1Ul9 .---, iS.36 
CR2tl3 .06 .t9 ND .G6 .o+ 
FEO i.2.25 ii.83 12,29 l3.4S ii.63 
MN\1 .2S .:n ,:{G .3.l .u 
KGO H.&9 i?..55 1Ln i$. ~1~ 13.62 
CMl 10.48 iUiS 11. 1.4 1.20 9.31 

NAW 3.&0 2.~2 2.07 3.67 3.f:.2 
KW l.5G 1.43 1.813 .31 1.H 

TOTAL 96.00 9'l.B1 97.70 96.'!S 93.12 

>l* ATOMIC PRDrtlRHONS B(lSED Ott SELECTED Hu. or OX'YCENS ii:* 

OXYGEN 23 23 23 23 23 

SI s.sso S.889 5.840 S.839 6.112 
TI .159 .246 .26S .4ao .lGb 
Al ?..947 2.843 2.872 2.641 2.hSi 
CR .907 .OH .00'7 . %5 
FEN 1.SSi i.4!J2 1.529 i 'tS?. i.42~ 

I-IN .C32 .~39 .o:m '040 .03~ 

MG 2.682 2.~1£t4 2.6SB 2.462 i~. 972 
CA i.700 s .. 686 1.776 !. ,.,33 L~:w 

N/~ .809 .722 .sn i.671 i.028 

K .290 .279 .357 .iSS .20s 

SUM 1&.os1a j.S. 940 iS.934 15.920 Hi. C7i 

SAMPLE NO, DESCRIPTION 

1 ~ 2 0 23 ~ EU!l[l)~ f'1- IN ttEL T 
2 62043 1 e 1Cf.ITTER 

· 3 ii2fi43 1 1£!)GE 
4 E?,4!3 1 IN GT. KElYPHYTE 
s o 2:.zs 1 rn r.n.1 



TABLE V~·21A: E>ITE OCCUPANCY IN SECONDARY AMPHIBCLES 
<SEE AL.SO TABLE V-17A) .. 

TABLE= 1 7. .3 4 5 
V-20 

02023 0204.3 02043 024.'i :~ 02523 
_, ..... ~-- --·--.. - __ ....... __ ·----- .. -- ---·--

51 5.85 5. 8 17 5.84 5. B'l 6. 1 i 
AL~- IV 2. 15 2 .. {1~ 2. 1 6 2 • 11 1.89 

TETR. 8.00 8.00 8. OD 8.00 8.00 

AL-VI .BO .73 • 71 .53 .76 
TI • 1 6 ;. 25 • 2 '7 • ti.8 .11 
MG 2.53 2.60 2.53 2.34 2.77 
FE 1 • 4 7 1.37 1.45 1 • 6(] 1 • 32 
MN .03 .04 .04 • Cl 4 .03 
CR • 01 .01 .01 • 01 

M'i,2p3 5. DO 5.00 5.DO ~). 00 5.0D 

MG • 1 5 • 16 • 1 3 • 1 2 2-: • I 

FE .08 .09 .08 .09 • 1 0 

CA 1. 70 J e 69 1 • ·1a 1 • 4 8 1 • 54 . 
NA .07 .06 .06 .31 .15 

M4 2.00 2. 00 2.00 2.00 2.DO 

NA • B 1 .66 .54 • 7() .88 
j.( .29 .28 .36 • 16 • 21 

A 'i • 10 • 9 4 .90 .92 1.09 

A 49.8 46.4 45.8 43.2 51 • 7 
B 48.6 52.1 5.3. 7 49.5 44.8 
c 1 • 6 1. :, 1 • 5 7.3 3.5 
%0THEHS/i.c1. 13 52. 1 53.7 49.5 51 • 7 
%QUAD 50.2 47.9 46.3 50.5 48.3 
NAME: EDEN I TE-----------···------ - -·--~-



TAm.E V··22 
SEtm!D~RY sPrnELS lit:!: ECLGGITES *$ 

1 2 3 4 s ii 
., 

8 9 I 

SI02 
T!02 .3S .SS .M. .58 .73 ,61 .?.S ,29 .27 
Al.203 SS.40 56.01 61. iS S/.M Li ''1 

lJ4". • .A.W 57.~:l 60.64 se.10 515, 29 
CR203 .31 'SE rm HI) ND .21 ND 
FEO 27.28 26.4! i!:l.24 26.92 18.57 27.87 20.:H 24.82 ~9.Si 

MNO .2l; .21 , S.7 5·1 . .;; .19 '1:!· ,.,., .Hl .18 .22 
MGO 14.79 14.99 19 .rn 14.93 19. 12 14.84 17.l.6 H.37 1.3.54 

- CAO .nB 
NA20 
K2C 

TOTAL 98.30 9S.25 ?9.29 100.56 99.74 160.S't! 93.55 9S.OS 96.84 

$$ ATOMIC PROPORTIONS BASED mi SELECTED 1m. Gf OXYt;ENS 1J~ 

OXYGEN 4 4 4 4 ~ ~ 4 4 ~ 

SI 
n .007 .011 .Ci2 II' 'l • ~, J. ._ .014 O"'> ' ..... .005 .006 , OO(; 

Al 1.Ci7 L827 l..885 1.133li i.S79 1.325 1.902 i.379 l.H2@ 
CR .007 .0~2 .CC5 
fE2~ .635 .bH .399 .l:.G9 .46S .~3t l~~52 .569 .68'~ 

MN • OGl1 .oos .ilG4 • Gl.2 .On4 .OuS .0&4 .GG4 .6bS 
11G .bC9 .6i8 . :145 .602 .'/43 .599 ,f,Si .537 .%4 

CA • 0 CZ 
tlt) 
K 

Sl.il'l 3. OSi. 3.014 :U45 3.C7C 3.046 3.675 3.04'1 3.852 3.0()~ 

it** SAMPLE DIRECTORY *~*~ 

S~MPLE NO. DCSCRIPTIOll SAliPU.: liU. DCSCR!PTIOM 
-----·-·'" ---·------· -------·- ---···-------

1 02023.SP.1 WITH CPX IN MELT 6 02C43 1SP .4 J.N M[LT 
2 02023:,sP .2 1 ~2~23,SP. i YHH SEC A\\PH 

3 02043 1SP.i IH MiP!i 8 fi2SD 1SP. H! CPX !\Hi 
4 02043,.SP .2 rn SERP 9 02S?.3 1SP rn MIPH 
s G2C43 1SP.3 IN CPX 



1 

SI02 39.93 
TI02 5.16 
AL203 14.57 
CR~~03 .74 
FEO 5.79 
MND MD 
!{(;0 19.29 
CAO ND 
NAW .i9 
1:20 9.81 

TOTfiL 14.62 

OXYGEN 22 

Sl S.63D 
TI .Sb6 
l\L 2.417 
CR .694 
ff 2+ .698 
tm 
MG 4.147 
CA 
NA .~53 

K i.SOS 

SIJH 15.459 

SAfiPLE HO. 

HlIH V··23 
FR !MARY ( P) +SECOHDARY PHLGGOF ITES:U:ECLOGITES*lt 

2 3 4 s 6 7 8 

39.37 38 JiS :rn. 32 39.78 37.66 37.43 3S.70 
S.63 S.63 S.76 5.77 s.so 7 ,,., 

W1-./ l,43 
14.97 iS.Bi iS. 62 1S.6B 16.Hl 14.'78 20.G6 
i.46 .23 .27 .29 .21 .06 ND 
S.bS 6.·% 6.43 c, .4a 6.82 H.94 ,,0 .80 
.~s .OS .64 ND t!f.I .07 .OS 

iB.7b 13.33 rn.n 18.iB iB.39 16.54 !.b.b7 
ND rm ND ND or· • ..l ND LOO 

•• 1.z.O .2b "? 1:1.t:. . ::~6 .J1 ,}(i .96 
9.83 9.M 9.£.2 9.6i 1.30 'i" .61 9.45 

94.89 94.89 94.43 95.62 94.4i S'4.64 %.1.3 

(::it ATOMIC PR!!POHIONS Bf•.SED OH SELECTED NU. OF OXYGEHS ;~* 

22 22 r,? 
lo'" ;!,'! 

S.533 5.536 S.S51 S.S3'7 
.bH .6HI .628 .620 

2.544 2.683 2.SfiS 2.639 
.ibb .02b .03i • 0;13 
.bS1 .na • 7'Jf! .764 
.6M1 .0% .o~S 

4.032 3.933 4. &41 3.116 

.04S .Gn .062 .en 
1.80S i.771 1. 7'/fl j,,751 

15.428 1S.42i iS.41;-~ i5.419 

e:~043!?HL.1 CEMTER!LARG£ PUHE<P) 
62043llll...1 EDGE: '<P> 
02~43 1 PHL.2 CENT£R 1

9 (P) 
e2043,.P111..2 rnGE> ~m 
02043) PHL 3 mnrn _.GRGtlND~IASS 

22 

S.455 
.b&O 

2./64 
.02P.· 
.827 

3.r/3 
. oua 
.09£, 

1.no 

iS.464 

SM1PL£ W..1. 

b 
'l 
8 

".'? 
"·'-

5.S?b 
.:~70 

2.W~ 
.007 

1. 4.1:~ 
.• 009 

3.t>SS 

en., . ,,, 
1.83:3 

15.628 

')-') ,_,_ 

s.202 
.iS7 

:L44S 

1.3i6 
.~06 

3.620 . 
.1Sb 
.271 
i.~7 

15.932 

Dl:SCRIPrnm 

62R43 1PHL.4 EDGE 
02in3,.Plll 
62513,PHL 



1 

Sl02 30.!9 
H02 .2C 
AL203 S.3.00 
CR203 
n.o 22.7G 
MNO .43 
tlGO 15.90 
CAO 1.34 
NA2U • 5.6 
K20 .15 

TOTAL 84.67 

SAMPLE HO. 

1 
2 
3 
4 
s 

Hlt<LE \1··24 
OTHf.R SECOHU1liY t!INERALS M ECLOGHES + GRMlULITES ll:tl 

2 3 

32.4S 37.56 
.SS .76 

i3.69 i5,33 

1L46 10.65 
.40 .31 

19.79 9.77 
6.63 7.52 

.36 j ,:i;2 

.H Lii 

85.44 83.b'.I 

Dl:SCRIPTIOli! 

02023.GLASS.i 
02C23~GLASS.2 
02023,GLf.lSS.3 
62023,t:LAS!:.4 
0294"3:GLASS.1 

lj . s 

31 .92 30.~9 

.94 L38 
15.13 14.@2 

tlD ND 
H.~S ib.SS" 

.25 .44 
19. 12 16.27 
4.58 S.61 

.25 ,33 

.13 1.21 

fi:L 59 86.37 
--- ---- -------·- -

6 

li.79 
i.03 

14.79 
i'lD 

!.7. 76 
.44 

16.2.S 
3.79 
.3i 

1.24 

07.32 

SAMPLE HO. 

li 
7 
n 
9 

10 

.... --- .. ~~ . 

:1 

31.38 
L30 

i3.S4 
ND 

15.53 
.44 

!7.63 
S.00 
.~b 

1.22 

86.!:li 

8 9 

31.SB 39.71 
1.24 2l" ' ., 

12.33 i6.8i 
ND HD 

rn.9o i4.61 
.41 .2l· 

17.18 8.S7 
3.93 ( .. ,. 

4 .J.J 

.20 .?b 
1.14 4.69 

86.b3 87' 4;! 
--·------ -- ··----..'..-. ·---- -------

DCSCR!PTIBN 

Q2.G43 ,GLASS. 2 
0204J>GLASS.3 
02~4:S.GLASS.~ 
e25i3 .• GLk.SS .1 
625i3~GLASS.2 

u 
4LS2 

.rn 
i7.!i9 

ND 
12.46 

.22 
7.66 
2.49 
i.79 
4.60 . 

88.46 
--- .... .--·- ··--- ...... - -·· ·-··"'--·· -·-·-



··- - - ~ -· ... - - .J : ··-

TflBLE \1··24 
OTHLR St:CONMRY MINERALS ~t £CLOGHES + GRANULITES ¥$ 

H 12 l.3 14 15 ili 1.7 J.8 

SI02 31.'i9 43.47 37.31 ~IT. S.4 S3.iB Si.94 47 .B9 52.46 
TI02 • Ob MD .C? I f.0 tm ND 
AL203 11.40 18.73 9.84 i0.66 2'1.63 24.57 28.18 27.29 
CP.203 ND ND ND 110 NO 
rm 2S.9i ND i.2.69 16.bi ND ND 
NNO .30 ND .09 MD ND 
MGO i'l.42 9.35 ~4.40 ;.:s.1s ND ND 
c~o .rn .37 ,~s St' ' ::; .51 .54 . i'l .08 
HA20 .22 1.38 .H. .H 13.26 i3 . .87 1S.S2 16.27 

, K20 .es .77 .18 .22 .12 .e? .OS' .09 

TOTAL C7.S6 74.ii SS.22 34.72 9L76 90.99 91.i2 %.26 
- - --------------- ----------------·-----··------- -- --·------- ---------------·---~------ -- .. ·---·-------- ·----

SAMPLE 110. 

11 
12 
13 
14 
iS 

:ot:SCR IP TI ON 

G2023. CHLORITE-SERPENTH[ LflTHES 
02023~Bfl-ZEOUTE 
il2643) SERPENTINE: ··REGULAR 
62C431 SE?.PENTlNE-IRREGULAr~ 
024S3 1ANALCITE 

SAMPLE MO. 

i6 
17 
18 

OCSCRIPTIDM 

32453 1f1HALC1TF. 
D6U23)!Arnm.rn: 
1i ··1 1 ~-!ATROUT'C: 

·- --·--· -··-- --



TABLE V·~24A: C.I.P.W. NO HMS OF GLt'4SS iiNfH.YSES !N TABLE v.:..z.i (SEE ALSO 
TABLE V-26) .CALCULATED VOLATILE-FREE AND FE3+\FE2+=.20 

TABLE 1 2 3 4 5 6 7 B. 9 10 

----- __ ,._..__ -·· .. ·--- ------- .-·----- ----- -----·- -.. ---~- ·-----.. ---·---
V-24 
OR 1 • 1 1 7.78 1 ;·11 2.78 6·. 6i' 3·1 • 69 30. :rn 
PLAG.~B 1 • 5 7 13.1 0 2.62 9.43 13.10 

.AN 7.78 35.58 38.92 27.24 20.02 21 • 41 26 .. 97 2 2. 52 8.90 13.90 

LE .44 6.54 7.85 b. 54 .87 
NE 1. 99 .57 1 • 70 1 • l(. 2 1 • 1 Ii, 2.27 
co 1 2. 1 4 2 < 14 7.11,. 7.00 6.02 3.57 3 .• 77 B .. 26 5. 81 
DI OP. l~O 2.32 

• ENS L40 
.FS . 79 

WO 2. 01 5. 10 .70 
HYP.ENS 17.30 7.80 :.~. 8 

.FS 13.59 2.38 3. 70 
OL.FO 20.72 39.06 19.32 :~4. 44 32.76 32.48 35.42 34.~?8 1.4.28 1 ::» .. 1 2 

.FA 17.95 1 .I{ •• (Jf3 11 . 63 1 1 • 4 2 20.06 2D.B6 'l'?.75 22.03 14 .• 89 15. 1 0 

MT 7. 1 9 3.71 3.25 3. 71 5. 10 5.57 4.87 4 <'a 8 1l. 4. 1 3.71 

IL • 4·6 1. 22 1 • 52 2. 1 2 3.04 2.28 2.89 2. 74. • (:i 'i .41 

WHERE LE==LEUCXTE 



TADLE \l--;~:;: WllOLE ROCK A~lALYSF.S·{CLOGlTEG{ GP.ANULITES. 

02-2 02023 G~043 02633 0~093 C2S.03 022J3 02413 02423 02513 

SI02 45.62 46.35 40.SB 44.Tl 45.'?2 47.59 48.92 4S.37 ·17. 01 44.72 
Tl02 .2'.; .44 1.£,3 .~1 1.S~ i.09 .07 2.49 .3li .27 
AL203 16.68 i2.17 ib.89 i~.22 14,, 75 10.34 iS.63 13.21 14.M 14.67 
r-E203 14.14 H.28 14.82 S.Sl. 1S.% 11.20 !;.bS 13.24 7 .1l. 12.48 

KNO .34 .24 . :~4 .1:; .2~ .18 .H .17 .14 .28 
l1GO 9.'JS 12 .. 86 15.24 1S.4~ 3.61 1~.b1 15. i2 10.35 13.99 11.04 
CAO 9.9? 10.82 ii 'i~"" •I.I H.'.32 10.43 i2.l13 1Lli3 9.93 12.(17 iL.73 

HA20 ~.33 "fi'i .62 I "I'? I'\ .,., 1. 'J3 ~.5S 2.49 1.?9 1,S'2 ... u ... L tl..V '-''"' 
1:20 .32 .13 • S'4 .3-... .21 .20 .oa .2S .08 .23 
Pi'.tlS .os .GS .oa .06 .01 .63 .03 .Ob .~3 'f17 
H20~ Li~ 2.07 2.20 ~.47 .Sl 1.7i .89 1.79 i.S1 2.33 
H20·· .H .44 .... ' r<."1 

lOTAL 10c.e2 19.23 ?9.63 100.35 1eo.29 mo. 01 109. 79 99.79 mo .12 99.74 

RB 1. 0 r: (I 
.I' I ·iO 12 ~.9 ~.i 1.~ 

., 4 
'11 A 1.1 li.4 

DA 1"".l"'F 1 ...... 6078 ()':!t" . ... ., H/£ 172t~ 3ti Sil. S162 (,2C 54~7 

5R -1SS 117 n'I 
I(. 140 i.46 :;~3 13'1 154 !SS 321. 

ZR 78 109 148 63 bu B~ H 12i 34 rr :;, 

NII ~.e 4.2 iW ?.B 11 "J9 
,,, 12 s.s. 4.5 ··" 

er. 13·1 
..,..,,, 497 B2S ~36 54S . ?59 217 367 ')'1"! 

"''-
._, ;;J 

v 230 207 2&7 121 4ft"' •w 309 73 47S 1t'." °JI 2n 
5C 66 52 76 ~4 SS so ..,., 

Si ~b 59 L.1 

tu 47 s~ 167 Wi Ha ili 2li1 iH 443 '57 
co 42 :iS 57 S9 Si S2 47 ~7 SS 46 

ZN 42 42 41 78 H4 93 "'7 137 39 43 t..· .. ~ 

cu ND l.. i 2~ 28 {~ i'. 0 H.a <2 3.S 3.S 
0 

y 38 27 34 ~ ·" 37 26 7.S 2!. e r 
'"' 

3·:. l. 

SAMPLE INDEX; 

0?.-2 : LOVEDALE ECLOGITE 
&2023 : LO'JEDALE Er.l.OGIT[ 
G2043 : LOtiEDALE ECLOCHE 
02083 : LOVE~ALE ECLOGITC 
02093 : LOVEDALE ECLOGITE 
02103 : LflVEN1L[ ECLOGITC 
02233 ; LOVEN~LE ECLO£ITE 
62413 : LOVED~L[ ECLOGITC 
62423 : LOVEllALE ECLOGITE 
02!.;13 : LO'J£DAL': ECL.Ocm: 



TAt.U: V-2S: !-);{Q!..E nor.~ ANALYSE5-ECLQGJ.Tt51GRlltmLliES. 

10043 12093 i02S3 ::!G263 02133 02143 021Sl 02453 02473 62503 

SHJ2 46.94 44.04 46.&7 45.49 50.U jO.~O 4~.t.3 46.54 47.79 47.30 
TI02 .56 .20 .3~ 1 'l("I ... , ., .. 

,(,,(,.. O'' ' I .10 .13 '10 .i2 
AL203 11.37 S.S.44 ib. 03 14.n 16.43 18.67 23.10 17 ,3j, i6.27 1'5.82 
FE203 11.6l 11.43 C.12 j,0 .21. 7.6Z l.. oa ~.43 b.S2 4.72 6.04 

ttNG .1? ?/ 
0 t ... , .ti '11_, .13 i< . - • Ol .H , n~, p .... 

KGO j~.51. 12.~~1 13.03 ?.M 9. !.B 10.77 6.69 10.37 13.51 12.32 
Cf!O 13.47 13.:!o 13.42 13.b4 i1, O',' 11, f,~ 13.54 11.84 13.40 U .lJS 
14A20 1.93 !.::!4 ~.19 ~.'75 4.38 2.67 3, ~~a 3.ii ".,-.-; 

I-' I;:, 2.36 
KW .37 .Si .07 I fi4 .21 .21 .3'1 .79 .fit, • i.5 
nos .06 .09 .04 .~i .03 .{12 .01 .02 ,36 • Ot, 
H2(}l • BO 1.2S' .ii6 LC& .n B" . ~ L32 3.24 1.09 i. 9'l 
H20·· .1S .2e .06 .H .11 .12 .:m .Ob .35 

TOTAL 160.4S 100.17 160.79 '7~.31 100.~7 i~0.9~ 100.02 1~8.36 HlU.18 160.27 

JIB i2 ., ~ 3.b ~'.8 1.8 3.4 S.G ?.6 N!} ,, 
"' I 'tJ ~~I 

BA 321 748 i34 2&7 f-278 S4a 4n;~ 1486 i67fl ii290 
5R :;44_ ~69 ~35 2% 163 105 ::!SS 272 446 40~ u. 

ZR 36 4~ 1i H, H" a.a c: ,. ·"r" 17 36 .... ' .... .),, 

HB 4.0 {2 (2 ''7 (2 I "I ,,., (2 4.B ., ., 
A•' \;.. "· ,)t' 

CR 592 430 3~5 ~39 332 527 136 876 2% 657 
v 223 '339 1''.J'I 310 84 6!,, Sf,, o~ r.-1· ~, ... , 1\~ j{.• 

:JC 44 83 31 46 ....... 
"""' 2i 14 2S ;;2 34 

NI 18S 148 29l') 58 310 3":1"' .... , b" I 31:~ 2t,2 :~28 

co s~ '.53 10 47 49 S2 
.,,, 
""" 

Jl'I 
•fi :m S·t 

Zli 68 .... , 
.. o 35 44 43 ~b 35 

.,. 

.;/;) 19 29 
cu 73 {2 iii S.1 34 £r., S 39 e.:; 14 f .. ~; 

y i(, 48 6.(; a.1 7 c: ... 3.i u~ S.l, tJ r ,., 4.7 

~liPL( IN~EX: 

10043 : tlARn ECLOGlTE 
12fl93 : MARKT ECLOGITC 
~0253 ; J~CHTFmnErn ECLOGITE 
20263 : JACHTFmm:rn ECLOGIT[ 
C2i33 : LOIJEDALE KYAiHTE ECLOGITE 
02143 : LO'JEf1f\LC KYMHlt ECLOGIT[ 
02153 : lOVEDf1LE KYANITE ECLOGITE 
·02453 : LOV£DtiLt: KYt1rmI ECLOGITE 
02473 : LO\HALE KYMHTE ECLOGJ.TE 
02503 : LOVE.DALE KlMlITE fCU1Grn: 



T f.l!llE \l-~~5: WHOLE ROCK ANALYSES; ECLOGITES+~?.t~NULHES. 

06043 97403 O?i23 0?!.S3 i.2133 jfi-i 2SC23 j30i3 330~3 02223 

!HO~ 48.43 47.35 42. 17 4/? .44 5L6b so. 44 49.~2 SO.at so.a S0.42 
no:: • 7(, LH 1. O! •jf' 

"~ .3~ • !£, .S!.1 ~ 7;! 1''' ' I 
;03 

Al203 18.13 1?.~9 j,7 .~7 16, 1.~~ ib.i7 16.B6 16. (l'..1 H.Si ~3.7S Hl.99 
f £203 S'.H iLO~ iiJ. BS' 12,2~ 9.07 b fl'.' 

'·~ 
(L46 fl '.l" I. ,c; .. 4.98 3.9~ 

mm r' .s.i .30 ., .. .t2 .u .H n,l .3S .G? 
' I .~r... •'i 

NGO 5.58 S.17 H.'.34 S.37 s .. t9 B.80 ..,. 111 7.M 
., .,,,.. 

iL~19 I I t.~"t iJ 1 l I 

CAO 9.68 9.S4 10.~ s·.6S 8.bi il..3li 10.i.2 9.SS j(, i~ 1i .7i 

Hfi20 S.66 3.64 .?9 ~.52 3.47 3.66 4. 7-~ 2.io J.64 2.33 
K20 1. 00 >\"!' • Oi. o·· 1.53 .41 .iB 2.7S .71; .... ! 

,,c:" .... • c.:'r 

nos .20 .34 .22 .46 .07 .02 .1S .~3 • Oil .07 
H20-: i.S? .91 .Oi s···; .OB i.&!:. 2.20 .73 lVI .75 • t. 10'-

H20- .oa .{'7 .en .i2 .i3 .C! • fl3 .Oi ,~b 
... .., .... ..; 

TOH:L 100. 59 ?B.54 J.00.69 rnn.n HG. 39 10(l.'l4 100.i/ H~.n mo .3s i00.S8 

RB S.3 n ~.9 ., " "' •'- 20 4.S 1~ 39 4.? 1.6 
BA 4.2 H9i 2f// (iO"' It. 7GZ 2353 172i 1953 ii!A 581. 
SR 514 ii23 178 'j45 S70 674 1994 !.2'!8 ?69 3H 

ZR 104 244 1~ 37 2L ~;. 0 31' . ., 4C l4 S-2 
HB ~.s 4.'7 •• "1 :, ~ 1 '" 7.C ~o 

,,.., f? (2 
"''"' \t. \I~ \ '-

CR 72 70 ""' l":f'f'V 271 1~2 152 ~P,4 170 320 & .. L.""' £.I .J 

IJ 134 20l. 2N 2:10 u~ SC 16B 29'/ 63 1 

SC 24 30 63 
.,.7 2b ;;s 21 36 it• 20 ... ~'"' . :l 

tH f:'J 
:Jt 31 149 84 22~ 23~ <:~ 24~ l-3 l.45 

co 33 33 
.,,., ,, 45 I"') 

.'.le. 44 41 53 23 46 

ZH 103 115 1.37 129 '1'1 
IC.. 4S 78 108 bi 22 

cu {~ 1? 255 9,~ 48 (!!; 4B 59 /"I 
H .. ~7 

y 24 24 37 2S 13 s .. 1i 17 24 4.0 

SliMPLE INDEX: 

06~43 : CORDMTS~UIL GT GRANUl!iE 
07403 : HEBRON CT GRANUL n;: 
091~3 : UINTJlESl:lf.RG EGLOGT.TE 
69153 : UHiTJIESDERG Gi GRA.NUL.IiE 
12133 : MARKT GT GRANULITE 
30·1 : GDEDEHOGP GT GRANULITC 
2sn23 : WINDHOEK ~ourn Gi GRANLIU TE 
3'30i3 : LEKKERFOlHErn GT GRilllULHC 
33023 : Lf::KKERFO!Hf.Iii GT GRAl~ULITE 
02223 : LOVED~l.E KY GT f:RMlllLITC 



"i ABLE V·· 25 1 IJHOLE ft()(;!( M!ALYS£S : E.CL DG IfES+GR ANUL I1 ES • 

02243 12133A 

srn:: '.>O. 02 ~9.n 
TI02 .03 '.)t' 

•l'.J 

tiL203 21.i2 18.79 
F'E203 3.28 8.i? 

liNO .07 .ii 
r!GO 3.21 1~.17 . 
CAO 12.S4 9.D 
HA20 2. '12 ' '1') J. 1 IL. 

K2£1 .S? 7"f ... ,., 
P20S .Di ,6(1 

H20-t 1.97 .so 
H20·· .12 .Ui 

TOTAL ?9.98 iOC.34 

RD 7.6 4.3 
l':{; 3026 107'.' 
SR 261 242 

ZR 0.3 S.3 
NB {2 (2 
no 
CP. 246 !026 
v s~ 104 
~iC 18 
NI 165 20'i' 
co 32 SS 

ZN 14 r··~ 
JU 

cu g $,Q 

y 2.1 2.S' 

SAHPLE INDEX; 

02243 : LOVEDALE KY GT GRANULITE 
12133A : MARKT KY GT GRt1NULHt 



TABLE \l-2SA:VOLAHLE-FREE HHOLE ROCK Ai1ALYSE$. 

9:!~2 02023 0~043 02033 02093 02i03 O"'>"t., 1..1..•hJ 02413 02423 02S13 

mo2 -1S.7b 48. iC 41.65 46.~i ~6.ib 43.41 49.02 46.51 47.79 45.91 
TI02 .21:; .4S i.67 r"7. 

I .hJ !.53 LH ,07 2.SS ,3l .27 
Al203 16.73 12.63 17.~4 H.63 14.83 ii.03 1S.66 13.S4 H.08 i5.C6 
f [203 !4.rn 11.70 iS.21 S', 1S iS.14 ii.~~ S.bl 13.57 7.Se 12,g1. 

~.rm .3~ 
,..~r 

'"~ .3S .1s '.!(" ....... 'H' 
1.40 .H .17 .14 t'\11 

• t:(! 

MGU 19. a1 13.34 4 t• 1' 
J-;.;ao"'t iS.92 B.66 12-i83 i.5. i5 1a .61 14.22 H.33 

CAfi 10.02 H.23 f,. 4& iL6? 10.4? 12.[)~ 11.&S 10.63 12.83 12.04 
HA20 ~.~I. ~lJ.;3 ,t,4 I .. ., " .,., 1.96 ~.Sb 2.55 ~.02 1.'i1 " • £.,./ '91.'tiJ 

~;:o 
.,,,. .i3 '9f, c 3'; .21 .20 l\rl 'H .GB 'J7 

'"'-
,,,,.t.) sL..U ,.L. ... ; 

P20S .OS .cs .oa .66 .Ci .03 "·'! • II,;, .Cb '[l~ ,07 

RD LO 6.1 H l.2 2.? .. >I 
J1l .. 1.2 

., ,, 
"''" Li b.l 

BA 1728 6368 94~ i2i6 1731 3l.t.. ~17 54% i.30 S602 
SR 4St1 i.21 ?'' ·t 145 147 ~~7 139 158 159 :m 

: 

ZR 78 113 'l"'" ...... b'; 60 8$ 140 i29 3£, 98 
UB ~.o 4.3 131 10 11 40 /") i.2 '5.b 4.6 "· 

Ck n4 386 '.)16 3r") 
:) ... 237 554 961 (~~ 

..,.,,,. 
.Jl.J 230 

v 231 298 n~ 12S 46S 30S n 48., 
,/ 160 2"')fl 

.I I 

5C 60 54 ~'8 ~s SS Si r.'7 52 ~6 61 "'' NI 47 M. 171. 247 Hi 133 2'" I.I<. ibS 4Sfi 30S 
co ~2 36 59 61 5i 53 47 4B ')(; 47 

ZN 42 44 4'' Si HS 34 ... ,., 140 • f· .g ,;. &,1,l, "lfJ 

.cu t .. ~ 26 2S' (~ 'l. i il 1r: 3.l 3.6 H. 

,, 
2B 3S 'l. {/ 37 20 7.$ (./ 8. l. !' ·' 

SAMPLE INOCX; 

· 02-2 ; EC 
02623 : EC 
0:.!043 : EC 
02003 : EC 
02093 : EC 
02103 : EC 

· 02233 : EC 
! . 02413 : EC 

·. 62423 : EC 
Q2S13 ; EC 



TABLE V-2SA:lJOLATILE·TREE: WHOLE ROCV. At~ALYSES. 

19043 12093 ~0253 ~0263 n2i33 02143 02153 32453 02473 02503 

SI02 47.17 44.63 4b.61 46.35 50.41 'j0.27 50.14 48.11 ~8.26 48.SO 
TIO~ .so .26 .38 1.31 .22 .07 .10 .13 .10 .12 

AL203 H.93 1S.6S H>.01 15.:20 ib.53 13.67 ~3.~3 17.89 ib.43 1~. l.5 

f E20:\ ii.71 ii.56 ll.H 10.40 7.li7 (,,08 4.54 6.74 4.77 b.98 

ttNO .19 .2li 11.98 .16 .13 .u .Ol .11 o(• • 13 ' I 

HGO 12.57 1~.43 13.Co " '"' n "" 10.76 bi :17 10.72 13.64 1.3.09 /10L i •'-" 

CAO 13.S3 13.38 13.40 13.90 ii.1(, 11.l.4 i0.6'7 12.24 11.S3 12. 10 

HA20 i.94 1.2& :::.13 2.Si 4AO ~.b7 3.33 3.21 ~,ib 2.~i 

K20 .37 .51 .07 .04 .21 .21 .3? .82 .0(, i!: • ;J 

nos .Ob .09 .M .Oi .03 0'' .01 .02 '.,t .06 • !.. ... ,v 

RB 12 1.4 3.6 7.9 1.8 3.4 ~.1 9.9 ND Li 

BA 32~ 758 134 2n 12Bl 548 5003 1S3l. 169~ 642~ 

SR ;245 271 235 302 164 iOS 259 28i 4SO 494 

ZR 3£, 4(, 110 if, 1S a.a 9 ,(, 3ii 17 31 
till 4.0 {2 {2 f::; (2 . , .. , ., {2 :U3 3.S \I .. \!.. 

CR '.i9S 436 345 345 334 527 189 9.b '/OS 671 

v 224 344 127. 31(, a~ bl, S7 95. 94 . 73 

5C 44 S4 31 47 22 21 14 ~6 
... ., 35 '-'·• 

NI 18l iSQ 299 59 31~ 32 . 68 "'l""' w:; J3S ,;)! ... 

co SS S4 70 48 49 52 ~2 Si 38 SS 

ZN 68 26 35 45 43 ~6 
. .,, 7,7 Fl 30 •• o 

CIJ 73 (2 111 1· "I 34 £ t• 40 a.a 14 b.b .,,i;. ,;i 

y i!i 49 b.(, C.<J 7 f' ,;i 3.1 4.9 ~.e 8' {, 4.8 

SAMPLE INDEX: 

10043 : EC 
' 12093 : EC 

20253 : EC 
202l.3 : EC 
02133 : KY EC 
02143 : KY EC 
G2iS3 : KY EC 
02453 : Y.Y EC 
02473 : KY EC 
C2S03 : f.Y EC 



TABLt v-2sr1; VOLA TIL£-FREE wHDLE ROCK A!itil YSES. 

06043 07403 09123 09!.53 i2B3 36-1 ~S023 330i3 33023 02223 

SI02 48.96 49.0S 4i.9i 41.Sil 51.9B 51.H S0.~5 so.oo 'j0.48 50.62 
TIO~ .7& 1.17 1. 00 .,r ,3S' .1i G0.57 .n .11 .03 "j 
AL203 18.33 19.47 17. 16 ib.21 t6,37 17.0S !6.41 1.4.51 ~3.BS 1.9. 06 
FE203 ~.2i 11.37 i!. Ir; ~., ':'!'.': 

at: ,1 ... ..,; ~·' 12 7.03 8.57 12.22 ~.01 3.9l 

111m .17 .ii .30 "" ,,_ .. .12 .11 .14 .21 .05 .o~ 

ti GO ~.64 5.30 11.47 S.38 0.24 B.90 7.4! 7.bO ~.79 iL34 

CAO 9.78 ~.'lB 10.1£, C),6(, a.ii 11.47 i0.84 9.SS 12.21 u.n 
NA2ll 5.92 3.H .?8 4.53 3.49 ~.84 4.B4 ~.36 3.66 2 "''A . " . 
K20 1.01 'l"r 

"-" .Gi .~3 1.54 .41 .79 2.75 :1;, .24 
nos .26 .3S .22 .46 .07 .02 .1s .03 .06 .07 

RB S.4 "'> 2.9 .., ., 
2~ 4.? i(I 3</ 4. CJ i.6 I,_ ""-

BA 4.2 1221 w~ 693 1ai 2380 i7S7 1953 617 53~5 

5R 519 HSi 197 S46 574 682 2036 J.29B ?94 312 

ZR iOS 2SO 1i;; 39 26 ~.i 3? 40 1~ 12 
HB 3.S s.o I'\ " :u II'\ 7.1 31 

,,, ("l (2 
1.. If,. \(;. \I. , .. 

l10 
CR n n ~21 '\•-;.-, ~n 1S4 155 ~B4 171 322 .. , ... 
lJ i3S 2H 29;! 230 134 Sl 171 2<''' Ii 63 7.0 
SC ~4 31 b3 ~3 26 ;:s ii 36 r· .~ 20 
IU SS 3( HS 81, 223 241 <2 24~ 63 146 

co ~3 ~d~ 72 45 1"') 
J<. 44 42 53 

,.,., 4u L_.J 

ZH 1G9 HS i3b I29 "'" 46' ao 108 61 '~'? 
11. .. ,_ 

cu (;! 19 253 S'. i 48 2~ 49 59 (r' n I. 

y 24 2S 37 2!'.; 13 ~.~ 17 21. UD 4.0 

SAMPLE INDEX: 

06043 : GT GRN 
· 87~C3 : GT GRN 
G9i~'3 : EC 
@9153 : GT CRN 
12133 : GT GR~ 
30-1 : GT GRN 
;:so23 : GT GRN 

· 33013 : GT GRN 
3302'3 : GT GRN 

, 022.23 ; KY GT GRN 



T?:!ILE \!-2SA: VOU:TlLt-FHEE \-!H!JLE P.GCY. fliN?\LYSES. 

~2243 121:~3(1 

SI02 S0.63 49.52 
TI02 .63 2r . ~ 
ALZ03 21.38 18.71 
f £203 3.32 13 n· 

'L~ 

mm o·~ 
' I 

.ii 
MGO B.3! 12.i2 
CAO 12.6? ?.O~ 

NA20 2.% 1.71 
K20 .liO .32 
P20S .Oi .no 

RB 1. 'l 4.2 
BA 30bJ i.074 
:1R 264 241 

ZR 8.4 ~.3 

NB (2 {2 

CR 249 rn22 
v S3 184 
SC iB 
m Hi'l 2oa 
co 32 55 

ZN 14 )0 
.CU 14 s.c 

y 2.1 'l !' 
.... 3./ 

Sf>JlPU: HlDEX; 

e2243 : KY GT GRN 
· t.2133A : KY GT GP.H 



TABLE V-26~C. LP.ti.I. NOH MS FOR ECL.OGITES AND GRANULlTES 
CALCULATED ANHYDROUS AND ASSUMlNG FE20.3/FEO=O, 15. 

SAMPLE NO. 02-2 02Cl23 02043 02083 02093 ()21 o:s 02233 024.13 
-------·---.- ......... ___ ------ _ ........ __ __ ,_ .. __ ·- ......... --- ----·--

.. ______ ... --·-- .... 

OR 1 • 95 083 :, • 73 2. 1 3 1 • 2 4 1.2't· .53 , "54 
PLAG AB 18.54 17.85 5.42 10.92 21. H3 16.84 19.00 21 • 92 

.AN 34.61 24.93 34.95 33.53 27.91 20.84 31. 26 2·4.9S1 

NE .32 1. 27 1.40 
co 2. :>4 
DIOP.WO 6. 41 12.96 10.19 10.32 18. 1 0 1L1?. 10. ·74 

.ENS 3. 1;3 8.25 7 .1 B 5.39 'l 1 .• 74 ,.~ ,.,. " 
t'.i • ,') I (:i. 54 

.FS 2.71 3.88 2. 1 4 .4. 63 5. 13 1 '"71 3. 60 
HYP .ENS 3.24 8.38 1 • 71 1 • 4£3 1 • 23 
OL .FO 1 • 52 3.99 .51 .65 .,68 

.FA 15.26 15.47 21 "62 21.Tl 11 • 53 13.36 20.76 13.30 
MT 2.48 7..04 2.64 1 • 59 2. 64· 1 • 99 • 99 2. 36 
ILM .44 .89 3.21 1 • 01 2.94 2 •. 13 r. ~ 3 4.92 
AP .14 • 1 7. • 1 9 .17 .02 • 07 .07 • 1 4 

NORM PLAG: AN 66 59 87 77 67 46 63 55 
NORM OL FO 54 {,6 66 75 51 67 -81 62 
RO Ci< TYPE: ECLOGITES -------------------------------------

SAMPLE NO. oz.<,23 02513 10043 '12093 20253 2026.3 02133 02143 ___ .. ___ , ____ -·---- ----- - ............. - ------· _ ., ___ ,,_ ___ ., __ .. _ ----- ----·-
-· 

OR .53 1 • 48 .2. 25 3 .13 .06 • 2 ·~ 1 • 30 1 • 30 
PLAG.AB 14.55 13.55 11 • 03 5.22 1 1 • 51 11 • 48 24.76 22.76 

.AN 31.48 31.85' 22.99 36 .1 2 34,03 29.06 24.82 38.46 
NE 1.40 1 • 4 7 1 . 78 3. 01 2.99 .3.85 6. ·74 . 6.94 
DIOP.WO 13.64 11 • 68 18.55 1 2. 61 13.62 1 6. '10 12.82 7n09 

.ENS 9. 71 6.86 11 • 66 7.79 9. ft 1 1 0. 5{) 12.82 7.09 

.FS 2.73 4. 25 5.74 4.08 3. 1 0 5.31 3,70 1 • 54 
HYP .ENS 5.30 

.FS 'i. 65 
OL .FO 18. 1 8 15.1 9 14.01 1 6 .16 16.30 9. 91 10.44 11 • 70 

.FA 5. 67. 10.36 7.60 9.32 5.92 5.50 5. 1 4 4.01 
HT 1 • 32 2.23 2. 0 I+ 7-. 03 1 • 4 2 1 . 81 1 . 33 1. 06 
IU1 .70 .55 • c;7 .38 .74 2.45 .42 • 1 5 
AP .07 • 19 .17 • 1 7 • 05 .02 .07 .05 

NORM PLAf:i: AN 69 71 70 BB 75 72 52 65 
NORM OL FO 76 59 65 63 73 64 67 74 
ROCK TYPE: ECLOGITES-------------------------- KY.ECLOG!TES 



2. 

I 

TABLE V-26 .(CONT'D) 

SAMPLE NO. 02153 02453 07.473 02503 06043 07403 09123 0'1'153 ____ ............... _,. __ -.---·-· __ .,..,,_ -- .. _ ·-· ~- ... ,. - _ ,_ ........... - ----- __ _.,. .. ,. _ ----- __ ,,.... ___ 

) OR 2.36 4.90 "41 .95 5.97 1 • 48 25.71 
Pl.AG.AB 27.72 1 2. 21 14.27 19.1 3 'i 9. 2 'i 26.65 8. :>5 25.71 

.AN 45.74 32 .1 6 32.34 32.96 20.14 38.a5 43.00 24.28 
NE 2.63 8.19 5.01 .77 1 7. 14 7. 11 
DIOP.WO 3 .10 12.10 '13.t':ilt 11 • 2 8 1 ~ . 42 3.,30 2"78 9. i 9 

.ENS 2. 1 D 8.24 1D.29 7.98 5.94 1.67 'i. 'i 5 3.82 

.FS .76 2.82 1 .Jl6 2.33 5. 15 1.67 1. 1 !) 3. 87. 
HYP .ENS 6.82 4.73 

.FS 7. 1 4 3.59 
OL .FO I 0. 41 1 3. 04 16.70 17.39 5. ar1 3.46 15.9.3 1L17 

.FA 4. 17 4.93 3. 5.1 5.60 5.54 3. 98 13.33 9.32 
MT .78 1 • 1 7 .83 1 "2 2 1•'68 1 • 99 2.94 2. 1 2 
ILM • 1 9 .27 • 19 .25 1 • 46 2.24 1 • 96 1 • 44 
AP .02 .05 .88 • 11,. .50 .83 .54 .B3 

NORM PLAG: AN 63 75 70 64 51 59 83 49 
NORM OL FO 71 73 83 76 51 It 7 54 55 
ROCK TYPE: KY ECLOGlTE---------~-- GT GRANULITE.ECL. GT GR ~~N. 

S~~MPLE NO. 12'i :33 3D-1 7.5023 :~3013 3:W23 02223 02243 1 21 33A ___________ .. .,. 
----- ----·- __ ._ ___ ------ ---.. -·-

.. _. _____ ----- __ ...,. __ 

OR 9.22 2.48 '~. 78 1 6. 41 4. 43 1 • 4 2 3.55 2. 01 
PLAG.AB 27.79 25.63 22.87 17.74 25.33 1 9. BtJ 22.59 14.55 

.AN 24.59 28.18 20.82 21 • 11 46.67 40. 91 43 ,, 41 42.38 
NE 3.65 9.93 1 • 30 3.15 1.33 
DIOP.I.JO 7.63 1 2 • 1 2 13" 52 11. 14 5.89 7. 1 7 8.21 1 • 26 

.ENS 4.56 7.90 8" 01~ 5.88 3. :~3 5.43 6.08 .85 
... c:· • r;::) 2.67 3.38 4.78 4. 91 2.32 1 • 01 1 • 34 .31 

HYP .ENS .99 B. ~~7 20.15 
.FS .58 1.56 7. 20 

OL .FO 1o.59 10.08 7.40 9. 28 4.30 11 • 07 10.30 6.56 
.FA 6.83 4 .• 75 4.85 8.54 3.30 2.27 2.50 2. 58 

MT 1. 58 1 • 2 2 1 • 49 2. 't 3 .87 .64 .58 1 • 48 

ILH .74 .30 1 • 1 0 1 • 39 .38 .06 • OB • 49 
AP 1 ·7 

• I .05 • 3(:, .07 • 1 7 .02 

NORM PLAG: AN 45 54 '~7 54 64 67 66 74 
NORM OL FO 61 68 60 5 7. 57 83 BO 72 
ROCI< TYPE: GT GRANULITE----------------- KY GT GRANULITE--



~· ~·.-·... ... .... -... -·- ................. , ... : 

3. 

OR=ORTHOCLASE~PLAG=PLAGIOCLASE,AB=ALBITE,AN=ANORTHITE,NE= 
NEPHELINE,CO=CORUNDUM,DIOP=DIOPSIDE,ENS=ENSTATITEJFS=FERROSILITE 
HYP=HYPERSTHENE,FO~FORSTERITE,FA=FAYALITE,OL=OLIVINE,MT=MAGNETITE 

ILM=ILMENITE,AP=APATITE,KY=KYANITE~GT=GARNET,GRAN=GRANULITE,ECL= 

ECLOGITE,NORM=NORMATIVE. 



TABLE V-27:CALCULAT1NG CHEMICAL MODES FROM BULK ROCK AND MINERAL 
DATA USING THE METHOD OF BYRAN ET AC.,1969. 

SAMPLE NO. 02233 02143 02093 02043 

SI02 
TI02 
AL203 
FEO 
MNO 
MGO 
CAO 
NA20 
K20 
SD 
MODE 
GARNET 
CL I NO PYROXENE 
RUT ILE 
PHLOGOPITE 
KYANITE 
QUARTZ 

OBS 

49.30 
c07 

15. 75 
5. 1 2 

• 1 1 
. 15.24 
11.72 

2.57 
• OH 

CALC 

48.88 
.07 

15.56 
5. 76 

.09 
'i 4" '79 
11 . 91 

2.59 
• () 1 
.65 

43.72 
56.28 

CPX ALTERATION:V. FRESH----

OBS 

50. 58 
.07 

18.78 
5.50 

• 11 
IO.B3 
11 • 21 
2.69 

. 21 

CALC 

50.B9 
.07 

1 a. B9 
5.73 

• 013 
'I 0 .. 65 
11 • 41 

2. 9:'.°> 
• 01 
• 2 4 

34.27 
50.28 

6. 26 
3. 1 9 

FRESH-·--··-- ---

OBS 

46.87 
1.55 

15.06 
1~L83 

.25 
8.79 

10.65 
2. 7'7 

• 21 

CALC 

47.27 
1 • 56 

15.38 
13.79 

.29 
8. 44. 

10.65 
3.62 

• tl 1 

41.01 4-3.83 
57.58 54.£31 

1.41 1.3(, 

MOD. (Jtl.TERED 

OBS CALC 

42.2l? 42.8 
1 • 70 1 • 7 

17.60 'i8.5 
1 3 • 90 1 2 • '1 

.36 .3 
1~).8f1 14 .. 5 
6.56 5.7 

.65 .9 

.r~7 2 .. 6 
4. 'i 

58. 3 
16.4 

• 1 
25.0 

BAD. ALTERED. 

SAMPLE NO: 02023 07403 06043 33013 

OBS C{:lLC OBS CALC 

5102 48.67 48.84 '>9.62 49.52 
TI02 •. 1,,6 1.03 1 • 1 B 1 • 02 
AL203 12./8 13.34 19.69 19.66 
FEO 10.65 09.78 10.35 1().46 
MNO .25 • 1 6 • 16 • 1 6 
MGO 13. 34 1 IJ. 44 5.36 5.35 
CAO 11 • 36 9.35 9.89 9.99 
NA20 2. 1 2 3.99 3. 15 3.69 
K20 • 13 1 • 9 2 .23 .28 
SD 7.00 .35 
MODE 
GARNET 18.95 29.40 32.58 
CLINOPYROXENE 62.35 13.60 18.70 
PLAGIOCLASE ft.3. 40 4-2. 9D 
PHLOGOPITE 18.70 
AMPHIBOLE 1.40 3.00 
SCAPOLITE 9.50 .88 
ILMENITE 1 .10 1. 93 

OBS 

49. 42 
.77 

18.SD 
8.36 

• 1 7 
5.69 
9.87 
5.98 
1 • 02 

Cr4LC 

51. 99 
• 1 7 

18.6b 
9.15 

• 1 5 
5. 71+ 
9.70 
4.43 

.27 
7.63 

31.80 
25.59 
4 2. 6 ·1 

OBS 

50.62 
.73 

14.69 
1 .. • ·1. I • I ..:; 

• 21 
11.13 
9.70 
2.39 
2.78 

CALC 

51 • 0 
• 1 

1 5 • :s 
1 1 • 1 

• 2 
1 1 • 1 
10.5 
4.0 

.. o 
'i. 6 

32. 6, 
41 • 5 
25.8 

CPX All"ERATION:BAD. ALT~RED V. FRESH------------------------------­
PLAG ALTERATION: V.FRESH----- BAD. ALTERED--------------

SD=SUM OF SQUARED DJFFERENCES BETWEEN 'OBS' AND 'CALC' COMPOSITION 
"MI~ER'I~.A COM~U~~R GENE~ATEDJLEAST SQUARES APPROXIMATION ROUTINE 
WR I rTEN B~ BYR(.~!" f:. 1 AL.~ 1 ?69. 
CPX=CLINOPYROXENE,PLAG=PLAGIOCLASE~CALC=CALCULATED BULK COMPOSITION 
,OBS=OBSERVED BULK COMPOSITION,V.=VERY,BAD=BADLY 



2. 

NOTE THAT THE SD VALUES SHOWN IN THIS TABLE ARE THOSE THAT 
RESULTED WHEN MIXING CALCULATIONS WERE PERFORMED ON ALKALI-. 
FREE DATA.BLJL~ ROCK FE DATA IS QUOTED AS FEO TO MATCH THE 
MINERAL DATA.ALL COMPOSITIONS WERE RECALCULATED ANHYDROUS. 



TABLE V-28:AVERAGED BULK COMPOSITIONS FOR BASIC XENOLITHS FROM THE 
KARROO AND LESOTHO KIMBERLITES. 

ECCJ) KY EC(J) GT GRC3) GT GR(1) KY GT GRCJ>GT WBCZJ 

N= 
5102 

R 
TI02 

R 
AL203 

R 
FE203 

R 
MGO 

R 
CAO 

R 
NA20 

R 
K20 

RB 
R 

SR 

ZR 

y 

CR 

NI 

v 

R 

R 

R 

R 

R 

R 

15 6 
46.14 49~33 
41.9-49.1 48.1-50.4 

.81 .12 
.07-2.6 .07-2.2 
14.82 15.18 

B 
49.93 
47.5-52.0 

.59 
.16-1.2 
17.78 

18 3 
4lL,99 50.25 
43.8-61.3 49.5-61 .3 

.87 .10 
.06-3.3 .03-.25 
16.56 19.72 

11.0-17.3 16.1-23.4 14.5-23.9 12.1-24.4 18.7-21 .4 
11.bb 6.13 9.34 10.56 ~).14 
5.7-16.7 4.5-7.7 5.0-12.2 4.0-20.0 3.3-8.2 
12.47 10.71 6.91 7.84 10.76 
8.7-15.9 6.8-13.1 3.8-8.9 2.5-10.3 8.3-12.1 
11.~'>8 11.8'1 10.25 10.27 1'i.18 
6.5-13.5 10.7-13.5 8.7-12.2 8.2-12.7 9.1-12.7 

1.95 3.,21 3.97 3.12 2.34 
.6-2.8 2.4-4.4 2.4-5.9 1.3-5.0 1.7-5.fJ 

.25 .31 .93 .96 ,,39 
.01·-.96 .06···.82 .03·-2.8 .18-2.1 .24-.60 

B 
1-41 
215 
94-456 
79 
52-··1 ~;2 
24 
7-49 
4~~0 

134-·961 
'i 86 
4·1-450 
263 

4 
ND·-1 D 
292 
105·-494 
20 
9-31 
6 
3-9 
445 
10-671 
222 

P.P.M. 
20 
3-72 
975 
519-2036 
65 
5·-7. 50 
1 ~1 
ND-· 25 
1 85 
72-284 

1 B 
2-52 
1091 
232-3556 
40 
3-1307 
11 
4-27 

5 
2-8 
272 
24'1··312 
9 
6··· 12 
3 
2-·4 
531 
2'>9-10/.2 
173 

co 
R 73-·405 

53 

3 2·-335 
79 
57-9,. 
46 

1 :56 
ND-245 
165 
63-297 
41 

36-24'7 
81 
32-156 
1 81 
2·-425 
76 

'I 46·-208 
55 
7-104 
44 
:u--~>5 
29 ZN 

SC 

R 3(,-72 
64 

R 23-150 
51 

32 ··55 
32 
19-43 
23 
14-35 

23-53 
90 
46-129 
26 
15-36 

2 3-1 56 
90 
27-235 1 4-~>0 

19 
1 3·-7.0 

.B 

13.8 

1 (j. 4 

1 b • 1 

1 ·1 • 9 

• 02 

128 

368 

297 

94 

R 25-78 
R::::RANGE 
(1)=AVERAGE GARNET GRANULITE,LESOTHO <GRIFFIN ET AL.,1979 AND 

ROGERS, 1 978) • 
C2>=AVERAGE GARNET WEBSTERITE,LESOTHO (GRIFFIN ET AL.,1979) 
(J)=EC IS ECLOGITE;KY EC 15 KYANITE ECLOGITE;GT GR IS GARNET 

GRANUL.ITE) ~<Y GT f!R IS V.YANITE GARNET GRANULITE -XENOLXTHS 
FROM THE KARROO KIMBERLITESCTHIS WORK). 



TABLE V-29: AVERAGED XENOLITH BULK COMPOSITIONS COMPARED WITH 
COMPOSITIONS OF OTHER ROCK TYPES. 

1 2 3 4 5 6 7 8 9 10 11 
5102 46. 1 46.9 49.3 50.3 49.3 49. S1 50. 6 53.5 55.6 54.0 59.5 
TIOZ .B • 1 .8 1 • 1 1 • 0 .9 .. 7 
AL203 14.8 13. 2 18.2 17.0 'I 6' 'l 16. g 15.6 ?. 2. 5 1 '7 " 3 16.6 1 7. 2 
FE203 1 i . 7 1 1 • 2 6. 1 7.6 10.2 11 • .(, 1 1 • 6 4. ·; 9.0 10.7 6.8 
MGO 1 2. 5 'j 4. 6 1 0, 7 7.B 7,6 7,6 7.7 7. • 1 4.6 4.5 3.4 
CAO 11 • 6 10"2 1 'l. B 1 1 • 4 HJ. 3 9~3 9.7 9.9 7.8 9.3 7.0 
NA20 2.0 1 • 7 3.2 2.8 3.4 2. 9 2. 4. 3.7 2.6 2.4 3.7 
K20 • 3 "l .: ... ) 1 • 1 1. 0 2.2 1 • 2 1 • 6 

P.P.M. 
ZR 79 20 27 126 110 
y 24 6 14 28 21 
SR 215 292 1045 401 385 
CR 430 445 221 1;:~9 56 
NI 186 222 103 44 18 
SC 51 23 26 3D 
v 263 79 175 175 
ZN 64 32 90 
co 53 46 62- 24. 
1. AVERAGE ECLOGITE FROM THE KARROO KIMBERLITESCTABLE V-28> 
2. OLIVINE THOLEIITE A <GREEN AND RINGWOOD,1967J 
3. AVERAGE KYANITE ECLOGITE FROM THE KARROO KIMBERLITESCTABLE V-28> 
4. HIGH-ALUMINA BASALT (GREEN,1967) 
5. AVERAGE <WE!GHTEDJ GARNET GRANULITE FROM THE KARROO AND LESOTHO 

KIMBERLITES 
6. OLIVINE GABBRO NM5 CGREEN AND RINGWOOD,1972) 
7. AVERAGE GABBRO ( IN APPENDIX 2 OF COX ET AL.,1979J 
8. GABBROIC ANORTHOSITE CGREEN,1967) 
9. DIORITE <REID, 'll/78) 

10. AVERAGE (N=29J AMPHIBOLITE , EASTERN NAMAQUALAND CGERINGER~1980) 
11 • AVERAGE ANDES I TE C TAYLOR, 1969) 



TABLE V-30: CRYSTAL/LIQUID DISTRIBUTION COEFFICIENTS CD). 
MINERAL OL CPX PLAG AMPH GT 
ELEMENT 
SR <:<1 <<i >1 <'1 <<1 

RANGE · .01-.003 .07-.17 1-7 .02-.7 .02 
v <<1 1 <<1 >>1 1 

RANGE .02-1.0 .7-1.7 .04 .01-2.6 
y <:<1 <1 <<1 >1 >1 

RANGE .O'l-.13 .2-1.5 .01-.20 1-3 'l-11 
ZR <<1 <<1 <<1 1 1 

RANGE .01 .03-·.3 .01-.03 .5-·1.5 .02-2.4 
NB <<1 <<1 <<1 1 <<1 

RANGE .01···.05 .O'l·-.10 .01~·.03 .8-1.3 .03-·1.0 
CR <1 >>1 <<1 >>1 >>1 

RANGE .7 4-13 .05 17 
NI >>1 >1 <<1 >1 <1 

RANGE 7-17(A) 1.4·-4 .02-.09 1·-7 .2-1.0 
co >1 1 << 1 > 1 >1 

RANGE 2-4 .5-1.3 .03-.05 .4-6 .. 0 
SC <<1 >1 <<1 >>1 .. >>i 

RANGE .1-.3 2.4-5.0 .01-.26 2.6-6.5 
TI <<1 <<1 >1 <<1 

RANGE .02-.10 .05 1.5-3.0 .3-.5 
RANGES IN D'S WHERE GIVEN ARE FROM LE ROEX'S (1980) COMPILATION 
OF PUBLISHED AND UNPUBLISHED D VALUES. 
<A>=CALCULATED FROM HART AND DAVIES (1978) WHERE DCNIJ=(124/MG0)-.9 
>~GREATER THAN,>>=MUCH GREATER THAN AND VISA VERSA. 

' . ~· . 



TABLE V·-31 ; EST IM?~ TED 'MAJOR ELEMENT COMPOSlTIONS OF 
LOL.JER AND f~V EJ?.A(~E CONTINE:NTr.iL. CfWf.H. 

1 2 3 f.i. r 
.) 

SI02 55.5 56.3 54.B 57.6 60.2 
TI02 .B 1 • 1 'j • 3 1 .o 1 • fJ 
AL203 1 4. 7 1 7. 1 1 C' "' ' .) . . ) 15.4 15.6 
FE203·r.· 7 C) 

• I B.B 1 1 • 3 8. ~· '7.9 
MGO 5.7 5.0 4.4 3 .. 7 3.9 
CAO 10.4 5.5 7.4 5.6 5.8 
NA20 3. CJ 2 • 1 2. 1 3.7 3.2 
I< 20 .8 1 • 4 'I. 7 . a 2.5 

*=TOTAL FE AS FE203 DAT1~ IN WT.%. 

1 - LOWER CRUST BENEATH THE KARROO KIHBERLITES <THIS WORK). 
2 - LOWER CRUST BENEATH THE BOURNAC PIPE,MASSIF CENTRAlvFRANCE. 
3 - FRASEH RANGE GRANUL I TES i r4USTfH'.iL If'..). 
4 - ARCHEAN ANDESITES FROM THE CANADIAN SHIELD. 
5 - ~VERAGE CONTINENTAL CRUST~ 
DATA FOR NO'S. 2-5 ARE FROM TABLE 2 OF DUPUY ET AL. ,t9BO. 



(' 

TABLE V-32: ESTIMATES OF TEMPERATURES AND PRESSURES OF 
EQUILIBRIUM FOR ECLOGITIC AND GRANULITIC XENOLITHS. 

SAMPLE NO. TEMP.( C)* 

GT GRANULI'TES 

06023 810 
06043 850 
12133 770 
25023 800 
30-1 750 
33013 770 
KY GT GRANULITES 

02223 710 
02243 790 
02493 800 
12133A 760 
02343 9~) 0 
ECLOGITES ___ , __ _._ ......... 
02-1 990 
02-·2 995 
02023 9 BO 
02063 960 
0207.?. 930 
02083 900 
02093 900 
02103 930 
02123 755 
02233 915 
024.13 930 
02423 9 .i~5 
02433 950 
024.43 l/60 

- 02483 1 ODO 
02513 1040 
02523 970 
09123 920 
KY ECLOGITES ________ .. ____ 
02133 9'15 
02143 895 
02153 92() 
02173 940 
02213 930 
02463 {j 1 0 
02473 800 
02503 945 

3.8 
3.8 
6.6 
5.3 
3.6 
4.4 

'l • /3 
7.3 
7.7· 
8. t,. 

1 4. 2 
14.4 . 
1 2. 4 
·1 1 • 4 
1 2. g 
1 3. 'l 
1 3. 2. 
8.6 
2.6 
9.2 
14.0 
1 2. "1 
1 2. 1 
13.9 
13.7 
1 2. 8 
13.2 
5. 1 

1 5. 4 
13.0 
1 5. 2 
14.9 
14.0 
12.0 
1 1 • 2 
1 3 .• 9 

*THE METHOD USED '!O ESTIMATE THE P, T CO-OHDJNATES 
IS FULLY DESCRIBED IN V.6.1. NOTE THAT THE PRESSURE 
ESTIMATES ARE MINIMUM VALUES ONLY. 




