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~pendix 1 Determinative Mincralo~I 

Modal proportions of minerals present in thin 

section were estimated from visual comparison 

charts. Although this method is not as accurate 

as point counting, it is poss~ble to analyse a large 

number of thin Sections in this way. Plagioclase 

compositions were determined using the standard 

methods outlined in Kerr (1959) and results, in 

some cases, were supplemented by electron micro-

·probe determinations. The proportions of plagio­

clase and K-feldspar present in a number of samples 

was checked by staining slabs of rock with amaranth 

and cobaltinitrite after the method of Laniz et al 

(1964). Identification of a number of minerals 

present in slides was checked using the electron 

microprobe. Several samples were examined under 

the ore microscope and the proportions of the various 

sulphide and oxide phases present were estimated as 

before. These results are included in the modal 

analysis tables. The rocks were also checked for 

magnetism using a compass needle to see whether mag­

netite is present. The identification of most of 

the opaque minerals found in the slides in subjec­

tive and depends on shape and colour criteria as 

well as rock associations. 
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~E.Eendix 2 Mineral Analyses 

These were obtained using a Cambridge Microscan 

5 electron microprobe in the Department of Geo-

chemistry, University of Cape Town. For a detailed 

account of operating procedure, precision and 

accuracy of the technique see Reid (1977). Cali-

bration was achieved using a variety of natural 

standards whose compositions are known from wet 

chemical or X-ray fluorescence methods. 

Each analysis presented represents the average 

result obtained from several grains or is represen-

tative of tqe composition of the mineral as a whole 
A .\\;,.e_[/' j-vcuss.<A ( 1-2,fa clt~VljetU--) heOJ'N{ ~«> V5e.d fr' o._11 e.le>tlMb · 

as shown by a quali tativeP01~tcan of a slide. The 
I\ /\ 

totals obtained for minerals such as olivine, pyro-

+ xene, etc were required to be 100- 1% before an 

analysis was accepted. Applying these constraints 

it was hoped that the analyses obtained were as 

reliable and accurate as possible. 

In the tables of these analyses total iron is 

generally reported as FeO (ie FeO*). Only in the 

case of pyroxenes, spinellids and ilmenite has the 

proportion of Fe 2o
3 

present been estimated by assum­

ing ideal stoichiometry. 

The analyses were carried out by the author, by 

Dr A C Moore and by A P Le Roex. 
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An estimation of the ri'.'eC1.SJ.on of the analytical technique is given in 

Table (a) after Reid (1977) 

TABLE (a) 

...... . . . . . ' ......... ' . 

. :o~~de .... x ....... . S .D •. .ERR Dt 

Si02 41,97 0,08 0,08 0,06 

Ti02 3,92 0,08 0,10 0,07 

Alz03 13, 51 0,06 0,06. 0,04 

FeO 6,82 o, 15 0,16 o, 10 

MgO 16,34 0,07 o, 10 0,05 

Cao 12,10 . 0,07 0,08 0,05 

Na2o 2, 71 0,12 0,14 0,09 

KzO 1,18 0,06 o, 10 0,07 

TOTAL 98,55 0,20 

-X = Mean of 10 replicate analyses of the same spot within a pargasitic 

hornblende in a peridotite from the Swartkop complex 

S.D. = Standard deviation about the mean 

ERR = 2 a error (95 percent confidence limits) due to counting 

statistics 

DL = Theoretical detection limit (99 percent confidence) 

All quantities expressed in weight pc~centage of the oxide 
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Major and Trace Element 

Ariaiyses: 

Major element analyses were mainly carried out in 

the Department of Geochemistry, University of Cape 

Town, although some twenty analyses were done by 

courtesy of the Geological Survey in Pretoria. The 

method employed was X-ray fluorescence spectrometry 

(XRF) and samples were analysed in the form of 

fusion discs. This served for all major elements 

except Na and S, which were determined by XRF on 

powder briquettes The proportion of ferrous iron 

present was obtained by titration of a scilution con-

taining 0,5 grailis of sample against a standard 

solution of potassium dichromate.H 2o+ and co2 were 

determined by means of a gas chromatograph apparatus 

at the University of. Cape Town, otherwise where loss 

on ignition (L.O.I.) values are quoted, these have 

been corrected for the presence of sulphur and iron 

oxidation and are equivalent to the sum of co2 and 

+ 
"20 • 

The quantity H2o- represents weight lost from the 

0 sample at 110 c. 

Determinations of trace element concentrations and 

mass absorption coefficients was carried out in the 

Geochemistry Department, University of Cape Town, 

using XRF on powder briquettes. 
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The data reduction for major and tra~e elements was 

achieved using computer programs devised by the 

staff of the Geochemistry Department, University of 

Cape Town. 

For a more detailed account on the method employed• 

standards used, precision and detection limit of, 

the technique when applied to major and trace 

element determination, the read~r is referred to 

Reid (1977). 

Analyses and data reduction done at the University 

of Cape Town were by Miss J Barr, Dr A C Moore and 

the author. 
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Estimates of the precision a.nd detection limits for major oxides are 
given in Table (b) after Reid (1977)·. Precision is expressed as a 
percentage of the average concentration. Detection limits expressed 
as weight percent of oxide. 

Na on a pressed powder briquette; all other major elements on Norrish 
fusion discs. 

TABLE. (b). 
.... . ... .... 

. . . . '. . .. ' ... . . . . . . ' ........ 

Oxide. Average. Precision. 
.. 
Detection Limit 

Fe203 5 0,3 0,04 
MnO 0,20 2,5 0,006 
Ti02 0,5 o,4 0,004 
Cao 5 ,o 0,3 0,01 
K20 2,5 0,8 0,002 
Si02 55 . 0,5 0,05 
Al203 15 o,5 0,03 
MgO 4,0 1,0 0,05 
Na20 3,0 1,3 0,08 

Counting errors and detection limits for trace elements analysed by "XRF 
are given in Table (c) after Reid ( 1977). All data are in ppm. 

TABLE (c) 

Element SD(lOO) SD(lO) DL 

Ba G 2,0 2,0 3 
B 6,2 4,0 7 

Rb G o, 6 0 ,l~ o,8 
B 0,6 0,5 1,0 

Zr G 1,0 0,9 2, 0 
B 1,4 l,"2 2,6 

Nb G 1,2 '1,1 2,3 
B 1,6 1,4 2,9 

y G . 1,0 0,9 1,9 
B 1,2 1,1 2,2 

Zn G 0,8 o,s· 1,0 
B 1,0 o, 7 l~O 

Sr G 0,6 o,4 0,7 
B 0,6 0,5 0,9 

Cu G 1,0 0,8 1,7 
B 1,2 1,0 2 ,o 

Co G 3,4 3,2 7 
B t~' 4 4,2 9 

Ni G 1,2 1,0 . 2) 1 
B 1,6 1,2 2,6 

Cr G 1,6 1,2 2 I _5 

B 2,0 1,5 3,1 
v G 2,6 2,2 4,8 

B 3,0 2' 8. 5,6 
..... ' '. '' .. ' .. 
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~~~~i:::.._.l ·· continued 

SD(lOO) -- 2 a error (95 percent confidence) at 100 pp:n 

SD(lO) = 2 0 error at 10 ppm 

DL = Det~ction limit at 99 percent confidence 

G = Grariitic matrix 

B = Basaltic matrix 

# 
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~pendix 11 C.I.P.W. norms 

These were computed from the majo~ element analyses, 

recalculate~ to 100% volatile free and assuming an 

Fe 2o
3
/Fe0 ratio of 0,2, using the program, NEWNORM, 

which is available in the Geochemistry Department at 

the University of Cape Town. Also calculated, among 

other things, are D.I. and M.I. (both in weight per­

cent) where D.I. is the differentiation index of 

Thornton and Tuttle (1960) and is the sum of the 

normative minerals, quartz,orthoclase, albite, 

nepheline, leucite and kaliophyllite and M.I., the 

mafic index, which is the result of dividing weight 

percent FeO by the sum of the weight percents of 

FeO and MgO. 
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A__ppendix :::>. Key to Bulk Rock Analvses 

A. Tantalite Valley Area: 

1. Amphibolites 

AM76 Anorthi te (An 94, ?0) - Fe-

pargasi tic. hornblende -sphene-

AM77 f 

AM113 t 

+ 
AM157 

(Metasomatic) 

2. Mottled Metagabbro 

TV288 

TV275A* 

opaque oxides. 

Magne sian hornl:)lende- bytowni te 

(An g 2 4 ) - quartz-sphene. 
' 

Hornblende-quartz-sphene-plagio-

clase. 

Biotite-magnesian hornblende-

scheelite-sphene. 

Plagioclase (An 4 3 
) - horn­

blende -quartz-bioti te-sphene-

opaque minerals. 

Plagioclase (An 
36 

) - horn­

blende-bioti te-quartz-sphene -

opaque minerals. 

Plagioclase (An44 > - hornblende-

biotite-sphene-opaque minerals-

quartz. 



- 9 -

TV298* 

JWVB46 (TV46) 

3. Metagabbro 

TV277* 

TV42·* 

TV182* 

TV8 * 

TV77 * 

TV265* 

TV126* 

TV217* 

Hornblende-p lagioclase (An 60 · )­

bio~ite-opaque minerals-sphene-

quartz. 

Labradori te ( 42, 3?0-quartz '( 28, 2% )-

actinolite (16,8%) cummingtonite 

(10,3%) - ilmenite (2,4%). 

Plagioclase-hornblende-biotite-

opaque minerals. 

Plagioclase (An60 ) - ·hornblende­

biotite-sphene-opaque minerals. 
' I 

Plagioclase (An49 ) - hornblende-

biotite-sphene. 

Plagioclase (An
57 

) - hornblende­

bioti te-sphene-opaque minerals. 

Plagioclase (An
76 

') - actinoli tic 

hornblende-biotite-sphene-opaque 

minerals. 

Actinolitic hornblende-plagioclase 

(An
46 

) - biotite-sphene-opaque 

minerals. 

Plagioclase (An 70 ) - hornblende­

biotitc-sphene-ilmenite-apati te. 

Hornblende-plagioclase (An 6li ) -

calcite-opaque minerals-quartz. 



GBW193 

JWVB20 (TV20) 

JWVB22 (TV22) 

JWVB24 (TV24) 

4. Gabbronorite 

TV210 * 

TV205A* 

TV282 * 

TV170 * 

- 10 -

Plagioclase (An 
66 

) ( 69%) -

hornblende (31%) - opaq~e 

minerals - f epidote] • 

Bytownite (82,1%) - cumming-

tonite/grunerite (25,8%) -
I 

opaque minerals (J,1%)-

actinolite. 

Bytownite (55,7%) - actinolite 

(37,2%) - anthophyllite (6,8 o/o)-

opaque minerals (O,J%). 

Actinolite (63,3%) - labradorite 

()4,4%) - opaqu~ minerals (2,J%) -

quartz. 

Plagioclase (An4 3
) - hypersthene -

augite-quartz-amphibole-biotite-

magnetite. 

Plagioclase (An
59 

} - hypersthene -

olivine-augite-biotite-magnetite. 

Plagioclase (An 
64

) - augite­

olivine-hypersthene-biotite-

magnetite. 

Plagioclase (An 
50

) - augite­

olivine-hypersthene- [hornblende] 

magnetite-biotite-calcite. 



TV199 

' TJ6 

GBW195 

JWVB25 (TV25) 

JWVB26(TV26) 

5. Satellite Bodx 

:t 
AM123A 

AM125 T 
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Plagioclase ·(An 
53

) - hypers 

thene - {hornblende} -augite­

biotite-opaque minerals-quartz. 

Plagioclase (An
55

_65 ) - augite­

hypersthene-opaque minerals-

biotite. 

Plagioclase (An 60 ) (68%) -

hypersthene (22%) - augite (5%)-

l hornblende J (5%) - opaque 

minerals-apatite. 

Labradorite (64,7%) - bronzite 

(23,3%) - op~que minerals (2,1%)­

biotite - {c1inoamphibo1eJ 

quartz. 

Bytownite (70,5%) - bronzite 

(24, 11%) - f clinoamphi bole J ( 4, 7% )­

opaque minerals-diopside. 

Diopside-bronzite-plagioclase 

(An S8,J) - quartz-biotite-

I hornblende} - opaque minerals. 

Hornblendc-cummingtonite-plagio-

clase (An40 ) - biotite-opaque 

minerals. 
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6. Ultramafic Rocks 

AM88A 

T5 t 

T6 ~ 

-1= 
T7 

• TlO 

+ 
Tll 

:f: 
Olivine- {chloritef -

l amphibo1eJ - opaque minerals. 

Olivine-orthopyroxene-clino-

pyroxene- plagioclase (An50 > -

phlogopite- [chlorite1 -

opaque minerals. 

Plagioclase (An58 ) - ortho-

pyroxene-olivine-clinopyro­

xene- i hornblende 1 -
ph1ogopite- f chloriteJ 

opaque minerals. 

f Ch1orite i - f actinoli teJ­

{ cummingtonite} -phlogopite­

opaque minerals. 

r~lorite} - f actino1ite} 

olivine-opaque minerals • 

Olivine-phlogopite-pentlan-

dite (2,5%)-pyrrhotite (2%) 

magnetite (0,5%)- [ch1oriteI 

{ amphi b_oie 1 . 
Bronzite-plagioclase (A~ 3 )-

clinopyroxene-phlogopite-

[ chlori te} -opaque minerals­

! hornblen.de 1 . 
Olivine-clinopyroxene- [am­
phiboleJ -phlogopite- [ chloriteJ 



«" 
TVJO 

~­
TV117 

• TV157A 

GBWJ76 

GBWJ74 

GBW421 

GBWJ80 
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opaque minerals. 

[Anthophyllite} - {actino­

liteJ -clinopyroxene-ortho­

pyroxene-opaque minerals. 

[ Actinoli te ! -{ chlori te} 

phlogopite-opaque minerals • 

Olivine- {amphibole~ -

{chlorite J -phlogopite-

opaque minerals. 

Olivine (69%)-plagioclase (An
56 

( 31% ) -phlogopite-opaque 

minerals- { serpentine J . 
Hypersthene (53%)-olivine 

(Fo74 > (26%)~ f clinoamphiboleJ -

plagioclase (A~ 6 ) (J%)-

opaque minerals- (serpentinef • 

Olivine (41%)-plagioclase (An 
58 

'( 27% ) - ·hypersthene (26%)­

[ clinoamphibole} (6%)­

phlogopite-opaque minerals­

{ chlorite} - {serpentine} 

loc. Sandfontein 131 

Hypersthene (52%)-olivine (28%)­

plagioclase (An6 ) (J%)-

[ clinoamphibole f . (-17%)-

opaque minerals- [serpentine} 

loc. Sandfontein 131 
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7. Granitic Rocks 

t 
TVJ06 

(Inequigranular 

granite gneiss) 

TV299 t 

(Granodiorite) 

TVJ05 

(Tonalite) 

8. Hornfelse s 

Plagioclase (An46 )-quartz-bio-

ti te- [ epidote ~ -opaque minerals-
. J 

sphene-hornblende-apatite-

[ chloritel -zircon. 

Quartz-plagioclase (An
30

)-K­

feldspar-biotite- f chlorite} -

opaque minerals. 

Plagioclase (An 20)-quartz-K­

feldspar-biotite- f chloriteJ -

{ epidote l . 

8.1 Metabasite hornfels 

TV9 212 

i= 
TVlJ 98 

t 
TVlJ 149 

Plagioclase~cummingtonite 

hornblende-sulphide- [chlorite} 

( 3 cm of core ) • 

Plagioclase (An 4·2) -cummingto­

nite- {chlorite}-hornblende­

sphene~ f epidote} -apatite­

rutile-pyrrhotite-chalcopyrite 

(sheared) (5 cm of core). 

Plagioclase (An
55

)-hornblende­

cumm~ngtonite-biotite- f musco­

vitej -pyrrhotite-chalcopyrite 
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:t= 
TV13 151 

8.2 Pelitic hornfels 

+ 
TV13 165,3 

T4 (TV4) 
4: 

TV276 
:f: 

:f: 
Tl9 

(7 cm of core) 

Plagioclase (Ari 6 )-cummingto­

nite-biotite- l c:loriteJ -

hornblende~pyrrhotite-chalco-

pyrite-pentlandite-pyrite (sul-

phides along fracture and 

dissem.) (7 cm of core). 

Cordierite-quartz-plagioclase 

(An 45 )- bioti te -opaque minerals­

sillimani te - { chlorite} • (5,5 

cm of core). 

{ Serici te} - { chlori te} -

biotite-almandine-staurolite­

l chloritoid} -cordierite­

ilmenite-sulphide-kyanite-

zincian spinel. 

Cordieri te-quartz-bioti te --anda­

lusi te-sillimani te- {chlorite} -

staurolite-maghaemite. 

Cordierite-almandine-silliman-

ite-biotite-staurolite-ilmenite­

{chlorite} -quartz-plagioclase 

(An 44) • 
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8.3 Pyroxene hornfels 

TV226 Bronzite-phlogopite-cordieri.te-

ilmenite-hercynite-sulphide. 

8.4 Cordierite-anthophyllite hornfels 

:f= 
AM170 (TVlll) 

B. Kumkum Area: 

1. Granolite 

+ 
Kl5 

2. Black Gneiss 

'KJ5 T 

KK7 

-t 
KlOl 

Cordierite-biotite-anthophy­

llite- [chlorite} -quartz­

ilmenite. 

Plagioclase (An 48)-augi te-hypers­

thene - hornblende -magnetite. 

Garnet-cordierite-plagioclase 

(An
35

)-quartz-sillimanite-micro­

~Jine-biotite-ilmenite. 

Cordierite-K-feldspar-almandine-

quartz-sillimanite-plagioclase 

(An12 )-biotite-ilmenite-

magnetite-zircon-spine!. 

Garnet-cordierite-gedrite-



GBW302 

GBW98 

GBW241 

3. Amphibolites 
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biotite-plagioclase (An
27

> -

quartz-magnetite-ilmenite-spinel-

sillimanite-apatite-zircon­

l haematite { • 

Cordierite (47%)-sillimanite 

(22%)-biotite (18%)-almandine 

(6%)-plagioclase (5%)-quartz 

(2%)-zircon-apatite-opaque min­

erals- l pinite} (loc. Kurnkum 

Massif'). 

Cordierite (50%)-sillimanite 

(30%)-almandine (10%)-biotite 

(8%)-quartz (2%)-zircon- 1 

opaque minerals- f pini te} 

(loc. Sandf'ontein 131). 

Almandine (30%)-sillimanite 

(27%)-K-f'eldspar (13%)-biotite 

(11%) quartz (10%)-plagioclase 

(9%)-zircon-apatite-opaque 

minerals (loc. Kumkum Massif) 

Hornblende-plagioclase (An 
73

>­
quartz-opaque mincrals-

phlogopi te- { chlori t-;}-[ prchni t~ 
~calcite} • . 

Plagioclase (An
43

)-hornblende-
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opaque minerals-biotitc-

l epidote~ - [ clinozoisi te 1 -
lchlorite1 -chalcopyrite-

{ malachite 1 . 

4. Ineguigranular granite ~neiss 

+ 
K49 (KBH) 

GBW744 

Quartz-plagioclase-microcline­

biotite- [chloritel_garnet­

apati te-opaque min.erals- l epi­

dote J - {muscovite} -allanite­

myrmekite. 

Quartz (29%)-microcline (29%)-

plagioclase (An.l
10

) ( 20% )­

bioti te (19%)-garnet (J%)­

opaque minerals- tepidote1 -

apatite. Eendoorn 404. 

5. Contaminated gabbronorite 

K80~ 

Hornblende-.plagioclase (An 
48 

) 

~linopyroxene - orthopyro -

xene-biotite-quartz-opaque 

minerals-apatite-zircon. 

Hornblende-plagioclase (An
60

) 

clinopyroxene - orthopyro -

xene- opaque minerals-quartz-



KJ4A :f: 

:t= 
K6JA 

KJ9 =J:. 
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biotite-apatite. 

Plagioclase (An
51

)-orthopyro­

xene-quartz-clinopyroxene-

hornblende-opaque minerals-

bioti te-apati te. 

Plagioclase (An
49

)-orthopyro­

xene-clinopyroxene-quartz-

biotite-opaque minerals-horn-

blende-apatite. 

Plagioclase (An
66

)-orthopyro­

xene-quartz-clinopyroxene-

hornblende-opaque minerals-

apatite-zircon. 

6. Kumkum gabbronorite 

• K28 

K22 :I: 

* KJOA 

+ 
KJ7A 

Olivine-plagioclase (An48 >-
clinopyroxene-orthopyroxene 

{hornblende} -biotite-hercynite­

magnetite. 

Plagioclase (An
41

·)-clinopyro­

xene- {hornblende} -orthopyro­

xene-biotite-magnetite-zircon. 

f Hornblendel -orthopyroxene-

·plagioclase (An
81

) biotite­

opaque minerals. 

Plagioclase (An74 )-diopside-



+ K65 

GBW225 

GBW4J9 
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bronzite-olivine-biotite­

[hornblende J -magnetite­

hercyni te-apatite. 

Plagioclase (An
66

>-orthopyro­

xene- f hornblende}- olivine -

clinopyroxene-biotite-hercynite-

opaque minerals. 

Plagioclase (An ) (50%)-
52 

augite (21%)- { clinoamphiboleJ 

(22%)-olivine (7%)-apatite-

[ epidote J - [chlorite} (loc. 

- Kumkum 105. 

Pl~gioclas• (An
5

i> (42%)­

hypersthene (J2%) augiie (15%)-

~ clinoamphibole 1 (8~0-olivine 
(J%) ~iotite-apatite-spinel-

l epidote 1 ( loc. Kumkum 105). 

7. Eselruh gabbronorite 

-t 
K59A 

f 
K60 

"( E.AM2JO) 

{Hornblende} -diopside-olivine­

orthopyroxene-plagioclase (An-

88)-calcite-magnetite-hercynite­

, phlogopi te. 

l Hornblende} -bronzitc-biotite­

plagioclase (An45 )-opaque 

minerals. 
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K7 =t= {Hornblende} - bronzi te­

plagioclase (An )-diopside-
73 

phlogopite-olivine-spinel-

opaque minerals. 

8. Verloorkoppe gabbronorite (Z Contaminated 

gabbronori te?) 

GBWl Plagioclase (An6 2 ) (47%)­

augite (40%)-olivine (6%) 

{ clinoamphibolef (q%)-0paque 

minerals (3%)-biotite-apatite 
' 

9. Eins ie dler ga bbronori te (.::. Kumkum gabbronori te? l 

GBW7 

10. Warmbad granite 

GBW458 and 

GBW608 

Plagioclase (An60 ) (51%)­

augite (31%)-olivine (i7%) 

opaque minerals (1%)-biotite­

{ serpentine} 

(Warmbad town area 145) 

Quartz-K-feldspar-plagioclase (An 

25 )-mus coyi te - bioti te-zircon­

apitite !sphene + opaque minerals 

{ chlori te J - f epidote} -[serici te.J • 
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Analyses done in the Geochemistry Depart-

ment, University of Cape Town. 

* Analyses done at Geological Survey Pretoria 

+ but with traces,H
2
o and C0

2 
determined 

at the University of Cape Town. 

GBW - Ana~yses from Beukes (1973), exact loca-

tions unknown. 

JWVB - Analyses from Von Backstrom (1976). For 

{ } 
location of samples see ·Map 2. 

Secondary minerals. 
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Appendix 6 

Two pyroxene geothermometer 

The thermometer of Wood and Banno (1973) is based 

on the diopside-enstatite miscibility gap determined 

by Davis and Boyd (1966), who investigated the 

reaction, 

enstatite-diopside solid solution 

(Mg2 Si2 °6) cpx 

diopside-enstatite solid solution, which at equilibrium 

can be expressed by, 

,6. G.~, T = -RT ln K = -RT ln ! 
The assumptions are made that (a) both ortho- and 

-d _ino-'-pyroxene phases behave as ideal two-site solu-

tions of Ca Mg Si
2 

0 6 and Mg 2 Si 2 0 6 components, and 

Mg2+ 

acpx or opx =(--------------) 
M S . 0 C 2+ u 2+ F' 2+ M 2+ N + g2 12 6 a +~1g + e + n + a 

x 
M2 

M 2+ 
(----------------------------~ ) 

3+ 2+ J+ .4+ 3+ 2+ M Fe +Fe +Al +Ti +Cr +Mg ·-~, 

and (b) that 



M 2+ 
g 

. 2+. 2 
( Mg + Fe +) 

- 24 -

for M2, Ml sites and mineral are all 

equal. Wood and Banno (1973), using experimental data 

on complex and iron-rich systems, were able to fit a 

.curve which reproduces the experimental data to with-
\ ' 

:in 6o0 c and which is expressed by the equation: 

T (°K) = -10202 (27) 

2 

ln 

a cpx 

Mg
2
Si

2
o6 -7,65 -4,6 

a 
opx 

Mg
2
Si

2
o6 

where = 
F 2+ ( e ) 

F 2+ M 2+ e ·+ g opx 

Wells (1977) has recalibrated the above thermometer 

by incorporating additional experimental data on the 

diopside-enstatite miscibility gap and the iron-

bearing system. A curve can be fitted through most 

of thesedata to give an expression which is valid 

over the range 800 to 1700°c. 

ln K = Lltt0 + b.s 0 
= -7341 + 3.355 

RT R T 

This equation may be modified to include the experi-

mental data for equilibrated multi-component two 

pyroxene assemblages to give 

(J) 
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T (°K) = opx 
3.355 + 2.44 X - ln K 

Fe 

which reproduces most of the experimental data to 

within 70°c. Discrepancies between equation (5) and 

equation (27) are most pronounced at low values of 
opx 

XFe and at low to moderate temperatures. Gener-

ally, the pressure dependence o~· the amount of solid 

solution is negligible in the range of 1 bar to 

40kbar. 
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Appendix 7 

The Olivine-Chromite Geothermometer of' Jackson (1969) 

2+ The Mg-Fe exchange between olivine and chromite can 

be expressed by the equation:-

2+ 
3+) -->-

t Fe
2 

Si04 + Mg (Cr 
' Alf3 Fe¥ 2 oL.i ~ 

o< 

t Mg
2
Si04 + Fe 2 + (Cr , Al F 3+ 

>2 °4 (a) 
~ t3 ' e ¥' 

where 0( , and {(' are the fractions of the 

trivalent cations in chromite, with o( + f +6'1=1. 
It can be shown that a thermodynamic distribution 

coefficient for the above equation can be simpli-

fied to: -

K 

K 

DM F 2+ g- e 

DM F 2+ g- e 

ol 
= x • Mg 

spinel 
XFe2+ /· ol spinel 

XFe2+ • XMg 
(b) 

is related to the standard Gibbs free 

energies of the products and reactants and when the 

experimental values for these are substituted, the 

expression:-

- 1720 Y+ 2400 (c) T = 5580 0( + 1018 /) 
• 

- 3,08 ~- 1,47 + 1.987 ln KD 2 + 
Mg-Fe 
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can be derived, where T is the temperature in degrees 

Kelvin and o< , f and )('are the mole fractions of 

the trivalent cations. 

The main sources of error in this geothermometer are 

uncertainties in the free energi data, in the 

assumption of ideal Fe 2+- Mg mixing in the mineral 

phases and difficulties in determining the Fe 2 +/Fe 3+ 

ratios of spine! from microprobe analyses. The un-

certainty for values of T obtained from equation 

+ 0 (c) is of the order of - 300 C. 
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Appendix 8 

The Stroh Geobarometer for coexisting Olivine, 

Orthopyroxen~ ·and Spin~l 

Stroh (1976) has developed a geobarometer based on 

the equilibrium between olivine, orthopyroxene and 

spinel given by the equation:-

Olivine Opx 
SS 

Spinel Opx 
SS 

(a) 

using the experimental data of MacGregor (1974) for 

the system MgO - A1 2o
3 

- Si02 • Pressures are cal­

culated from the e qua ti on: -

where P is the pressure in ·bars; 

Ml 
SP(XM )opx 

g 

Ml 
(XA 1 )opx 

T , which is known, 
0 

is the temperature in degrees Kelvin; 0 V and V are 

the standard and partial molar volumes respectively 

and are given in calories,, -1 bar and R, the gas 

-1 -1 constant, is equal to 1,9872 cals deg mole • 

(b) 
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Appendix 9 

Equilibria involving Garnet and Cordierite 

The following equilibria relate garnet and cor-

dierite in the presence of sillimanite and quartz: 

Fe-cordierite almandine 

sillimanite quartz 

Mg-cordierite pyrope 

4
0

(A1
2
Si0

5
) + 5(Si0

2
) + l.5(H

2
0) 

sillimanite quartz 

Fe-cordierite pyrope 

Mg-cordierite almandine 

(1) 

(2) 

(3) 

The water content of the cordierite is taken to be 

0,5 moles per formula unit (base~ on natur~l and 

artificial cordierites). The data of Holdaway and 

Lee (1977) yield an expression in terms of P (bars) 

and T(°K) for reaction (1) using the method as set 
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out by Chatterjee (1977): 

garnet 

6. G~ T=31360-42T-4,006l(P-1)+6RTln(XFe /Xcordierite)+ 
' Fe 

1, 5RTlnfH O 
2 

( i) 

-1 -1 where R=l,9872 cals deg mole and fH 0 is the 
2 

fugacity of water as tabulated by Burnham et al 

As expression for the exchange reaction 3: 

AG~' T=-33428+12' 09T-O' 1814 (P-1) "+ 

garnet X cordierite 
6RTln(XFe /XF~ordierite. Mg/x~:rnet ) (iii) 

is derived from Thompson (1976b) but with the lowest 

temperature calibration point increased by 30°K 

after the suggestion by Holdaway and Lee (1977). 

Independent data for reaction 2 involving hydrous 

magnesium - cordierite are not readily available 

and an expression for reaction (2) may be generated 

by combining equation (i) and (iii). 

An ideal ionic mixing model has been assumed for 

garnet and cordierite and 6 G~ T = 0 at equilibrium. 
' 

The effect of fluid compositions on the equilibrium 

pressures may be assessed by rearranging equation (i) 
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and assuming ideal mixing in the fluid: 

X =exp f (-JlJ60+42T+4,006l(P-l) )/l,5RT{ 
H

2
0 l j 

garnet 
x 

-4ln( Fe/X cordierit 
Fe 

where ~ 0 is the mole fraction of water in the fluid, 
2 

and, on the right hand side, the upper term is the 

fH 0 calculated from equation (i) and the lower term 
2 

is the fugacity of pure water at P bars and T°K(rising 

tables by Burnham et al., 1969). 

(iv) 



On pages 189 and 191 it was assumed that cordii:>rite did not undergo 

any significant change in composition compared to garnet under new meta-

morphic conditions since it was modally greatly in excess. Thus garnet 

core compositions and nmatrix" cordierite were assumed to approximate 

equilibrium conditions. 

To test thisL assumption, peli tic hornfels sample Tl9 containing 

10% garnet and 60% cordierite was used (Table 9), If the core garnet 
4 

composition, taken as the original garnet composition (Table 43, p. 183, 

analysis IC) is changed to form garnet of rim composition (Table 43, 

p. 183, analysis IR) then per mole of garnet 0,14 moles of Mg must be 

6 
2+ . 

removed and O,O moles of Fe must be added. Therefore, for a rock 

containing 10% garnet and 60% cordierite, per mole of cordierite, 0614 

0 06 2+ . moles of Mg will be added and ~ moles of Fe will be subtracted 

from the "original" cordierite composition to give the cordierite com-· 

·position observed. Therefore the "original" cordierite composition in 

equilibrium with the garnet core composition (using molecular proportions 

of cordierite, analysis 1, p. 182, Table 43) is 

Mg 
Fe2+ 

= 0,596 0,020 

0,379 + 0,010 

0,576 

0,389 

This is a maximum estimate since it is assumed that all ionic exchange 

is between garnet and cordierite. By comparing the calculated "originaln 

cordierite composition with that used in calculations (.Analysis 1, p. 182, 

Table 43) it can be seen tha.t the assUJP..ption made on pages 189 and 191 

is valid to a first approximation. Thus the temperature calculated using 

the "original". cordierite composition and garnet core composition will 

be slightly higher than that calculated here i.e. 66o0 c compared with 650°c. 
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Appendix 10 

Plagioclase-Garnet-Al 2Si0
5

-,quartz Geobarometer 

Ghent (1976) and Schmid and Wood (1976) showed that 

the reaction: 

anorthite grossular sillimanite quartz 

may be us.ed to estimate pressure of metamorphism 

provided the temperature is accurately known. Under 

equilibrium conditions and with sillimanite as the 

aluminosilicate phase, the above reaction can be 

represented as: 

3 ln ( xgarnet/ plag • 
gross X th•t anor i e 

'/garnet 
gross 

/
\/plag ) 
0 anorthite 

= 5809 - 16,69 + 0,6566 (P-1) 

T T 

data for ~ H ~ S, A V D.Waters (pers comm.) 

(i) 

where Xgarnet=Ca /(Ca+Mg+Fe 2++Mn), 
gross 

Xplag = Ca + Na 
anorthite 

Ca 

'l(garnet =exp (1 - Xgarnet) 2 .w , W=950 cal mol-l 
gross gross I RT 

(Schmid and Wood 1976) 
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R = 1,9872, T = temperature in degrees Kelvin 

V plagioclase = 1,276 (Orville 1972). 
Cl anorthi te 

The maximum error in equilibrium pressure at any 

temperature is ~ 1,19 kb (Schmid and Wood 1976). 
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400 soo km 

Fig lA Regional setting of the area represented in Fig lB 
and its relation to the Tectonic units in the Southern 
Africa Shield (after Anhaeusser'et al 1968) 

27 
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28 ,.. .,. 
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II\. 
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0 SO 100 Km ..._ _____ _. 
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17 18 

~ Nama & Karroo 

mmD Garlep & Damara 

l2ISl Sinclair Group 
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EE33 Viooladrif Complu 

k;:;:J Kheia Group 

Fig lB Location and regional setting of the study area in 
the Namaqua Mobile Belt 
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Figure 2 

Portion of ERTS image No 1055 - 08053, 

September, 1972 showing the extent of the 

Tantalite Valley shear zone, its right 

lateral displacement and the distribution 

of large mafic and pelitic bodies in an 

area underlain mainly by rocks of the 

Namaqualand Metamorphic Complex. 

Scale of imagery approximately 1:50 000 
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Fig 8 - The eastern end of the Tantalite Valley C?mplex 
which is dominated by Signaalberg (1069 m) con­
sisting of metagabbro. The White City pegmatite 
is on the extreme left. 

Fig 9 - The main ma f'ic-ultrama fic plug of the Tantalite 
Valley Complex, which weathers reddish compared 
to surrounding metagabbro. Note the young dis­
cordant pegmatites. 
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Fig 10 - Cross-section through the Grey Gneiss Sequence 
looking towards the west from the eastern bank of 
the Girtus River. Pink Gneiss can be seen as an 
ochre-weathering band to the left. The mafic rocks 
in the foreground have many features in common with 
the Tantalite Valley satellite body. 

I<'ig 11 - Amphibolite layer within the Grey Gneiss Sequence 
to the south of the Tantalite Valley Complex. The 
white hill is composed of qua rtz which occurs here 
along a prominent fracture, the trend of which is 
parallel to that of the Tantalite Valley Line a ment. 



Fig 12 - The North -western end of the Kumkum Massif, show­
ing characteristic outcrop appearance of Black 
Gneiss. 

Fig 13 - The main Kumkum gabbronorite body in the centre 
of the Kumkum Massif . The weathered, rounded 
boulders in the foreground are of Inequigranular 
granite gneiss. 
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Fig 14 - Inequigranular granite gneiss showing 
flattened xenoliths of mottled meta­
gabbro. West of Tantalite Valley 
Complex. 

Fig 15 - Tonalite intrus ive into mottled met a ­
gabbro which i s free of mega crys t s . 
Photogra ph wa s t a ken to the west of the 
Ta ntalite Valley Complex (Photo. AC Moore) 
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~ig 16 - A characteristic outcrop of mottled 
metagabbro showing the uneven distri­
bution of megacrysts in the rock 

Fig 17 - The Tantalite Valley Satellite body, looking 
towards the south-west. The cont a ct with the 
Grey Gneiss Sequence is sha rp. 



- 46 -

Fig 18 - Tonalite containing partly assimilated 
xenoliths of mottled metagabbro. West 
of Tanta lite Valley Complex. Sample 
location AM18J. 

Fig 19 - Granodiorite containing a bundant xenoliths 
of Grey Gneiss and of early, concor dant 
pegmat ite. The ~utcrop is situated al ong 
the e as tern cont a ct of the T a nt a l i te Va lley 
Complex. Sample location TV299 (Photo. AC 
Moore) 
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Fig 20 - Pegmatitic metagabbro schlieren in 
metagabbro occurring both parallel 
with and transgressive to the layering. 
Tantalite Valley Complex. 

Fig 21 - Xeno liths of metagabbro and mottled 
me t a g a bbro in finer~ gra ined meta­
gabbro, West end of Tantalite Valley 
Comp lex. 
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Fig 22 - Isomodal, reverse and normal graded 
layering in metagabbro from the south­
east contact of the Tantalite Valley 
Complex. 

Fig 23 - Isomodal leuco-and ~~~o ~ cratic layers in 
gabbroid on the e a stern bank of the Girtus 
River which is correlated with the Tantalite 
Valley Satellite Body. 
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Fig 24 - Typica l outcrop of pelitic hornfels. 
end of the Tantalite Valley Complex. 

Western 

Fig 25 - Folding of sillimanite-rich l a yers within 
pelitic hornfels of Tantalite Valley (Photo. 
AC Moore). 
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Fig 26 - Isolated reddish-brown weathering outcrops 
(foreground) of cordierite- anthophyllite 
hornfels, separated by numerous pegmatites 
and migmatite-rich Grey Gneiss. The prominent 
band of dark-weathering rocks in the back­
ground represents pelitic hornfels proper. ~ 

Fig 27 ~ Ch a racteristic outcrop of Augen gneiss, situated 
to the south of the Tantalite Valley Complex. 
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Fig 28 - Diatexitic migmatite (Nebulite) with dis­
rupted layer of mafic rock still identi­
fiable. Core of Tantalite Valley Shear 
Zone. (Photo. AC Moore). 

Fig 29 - Folded Metatexitic (venitic) migmatite in 
the core of the Tant a lite Valley Sh~ar 
Zone. (Photo. AC Moore). 
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Figure 32 

A: TV275A - Mottled metagabbro - Tantalite Valley. 

Ilmenite rimmed in turn by sphene and chlori-

tized biotite which contains intergrowths of 

prehnite parallel to f 001} • Note the pre-

sence of quartz and saussuritized plagiocla se. 

pp light. 

1 cm = 0,20 mm. 

B: AM2J4 - Amphibolite - Kumkum area. 

Partly chloritized biotite intergrown with 

prehnite. Note the characteristic lens-shape 

of the latter and the presence of saussuritized 

plagioclase. pp light. 

1 cm = 0,20 mm. 

C: TV24 Metagabbro - Tantalite Valley. 

Zoned calcic amphibole with actinolitic core 

and hornblende margin. pp light. 

1 cm = 0,20 mm. 

D: TV42 Metaga bbro - Tantalite Valley. 

Fibrous, actinolitic hornblende forming at 

the expense of plagioclase at the contact 

between amphibole and plagiocla se. Crossed 

nicols. 

1 cm = 0,20 mm. 



Fig JO - Rounded, fibrolite-muscovite-quartz nodules (see 
Fig J4H) embedded in Grey Gneiss sensu stricto. 
East of Tantalite Valley Complex near sample 
locality AM161 (Map 2). 

Fig 31 - Shallow dipping, young, discordant pegmatite in­
trusive into ultramafic rocks. This has formed 
metasomatic hornblende and/or phlogopite-rich 
rocks (Fig 36H). Location - Tantalite Valley 
Scheelite prospect (Map 4). 



FIG.32 
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Figure 32 (cont~) 

E: TV280 Olivine gabbronorite - Tantalite Valley. 

Intercumulus magnetite with which is associated 

primary green s pine! is surrounded by hornblende 

+ spine! symple ctite in contact with plagioclase 

which it is replacing. pp light. 

1 cm = 0,15 mm. 

F: PWJ - Pyroxenite (norite) - Main Ultramafic 

body - Tantalite Valley. 

Opaque mineral clouding plagioclase with the 

latter having clear rims in contact with 

orthopyroxene and other plagioclase grains. 

Secondary amph ibole occurs around the borders 

of pyroxene and along plagioclase/plagioclase 

boundaries. pp light. 

1 cm = 0,20 mm. 

G: Tl2 - Troctol i te - Tantalite Valley. 

Serpentinized olivine surrounded by continuous 

rims of bronzite (clear) and hornblende + 

spinel symplectite (dark) in contact with 

plagioclase. Rims of amphibole also occur 

around euhedral opaque minerals, which are 

probably chromite. pp light. 

1 cm = 0,20 mm. 
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Figure 33 

A: Partial melt t e xture in Tantalite Valley 

psammitic horn f els sample AM30A. pp light 

(Photo. AC Moore). 

1 cm = 0,62 mrn 

B: TV282 Olivine gabbronorite - Tantalite 

Valley. Part o f olivine-plagioclase corona. 

pp light. 

1 cm = 0,15 mrn. 

C: K37A . Kumkum gabbronorite. 

Relic olivine surrounded by rims of bronzite 

(clear) and Fe-pargasite (dark) in contact 

with plagioclase. pp light. 

1 cm = 1,29 mm. 

D: Tll Pyroxenite (norite) - Tantalite Valley. 

Rutile exsolut ion in phlogopite. pp light. 

1 cm = 0,20 mm. 

E: TV49 Troctolite - Tantalite Valley. 

Zoned spinel s urrounded by plagioclase. 

Brown picotite (black) grades into green 

spinel-hercynite (pale grey). pp light. 

1 cm = 0,20 mm. 
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Figure 33 (cont~) 

F: T14 Troctolite - Tantalite Valley. 

Serpentinized olivine surrounded by cumming­

tonite-thin clear zone (unidentified) and 

hornblende + spinel in contact with plagio­

clase. pp light. 

1 cm = 0,20 mm . 

G: TV225 Tantalite Valley orthopyroxene-bearing 

hornfels. Rel a tively coarse-grained, phlogo­

pite-poor, cordierite-rich, orthopyroxene­

bearing areas set in a finer-grained, mineralo­

gically identical matrix. pp light. 

1 cm = J,71 mm. 

H: TV276 Tantalite Valley Pelitic Hornfels. 

Idioblastic staurolite is included in cor­

dierite and biotite and there are needles of 

sillimanite. pp light. 

1 cm = 0,20 mm. 



FIG .33 
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Figure )4 

A: Kyanite in Pel i tic Hornfels sample TV4 from 

Tantalite Valley. pp light. 

1 cm = 0,20 mm. 

B: K214A - Mylonite - Kumkum area. 

Typical mylonite texture. Porphyroclasts are 

rotated and there is a marked difference in 

grain size between biotite found as inclusions 

and in the matrix. pp light. 

1 cm = 1,86 mm. 

C: K178 - Mylonite - Kumkum area. 

Myrmekite developed on the margins of a 

microcline porphyroclast. Crossed nicols. 

1 cm = 0,20 mm. 

D: KK7 - Black Gneiss - Kumkum area. 

Typical textur e 6f Black Gneiss with anhedra l 

garnet porphyr oblasts in a fine-grained matrix 

of cordierite, feldspars, quartz, biotite and 

sillima nite. pp light. 

1 cm = 1,86. 

E: K62 - Bla ck Gneiss - Kumkum area. 

Laths of sillima nite cross-cut garnets. pp light. 

1 cm = 1,43 mm. 
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Figure J4 (cont.) 

F: K79 - Bl a ck Gneiss - Kumkum area. 

Flame perthite. Crossed nicols. 

1 cm = 0,20 mm . 

G: KKlOD Black Gneiss - Kumkum area. 

Plagioclase wi t h sillimanite aligned parallel 

to cleava ges a n d dark green spine! filling 

the interstice s of the trellis-work thus formed. 

pp ' light. 

1 cm = 0,20 mrn. 

H: P.G.T.V. Nodule in Grey Gneiss - Tantalite 

Valley. A large mat of muscovite has inclu­

sions of quartz, with which it has interlobate 

grain contacts. Both minerals have fibrolite 

inclusions. pp light. 

1 cm = 0,20 mm. 

I: TV17J Olivine gabbronorite - Tanta l ite Valley. 

Opaque minera l -orthopyroxene symplectite 

formed at the expense of olivine. The opaque 

mineral tends to occur parallel to t he pyroxene 

cleavages. p p light. 

1 cm = 0,20 mm. 
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Figure 34 (cont.) 

J: TV251 Metagabbro - Tantalite Valley. 

Opaque mineral-amphibole symplectite, inter­

preted as being an altered, pseudomorphic 

replacement of original olivine. pp light. 

1 cm = 0,20 mm. 



FIG . 35 
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Figure 35 

A: TV280 Olivine gabbro~orite - Tantal~te Valley. 

Orthocumulate texture with cumulus olivine and 

plagioclase and intercumulus pyroxenes. Al~ 

though this rock-type is coarser grained than 

the Kumkum gabbronorite (see B) it is tex­

turally and mineralogically very similar. pp 

light. 

1 cm = 1.37 mm. 

B: KK4 - Kumkum gabbronorite. 

Orthocumulate texture with cumulus plagioclase 

and olivine and intercumulus pyroxenes. Plagio­

clase laths define a distinct lamination. pp 

light. 

1 cm = 1,37 mm. 

C: AM204 - Eselruh gabbronorite - Kumkum area. 

Cumulus clinopyroxene Ceuhedral) showing hour­

glass zoning defined by opaque mineral exsolu­

tion. Note bronzite-hornbiende/spinel coronas 

which have pseudomorphed olivine. pp light. 

1 cm = 0,74 mm. 
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Figure 35 (cont.) 

D: AM204 - Eselruh gabbronorite - Kumkum area. 

::mu{::0cii~op::o::::t:howing 
hourglass zoning 

1 cm - 0,20 mm. 
/ 

E: TV275 - Mottled metagabb~o - west of Tantalite 

F': 

Valley Complex. Texture of mottled metagabbro, 

showing the relationship between plagioclase 

megacrysts and the groundmass of hornblende 

and plagioclase. pp light. 

1 cm = 3,71 mm 

AM125 

body. 

and { 
1 cm = 

- Metagabbro - Tantalite Valley satellite 

Hornblende exsolved parallel to [ .101 J 
l 00 } in c ummingtonite . pp light. 
0,20 mm. 

G: AM123A - Gabbronorite- - Tantalite Valley 

satellite body. The rock consists predomi-

nantly of ortho-and clino-pyroxene and inter-

stitial plagioclase. pp light. 

l cm = 2,86 mm. 



\ 
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Figure 36 

A: KK3 - Contaminated gabbronorite - Kumkum area. 

Typical equigranular interlobate texture. 

pp light. 

1 cm = 1,37 mm. 

B: K58 - Kumkum granolite. 

Typical equigranular interlobate texture. 

Hornblende (dark grey) rims pyroxenes (light 

grey). Colourless material is plagioclase and 

quartz. pp light. 

1 cm = 1,37 mm. 

C: TV8 173 - Norite - Tantalite Valley. 

Mesocumulate texture with euhedral bronzite 

being cumulus and plagioclase intercumulus. 

pp light. 

1 cm = 2,14 mm. 

D: T32 - Troctolite - Tantalite Valley. 

Mesocumulate texture with cumulus olivine and 

·euhedral chromite? and intercumulus plagio­

clase. pp light. 

1 cm = J,OO mm. 
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Figure 36 (cont.) 

E: TV170 Texture of cordierite-anthophyllite 

hornfels with decussate laths of anthophyllite 

and idioblastic cordierite. pp light. 

1 cm = 3,57 mm. 

F: K81 - Black Gneiss - Kumkum area. 

Cordierite rims formed as a result of garnet 

breakdown. pp light. 

1 cm = 0,20 mm. 

G: KK7 - Black Gneiss - Kumkum area. 

Opaque mineral symplectite in garnet formed 

as a result of the breakdown of this mineral 

to form cordierite. pp light. 

1 cm - 0,20 mm. 

H: AM157 - Metasomatic pornblendite-Tantalite Valley. 

The rock is made up of decussate laths of horn­

blende, phlogopite and accessory amounts of 

scheelite. pp l~ght. 

1 cm = 2 mm. 



Fig 37 
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15 

10 
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500 1000 

Experimentally determined equilibria: most are extrapolated 
to lower T for clarity; after Griffin & Heier (1973) 

la Reaction Mg-Ol+Pl~ Op+Cp+Sp (Green and Ringwood, 1967b) 

lb Same reaction (Irving & Green 1970) 

le Same reaction but Fo-An system (Kushiro & Yoder 1966) 

2 Op+Cp+Sp+Pl~Cp+Ga. Fo-An system (Kushiro & 
Yoder 1966) 

3 Appearance of garnet attributed to the reaction 
Op+Pl (:1:sp) ~ Ga:1:Cp±Qz (Green and Ringwood 196 Tb) 

4 Dis~ppearance of plagioclase in quartz-tholeiite 
(Green & Ringwood 1967b); position is very dependent on 
bulk composition 
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/ Fig 40 

Fig 41 
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COMPLETE 
SEPARATION 

TOP Of CRYSTAL Pl LE 

After Goode (1976). Crystallization model showing development 
of crystallization or nucleation zone (stippled) of 
thickness d at a distance of L above top of crystal pile. 
Le represents critical distance below nucleation zone 
at which complete separation of pyroxene/olivine and 
plagioclase occurs. 

4pr--y-~-r-~r---..~.,.-~r---r~.,.-~,_.--

• 3,0 

c: ~ 
...! Cl *o :c 

J-<~O 2,0 

c: -

0 1--~'----'L---'-----'~__..~_..~--~--~--~-
o 0,2 0,4 0,6 0,8 

ex 
Plot of ln K * ol-sp2+ versus (after Evans and Frost 1975, D Mg-Fe 
Fig 8) for some olivine-spinel pairs from the study area. Terms 
explained in Table (34) and text. (1) TV49 ferritchromite­
olivine (2) TV49 picotite-olivine (3) TV49 spinel-olivine 
(4) K37A hercynite-olivine. 
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5 

GRANITE SOLIDU 

ptlt': P,.oT. 

6 7 

T (°C x 100) 

8 

Fig 42 P-T diagram showing the results of garnet-cordierite geother• 
mometry-geobarometry for Black Gneiss samples 

1 
2 
3 
4 

A5 
A3 
KK7 
Kl9A 

5 K66B 
6 K35 Porphyroblast Core 
7 K35 Porphyroblast Rim 
8 K35 Groundmass Rim 

Shaded areas give the results for Tantalite Valley Hornfels 
sample Tl9. Peak of contact metamorphism is represented 
by "Core" and retrograde metamorphism by "Rim". "H" and 
"RGB represent the limits of the alumino-silicate polymorphs 
after Holdaway (1971) and Richardson, Gilbert and Bell (1969) 
respectively 
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Fig 43 Part of the pyroxene quadrilateral'Di-Hd-En-Fs showing the 
pyroxene phases and their compositional variation in the 
mafic-ultramafic rocks of the Tantalite Valley and 
Kumkum areas. Below the base of the quadrilateral, 
the scale (Fo to Fa) shows the range of olivine compositions. 
Tie-lines between appropriate coexisting pyroxene pairs 
are drawn, as well as lines linking coexisting pyroxene 
and olivine pairs 

Key:-

(1) TV49 ~ Troctolite 

(2) (2A)-(2B)-(2C) TV6 129 - Norite ~ where 2A and 2B 
are discrete phases and 2 and 2C are exsolved phases 

(3) - -K4 Eselruh gabbronorite 

(4) AM123A - T.V. Satellite Body 

(5) TV 233 ~ Gabbronorite 

(6) TV263 - Gabbronorite 

(7) - AM21C - Gabbronorite 

(8) - AM41 ~ Gabbronorite 

(9) TV187 - Gabbronorite 

(10) - K37A - Kumkum gabbronorite 

(11) - K45A - Contaminated gabbronorite 

(12) - KK6 - Black Gneiss 

(13) - K58 - Granolite 

Note (3) - (13) are discrete phases 
J Field of clinopyroxenes from SE Alaskan type 

- ~ ultramafic rocks 

/ Skaergaard trend 
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4 -
e K37A 

0
rve120 

0rve 12& 

3 .. K4 e 
...AM 123A 

g TV263 

Ill AM 21C 
• TV 233 

2 .. 

TVt87ll 

1 .. 

g AM41 

0 --~~~----·--~~~~'--~~~~·---~~~~--·~~~~ ...... ·~--
0 2 4 

CA-TSCHERMAK 

Plot of Jadeite versus Ca-Tschermak for clinopyroxenes 
from the study area. Symbols as for Fig (66) Tantalite 
Valley except that blacked in circles are samples from 
the Kumkum area 

4 .. 

• K37A 
TV6 129 @ 

0 TV6 129 

3 '"'· • K4 

1 ... 

• AM t23A 

Ill TV263 

TV233 • 
• AM21C 

8 TVtll7 

.AM41 

0..-.~~~~·---~~~~...._·~~~~...._•~~.-. 

0 5 10 15 

FERROSILITE 

Plot of Jadeite versus Ferrosilite for clinopyroxenes 
from study area. Symbols as in Fig 44. 



Fig 46 

Fig 47 
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Plot of Mg-tschermakite + Ca - tschermakite 
versus Ferrosilite for orthopyroxenes from 
the study area. Symbols as for Fig 44 

Plot of clinopyroxenes from some mafic and ultramaf ic 
rocks of the study area on part of a trian~ular diagram 
in terms of (Ca+ Na+ K): Mg: (Fe2+ +Fe++ Mn) 
atomic percent. After Le Bas (1962) 

Field I clinopyroxenes from per-alkaline 
rocks 

Field II clinopyroxenes from normal-alkaline rocks 

Field III clinopyroxenes from non-alkaline rocks, 
including tholeiitic, high alumina and 
calc alkaline 

Symbols as for Fig 44 
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Fig 48 

, Fig 49 
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Silica/alumina plot (weight percent) 
of clinopyroxenes from the study area after 
Le Bas (1962). Symbols as in Fig 44 

Range of analyzed.plagioclase compositions in 
metabasites from the Tantalite Valley and Kumkum 
areas. 

Circles - Tantalite Valley metabasites including 
mottled metagabbro, amphibolite, metabasite 
hornfels, metagabbro, gabbronorite, satellite 
body, mafic-ultramafic rocks. 

Triangles ~ Kumkum metabasites including gabbronorites 
(Contaminated, Eselruh and Kumkum) and 
Granolite. 
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Fig 50 The nomenclature of calcic amphiboles occurring 
in various maf ic and metabasite rocks of the 
Tantalite Valley and Kumkum areas after Leake's 
(1968) classification 

Fig 51 

Key Tantalite Valley 

(A) Amphibolites 
(•) Mottled Metagabbro 
(•) Metagabbro 
~ Satellite Body 
(®) Ultramafic rocks 
{&) Metasomatic hornblendite 
(X) Metabasite hornfels 

Kumkum 

~ Grano lite 
(0) Kumkum gabbronorite 
(®) Eselruh gabbronorite 

Plot of Si against (Ca + Na + K) for calcic a~phiboles, 
with Atomic proportions based on 23 oxygens. Scheme after 
Miyashiro (1973). Symbols as for Fig 50. 
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Fig 52 

Fig 53 
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Relation between AlVI and Si. (23 oxygens) 
contents of calcic amphiboles from the study 
area. Symbols as in Fig 50. Upper diagonal 
line {Leake 1965) indicates the maximum 
possible amounts of 'A1VI. Lower diagonal 
line (Raase, 1974) indicates the division between 
hornblende from low-pressure regional meta­
morphic terranes (below) and high-medium· pressure 
metamorphic terranes {above). 

Variation of Ti versus Si in calcic amphiboles, 
with atomic proportions based on 23 oxygens. Fields 
of Igneous and Metamorphic amphiboles after Leake 
(1965a). Symbols as in Fig 50. 
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Distribution of Mg, total Fe and Ca between coexisting 
hornblende and cummingtonite 

blank circles Metabasite hornfels 

opaque circles - Metagabbro from satellite body 

Cr, Al and Fe3+ in spinels from Tantalite Valley 
and the Kumkum area. 

(£) Mottled metagabbro 
(®) Troctolite 
(•) Kumkum gabbronorite 
(o) Black gneiss 



F IG.36 



) - 85 -

Hornblende 
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TV 275 

r---------
80 f\STRATIFORMr-1 

I \ I I 
$.TV4 

TV49 

" I I 
~ 60 I ' I I ,, __ L __ I 
+ 
t.. 1-1 I 0 

' l I I I 
'- l /...~ I / ® TV49 0 40 
0 ~ bg I/ 0 ... 

;~ & // @ TV49 

I< ( @TV49 /~. 20 I /I '-f ___ / 
L ___ / 

TV49 K37A 
0 

1,0 0,8 0,6 0,4 0,2 

/i 2• Mg Mg+fe 

Fig 56 Correlation between 100 Cr/(Cr + Al) and XMg 
for the spinels from troctolite sample TV49 
from Tantalite Valley. (•) is ferritchromite from 
mottled metagabbro .and (•) is hercynite from 
Kumkum gabbronorite. The fields of stratiform, 
alpine and xenolithic chromites are from Irvine 
and Findlay (1972) 

0 



Fig 57 

Fig 58 
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Plot of Ti0
2 

against FeO (total)/MgO for biotites 

Key:- Tantalite Valley 

i 
(®) 
(•) 
~ 
(®) 
(..t.) 

Mottled metagabbro 
Pelitic hornfels 
Cordierite-anthophyllite hornfels 
Orthopyroxene-bearing hornfels 
Gabbronorite 
Satellite Body 
Ultramafic Rock 
Metasomatic hornblendite 

Kumkum 

(e) Black Gneiss 
(~ Granoli te 
(K) Kumkum gabbronorite 
(E) Eselruh gabbronorite 

~ field of biotites from Black Gneiss 
.//field of biotites from Pelitic hornfels 
•••• field of metamorphic biotite in the Haib basaltic andesites 

(Reid 1977) 
,.,,.;•field of primary igneous biotite from Vioolsdrift grano~ 

diorite and adamellite (Reid 1977) 

A Average bulk rock composition of Black Gneiss 
B Average bulk rock composition of Pelitic Hornfels 

Al~Mg~Fe (atom %) plot for metamorphic chlorites from 
Tantalite Valley 

--.,, 

(0) Pelitic hornfels 
(•) Metagabbro 
(•) Mottled metagabbro 
(o) Cordierite-anthophyllite hornfels 
(®) Ultramafic rock 
(V') Psammitic hornfels 
(+) Metabasite hornfels 

field of chlorites from Haast Schist Group Metabasites 
(Cooper 1972) with grade of metamorphism increasing 
from left to right as indicated by the arrow. 

field of chlorites from the Haib basaltic andesites 
after Reid (1977) 
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~ diagram with projection through biotite for hornfelses 
from Tantalite Valley. · 
Analyses of minerals are plotted as circles and whole 
rocks are plotted using square symbola. 
Numbers next to the symbols. ref.ar to samples as follows. 
'C' and 'R' refer to analyses of core and rim zones of 
garnets 

1 Pelitic horntels. TV276 

lA As above but corrected for 13% chlorite 

2 Peli tic hornfels TV4. 

3 Peli tic hornfels TV13/165. 

4 Peli tic hornf els Tl9. 

5 Cordierite~anthophyllite hornfels. TV170. 

6 Orthopyroxene-bearing hornfels TV226 
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30)'m 

Si 

az M az QZ • M 

Electron microprobe scans across grain boundaries 
in Tantalite Valley psammitic hornfels sample 
AM30A. The left hand side is across a quartz­
quartz boundary, separated by turbid material 
(M) and the right-hand side is across a quartz­
plagioclase boundary 

PLAG 
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3 (Ap9) 
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;Fig 61 PMT diagram indicating the probable conditions of formation 
of the pelitic hornfels Tl9 at the peak of contact meta­
morphism (stippled area). Reactions calculated are 
numbered as in appendices 9 and 10 ie Ap9 and AplO. 
Also plotted are the limits of stabilities of the 
alumina-silicate polymorphs after Holdaway (1971) 
labelled "H" and of Richardson, Gilbert and Bell 
(1969), labelled "RGB". The position of the saturated 
granite solidus is also shown (Turner 1968). 
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(Cd) 

(St) 

t 

(Gd) 

TEMPERAT~U~R~E~--~~~~ • 

Schrein (1969 e~akers' bundl . ' Fig 16A) e after R b. in the text • Sectors A o inson and J f 
from R . • The slo and B are a fe 
but isobinson and Jaf~e of the react" explained anhydro~:o~abl'. too st:efor the sill~~:n1Gd) is taken ' 
stauroliteo frdierite andptbhecause they a te zone (Si) 
1969 or th · e most ssumed 
• ' Table 7) eir calculat. water-rich 
in the andalu: The slope of ions (Robinson 
I (PHzO=P i·s)ite zone (Ad) . the reaction (a;dd Jaffe 
molar 

1
so id formul is calcul ) 

544 J/~~g";:/f 51,5 c~ ~!r~b!nson a:~e;a~;ing the Case 
per atom of Al mole of dehyd n. alusite and Se, an assumed 

. changing fr ration of wate - equal to om Vl to IV c - r,.plus 60 J/d o ordinat· eg ion. 
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Fig 63 AFM diagram for Black Gneiss samples projected through 
K-feldspar. Mineral compositions are represented 
by opaque circles and rock compositions by hollow 
circles. 

(1) KK7 

(2) Kl9A 

(3) K66B 

(4) K35 Matrix Rim 

(4A) K35 Porphyroblast Core 

(4B) K35 Porphyroblast Rim 

(5) GBW 241 

(6) A3 
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Fig 64 
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AFM diagram for K-feldspar free samples of 
Black Gneiss from the Kumkum and Sandfontein 
areas. Projection is through biotite. Mineral 
compositions are represented by opaque circles and rock 

.compositions by hollow circles 

(1) KK6 

(2) KlOl 

(2A) KlOl Garnet core 

(3) A5 
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(3) (3) 

700 

Tt0 c) 

Fig 65 PH
2
0 = Ptotvs T diagram showing reactions involving 

the breakdown of muscovite with quartz after 

Winkler (1974, Fig 7-3). Reactions are numbered 

as in the text. 
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e no C0 2 9,6 
TV 217•1ffV205A 

0,4 • 
• a•• 

II • A 
• ,. AA • 

Ha• 
2 

• TV277 

10 20 30 

DI 

~59A 

•® • 
E> 

K59A 
0 0 .0: 

E 

• 

• • 

C02 

6i' 0 
oK63A • 

H20 
+ 

0 
~63A 

.K 65 o.2 
0K59A oKSO / 

- - - ---.lf.-.--~oo- -- o--- -

0 10 20 30 

DI 

+ Plots of COz, H2o and Fe
2
o

3
: FeO against D.I. 

(Differentiation Index) for Tantalite Valley Rocks 
and Kumkum Rocks (right). Some symbols used in 
this and proceeding diagrams are · 

Key: Tantalite Valley 

~ Inequigranular granite 
gneiss 

(•) Mottled metagabbro 

(•) Metagabbro 

(•) Gabbronorite 

~ Satellite body 

(®) Ultramafic rocks 

Kumkum area 

(•) Kumkum gabbronorite 

(®) Eselruh gabbronorite 

(0) Contaminated gabbronorite 

{E) Einsiedler gabbronorite (GBW7) 

(V) Verloorkoppe gabbronorite (GBW 

(~ Granolite 

(.6.) · Inequigranular granite gneiss 

(W) Warmbad granite (Beukes 1973) 
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Fe 

\ 

TV306A 

TV199 B 

TV299 0 
0 TV126 

A AM157 

QTV305 

fig 67 ,AFM diagram (weight %) for rocks from the Tantalite 
·Valley area. Symbols as in Fig (66) and 

(~) Amphibolites 

(0) Tonalite and granodiorite 
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Fe 

Alk 

Fig 68 Alk (Na 0 + K20) - Fe (Total Fe as FeO) ~ M (MgO) diagram. 
All oxiae compositions on a volatile free basis 

-ff-Cascades trend (Carmichael 1964) 
--·~ Thingmuli trend (Carmichael 1964) 
--- Birds River trend (Eales and Robey 1976) 

.. ••• •• Skaergaard trend (Wager and Brown 1968) 
--- Palisades trend (Walker et al 1973) 

• Average of 123 metatholeiites - W Australia (Hallberg 1972) 
C7 Field of Gannakouriep dykes -
K Karroo field represented by Tandjiesberg and Calvinia (Le Roex and 

Reid 1978) 
S Field of Swartkop rocks (Reid 1977) 
N Field of Nouzees rocks (Moore and Reid pers coIIDll) 

TV Field covered by gabbronorite, metagabbro and ultramafic rocks 
of Tantalite Valley 



- 102 -

./ 

10 

oTV 305 

ALKALI OLIVINE BASALT 

A AM 157 

THOLEllTE SERIES 

AJWVB46 · 

A 

40 50 60 70 

Fig 69 Plot of (Na2o + K2o) against Sio2 tor Tantalite Valley 
Samples. Fields are those defined for the Japanese arc by 
Kuno (1968). 

Symbols are the same as in Fig (66) and A represents amphibolites 

(1) Oceanic tholeiitic basalts 

(2) Continental tholeiitic basalts 

(3) · Oceanic alkali basalts 

(4) Andesites of island arcs (McBirney 1969) 
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Fig 70 Plot of major oxides against D.I. for the mafic and 
ultramafic rocks of Tantalite Valley. Symbols are as 
in Fig 66. Fields define average trends. 

30 40 
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~ig 70 Plot of ~ajor o~ides .against P,I. (continued) 
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~ig 71 Alk (Na20 + K20) - Fe (Total Fe as FeO) 
~ Mg (MgO) plot for rocks from the Kumkum area, 
SYm.bols as in Fig 66. The field covered by 
gabbronorite, metagabbro and ultramafic rocks 
of.Tantalite Valley is included 
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;Fig 72 Plot of (Na2o + K2o) _against Si9
2 

f pr Kumkum 
samples, 

Symbols as in Fig 66 and Fig 69. Fields are those 
defined for the Japanese arc by Kuno (1968). 
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~ig 82 Plot of Ni against 100 Niggli mg after Van de Kamp (1969) 
ior amphibolites from the Tantalite Valley and Kumkum areas. 
The shaded area shows the field and trend of shale~ 
carbonate rocks. 

(•) Amphibolites 
(o) Metasomatic·hornblendite 
(•) Satellite body metagabbro 

(•1) Av in:ottled metagabbro 
(•2) Av metagabbro 
(•3) Av orthoamphibolite (Moore 1977) 
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- 121 -

8,0 ..---,.----r--~--...-----.rr---r---r----::1 

6;0 

2,0 

GRANITE I // 
I // 

0 GBW458 
I /,, 

I / 
eGsw6oa I // 

/ADAMELLIT~ / 
I / 

• K49 I / 
GGBW744 / / / 
0TV29~ / / 

/ / 
I / ,.,. 

I /GRANODIORITE / / 
I / .,. 

I // .,,,"".,,. 
I / /"" 

; // . _.-tv3os 

I / / TONALITE 
/ // 

I / /. 
/ / 

0 TV305 

?.,,,.,,."" 
/ 0 W!:...---1~...;._-L---L--...I----''---_.. __ _._ _ ___. 

0 2,0 6,0 8,0 
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granitic rocks from the study area. A chemical 
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GBW 458, 608 - Warmbad granite 
TV 305, 299 --So called granodiorite and tonalite 

of Tantalite Valley 
GBW 744, TV 306, K49 Inequigranular granite gneiss 
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Q 

Compositions of granitic rocks from the Tantalite 
Valley - Kumkum area, plotted in terms of Ab, Or and Q 

. (weight%). The plus signs indicate the minima for 500, 
1 000, 2 000 and 3 000 bars PH2o and the full circles 
represent eutectic points for 5 000 and 10 000 bars 
PH20 (after Luth, Jahns and Tuttle 1964) 

~ield of 83% of the world's granites 
(Winkler and Von Platen 1961) 
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TABLE 1 

INTRUSIVES OF THE fMHAl.ITE VALLEY BOOY. 

POST - T.v.c. 

--------
T 

A 

N 

T 

A 

L c 
I 0 

T M 

E p 

L 
v 

E 
A x 
L 

L 

E 
(T.V.C.) 

v 

--------
PRE-T.V.C. 

ROCK-TYPE 

PEGl-'ATITES 

MAFIC-ULTRAMAFIC 

ROCK 

GAOBRONCRITE 

TONALITE/GRANO­
DIORITE 

METAGABBRO 

MOTTLED META­
GABBRO (M.M) 

TOTAL INCL. M.M. 

TOTAL EXCL M.M. 

AREA IN KM2 4 

NOT DETERMINED 

0,90 J. 

30,38 

0,29 

15,06 

2,40 

49,03 

46,34 

YOUNGEST 

·v 

-------------! 
OLDEST 

___________________ _J,_. __________________________ __. 

4 Areas determined by Fixed-arm planimeter from ~op 1 

/: Ma in pl•Jg .. O, '58 km2 , North-east plug 0, 18 km2 , Rest .. 0,14 km2 • 
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TABLE 2, 

-!:.? TI t'~.2'9..Qf §..._J]!!_..Y.Ql~-1' L9.f:__S:._~f-~~K.2Yf'CS_f9UND i\ S F'Af?T Cf'" T liF. 

SAMPLE oz KF PL AN GA CD Bl MS,l SI* CH Hl3 
OPA-
QUES 

At-1154 45 15 19 (20) 10 10 1 

AM134 40 15 <o,s 18 5 5 15 1 

AM17 65 30 10 20 1 (0,5 

Atl.67 19 20 13 (30) 20 25 1 (0,5 (o,5 
A:V.25 GO 20 10 7 3 

AM55 45 32 22 

AM288A 60 9 (20) 1 30 

AM288B 13 25 50 5 5 2 
)(. 

56 (20) 3 1 AM122L 20 20 

AM122Mi. 74 15 10 <o,5 1 

At~222 40 35 5 (20) 20 (0,5 

KK5A 33 60 5 2 

K96 30 .114 5 7 0,5 10 3 (0,5 

TV338 38 2 30 10 15 5 (0,5 

TV331 (o,5<o,5 15 <o,5 30 (o,5 

TV336 15 54 . ( 64) 20 10 0,5 

K2A 33 40 25 2 

AM270 20 10 5 65 

K17.6A 73 0,5 5 0,5 20 

GGTVA 40 (0,5 3 5 35 17 (0,5 

GGTVB 33 2¢ 1 3 35 25 

Kl75 92 (0,5 1 (31 ?) 2 3 1 0,5 

AM154 - TV338 Grey Gneiss including muscovite-rich varieties 

TV331 - TV336 Hornblende-bearing Grey Gneiss 

K2A - AM270 Aluminium-rich Grey Gneiss 

Kl76A - GGTVB Sil limanite knots in Grey Gneiss 

Kl75 Metaquartzite 

• includes fibrolitic sillimanite 

~ includes primary and secondary muscovite 

0 perthitic K-feldspar 

X leucoband 

f:. melanocratic band 

chlorite green 

dark green 

very pale green 

o( yellow green 

Gf~[Y O!E i. SS sr Gl.1n;cE. 

---------
OTHCllS 

op(l}, zc, sn 

op 

ep(2}, clay 

rutile, op 

zc, sn 

op, zc 

zc 

zc 

op, zc 

cz, sn, er 

zc 

rutile, myrmckitc, 
haematite, zc 

zc 

zc, op 

pr 

first generation biotite ~ .. H dark brown o<. pale yelle>v: or pale brown 

second generation d" "'. ({ olive green(>( pole orang€' 

hor·nblonde <l" blue green · p green I)( yellow gret>n 
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TAGLE 3 

MlNERAl. AS5Et-'.8LAGCS Cf° Cf,LC-S~~ 

A, Sc<1polit<' 

plus (l) 

(2) 

(3) 

(,.,) 

+ sption'!_ 

Diopside • garnet + calcitt' + p::.ogioclasn i :_ muscovite} · (G'.\'8269, 259) 

Oiopside + garnet + calcite + microclino { + muscovite J (GBW 265) 

Oiopsirle + garnet (GOW 26'1) 

Oiopside +· garnet + calcite +Guscovite} +quartz (GOW 268) 

(5) Diopside + tremolite + plagioclase + quartz + calcite (OT 1358) 

(6) Garnet + plagioclase + hornblende + quartz (K 2C8A) 

B. Diopside + hornblende + quortz + plogioclase 

plus ( l) .± microcline + sphene + epidote (OT 109, 83A, A~2601., Kl26 

GOW 597, 371, 350, 49) 

(2) .± sphene (OT 1683A, 1636, 77A, 1303) 

C. Oiopside + garnet + plagioclase 

plus (1) Quartz + microcline + sphene + epidote .± tremolite (GBW 354, 

(2) Sphene + epidote .± bioti te (GBW 255, AM 25C) 

(3) Microcline (OT 1455A) 

(4) Quartz + sphen e + hornblende (OT 99A) 

(5) Quartz + epidote (Kl) 

D. Plagioclose-diopside 

83) 

plus (1) Quartz + sphene + epidote .± tremolite (GBW 134, 646. 483, TV 108) 

(2) Quartz + sphene +. opidote + microciine (GBW 645) 

(3) Quartz .± sphene (OT 1701., 1271A) 

(4) Sphene + microcline (OT 1308) 

E. : .. Plagioclase-garnet-hornblende 

plus (1) 

(2) 

epidote minerals + sphene .± biotite (AM 213, K 122) 

epidote minerals + sphene + quartz (K 208) 

f, Plagioclose-Calcic Amphihole {either hornblende or tremolite-octlnolite) 

plus Quartz .± epidote + sphene 

Spinel 

(RUNWA~, OT 171A, GOW 23, 424) 

(T3) 

(1) 

(2) 

(3) 

(4) 

Quartz + epidote + sphene + K-feld-;por·· + biot ite (TV 335) 

Quartz + spheno t K-feldspar (OT 1304) 

l } secondary minqrols 

GBW samples from 8eukes (1973) 

OT samples from Toogood (l976) 

AM, I<, TV and e>tli<·rs :;omples from this work. 
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TAGLE 4 

F'REQUEN'::Y DISTRIBLrrION OF CALC-SILICATE SAMl"'Lf.'S 

CLASS NUMBER OF SAMPLES % OF L FOR EA CH CLASS 
-

... 
A l 2 

2 l 

3 1 

4 l > 15,91 
,. 

5 l 

6 l 

"' B l 8 
> 27,27 

2 4 
::::: 

c l 2 

2 2 
> 

3 l 15,91 

4 1 

5 1 ,_ 

D 1 4 l 2 1 

3 2 

J 
18, 18 

4 l 

E 1 2 

2 l 
6,82 

F 1 4 
r-: 

2 l 
15,91 

3 1 

4 l 

TOTAL <'14 (Z) 100,00 I 
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TABLE 5 

MINERAL Assr::t-:m.AGES IN MARBLE 

A. Olivine + Calcite (5 samples i.e. 503 of total) 

plus 

(1) f muscovite}± chondrodito ± spinel (GBW 262, 263, 257) ; 

(2) phlogopite + brucite + humite (AM 2608, 262/2) 

B. Calcite + diopside (4 samples i.e. 40".." of total) 

plus 

(1) microcline + garnet + chondrodite (GBW 272) 

(2) microcline + garnet + quartz + {muscovite I (GBW 273) 

(3) microclino + graphite + spinal (GBW 580) 

(4) hornblende + plagioclase + humite (AM 290/2) 

c. Calcite + t remol i te (1 sample i.e. 101. of t ota 1) 

plus 

(1) sphene (GBW 288) 

! ~ secondary minerals 

GBW samples from Beukes (1973}" 

AM samples from this work 
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TABLE 6 

EST IMA TED 1-'.0;:lES ( Hl VOLUME %) 0:- CALC:·:~:!ll_CATE'S 

SAMPLE PL AN GA HB Dl QZ OPAQUES EP 

AM25C 45 ('15) 25 18 

AM213 l8 (65) 20 5 

Kl 50 (46) 7 37,5 2 <o,5 

Kl22 31 (63) 5 2 <o.5 

K208 51 (75) 35 (0,5 10 

K208A 63 (68) 20 3 10 2 

Runway 71 (56) 3 7 3 

AM26Q!). 5 (80) 25 20 40 

T3 70 (60) 

TV108 20 (63) 53 20 

Kl26 29 (41) 15 20 35 

TV335 50 (36) l 25 0,5 

TABLE 7 

ESTIMATED MODES (IN VOLUME %) OF MARBLES 

SAMPLE 

AM290/3 

AM2608 

AM262/2 

OL CC 

75 

2 80 

20 75 

Dl 

10 

PL HB 

8 2 

BRUCITE 

10 

. l 

<o,5 

l 

3 

mt (o,5 

2 

mt {o,5 

mt 15 

5 

mt 4 

HUMITE 

3 

3 

CZ 

4 

_0,5 

60 

l 

0,5 

2 

PH 

3 

l 

zo SN 

<o,5 

2 

1 

l 

1.1 

l 

3 

<o,5 

l 

l 

CH AP 

l l 

OTHERS 

bi(l). ollonite, 
zc 

ch, bi, pr 

ch, scopolita 

haematite 

ms, zc, ollonite 

sp ,. trernol i tc (25) 

tre:molite (5) 

microcline {.o, 5) 

microlinc(3), 
myrmekite, bi(l5) 
.op, zc 

Hornblende' ~greyish olive-green ~ greenish grey o{ 
i( deep blue green ·f yellow-green o( 

yello¥1-green 0( light green 

pole brownish yellow 

pale olive-green 

Epidote 

Chlorite 

Biot ite 

Phlogopite 

Humite 

Y green o< pale brown 

' 
dork brown o( pole yallow-brown 

orange-brown o<. neutral 

neutral .o<.. yellow 
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TABLE 8 

MINERAL ASSEMBLAGES OF THE HORNFELS 

fELITIC HORNFELS GROUP 

A 

Al 

A2 

A3 

B 

Bl 

B2 

B3 

c 
Cl 

'C2 

C3 

D* 

-~ contain andalusite + sillimanito + quartr and biotite 

+ staurolite ! plagioclase 

! staurolite ! plagioclase + cordieritc 

! plogioclase + almandine 

~ contain cordicrite + staurolite ! quartz and biotite 

! almandine ! sillimonite 

! almondine z. plagioclase 

+ almandine + kyanite 

all contain cordierite + biotite + quartz 

+ andalusite ! plagioclase 

+ sillimanite ± plagioclose 

! plagioclase 

andalusite; biotite, quartz, plagioclase with or without almondine· 

* Boukes (1973) has identified K-feldspar in some samples consistent with 
this group. 

PYROXENE-BEARING HORNFELS GROUP 

E 

El 
E2 

all contain orthopyroxene and mica 

+ ·.cordierite ± plagioclase 

+ · Clinopyroxene + hornblende + plagioclase 

CORDIERITE-ANTHOPHYLLITE HORNFELS GROUP 

F all contain cordierite + anthophyllite ! quartz 
+ phlogopite Fl 

F2 + phlogopite + almondine ! K-feldspor ± plagioclose 

METABASITE HORNFELS GROUP 

G all contain amphibole + plagioclaso 

± garnet ± quartz ± biotito Gl 
G2 z garnet + quartz + K-fela~par + biotitc 

PSAMMITIC .HORNFELS GR::lUP 

H all contain plagiocla~e and quartz 
Hl + K-feldspar + primary rnuf,cov i te + garnet 
H2 ... K-fcldsµar ~ biotite + garnet 
H3 + biotito .:!.. onthophyllit1: 

Beukcs (1973) 



- 130 -

TABLE 9 

ESTJMl\TED MODES (IN VOLUJ..t,E ~) ·CT'" PELITTC HORl\FELS 

SAMPLES QZ PL AN GA Bl CH CD ST 51 

TV312 24 10 (39) 15 3 3 1 

TV276 f. 20 13 13 25 6 9 

AM31A 55 10 (38) 10 5 3. 1 l 

AM104 20 10 30 5 10 

AM272 10 10 5 38 2 30 

TV308 4 20 1 73 l 

T19 l (44) 10 6 3 59 3 10 

TV104G 10 7 (40) 2 3 • 0,5 73 3 

TV4 (0,5 10 25 15 4 6 

TV13 165/. 30 20 (45) 5 8 3 32 (0,5 

TV230 10 5 l 83 

AMl 70\* 5 25 10 30 3 25 

* interbedded with cordierite 

~ overage of three or more thin sections 

Biotite ~greenish brown, reddish brown, blue green 

o( yellow, pale brown, pale yellowish 

Staurolite t yellow rX. pole yellow, neutral 

Chlorite t • f pale green oZ neutral 

green 

AD OPAQUES 

37 .. 4 

12 2 (ma) 

6 2 

20 3 

2 {ox) 

(0,5 

2 { il) 

1 {ox) 

2 {ccp) 
(py ) 
{po ) 

2 (il) 

1 ( il) 

2 (ox) 

muscovito, chlorite, epidote, chloritoid and calcite ore secondary 

OTHERS GROL!P 

ms(l) ei) A 

zc A 

ms{7) zc, A 
ep 

ep (2) A 

ms{3) zc B 

zc B 

tourmaline B 
(4), ms(2) 

ms B 

ky, cc, 
sp(l) 

B 

\·Jhitc rr.ico 
(37), chlo-
ritoid 

tour;nal ine c 
ap, ep, sn, 
zc 

zc. c 

ep B 
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TABLE 10 

ESTJtMTED MODES (IN VOLUME r.) OF CORDI ERITE-ANTHOrHYLL ITE HORNFELS 

SA~PLE CD AT PH CH QZ IL GA GROUP 

TV102 36 40 15 5 3 1 < 0,5 F 2 

AM170 27 26 35 10 1 1 F 1 

Small amounts of zircon, apatite, tole, calcite and tourmaline may also be present. 

Anthophyll ito t., r pole green, neutral o( pole yellow 

Phlogop ite 0 ~f greenish brown o( polo yellow 

Chlorite ~ .. F green c< pale green, pink. 

TABLE 11 

ESTIMATED MODES (IN VOLUME ~} OF METABASITE HORNFELS 

SAMPLE QZ PL AN GA 81 CH MS CM HB ACT OPAQUES OTHERS GROUP 

TV9 219.8 20 60 (40- l 5 (0,5. l 8 1 kf(4). op, r ,, 2 
45) ep 

TV9 240, 12 15 65 (55) 3 5 1 10 1 (py} ap G 1 

TV12 207,95 15 60 (54} 15 4 1 at(3}, zc, G 1 
ep (l} 

AM35 15 20 (40} 0,5 10 55 0,5 sn G 

TV13 198,9 10 {30! 2 10 5 30 10 30 1 (mo) ep(1), 5n G 1 

T3(TV1-202} 69 (55) 1 2 2 25 1 (ox) G l 

TV103 12 (43) 1 1 (0,5 3 79 ·Sn(4}, ep G 1 

AM31D 49• (50} 20 30 l G 

AM31C so• (35- 5 3 20 20 1 op, ep G 1 

AM31B (0,5 60. ,g~l <o,5 3 10 20 2 (ma} ep.(5), op G l 

TV9 215,3 29 (60} <o.s <o,5 40 15 10/. (s) rutile, sn G l 
kf-qz-cp 
veins (5) 

TV9 212,5 40 <o,5 40 15 5 (s) G 

TV13 98 70 (42) 6 10 5 2 (po,)rutile,op(l) 
(ccp)sn(3), ep(3) 

G 

TV13 149 60 (55) 5 2 15 15 3 (po') op, ap G 1 
(ccp) 

TV13 151 45 (63) 10 5 35 3 2x (s} cp, op G 1 

~ ~ original amount of mineral found 

Hornblende t olive green r yellow green ()(. pale yellow green 

~ deep blue green r olive-green o(. pale brownish yellow 

Actinolite ~ • f green I)( pale gr«!ln, neutral 

Biot i te ~ .. (~ reddi5h hrown, pale orange, greenish brown o<. polo brown, neutral 

f. includes pyrrhotito ( 61.), chalcopyrite (3%), pontlandito (0,51.) and pyrite (0,5%) 

• antipcrthitic 

x includes chalcopyrite, pyrite, pyrrhoti te and p(:rit lnndite 

~ sulrhide minero.ls 
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TABLE 12 

fSTH'.~TED MODES (IN VOLUME Yo) OF PYr-?OXENE-REArUNG HORNFELS 

SAMPLE GROUP OP PL AN PH 

TV225 El 20 30 (32) 18 

TV226 El 49 10 

TV195 E2 43 14 (55} 1 

Orthopyroxene }( '/ green o\-. pink 

Hornblende olive green r green o{ yellow green 

Phlogopite '6 orange brown o<.. yellow 

he : hercynite s : undifferentiated sulphide~ 

TABLE 13 

ESTH'ATED MODES (IN VOLUME Yo) OF PSAMMITIC HORNFELS 

SAMPLE QZ PL AN KF OPAQUES GA MS Bl 

TV13 182 32 20 (26) 40 (o,5 (py, ma) 1 5/. 
TV13 165,85 20 10 (45) 50 1 (py, ma) 1 1 15 
AM102 10 72 (30) 1 (ox) 15 

AM30\ * 40 40 (42) 0,5 (ox) 2 

* AM3Cll\ shows partial melt textures primary muscovite 

Biotite Y .. f, brownish yellowO( pale yellow 

Chlori te ~"" f green d. grey 

CD HB OTHF:RS 

30 2(ox) 

40 l(ox, 
he, s) 

39 3(cp, 
ox} 

CH AT OTHERS 

1 1 cc, ep 

2 1 (ep) 

1 1 (zc, sn) 

2 15 0,5 (ep) 
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TABLE 14 

t_IINr:R·'.~L ASS~MBLAGES or THE_ [~L/\G< GNEiss_Ll_:~CLUOING HORNFELSIC AND ffLDSPATHIC Vl\RIFTIES) 

A. Garnet + eordierite + hyporsthene + biotite 

plus 

(1) quartz + K-foldspor + sillimonite + plagioclasf• (K237) 

(2) plogioclase + spinel + sapphirine + corundum (GBW 590) 

B. Cordierite + hypcrsthe~c + biotitc 

plus 

(1) sapphirine + spinel (GBW 51) 

(2) quartz + sillimonite + plagioclase (KK 6) 

C. Cordicrite + garnet + biotite + onthophyllite/gcdrite 

plus 

(1) plagioclase + quartz + K-feldspar (GBW 292) 

(2) plagioclase + quartz + sillimonite + spinel 

0, Garnet + cordierite + sillimanite 

plus 

(KlOl) 

(1) quartz + biotite + plagiaclase ~ K-feldspar ~ spinel (GBW 25, 33, 48, 198, 301 

302, 345, 382, AM 202, 201, 203, K 54, 57, 62, 668, 35, 67, 79, 81, 2, 19A, 222, 

236A, KK 7, 100, 4a, AS, 3, DJT 1464, 1649, 1509, 845, 838, 837A, 1992, 2567, 

835, 56A, 890. ) 

(2) quartz + biatite + K-feldspar (DJT 73A, 2205) 

(3) quartz+ biotite (GBW 98, DJT 914, 1427, 1403A, 832A, Kl2) 

(4) K-fcldspar + quartz (OJT 1CX>4) 

(5) biotite + plagioclase + K-feldspar ± spinel (AM 223) 

E. Garnet + sillimonite 

plus 

(1) biotite +quartz + plagioclase + K-feldspar ± spinel (GBW 241, GBW 2~4) 
(2) quartz ~ biotite (OJT 815, 36) 

(3) quartz + biotite + K-feldspar (DJT 757, 2020'.) 

(4) quartz + biotite + plagioclase (DJT' 1460F, A2) 

F. Cordicrite + biotite + sillimanite 

plus 

(l) K-feldspar + plagioclase ~quartz (OJT 2204, 2011, 2202, AM 214, K 36) 

(2) spinel + corundum (GBW 54) 

(3) quartz + muscovite (primary) (DJT 376) 

(4) quartz~ K-feldspar (DJT 1428, 13, Kll4, K 38) 

G. Sillim<rnite + biotite 

.plus 

(1) quartz + k-feldspar ± plagioclase 

H. Garnet + biotite 

plus 

(1) quartz + plagioclase + K-feldspar 

I. Cordicrite + biatite 

plus 

(1) quartz + plogioclase 

(2) quartz + K-feldspar 

(K 158, 185) 

(K 66C) 

(DJT 1479, GBW 418) 

(K 216, 183, 236A8) 

Not inclurfod in the above ore somph•r. GFl\'/240 PlO·)i ocln!:.e + qunrtz + g::ir1'·~ t ~ k'-f'>id~.por + 

sphene ~ hornblende end GElW 186 r..,Nt·i:z + garnet -• opaque mirit•ruls + diopside + plo3ioclu·" 

GBW - samples from fJeukt>s (1973) DJl' - san;ple<;; from Toogo·.·d (1T16) 

AM, K, l<I< and I\ - !.OmplP.f. from this .... -ork. 
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TABLE 15 

FREQUENCY DISHURUTICN OF ALACK GNEISS S/\r.iPLES 

CLASS NUMBER OF SAMPLES % OF TOTAL FOR EACH CLASS 

A l 1 ] 2,44 
2 1 

8 1 1 } 2,44 
2 1 

c 1 1 } 2,44 
2 1 

D 1 39 

2 2 • 
3 6 59,76 

4 1 

5 1 
~ 

E l 2 

2 2 

3 2 9,76 

4 2 
~ 

F 1 5 

2 1 

3 1 
13,41 

4 4 

G 1 2 2,44 

H 1 3 3,66 

I 1 2 
3,66 

2 1 

TOTAL 82 100,01 
I 

, 
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TABLE 16 

ESTIMATED MODES (IN VOLUME ~) a: BLACK GNEI~_INCLUDJNG FELDSPATHIC AND HOF?NFELSIC 

VARIETIES. 

SAMPLE 

AM223 

AM202 

AM201 

AM214 

AM203 

AM203A 

K54 

K87 

K62 

K66B 

K67 

K79 

K81 

K2 

KK6 

KK7 

Kl2 

Kl9A 

K222 

K206 

KlOl 

K237 

K236A 

Kl44 

KKlOD 

A3 

AS 

A2 

Kl58 

K216 

K66C 

Kl83 

Kl85 

K236AB 

KK4A 

K35 

K36 

K38 

Block Gneiss: 
Biotite ({-::.~ 

}s' <= 11 
Hyporsthene 

Hornbl~nde 

Chloritc 

Gcdrite 

I 

QZ 

33 

34 

33 

62 

20 

30 

10 

22 

7 

5 

78 

SI 

23 

5 

10 

15 

10 

15 

7 

5 

40 

GA 

10 

5 

5 

5 

20 

15 

30 

4 5 

3 5 

7 20 

4 (0,5 

CD 

25 

20 

10 

45 

25 

28 

20 

5 

25. 

50 

30 

6 

30 2 3 25 

56 2 

10 7 

17 12 

22. 30 

15 10 

69 7 

7 (0,5 

40 2 

7 5 

45 1 

lo <o,5 
30 2 

30 

20 29 

30 30 

3 1 

30 10 

3 

30 

4 

10 

35 

20 

10 

'20 

22 

55 

26 

25 

20 

30 10 20 

20 <o,5 20 

5 

3 60 

50 1 

30 20 

65 1 

41 50 

39 2 

10 7 10 30 

10 7 30 25 

26 20 15 
10 20 30 

Bl PL AN. l<F OPAQUE HER­
CYNITE zc OlHER!'"0 

lo <o,5 

10 20 (45) 

30 

5 

15 

1,5 (ma) 0,5 

1,5 (ma) 0,5 

l (mo) (0,5 5 15 

10 

5 

20 

7 

3 

3 

10 

6 

10 

4 

1 

5 

5 

6 

10 

3 

26 

20 

5 

10 3,5 (mo) 0,5 

15 1,5 (mo) 0,5 

1 

10 

20 

(22) . 30 

(36) 

(53) <o,5 

(31) <o,5 

3 

l 

2 

1 

3 

3 

2 

(mo, (0,5 
il} 

( il} 

( il) 

( il) 

(ma) (0,5 

(mo) <o,5 
(mo, 
il) 

4 28 (49) 7 2 (ma, 
il) 

3 1 (15) <o,s (ma) 

< 0,5 

< 0,5 

ms(S) 

0,5 ms(2) 

<o,5 

< 0,5 

< 0,5 

< 0,5 

< 0,5 

<o,5 

myrmekite 

myrmekite, 
haematite 

< 0,5 hypersthcne(7), 
hb 

3 3 (12) 25 3 (ma, <o,5 <o,5 
. il) 

10 

5 15 (31) 20 

l (il) <.o,5 <o.s 
4 (ii.<o,5 

ma) 

4 25 (50) (0,5 4 (il, <o,5 haematite, op 

7 

15 

2 

7 

1 

1 

3 

10 

3 

10 

2 

24 

3 

(27) 2 

25 l 

(50) 3 3 

26 (0,5 

25 2 

(38) <o.s 1 

mo) 

( il, <o,s 
mo) 

(il, 0,5 
ma) 

( il) 

(il) 

(11)< 0,5 

(il) (0,5 

(ma, 
il} 

15 19,5 (38) 
25 32 (52) 

35 0,5 

3 (ma) 

1 ( il) 

41 <o,5 (il) 

43 <o. s ( il) 

30 <o.s (il) 

5 2 

7 

0, 5 (ma) 
o,5 3 

4 4 

3 50 5 1 (il) 

5 30 (40) 7 

3 17 (35) 5 

2 5 30 

l (il) 

3 ( i 1) 

2 (mo) <o,5 

<o,5 

<o,5 

<o,s 
.(o,5 
< 0,5 

<o,5 

op, limonite 

haematite, op, 
gd(l5), picotit1 

hypersthene (O,~ 

myrmekite 

< O, 5 ch 
< 0,5 op 

< 0,5 

(0,5 pr, eh 

<'.o,5 ha~matito 

<. 0,5 op 

3 34 3 (ma)<o,s <o,5 

(Sample~ AM223 to Kl58) 

pale brown tX. orange-yellow 

olive-brown, reddish-brown c:{ yellow, polc orangtt 

'I green o~ pink 
)( brownish-grr,c·n . r gn·nn •:X: ye 11 ow-~;rc.>t.'n 

r::>{ pol c p i nk 

A browni~h-grcy 
I 

cont inul'CJ/ ..... 
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TAOLE 16 - continued 

Folds ethic Black Gneiss: (Samples K216 to K236AO) 

't~ deep orange-brown o( pale yellow-brown 

~;:. 0 dark brown d.. pale brown 

't::. ~ dark olive-br~wn o<. pale brown 

Chlorite ¥turquoise-green cX pale green 

from contact with the main body of Kumkum gabbronorite: Hornfolsic Black Gneiss 

Biot i te ~=- p deep brown 

Note Beukes (1973) also 

yellow (Samples KK4A to K38) 

reported the assemblage hypersthenc + cordicrito + andosine 

adjacent to the Kumkum body. 

TABLE 17 

ESTI~ATED MODES {IN VOLUME ~} OF TANTALITE VALLEY AND KUMKUM AMBHIBOL.ITE 

ilNCLUDING HORNOLENDITE} . 

. SAMPLE HB PL AN Bl OP CP SN oz EP OPAQUE cc CH OTHERS 

AM262 45 30 (50) 10 0,5 15 0,5 

AM260C 30 48 (40) 3 3 10 l <'.'o,5 _; 5 .op, ollanite 

AM120 40 35 (50) 24 1 op 

AMll3 75 <o,5 3 20 2 <o,5 

AM109 29 60 (40) 1 4 o,5 <o,5 5 pr, op 

AM105 60 20 (25) 10 0,5 5 2 l 2 

AM77 60 17 (82) 3 20 

AM76 35 55 (95) 4 4 2 (mo) op 

AM58B 45 54 (30) 1 <'.'o,s 0,5 (mo )(0, 5 concrinite 

AM58B/2 so 49 (40) 1 <o,5 0,5 < o,5 (o,5 

AM57A 70 25 (38) 2 <..o,5 1 <o,5 .op, zc 

AM57A/2 54 30 1 5 <o,5 5 op, zc 

TV334 56 40 {54) 1 2 1 zc 

TV113B 81 1 17 <o,s 0,5 <'.o,s microclinc 

TV337A 83 5 10 1 1 

TV318 40 25 (28- 7 2 ·20 0,5 3 cz, zo, 
38) myrmekite 

TV319 40 40 (63) 3 0,5 8 3 rutile, zo, 
cz, g run a r it o 
or trernolite(5,5' 

AMlOSA 99 1 

5116 99 1 

512 83 5 (o,5 2 10 <o.5 <(o,s 

AM234 70 20 0;5 <o,s 3 (0,5 4,5 pr 

K50 so 49 (69) <o,5 <o.s l <o,5 <o.s pr 

K264 40 34 (65) 25 <o,s 0,5 CZ 

K263 40 48 (45- 5 5 1 (o,s <o.s hoemot i to 
60) 

K94 50 44 (73) (0,5 5 0,5 <o,5 <o,5 pr 

K61 91 4 <o,s zo(2) 

K40 40 57 (43) 0,5 0,5 1,5 (ccp) <o.s 

Kl57 35 47 (62) 7 10 l zc, op 

Samples AM262 to Sl2 from Tantolite Vulloy 

Samples AM234 to Kl57 from .Kurnkum 

ccn.~ inuod/., .. 
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TABLE 17 continued 

Hornblende t blue•greon ~ olivc-yrP.en 

Y olive· c1roon 
1 f 

~ grass- ~reen ~ 

o< yellow-green 

pole blue-green ..{ pole yellow-green 

yellow-green olive-green 

Aetinolitic hornblende (_..f> green o< pale green 

Biotite 

Chlorite 

Epidote 

V" ~ () I' brown oZ yello.,, 

~c ~ yellow-brown 

y - r green 

V honey yellow 

~ryellow-green 

o( yellow 

o<. pink 

r brown o( neutral 

o<. pole yellow-greon 

Hypersthene t green o< pink 

TABLE 18 

ESTIW\TED tliODES (IN VOL UM~: %) OF KUMKUM GRMJOLITE 

SAMPLE QZ PL AN OP CP HB Bl OPAQUES AP 

AM209 10 55 (60) 20 10 4 1 (ma) <o.s 

K58 l 49 (53) 3 20 25 2 ( il) 

Kl3 48 (64) 15 35 2 (ma) <o,5 

Kl5 53 (48) 10 30 5 2 (mo) 

K2l 15 27 (54) 7 5 45 (0,5 l ( il) 

K53A 12 43 (69) 2 40 l 2 (mo) 

RUTILE CH 

<o.s 

(0,5 

zc 

Kl51 26 27 (70) 30 6 10 (0,5 (il)(0,5 (o,5(<;>.s 

K248 10 37 (51) 25 5 15 6 2 (ma) 

Hypersthene Y green ?(pink 

Hornblende ¥ olive-green f green c<. yellow-green 

Biotite ¥;: f dark brown o( pole orange 

OTHERS 

haematite 

sulphide 

haemot:ite 
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TAGLE 19 

f;~T_JW,TED MODES (IN VCl.UME 1.l._0'" MOTTLr=:D ~:.£1-AGABBRO 

SM~PLE 

AM149/2 

AM149/3 

AM149/4 

AM149/5 

AM149/6 

AM166 

TV294 

TV288 

TV275 

TV296 

TV298 

TV275A 

TV270C 

AM256 

PL AN HO EP CH BI oz SN OPAQUES 

54,5 (79- 40 2 
20) 

50 30 

46 40 

1 

14 

10 

l l 

4 1 l 
3 o,5 <'.o,s 

36 (36) 55 0,5 0,5 1 5,5 1 0,5 

44 (50) 40 

55 (55) 44 

46 (36) 40 

1 5 2 4,5 2 1,5 

48 

60 

46 

36 

55 

45 

15 

(43) 

(78-
72) 

(48) 

(60) 

(44) 

(56) 

(40-
25) 

(0,5 <o,5 l 

2 10 1 1 0,5 

40 0,5 2 

33 0,5 

so <o,5 1 
60 <o,5 (o,5 

38 2 0,5 

45 

13 

0,5 7 

4 1 

l 

3 <'.o,5 
2 <o,5 
6 (o,5 

69 

1 

1 

0,5 

1 

2 

1 

1,5 

1 

1 

1 . 

4 

1 

AP PR 

0,5 

<o,5 <'.o,5 
<o,5 

<o,5 

<o,5 

~o.s 
<o,5 (0,5 

'" Other minerals include zoisite, clinozoisite and K-feldspar (in cros5-~Vtting veins, 

i.e. AM149/6) and zircon (TV288) 

Hornblende ~blue-green 
Biotite Y=- R orange-brown 

Chlorito t'= r pole green 

TABLE 20 

(? green ?( yellow-green · 

o<. pole orange, pole brown 

o<. pink 

ESTIMATED MODES (IN VOLUME 3) OF INEOUIGRANULAR GRANITE GNEISS (ORTHOGNEISS) 

FROM TANTALITE VALLEY AND KUMKUM AREAS. 

SAMPLE 

AM290 

AM280 

AM256 

AM144 

AM7 

KKIA 

K203 

AM150 

AM255A* 

QZ KF 

32 45 

30 30 

30 

38 15 

60 20 

30 

50 

PL AN Bl 

5 10 

25 (24) 10 

40 (40) 15 

25 (40) 15 

5 (20) 5 

53 (35) 10 

39 (33) 7 

25 20 40 (10) 5 

60 15 20 (2p) 

HB 

5 

SN OPAQUES 

2 <o,5 
3 <o,5 
2 l 

2 

<o,5 

1,5 (ma) 

<'.'0,5 

EP '. AP GA 

<o,5 o,s 
2 <o,5 

10 (0,5 

1 l 

i <o,5 

2 

7 

2 

OTHERS 

ollonite (o,5) 

allonito 

ch(l) 

ms, ch(3) 

zc, ms ( 2), 
, myrmcki te ( 5) 

z c , my rr:'lc k it e 

ch, zc, pr, 
myrmekite 

myrm0kitc, ms(lO) 
allanj te 

myrm•.·k i te, ch 

K49(KBH) 52 15 25 

3 

5 <o.s <o,5 0,5 O,S allonite, rns, ch(l) 
myrmckite · 

TV306 25 42 (46) 25 0,5 1 2 (mo) 3 

* Leucocratic phase of the Inequigronulor granite gneiss 

Bi t. f dark greenish-brown c<_ polo olive-green 

~•a. dark brown (>( pole oronoo 

0,5 

1· / -
Hornbl<lnde ~ deep green ('' bluc-gn·cr. "<. olivo· to yr:llow-nrocn 

\/ 
Chloritc (1 a r turqu0iso nreon ~'"<_ riule brown, nrouh·ol 

ch ( ,o, ~) , z c 
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TABLE 21 

ESTIMATED MODES (IN VOLllfl,E %) OF TANTAUTE VALLEY M:::TAGA£38RO 

SAMPLE Pl. l\N HB CM . AT 
81/ PH CH oz OPAQUES EP SN 

TV21"1 

TV265 

TV42 

TVS 

TV126 

TV77 

TV182 

TV277 

TV209 

TV16 

TV22A 

TV2700 

TV202 

TV204 

TV75 

TV253 

TV255 

. TV242 

TV243 

TV251 

AM103 

AM92 

AM149/l 

AM149/7 

AM32 

AM33 

A1'130C 

AM300 

AM19 

AM20 

AM89A 

AM88E 

AM90 

AM3 60 

42 

30 

45 

61 

88 

48 

50 

74 

59 

49 

60 

35 

86 

69 

60 

60 

70 

79 

65 

69 

53 

60 

60 

50 

60 

(64) 

(46) 

(60) 

(57) 

(70) 

(76) 

49 

25 

35 

35 

10 

50 

(49) 50 

15 

( 41) 40 

(49) 50 

( 55) 10 

( 56) 53 

(54) 8 

(49) . 20 

(51) 40 

(73) 9 

(62) 20 

(59) 20 

(48) 11 

(62) 

(50-
72) 

(48-
80) 

(60-
67) 

(60) 

18 

45 

30 

35 

30 

35 

74 (45- 25 
75) 

50 (55) 45 

50 (70) 46 

45 55 

63 (30- 35 
45) 

59,5(71) 40 

80 (40) 20 

78 (57) 20 

40 (38- 50 
55) 

AMl 454 75 (44-
65) 

20 

TV9 198,•l 60 

TV9 202,6 68 

rv1:t122,Q6 60 

rv1:t122, 4 60 

TVl;fl39, 53 60 

Tl/TVl/25 53 

T2/TV1/173 20 

T22 59 

(65) 

(65) 

(54) 

(54) 

(54) 

(55) 
( 55...; 
60) 

(30-
60) 

20 

45 

30 

40 

T24 46 (25- 50 
50) 

T29 54 (60) 45 

36 

30 

8 

2 

30 

15 

7 

5 

30 

30 

33 

0,5 2 

(0,5 

0, !> 

( il) 3 

<o,5 
0,5 

5 3 

0,5 20 

1 2 
0,5 

1,5 0,5 

0,5 (ma) 

0,5 

0,5 

0,5 

0,5 2 l 

0,5 

<o,s o,s 
( il) l 

(0,5 

1 0,5 

10 1 

1 (0,5 

0,5 0,5 

o,5<o.s (o,5 
4 <o,5 l 1 

5 0,5 

10 0,5 

{0,5 (o,5 (o,5 (o,5 

2 26 <o,5 

l 7 l 

0,5 0,5 0,5 

2 7 l 

4 

5 

l (0,5 

2 10 

(0,5 5 

2 0,5 
l . 4 

1 

0,5 

1 0,5 

0,5 3 

l 

l 

0,5 

<o,5 

1 

1 

(0,5 

1 <o,5 

l 

3 

0,5 

1 

1 

<o,5 

(0,5 

0,5 

(py, 0,5 
ma) 1 <o,5 

(il)<'.o,s (o,s 
<o,s 

0,5 

( il) 

(il) l 0,5 

(ma) <o,5 
<o.s 

o,s 
<o,5 

(il. 2 
ma) 

5 

<o,5 

<o.s 

0,5 

1 

2 

<o,5 
<o,s 

<o,s 
< 0,5 

<o.s 

2 (o,s (py) 2 

1 

5 

5 

5 

1 

(0,5 

1 

0,5 

5 40 

0,5 

. 4 (ccp, 
.PO, 

1 

2 

2 

.(0,5 

1 

py} 

(py} 

(py) 
(py, 
mo) 

4 (ccp 
po) 

1 

0,5 

<o,s 

5 

2 

2 

l 

OTHERS 

cc(3), cp(l} 

pr 

pr 

cc, zo(l) 

zo(0,5), op 

pr 

op 

cc 

pr, rutilo 

cc 

pr, sp, zo, tourmali 

Z0 1 CZ 

pr, op(2), zo 

pr, :7.0 1 CZ 

Z0 1 CZ 

limonite, hercynitc, 
haematite 

op, zc 

op, kf-veins 

pr, rutile 

pr, op 

ollanite 

rutile, haematite, 
leucoxene: 

borytc vein 

rutilc, borytc v~i~, 

rutile 

op 

cc 

op, rutilc 

tourmoline-qz v~ins 

cc 

cc(~) 

cc(l) 
--------·---------··---····-· ---
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TABLE 21 - continu~d 

Hornbl...,nde 6 blue-green f green r;J.. yellow- green 

Act inoi lit ic hornblende X po le grel'n o<. neut ro l 

Biotite ~ oronge-br·own oZ. pole brown, pole orange 

Chlori te X green o(. pink .· 

TABLE 22 

ESTIMATED MODES (IN VOLUME %) OF METAGARARO (METADOLERITE) DYKES 

SAMPLE PL AN HB TRE~ 
ACT Bl CH 

AM103B 49 (40) 40 10 

TV12A 39 ( 41) 60 <o,5 

TV166 55 (55) 44 

Hornblende ((blue-green f green ol.. yellow-green 

Biotite ~ .. r orang'll-brown of.. pale orange 

TABLE 23 

ESTIMATED MODES (IN VOLUf>l,E 3) OF TONALITE AND GRANOD IOR ITE 

SAMPLE PL AN HB oz KF EP 

AM183 60 (40) 5 

AM181C 40 (36- 32 5 
48) 

AM273(TV299) 20 (30) 40 15 

AM255B 30 50 .17 0,5 

TV305 58 (20) 25 10 0,5 

Biotite Y - F deep olive-green o< pole 

Hornblende 'ti gross green r blue-green 

SN Bl CH OPAQUES 

3 1 

2 15 5 1 

15 0,5 

0,5 l 

0,5 5 <o.s 

olive-green 

~ pole yellow 

OPAQUES OTHEf~S 

1 pr, kf-Q<! 
veins 

1 

1 sn, ep 

OTHERS 

ms(5) 

ms(2) 

zc, hercynite, 
rutile, rns 
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TABLE 2'1 

ESTIMATED MODCS (IN VOLU~~E-~...Q:..T/',~~rALJTr VALLEY GABORONORI_TF.: 

SAMPLE P- AN CP OP HO AT ll7Rt CH OL QZ OPAQUES EP OTHERS -------
TV210 

TV282 

TV205A 

TV170 

TV199 

TV206 

AM21C 

AM34A 

AM37A 

TV263 

TV2f.l0 

60 

48 

65 

50 

61 

81 

54 

60 

70 

45 

54 

(43) 

(64) 

(59) 

(58) 
(53) 

(54) 

(42) 

(38) 

(45-
55) 

(54) 

(52) 

10 

38 

5 

35 

2 

14 

20 

20 

15 

4 

15 

TV222 

TV233 

60 (63) 28 

50 (43- 2 
49) 

TV187 

TV171 

TV221 

TV153 

AM298A 

68 (46) 26 

62 (66) 20 

59 (44) 8 

.66 (60) 18 

74 (48- 5 
60) 

AM296 67 (45- 15 
58) 

AM294 65 (55-
62) 

AM293 50 (55- 20 
64) 

TV179 .38 

T39 71 

AM2 492 65 

Tl5 (TV4/ 79 
244,50) 

Tl6 (TV4/ 85 
253,30) 

Tl7 (TV4/ 66 
254,35) 

T28 42 

T35 40 

T36 79 
T37 76 

T38 87 

(51-
64) 

(55) 
(50-
62) 

(70) 

(65) 

(60) 

(55-
60) 

(65) 

(55-
(gS~ 
(65) 

6 

10 

5 

15 

3 

2 

5 

10 

5 

6 

20 

2 

15 

3 

30 

1 

10 

15 

14 

16 

5 

4 

1 

3 

3 

2 

10 

5 

0,5 

1 

7 1 

30 

4 1 

15 1,5 

18 

12 {0, 5 

20 

10 3 

10 1 

20 5 

20 

15 

25 

10 

30 

25 

8 

10 

15 

3 

2 

1 

2 

5 

1 

5 

40 

3 

1 

AM42 75 (60- 10 15 
66) 

AM41 55 (40- 17 
50) 

25 3 

1 

2 

3 

1 

'. 1 (0,5 

1 

5 <o,5 
<o,s <o,5 

0,5 

1,5 

2 

0,5 

0,5 

0,5 

1 

1,5 

<o,5 

0,5 

2 1 

3 

3 

1,5 

1 1 

1 

3 1 

0,5 (0,5 

7 2 

1 IO 

<o,5 
<o,5 

1 

< 0,5 

7 

10 

5 

30 

20 

3 

15 

12 

19 

30 

2 

10 

1 

3 1 (ma) 1 

2 

2 

2 

(ma) 

(ma) <o,5 

(ma) 

i 1 

1 

1 

<0,5 

(0,5 

<o,s 

<o.~ 
<'. 0, 5 

2 

0,5 

1 

2 

2 

< 0,5 

<o,5 

0,5 < 0,5 

2,5 

0,5 

1 <o.s 
2 <o,5 
2 

0,5 {mo) < 0,5 

0,5 (il) 

2 {ma) 

2 <o.s 

1,5 

1 

0,5 

0,5 

0,5 

1 

3 

1 

1 

1 

1 

0,5 

( 0,5 {ma) 

0,5 

op 

op 

hercynite 

cc(l) 

s;-i(l), ap 

ZO, CZ 

hercynite, cc 

hercynite, zo, 
cc, op 

sr 

hercynite, sr 

zo 

sr, hercynite 

Op, 20 1 CZ 

sr 

ap(l) 

sr(l) 

Biotite 'i dark brown, fox red, yellow brown, gr·ecni!>h brown o( pale brown, yellow 

Chlorito '(brown, olive,jlreen :X neutral, grc,en 

(Secondary) Hornblende X blue green, olive grcon r green 1>( yollow grH:n 

(Primary) HornuleP<le Ir.:. r browrd sh
1 

o( neo.Jtrol 

(Secondary) Actinolitic hornblende 6: f grcrr; 0( neutral 
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TABLE 25 

~STI~'ATED MODES {IN VOLUME %} CJr G/\[lflRCl~ORHE DYKES 

SAMPLE PL AN HB OP CP Bl OPAQUES AP 

AM40 55 (40-45) 36 2 5 l 

AM34A 53 (65) 25 20 2 0,5 

AM298A 65 (50-65} 20 15 l 4 

All samples intride gabbronorite 

Biotite ¥"" p reddish brown ol... yellow 

Hornblende 'Ii olive green p green o( yellow green 

TABLE 26 

ESTH'ATED MODES (IN VOLUME 3} OF TANTALITE VALLEY 

~fLLITE BODY AND RELATED ROCKS. 

SAMPLE PL AN OP CP Bx CH HB TREM CM QZ OPA- OTHERS PH -ACT QUE 

AM123A 20 (58) 25 30 5 3 9 7 <o,5 sericite/cancrinite(l) 

AM1238 p 2 (30- 10 80 5 2 l op, rutile, ep 
45) 

AM123C f 20 75 5 zc 

AM125 15 (47) 9 45 30 l rutile, sn 

5151 15 (20?) 79 5 l op, zc 

SlSOI\ * 3 80 15 2 

p AM123B and AM123C are from near the contact of the Satellite Body with Grey Gnci5s 

* occurs as a xenolith in ultramafic rock sample Sl50 

Bronzite 

Hornblende 

J1 
green 

~ pale 

Y dark 

ol. pink 

grey-green A dark grey-green 
I 

blue-green ~ olive-green 

Actinolite-tremolite (;' pale green neutral 

Phlogopite i .. f, 
~.; f 

dark brown 

tan-brown 

yellow-brown 

yellow 

yellow-green 

pale green 

Biotitc d' - f deep brownish-orange pale orango 
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T.<\BLE 27 

ESTil"ATED MCD[S (IN VOLU~:c 11._Q":._g!,)VHT··RICH ( ~ ~Oil_ llAFJS:-U!:.!£~!:'~Uf 

~?___!?f TANTl\l:ITE VALLEY AND VICINITY. 

SAMPLE OL+SR PL AN OP CP PH CH OPAQUES OTHERS CM HB « 
/liR­
ACTJN 

-------'-~---------------------

TV45 

TV<:3 

TV36 

TV49 

TV18 

AM88A 

AM89B 

Tl8 

Tl4 (TV4/ 
177) 

Tl3 (TV3/ 
189) 

Tl2 (TV3/ 
186) 

TlO(TV3/176) 

T21 

T23 

76 

50 

40 

60 

46 

55 
(60) 

16 

25 72 

30 

7 64 
(8) 

50 <o,5 

36 

41 

50 

83 

70 

40 
(55) 

45 60 

33 50 

25 60 

18 60 
(23) 

2 55 
(42) 

1 

15 

20 

15 

2 

8 

7 

<o,5 

0,5 

0,5 

1 

10 15 1 
(20) (10) 

7 

10 1 

6 3 

10 

2 

2 3 

T25 25 54 55 <o,5 
(64) 

1 

T32 

' T20 

PWl 

AMl 74/2 

TV157A 

575 

Ul5 

Ul4 

pt 

57 33 

30 (39) 
(40) 

44 

40 40 

45 

30 

40 

45 

pontlondite 

60 

(20) 

30 

5 

\ 

er 

5 

2 

1 

10 

(0,5 

chromite 

17 

27 

32 

1 

10 

3 

5 

5 

l 

8 

3 

25 

l 

7 

25 

5 

15 

10 

15 

5 

2 

<o,5 

2,5 

35 

5,5 0,5 

(o,5 

l 

l 

5 

46 

(o,5 

2 

l 

l 

2 

1 

25 

3 

40 

48 

48 

« Hornblende includes magmatic and secondary vorictic~ 

3 

3 

3 

l 

3 

3 

er, mo 

er, ma 

er, ma 

er, ma 

er,ma 

4 er, ma 

5 

3 

5 

5 

5 

4 

3 

2 

3 

4 

21 

1 

2 

3 

2 

2 

(2) 

er, ma 

er, mo 

er, ma 

er, ma 

po,pt,ma 

cr,ma 

cr,ma · 

ma 

mo 

ma 

ma 

Numbers in brackets refer to original amount of minorols found. 

Phlogopite oronge-l~rown, redcli5h-brown '>(polo brown, polr oronoo 

Chlorite blue-groan ~ ye llow-b1·own 

Prim1ry hornblende 

Secondary hornblende 

t dork brown r 
Y blue-gr•'"n ~ 

brown tX. 

cc, op 

haematite talc 2, 
brucite 2 

brucite 5, cc, 
pr 2 

p{cotite, hercyn­
ite, cc, ~.e/can­
crinite 5 

hcrcynitc, cc, 
se/cancrinito 4 

se/cancrinite 5 

cc 2, sc/ can­
cr i nite 40 

co-ncrinite 10, 
cc 2 

concrinitc 

cc l, cancrinite 11 

cc l, brucito 

talc 2, haematite 

haemotite 

haematite 
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TAULE 28 

ESTIMATED i·~DES (JN VOLUMF. ~LOF 'MAFJC-ULTl?l\1-'/\F"IC RC.CKS 

or T/1NT/,LITE Vi\LL[Y VJJTl-I <:. 301. Q!:_IVJUL 

SAMPLE 

TV117 

TV30 

TV181 

TV14 

TV41 

TV270A 

T5(TV3/41) 

T6(TV3/54) 

T7(TV3/61) 

T8(TV3/64) 

T9(TV3/73) 

PL AN 

3 

41 58 

2 
(50) 

OP 

(0,5 

30 

35 

CP PH 

2 

12 

5 5 

1 

<o,5 
3 

5 15 
(lo) 

CH 

50 

38 

32 

52 

3 

2 

59 

60 

45 

2 

OL+ CM 
SR 

11 

11 

2 

50 

35 

23 5 
(25) 

Hty 
/rREM 

-ACT 

OPAQUES 

50 .(0,5 er 

47 <o,5 
60 0,5 er 

65 3 

45 0,5 

49 <o,5 
4 2 

35 l 

25 3 

49 1 

10 3 

ma 

er 

ma 

ma 

ma 

cr,ma 

OTHEr~s 

sn, hcrcynjtc l, 
tourmalino l 

haematite, limonite 

zc, op 

bo1r1lingite 1 

picotitc, hercynitc 

Tll (TV3/184) 6 73 75 2 io <o,5 l ma se 2, rutile, 
sulphide 

TV3 

T26 
·,·· 

T27 

T31 

T33 

AM888 

AM172 

AM173 

T34 

TV26 

Pt.'18 

P.\128 

AMl/50 

P.\13(270,45) 

TVo/129 

TV6/268 

TV8/l 73 

TVl0/160, 13 

(8) 

17,5 

(15) 

5 

62 

59 

60-
g ! 

25,5 50 

10 50 

25 

65 54 

20 73 

15,5 

25 48 

1 

TVl0/235,10 25 

TVl0/123,15 25 

TVl0/88 

49 

Pt/3/224 

T30 

534 

Sll/25 

5150 

552 

Ull 

Ul2 

Sl40B 

5106 

(21) 

5 
(10) 

62. 3 0,5 

10 4 
(00) (5) 

(95) 

·· <o,5 
·. <o,5 

5 3 

4 10 

20 

2 

24 

68 

15 

30 

25 

2 

15 

23 

25 

3 15 

95 

30 

20 

l 

54 1 

85 3 

65 

0,5 0,5 <'0,5 

1,5 0,5 1,5 

30,5 3 0,5 

72 

82 

65 

76 

60 

66 

58 

45 

1,5 l 0,5 

l C'l,5 0,5 

3 0,5 

3 

1,5 

l 

15 

3 

8 

5 

5 

' 2 
l 

0,5 15 

l 17 

15 25 

24 5 

25 20 15 

20 5 

35 

20 

10 

<o,5 10 

35 

2 

14 

2 

60 

0,5 1,5 

65 l 

2 1 

40 1 

30 2 

38 2 

10 <o,5 
60 

l l 

ma 

ma 

ma 

ap 

haematite 

talc 5 

talc 20, brucite 5 

se/concrinite 2 

l cr,ma ap 

o,5 <o,5 
6 0,5 cc 

l <o,s 
4,5 0,5 

0,5 0,5 

cc 

1 0,5 ma cp 

15 2 

6,5 2 

7 0,5 er 

41 0,5 er 

hercynite 0,5 

sn 

8 

58 

70 

14 

70 

63 

7.7 

2 

2 

2 

l 

3 

3 

2 

l 

30 <o,s 
87 2 

py,ccp hercynite, cc 

mo cc 1, hercynitc 1, 
ccincrinitc 5 

ma 

ma 

haematite 

schcel itP. ? 

op 3, haematite 

NurnbP.rS in brackets re.for to originnl amount of rriincral pre!;cnt. 

cont ir.·.10.•d/ .•••. 
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TABLE 28 continued 

Chlorifo ~"' B deep green o<. pole green 
I l''. -
~ "' ~ pole green o( neutral, pole pink 

Phl ogopite XJ .. r pole brorn I. orange-brown o<.. neutrol, pale orange 

Tourmaline ~ grey-blue V l · pole blue o< neutral 

Secondory hornblende. () blue-green ~ green -.X. yellow-green 

~ olive-green f green o<. pole olive-green 

Tremolite-octinolite "t .. f groen O{ pale green, neutral 

TABLE 29 

ESTIW~TED MODES (IN VOLUME ~(,~ OF KUMKUM ~BBRONORJTE 

SAMPLE OP CP Ol QZ ~ ... HB HER- PL AN OPAQUES zc l\P OTHERS PH CYNITE 

K28 7 21 35 3 4 <o,5 30 (48) <o. 5 (ma) 

K28A 2 3 45 49 (42) l 

K44A 29 6 2 7 55 (50) 1 (po) 

K65 20 8 10 2 10 <o,5 50 (66) <o. s (mo) 

K74 7 33 5 2 4 <o,5 48 (40) 0,5 <o,5 

KK4 20 20 12 0,5 4 (o,5 43 (61- 0,5 (ma) 

K22 5 25 2 7 60 cnl l <o,5 

K37A 18 20 5 3 2 l 50 (72) 1 (mo) <o,5 

K42 <o,5 (o,s .(0,5 43 50 (36) l cm(5) 

K44C 12 5 2· 30 50 (68) l 

K29A 10 2 ,(o,5 40 <o,5 47 (54) l 

K250 30 7 5 0,5 6 (o,5 50 (65) 1 (ma) 0,5 

K255 5 20 2,5 20 50 (64) 2 <o,5 

K213 15 5 25 (o,s 6 l 46 (42) 2 

K258 30 15 0,5 4 5 44 (60) 1, 5 

K240 30 20 2 3 43 (60) 1,5 (ma) <o,5 

K30\ 37 2 40 20 1 

K44D 14 3 30 1 5 <o,5 45 (61) 1 (ma) picotite (l) 

Kl52 30 11,5 10 '2 4 0,5 40 2 (mo) 

Einsied- 4 16 13 1 4 (0,5 50 (58) l' ch(< 0,5) picotito 
ler << o, 5) 

K273A 40 25 0,5 2 10 1 20 (44) 1 <'o,5 

K253 8 20 3 4· 0,5 60 (54) 3 (mo) 1 sn C< o,5) 

AM242 2 5 40 . 52 (45- 1 (mo) 
65) 

-------------
Hornblende (secondary) Ytoli'"-•···· r •.... "'- ,.11.-..... 
Hornblende (primary) orange-brown r brown o< pa le brown 

Biot ite ~f fox red, orange-brown o( pole orange 

Hyporsthene Y green C>( pink 
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TABLE 30 

SAMPLE OP CP PL AN 01 HB OP;-\QIJ[S AP ZC OZ HER-
CYN ITE KF 

Kl68 

Kl62 

K200 

Kl53 

8 30 50 (40) 5 

7 23 50 (56) 10 

18 15 60 (54) 2 

10 32 50 (64) 3 

5 

5 

1 

3 

2 <o,5 

3 o,5<o,5 1 

3 (ma) <'o,5 <o,s 1 

2 (mo) 

Kl42 35 57,5 (68) 2* 5 0,5 

K242 

K39 

20 10 59 (38) 3 1 

15 10 55 (66) 0,5 2 

2 (ma) <o.s <o,5 5 

2 <o.5 <o,5 15 

KKl 15 15 60 (39) 2 7 1 

KK2A 33 7 44 (70) 3 12 1 

KKlOA 22 10 63 (65) 2 2 

(o,5 (o,5 

<o,5 

<o,5 

KKlOB 10 25 61 (54) 2 1 

KKll 23 7 60 (57) 2 5 

1 

1 

3 (ma) 

<o,5 

(0,5 <o,5 <o.s 

K41 10 1 36 (34- 10 35 0,5 
44) 

0,5 

K45A 30 2 (mo) 

K46 

K63A 

K69 

5 

7 50 (49) 

2 23 (36) 3 <o,5 l (ma) <o,s 

K71 

K75 

K76 

K80 

20 20 50 (49) 

31 5 60 (54) 

25 7 60 (56) 

30 5 58 (59) 

7 30 55 (so) 

·10 15 32 (60) 

3 <o,s 

2 l 

3 4 

3 3 

4 3 

2 35 

2 (n)<o,5 

1 (ma) 

1 (il) <o.s 

1 {ma} <o,5 

1 {ma} <o,5 

3 (ma) <o,5 

K44 7,5 12,5 

KK3 18 7 

33 

65 

(48} 

(54) 

6 35 0,5 (il} <_o,5(0,5 

7 <o,5 3 <o,5 <o,5 

20 10 63 (54) 

20 21 50 (42) 

5 

5 

K34 33 _7 50 (51) 3 3 

K34A 33 7 43 (51) 0,5 5 

K52 6 30 55 (57) 0,5 5 

K273 10 30 52 (60) 3 3 

K275A 5 15 64 (51) <.o,s 15 

* ptilogopite 

1 

2 ( il) 

2 (mo) 

i (il}<o,5 

3 (mo) <.,o, 5 

2 (po, (0,5 
mo) 

1 ( il) 

7 

7 

5 

5 

3 

5 

1 

2 

2 

10 

Biotit~ t fox red, dark brown o( pale oronoe, yellow 

Hornblende ¥ ol ive-groen r green o( po lP. ~rr.en, yoJ. lnw-nroon 

Hypcrsthone ';( green o( plnk 

60 

OTHERS 

sn (o,5 

myrmekitc ( 0, 5 

ep(0,5 

myrmeki to< O, 5 

myrmoki to <o,5 

rnyrmol< ito (o, 5 
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TABLE 31 

ESTJll.t\TED MODES (IN VOLUt.~C ~J. a· ESCLr~uH GABBROMORITE 

OP CP Pl AN HB OPAQUES Ol PH CM AT cc 

AM 204 30 5 42 (50- 15 <o.5 (mo) 2 5 
63) 

K51 21 50 2 25 2 

K52A 35 0,5 55 (51) 7 0,5 1 

K262 77 15 7 l (mo) <o,s 

K257 15 38 20 5 2 (mo) 15 4 

K207 2 91 7 <o,5 

K59A 5 35 5 (88) 36 1 (mo) 15 (o,5 2 

Kl74 72 20 2,5 (mo) 3 

K60 (AM 230) 25 5 10 (65) 50 <o,5 10 

K7 33 2 23,5 (73) 40 0,5 1 

K4 5 25 49 (85) 10 <o.5 (mo) o, 5 <o,5 10 

Bronz ite ~ pole green o( pink 

Phlogopite t orange o< pole orange, neutral 

Hornblende (primary) t~ yellow~brown o( pole brown 

Hornblende (secondary) 'I olive-green ~ green cJ. yollow-grcen 

TABLE 32 

ESTIMATED MODES (IN VOLUME %) OF METASOtv'ATIC HORNALENDJTE 

SAMPLE HB/. PL AN sx. 
PH CM QZ EP OPAQUES SCH AP zc SN 

AM157 37 60 3 <o,5 

AM155A/B 45 40 

5107 I 99 

595 25 31* (20) 25 

----

* Found in 2 cm thick vein. 

/. c A ~I 23° overage 

SCH Scheolitc 

Bi/phlogopito 

Hornblende 

Y' reddish bro· .. m, 

Y .dork blue-grc~n 

15 

.('o,5 <·o,s 

. 2* <o.s 5 <o,5 <o.s 

tan brown o( pale ycliow, neutral 

o{. yolloviish grce:n f gro:>s gr-eon 

OTHHIS 

hercynito (1) 

ch ((o,5) 

hercynito, . 
picot ite (0, 5) 

zc, brucite, 
ch, ms 



- 148 -

1ABLE 33 

.!!_:lt,PEl?A 1:.':Jf~E DATA ON CO-EXIST H!G ORTHO- M!D CLJNO- PYROX[NE 

opx 
0

cpx opx 4 
0 .. 

SAMPLE XFe aMg2Si206 
lnl< T(C) 

NO 
Mg.2Si2o6 

l 0,223 0,119 0,528 -l ,'190 1068 

2 0,217 O, 127 0,530 -1,429 1086 

3 0,224 0,087 0,547 -1, 839 1009 

4 0,306 0,086 0,449 -1,653 966 

5 0,209 0,056 0,560 -2,303 952 

6 0,229 0,072 0,555 -2 ,042 973 

7 e,220 0,0·12 0,566 -2,062 978 

8 0, 196 0,074 0,573 -2,047 1003 

9 0,30'1 0,104 0,452 -1,469 997 

10 0, 175 0, 100 0,583 -1,763 1073 

11 0,21.2 0, 100 0,526 -1,660 1021 

12 0, 175 0,090 0,583 -1, 868 1054 

13 0,448 0,051 0,289 -2,927 864 

14 0,542 0,027 O, 198 -3,158 789 

15 0,293 0,025 0,474 -1,735 808 

16 0,237 0,023 0,541 -1,992 818 

., Equot ion (27). '<flood and Barino ( 1973), all results .:!: 6o0 c 

{. Equation (5). Wells ( 1977)' all results .± 70°c 

h Equation (3). Wells (1977) 

Samples 1 - 12 from Tontolite Volley, 13-16 from Kumkum. 

Sample 1 

Sample 2 

Sample 3 

Sample 4 

' Sample 5 

Sample 6 

Sample 7 

Sample 8 

Sample 9 

Sample 10: 

Somple 11: 

Sample 12: 

Sample 13: 

Sample 14: 

Somplo 15: 

Sample 16: 

TV263 discrete op-cp groins in olivine gabbronorite. 

TV263 - ditto, calculation includes Fe3+. 

TV187 - discrete op-cp groins in gobbronorito. 

AM41 - discrete op-cp groins in gobbronorite. 

AM123A - discrete op-cp groins in gabbronorite satellite body. 

TV233 - bronzite lamellae in augite in olivine gabbronorite. 

TV233 - discrete op-cp grains in olivine gabb~onoritc. 

TV233 - ditto, calculation includes Fe3•. 

AM21C - discrete op-cp grains in gobbrororite. 

TV6 129 - discrete op-cp groins in orthopyruxenit~ (norite). 

TV6 129 - op lomellae in cp in orthopyroxenitH (nori\A). 

TV6 129 - cp bl~bs in op in orthopyroxonite (norito). 

1<45A - discrete op-cp gn1in!; in Contaminated gobbronCJd tc. 

K58 - discretr. op-cp gniim. in gronol i to .::_en~·~:::i.':.!~~· 

K37/\ - discrete op-cp gr·oin!; in l<urnk1Jrn pohL>r·0,,orit.e. 

K4 - disc.rctu op-cp gr·oin~. in Es.;lruh ~obbtow)rilo. 

T(~) /. 

1089 

1108 

1006 

1003 

917 

960 

960 

975 

1046 

1051 

1037 

1026 

776 

762 

914 

828 



T
A

B
L

E
 

3
4

 
... 

T
E
~
1
P
E
R
A
 T

 L
'R

ES
 

O
sT

A
IN

E
D

 
U

SI
N

G
 

T
H

E
 

O
L

IV
IN

E
-C

H
R

O
M

IT
E

 
G

EO
TH

ER
M

O
M

ET
ER

 
O

F 
JA

C
K

SO
N

 
1

9
6

9
 

M
o 

F
e2

+
 

M
a 

F
e

2
+

 
C

r 
A

l 
C

" 
3 

+
 

T
 

in
 
°c

 
.e

 
K

o
l-

s
l 

SA
M

PL
E 

~!g
:;'

.e2
+ 

-
2+

 
-

2
+

 
-

2
+

 
C

r+
A

l+
F

e
3

+
 
Cr

+~
+F

e
3
+ 

C
r+

A
l+

F
e

3
+

 
ln

 
K

o
l-

sp
 

2
+

 
ln

 
K

 
* 

M
g+

F
e.

 
M

g+
F

e 
M

g+
 F

e 
D

 
2

+
 

D
 

-F
e
 

(J
a
c
k

so
n

) 
D

 

S
p

in
e
l,

 a-
' 

M
g

-F
e 

M
g 

1
9

6
9

 
O

li
v

in
e
 

O
li

v
in

e
 

S
p

in
e
l 

S
p

in
e
l 

S
p

in
e
l/

''<
. 

S
p

in
e
l,

 f> 

P
ie

o
ti

te
 

T
V

49
B

 

T
V

4
9

8
/G

 
0

,8
2

4
 

0
, 

1
7

6
 

0
,4

0
2

 
0

,5
9

8
 

0
,2

7
9

 
0

,6
3

3
 

0
,1

0
0

 
6

,9
6

0
 

1
,9

4
0

 
8

4
9

 
t-

' 
!,

7
4

0
 

.i::
-- '° 

T
V

49
C

C
 

A
v

e
ra

g
e
 

S
p

in
e
l 

T
V

49
G

/G
 

0
, 

8
2

4
 

0
,1

7
6

 
0

, 
7

0
2

 
0

,2
9

8
 

0
,0

0
1

 
0

,9
6

8
 

0
,0

4
1

 
l,

9
8

7
 

0
,6

8
7

 
l 

2
0

5
 

0
,7

2
3

 

F
e
r
r
it

-

c
h

ro
m

it
e
 

T
V

49
C

H
I 

0
,8

2
4

 
0

, 
1

7
6

 
0

,0
7

8
 

0
,9

2
2

 
0

,2
9

8
 

0
,1

0
8

 
.0

,6
0

3
 

5
5

,4
6

0
 

4
,0

1
6

 
3

3
0

 
1

,8
0

4
 

(4
9C

H
) 

-
-
-

H
e
rc

y
n

-

it
e
 

K
37

A
 

0
,6

6
3

 
0

,3
3

7
 

0
,4

1
6

 
0

,5
8

4
 

O
,o

o:
:>

 
0

,9
6

9
 

0
,0

3
1

 
2

,7
6

2
 

1
,0

1
6

 
8

6
3

 
l,

C
9

2
 

" 
se

e
 A

p
;:

ie
n

d
ix

 
(7

) 
fo

r 
d

e
fi

n
it

io
n

 

fo
r 

d
e
fi

n
it

io
n

 
o

f 
l
n
K
~
 
~ 

se
e
 
te

x
t 

u 



T
A

SL
E

 
3

5
 

P:
;Y

S!
C

A
L

 
C

O
N

D
IT

!O
i'i

S 
O

F
 

M
E
T
A
J
l
.
~
R
P
H
I
S
M
 

D
E

R
IV

E
D

 
FR

O
M

 
PA

R
A

G
E

N
E

SE
S 

C
O

N
T

A
IN

IN
G

 
G

A
R

r•
E

T
 

.A
.N

D
 

C
O

R
D

!E
R

IT
E

 

SM
J.

?L
E

 
x

cd
'A

) 
xG

0
(s

) 
xc

d(
C

) 
x

9
0

(D
) 

x
8

i(
E

) 
x

8
i(

F
) 
l
~
 

ln
(A

)·
(B

) 
l
n
(
~
~
)
 

r(
0
c
)

1 
T

(0
c
)

2 
T

(
0
c
)

3 
?(

k~
)
4
 

XH
 

0 
e_

st
5 

M
gl

 
F

e 
Fe

 
M

g 
F

e 
Fe

 
C

 
('

C
f7

T
D

) 
(D

 
· 

F)
 

.2
 

. 

A
S 

0
,7

0
8

4
 

0
,7

5
0

1
 

0
,2

8
8

5
 

0
,1

7
1

2
 

0
,3

9
5

2
 
0

,3
9

8
5

 
0

,7
0

8
4

 
2

,3
8

 
1

,4
7

 
5

9
0

 
6

3
0

 
5

7
7

 
5,

:?
.0

 
~0
.2
8 

A
3 

L
T

i 
0

,6
9

4
1

 
0

,7
6

9
6

 
0

,3
0

4
8

 
0

,1
7

3
6

 
0

,4
0

6
8

 
0

,3
6

1
7

 
0

,9
2

6
2

 
2

,3
1

 
1

,6
1

 
6

0
0

 
5

9
0

 
5

9
1

 
4

,3
8

 
~
0
,
3
8
 

I-
' 

\J
1

 
0 

A
3 

H
T

i 
" 

.. 
" 

" 
0

,4
1

2
9

 0
,3

5
7

3
 

II
 

.. 
1

,6
3

 
" 

5
8

0
 

K
l<

7 
H

T
i 

0
,7

1
0

2
 

0
,7

5
8

5
 0

,2
8

7
7

 0
,2

0
3

1
 
0

,3
4

4
0

 0
,4

1
8

0
 0

,9
6

9
4

 
2

,2
2

 
1

,1
2

 
6

2
0

 
7

6
0

 
6

1
3

 
4

,2
4

 
~
0
,
6
5
 

K
K

7 
L

T
i 

" 
" 

" 
II

 
0

,3
7

4
5

 
0

,3
8

7
1

 
" 

.. 
1

,2
8

 
" 

6
8

0
 

K
19

A
 

L
T

i 
0

, 
7

2
4

7
 0

, 
7

4
4

6
 
0

,2
7

2
3

 
0

, 
1

8
1

6
 0

,3
8

8
2

 
0

,3
8

5
7

 
l<

,0
0

5
9

 
2

,3
9

 
1

,4
2

 
5

9
0

 
6

4
0

 
5

6
9

 
4

,2
8

 
<

.0
.2

3
 

K
l9

A
 

H
T

i 
" 

" 
.. 

" 
0

, 
;3

70
4 

0
, 

4
0

7
3

 
... 

" 
1

,3
2

 
" 

6
7

0
 

K
lO

l 
0

,7
8

4
4

 
0

,7
1

1
4

 
0

,2
1

5
6

 
0

,2
2

9
9

 
0

,5
6

6
8

 
0

,3
0

8
3

 
1

,1
9

3
8

 
2

,4
2

 
1

,7
4

 
5

8
0

 
5

5
0

 

K
lO

l 
C

O
R

E 
" 

0
,6

5
4

9
 

.. 
0,

29
13

4 
II

 
.. 

" 
2

,0
8

 
1

,3
9

 
6

5
0

 
6

6
0

 

K
6

6
9

 
0

,6
9

0
0

 0
,7

7
8

0
 0

,3
1

0
0

 
0

,1
8

9
4

 
0

,4
1

6
0

 
0

,4
1

1
6

 
0

,9
2

0
2

 
2

,2
1

 
1

,4
2

 
6

1
0

 
6

4
0

 
6

2
5

 
6

,1
0

 
~
0
,
6
2
 

K
3

5
? 

C
O

R
E 

0
,7

7
3

0
 0

,7
4

6
7

 0
,2

2
6

0
 0

,1
8

6
4

 
0

,4
5

5
3

 
0

,3
9

4
5

 
1

,1
9

5
1

 
2

,6
2

 
l,

5
3

 
5

3
5

 
6

2
0

 
5

2
6

 
3

,9
6

 
<

1 
K

3
5

 
P

 
" 

0
,7

2
7

2
 

II
 

0
,2

1
4

2
 

II
 

" 
1

,1
6

8
7

 
2

,4
5

 
1

,3
7

 
5

8
0

 
6

6
0

 
5

5
6

 
4

,3
5

 
<

1
 

K
35

G
 

0
,7

7
2

6
 

0
,6

9
0

1
 

0
,2

2
6

4
 
0

,2
6

6
0

 
" 

" 
1

,1
1

6
2

 
2

,1
8

 
1

,1
0

 
6

3
0

 
7

5
0

 
6

2
7

 
4

,9
0

 
~0

,5
6 

T
l9

 
0

,6
0

8
2

 
0

,7
9

2
1

 
0

,3
8

6
7

 
0

,0
9

7
8

 
0

,3
4

3
0

 
0

,4
0

3
0

 0
,7

1
6

9
 

2
,5

5
 

1
,9

3
 

/ 
5

5
0

 
5

2
0

 
5

5
0

 
4

,8
0

 
~
0
,
2
2
 

T
l9

 
C

O
R

E 
" 

0
,7

7
5

5
 

.. 
0

, 
1

4
4

3
 

II
 

.. 
0

,6
9

5
9

 
2

, 
1

3
 

1
,5

2
 

6
5

0
 

6
2

0
 

6
4

0
 

5
,0

0
 

<
1

 

T
V

!.
3 

1
6

5
 

0
,7

4
1

0
 0

,7
2

1
2

 
0

,2
5

9
0

 
0

,1
2

5
8

 
0

,5
0

5
6

 
0

,3
2

6
7

 
1

,0
2

4
1

 
2

,8
0

 
2

,1
8

 
4

4
0

 
4

6
0

 

c
o

n
ti

ri
u

e
d

/ 
••

••
 



- 151 -

lAf3LE 35 - continued 

xcd 
Mg 

xcd Fe2+ 
a 

Fe 2+ Mg 
Fe2+ 

Fe 
Mg + + Mn Mg + ~· Mn 

xgornet r· 2+ . ,, xgornet Mg 

Fe Mg + Fo2+ + Mn + Co Mg Mg + Fe2+ + Mn + Co 

Mg 2+ 
XBi xBi 

Fe 
Mg Mg + Mn + Fe2+ + Ti + Al vi Fe Mg + Mn + Fe2+ + Ti + AlVl 

Rim,· compositions ore used unless otherwise stated 

L Ti -'- calculations using Low-Ti biotite 

H Ti calculations using High-Ti biotite 

Key to samples is the some as in Table (36) 

1 Temperatures from Thompson (1976b), Fig lA with the low temperature end of 

Thompson's curve increased by 30° following the suggestion of Holdaway & Lee (1977). 

2 Tpmperatures from Thbmpson (1976 b), Fig 18. 

3 Temperatures from the intersection of equation (3) (Appendix 9) and 

equation (1) (Appendix 10). 

4 Pressures from the intersection of equation (3) (Appendix 9} and equation (1) 

(Appendix 10}. 

5. - XH 0 estimated on a plot of P versus XH 0 2 2 
(assuming a constant temperature) 

·. for equation (iv) (Appendix 9). and using on independently determined pressure 

from equation (1) (Appendix 10). 
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Table 36: Plagioclase - garnet - Al 2Si05 ~ quartz geobarometery using 

Pelitic Gneiss Sam2les 

SAMPLE 'f Ga x Gross tPl x Pl T(°C) P(bars) Source of T data gross Ca An An used 

A3 1, 6904 0,0322 t '276 0,3884 580 4225 av.ga-:-cd,ga-bi 

AS 1'6935 0,0420 i '276 o, 3850 560 4971 ga-cd 

AS 1,6257 0,0420 1'276 0,3850 630 5967 ga-bi 

Kl9A 1,7212 0,0273 1'276 0,3167 560 4139 ga-cd 

Kl9A 1,6156 0,0273 I, 276 0,3167 670 5579 ga-bi 

KIO! I, 7297 0,0288 I ,276 0,2710 550 4787 av.ga-cd,ga-bi 

KlOI :\: 1, 6333 0,0242 1'276 0' 2710 655 5544 av.ga-cd,ga-bi 

KK7 1,7123 0,0090 I, 276 0,1232 600 4078 ga-cd 

KK7 1'5 7 55 0,0090 I, 27 6 0,1232 760 6064 ga-bi 

K66B 1'6583 0,0253 1, 276 0,2246 625 6101 av.ga-cd,ga-bi 

K35P :\: I, 7744 0,0340 I, 276 0,3498 505 3814 ga-cd 

K35P 
"' 

I, 6481 0, 03L~O I, 276 0,3498 620 5384 ga-bi 

K35P 1,7226 0,0325 1, 276 0,3498 550 4268 ga-cd 

K35P 1'6156 0,0325 1'276 0,3498 660 5746 ga-bi 

K35G 1'6655 0,0294 I, 276 0,3498 610 4686 ga-cd 

K35G 1'5532 0,0294 1'276 0,3498 750 6505 ga-bi 

Tl 9 +: 1 , 6355 0,0361 I ,276 0,4378 630 4836 av.ga-cd,ga-bi 

Tl9 1 '6925 0,0599 1 ,276 0,4378 530 5305 av.ga-cd,ga.:...bi 

~ core compositions, all the rest are from rims. See appendix (10) for 
definition of terms. 

A3 - AS Black Gneiss, Sandfontein 131. 

Kl9A - KK7 Black Gneiss, Kumkum area. 

K66B - K35G Hornfelsic Black Gneiss, Kumkum area. 

K35P Porphyrobla~ts, K35G - groundmass. 

Tl 9 Pelitic Hornfels, Tantalite Valley. 
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Table 37: Temparatures obtained fr.om coexisting plagioclase and K-feldspar 
using the geothermometer of Stormer (197 5) 

SAMPLE 

Kl 9A 

A3 

K66B 

K35 

X Na 
Kf 

o, 18 

0,15 

0,15 

0,12 

X Na 
Pl 

0,68 

0,60 

o, 77 

0,65 

P assumed (kb) T (•c) 

5 600 

5 600 

5 550 

5 550 

560-670 

580 

610-640 

505-750 

11 
Temp. obtained from coexisting ga-cd and ga-bi using Thompson (I 976·b) 
Fig IA & Fig IB. 

Na 
X Pl 

X Na 
Kf 

= 

= 

Na 
Na + Ca 

Na 

Na+ K 
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Sample Number Key for pyroxene end members. Table 38 & 39 

]. K58 Granolite 

2: K4 Eselruh gabbronorite discrete 

3. K4 Eselruh gabbronorite op. in ol-pl. coronas 

4. K37A Kumkum gabbronorite discrete 

5. K37A Kumkum gabbronorite op. in ol-pl. coronas 

6. K45A Contaminated gabbronorite 

7. KK6 Black Gneiss 

8. AMI 23A Tantalite Valley Satellite Body 

9. AM41 T.V. gabbronorite 

I 0. AM21C T.V. gabbronorite 

1 I. TV233 T.V. gabbronorite, lamellae in cp. 

12. TV233 T.V. gabbronorite, discrete 

13. TV187 T.V. gabbronorite 

14. TV263 T.V. gabbronorite 

15. TV 49 T.V. troctolite 

16. TV6 129 T.V. norite, discrete 

17. TV6' 129 T.V. norite, lamellae in pyroxene 

' 
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Table 41: 
0

~istribition coefficients for coexisting pyroxenes 

SAMPLE LOCATION 

TV187 

TV263 GABBRONORITE 

AM41 

AM2JC (T.VALLEY) 

TV233 

TV233 

TV6 129 ULTRAMAFIC 

TV6 129A AND 

TV6 129B RELATED ROCKS 

, AM123A (T.VALLEY) 

Eastern Bushveld THOL. 

Skaergaard ROCKS 

Stillwater (GENERAL) 

.Palisades 

K58 KUM-. 

K4 KUM 

K37A ROCKS 

K45A 

S70+ 

Ko 
op - cp ~ op 

= Mg Mg - Fe 
:... x op 

Mg 

where op = ~ x Mg . '· "'+ 
Mg + Fe""' 

X cp = Mg 
Mg Mg + Fe2+ 

opx - cpx 
Ko Mg - Fe 

0,86 

o, 70 

0,67 

0,64 

0, 96 

J,04 

0,61 

0,38 ~ 
0,84 

0,61 

0,78 

0,67 

0,73 

0,72 

0,78 

0,47 

0,38 

0,40 

0,48 

0,57 

- x cp 
Mg 

cp 
x Mg 

REMARKS 

discrete op + cp 

discrete op + cp 

discrete op + cp 

discrete op + cp 

op lamellae in cp 

discrete op + cp 

discrete op + cp 

op lamellae in cp 

cp blebs in op 

discrete op + cp 

average, Atkins (1969) 

average, Brown (1957) 

average, Hess (1960) 

average~, Walker et. at.(1973) 

discrete op + cp 

discrete op + cp 

discrete op + c.p 

discrete op + cp 

(Kretz, 1961 ~ 1963) 

• Sen (1970) average for 22 basic granolites from the literature including 
12 charnockites from the type area and 10 granolites 

+ Middle and Early Fractionation stage 
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Table 42: Coexisting Hornblende and Cununingtonite 

No. of pair X Hb x Cm K Hb - Cm 
Mg Mg D Mg - Fe 

X Hb 
Mg 

X Cm 
Mg 

I 

2 

3 

4 

5 

= 

= 

K Hb - Cm 
D Mg - Fe 

0,659 0,661 0,99 

0,663 0,669 0,98 

0,602 0,637 0,86 

0,601 0,646 0,83 

0,576 0,622 0,83 

Mg /(Mg + Fe) in hornblende 

Mg /(Mg + Fe) in curomingtonite 

= (Mg I Fe) Hb 
(Mg / Fe) Cm 

Hb (atoms 
Al unit) 

1 ,868 

1,876 

2,365 

2 ,279 

2,404 

Pair 1 Hb. I cm. 125/G/125/W l satellite body 
Pair 2 Hb. /cm, 125PG/125PW metagabbro 

Pair 3 Hb./cm. 31C/G/31C/W j metabasite Pair 4 Hb./cm, 31CPG/31CPW hornfels Pair 5 Hb. /cm. 3 lD/G/3 lD/W 

per formula 
Pl. Na + K 

0,396 An47 

0,372 An47 

0,422 An62 

0,423 An62 

0,412 An74 



Table 43: 

- 160 -

Mineral Analyses - Samples from Tantalite Valley 

and Kumkum 
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•. 
Olivine Analyses: §a111ples from the Tan tali te Valley Area 

1 2 3 4 5 
------··· -··--------- ·------ -----· ·-

Sio2 39,05 39,30 38,22 38,53 38,97 

Ti02 0,02 0,03 0,02 0,03 N.D. 

Al 2o3 0,01 N.D. N.D. 0,02 N.D. 

Cr2o3 N.D. N.D. N.D. N.D. N.A. 

FeO 16,41 18,71 22,16 22,15 19,89 

MnO 0,20 0,31 0,31 0,33 0,35 

HgO 43,13 42,03 38,86 39,47 41,39 

Cao 0,06 0,05 0,04 0,03 

Na 0 2 N.D. N.A. N.A. N.A. N.A. 

NiO 0,38 0,35 0, 17 0,16 N.A. 
-- -·-

o~ 
Total 99,26. 100,80 99,80 100, 73._ _l00,66 

** Atomic Proportions based on selected number of oxygens '~* 

-·---·-

I 

Oxygen 4 4 4 4 4 -
Si 0,997 0,998 0,997 0,995 o,995 

Ti 0,000. 0,001 0,000 0,001 0,000 

Al 0,000 0,001 0,000 

Cr -
Fe 

2+ 
0,350 0,397 O,l183 o,478 0,425 

Mn 0,004 0,007 0,007 0,007 0;007 

Mg l,642 1,590 1,510 1,519 1,575 

Ca 0,002 0,001 0,001 0,001 0,002 

Na 

Ni 0,008 0,007 0,004 0,003 
.. -- ------

Fo 82,41 80,0] 75,76 76,05 78,70 

Fa 17,59 19,99 24, 21, 23,95 21,20 

*** Somple Directory *** 
1 Chrysolitc, Troctolite, 'l'Vli9 (AV of 3 f.nalyscs). 
2 Chrysolite, surrounded by Plagioclase, OI. G<lbhronori.te, TV233. 
3 Chrysolitc, surrounded by Cl inopyroxcnc•, OL. G.:ihhrowir i tc, TV2id. 
4 Chrysolitc, surrounded by Plagio~los~, OL. Cabbronoritc, TV26J. 
5 Chrysolitc, Troctolite, S75. 

** N.D. ~ Not D2tccted ** 
N.A. = Not Analysed 
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Ort.hopyroxencs From Gabbronorites and Ul trumafic Hocks 

of Tnntolite Vullcy 

l 2 3 

Si0
2 53,23 53,52 53,22 

Ti0 9 0,07 0,21 0,20 
"' A1 2o

3 
1,12 1,02 1,62 

Cr 2o
3 

0,1/t 0,03 0,08 

Fe 
2
o

3 
11' 00 o, 25 N.D. 

FeO 13,09 19,21 .19,06 

MnO o,45 0 t tq 0,.35 
MgO 27,89 .21! '47 24, 116 

Cao 0,32 0,74 0 1 38 

Na 2o N.D. N;.n. N .D. 

~20 
N.D. N .• n. .N.D. 

Total 100,33 99,88 99,4:0 

... * Atomic Proportions Based on :3eJ.c cted 

Oxygen 6 6 6 

Si 1,916 .1.,968 J.., 961 

Ti 0,002 0,006 0,006 

Al o, 04\8 u.,o44 0.,070 

Cr o, 0011 0.,001 D,002 

Fe3 0,114 0.,007 

Fe 2 
0' 39 11 0,591 0,587 

Mn o, 011.1: 0.,013 0.,011 
Mg ]. '496 J..,J41 J.,343 
Ca 9,012 0,029 0,01.5 

WO 0,65 WO l, /f9 WO 0,77 
EN 78,64 EN 68,39 EN 69 '011 

FS 20' 71. l•'S JO., l.J FS 30,19 
. ... ... .... 

' 

1 Dronzite, G-N Satellite AM12JA 
2 Hypersthcne, G-N ,AH'a . 
3 Hypen.•th1rnc, G-N ,A?·121C 

I 

I 

I 

No. 

WO 

irn 

FS 

I 
I 

4 Dronzitc Lnmellac in Augite, O-G-N,TV233 
5 Bronzite, G-N, TV187 
6 Bronzite (Discrctu), 0-G-N, TV2JJ 
7 Bronzite, 0-G-N, TV26J 
8 Dronzito (Discrutn), OPXT, TVG 129 
9 Dronzite 1 Troctolitc, TV49 

,. 
l1 

I 

52, 75 

0,17 

2,15 

0,09 

1,71 

lJ,01 

0,32 

27,53 
0,61 

N.D. 
N.D. 

98,36 I 
I 

of Oxygens 

6 

1,923 

0,005 

0,092 

0,003 

0,04.9 

0,397 
0,010 

1, 1196 

0,024 

l.' 21* WO 

78,06 EN 

20,70 FS 

. .. 

10 Uronzito Lanwllac in Augite, OPXT, 'l'V6 l.29 

5 1 
53,Bn 

0,22 

1,74 

0,06 

1,67 

12,77 

0,27 

27,78 
I 

1,60 

N.D. 

N. D. 
I 100,00 I 
I 

** l 

6 

1,933 I 
0,006 I 

I 

0, 07L1 I 
0,002 

0,047 

·0,383 
I 0,008 

1,485 
I 

0,062 

J,19 
76,96 

I 19,85 

.. 

I 
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Orthopyroxcnes From Gabbronorites and UltrNnufic Rocks 

of Tantalite Valley (cont.) 

6 7 I 8 9 

SiO 2 53,38 51! t 37 54,49 54,JO 
Ti02 0,21 0,29 0,11 o, 17 

Ai 2o
3 

l ,97 1,67 2,21 2, 511 

Cr
2
o

3 
0,16 0,08 o,43 0 I 4/f 

Fe
2
o

3 
2, it1 0,51 2, 011 1,23 

FeO 12,25 J. JI /18 9,20 11,16 

:MnO O,.JO o, 29 0,19 0,28 

MgO 28,23 27 t 25 29,28 29 t 62 

Cao 0,89 2,26 2,86 0,65 

Na 20 N.D. N.D. N. D. N. D. 

K20 N.D. N.D. N.D. N.D. -Total 99,55 100,22 100,83 100 t tn 
-

** Atomic Proportions Based on Se le cted No. of' Oxygens 

Oxygens G 6 6 6 

Si 1,920 J., 9119 1,917 1,919 

Ti 0,006 0,008 0,003 o, 005 ' 

Al 0,084 0,071 o, 092 o, 106 

Cr 0,005 0,002 0,012 0,012 

Fe 3 0,061 0,014 0,057 0,0)'1

1 

Fe 2 0,368 0' 4011 0,271 O,JJO 

Mn 0,009 0,009 0 1 006 o,oon 
Mg 1,513 1, 456 1,535 1,560 

Ca 0,0311 0,087 o, 108 0,025 

Na 

K 

WO 1,79 WO 4, 116 WO 5,63 WO 1,29 WO 

EN 78.98 EN 74,78 EN 80,22 EN LJl t 
1J9 EN 

FS 19,23 FS 20,76 I FS 14,14 FS 17,23 FS 

-----·-·1 
10 

--------
53,33 

0,31 

2,27 

o, 'n 
1,89 

lJ,82 

.o, 27 

27,21 

0,90 

0,05 

0,02 
----··-

lOO, li8 

--
** 

--
6 

1,913 

0,008 

0,096 

0,012 

o, 0511 

o,tn.5 i 
o,ooH I 

I 

1 1 
1J) 5 I 

I O,OJ'i 

0,003 

0,001 

1 'El::! 

76 '!i.J. I 
:n,713 I 

! 
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Clinc1r•Yl'oxeucs Fro!H Gnbbronori tcs and !JJ.trnmafic 

Rorks or Tantulite Valley. 

*** 

1 Augite, 0-G-N, TV263 

2 Augite, 0-G-N, TV23j 

3 Augite, G-N, TV187 

*** 

4 Diopside, G-N Satellite AM12JA 

5 Augite, G-N, 1\}ttn 

6 Augite, G-N, AM21C 

7 Endiopside Blob, OPXTE, TV6 129 

8 Augite, Low I"c Area, OPXTE, TV6 129 

9 Diopside 1 Lowest Fe Area, OPXTE, TV6 129 
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Cal cic Amp hi bole Analyses: Snmples from T:inta lite Valley 

1 2 3 4 5 6 7 8 
·-1-------

Sio2 53,04 34,26 51,33 55,04 47 ,58 42,43 47,62 47,19 

AJ.203 6,38 27,50 6,04 2,66 7,47 12,23 8,15 11,30 

Ti02 0,27 0,03 0,46 0,13 0,33 0,55 O, 10 0,118 

Cr2o3 0,03 N.A. N.A. N.A. 0,27 0,03 0,38 0,66 

FeO* 6,39 8,45 9,62 4,02 12,77 16,58 11,32 9,48 

MnO 0,05 0,13 0,17 0,09 0,26 0,42 0,55 O,Oli 

MgO 19,64 16,87 17 ,02 22,95 111, 19 11, 15 15,47 15,95 

cao 12,61 9,63 12,43 12,08 12,43 12,37 12,00 12 ,07 

Na2o 0,54 0,26 0,30 0,45 0,84 1,54 1, 77 1,36 

K20 0,04 0,06 0,16 0,09 0,48 0,49 0,49 Cl,08 
------

I 
Total 98,99 97,19 97,52 97,51 96,62 97,79 97,85 98,6lj 

** Atomic Proportions Based on Selected number of Oxygens ** 
Oxygens 23 23 23 23 23 23 23 23 

------ ---· J 
Si 7,326 4,921 7,319 7. 6211 7,030 6,368 6,927 6,704 

Al 1,039 4,657 1,016 0,435 1,301 2, 164 1,397 1,892 

Ti 0,028 0,003 0,049 0,013 0,037 0,062 O,Oll 0,051 

Cr 0,003 0,032 0,004 o,ot:i. 0,0711 
:Fe2+ 0,738 1,015 1,147 0,466 1,578 2,081 1 ,377 1,126 

Mn 0,006 0,016 0,021 0,011 0,033 0,053 0,068 0,005 

Mg 4,043 3,612 3,617 4,737 3,125 2,494 3,353 3,377 

Ca 1,867 l',482 1,899 1,792 1,968 1,989 l,870 l,83"/ 

Na 0,144 0,072 0,082 0,121 0, 2l1 l 0,4118 0,499 0,375 

K 0,007 0,011 0,029 0,016 0,090 0,094 0,091 0,011, 
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Calcic Amphibole An:il_~~: Samples from Tantali t~ Valley c:ontd 

--
9 10 11 12 13 14 1 

-·--- ,_____... ~·-4-:-:-6-1-t --
Sio2 47,65 52,34 47,36 46,94 42,81. l1i1 ,26 

A1 2o3 10, 71 4,07 9,06 11,52 13,63 13,72 

Tio2 0,49 0,10 0,40 0,110 0,40 0,116 

Cr2o3 0,65 0,18 0,38 O, 70 0,03 0,04 

FeO* 9,39 •9,09 11, 17 9,66 15,06 ll1, 33 

MnO 0,05 0,08 0,09 0,05 0,27 0,18 

MgO 16,54 19,24 14,02 15,83 11,49 12,16 

cao 11, 93 12,60 12,45 12,13 11,25 11,26 

Na2o 1,23 0,48 1,15 1,42 1,31 1,35 

K 0 
2 

0,09 0,04 0,08 0,10 0,17 0,21 
--

Total 98,73 98,22 96,16 98,75 96,42 97,97 

** Atomic Proportions Based on Selected numb~r of Oxygens ** 

Oxygens 23 23 23 23 23 23 

Si 6, 752 7,405 6,955 6,671 6,1105 6,472 

Al 1,789 0,679 1,568 1,930 2,404 2,365 

Ti 0,052 0,011 0,0114 0,043 0,045 0,051 

Cr 0,073 0,020 0,044 0,079 O,OOl1 0,005 

Fe 
2+ 

1,113 l",076 1,372 1,148 1,884 1,753 -
1'1n 0,006 0,010 0,011 0,006 0,0311 0,022 

Mg 3,493 4,057 3,069 3,353 2,562 2,650 

Ca 1,811 1,910 1,959 1,847 1,803 1,764 

Na 0,338 0,132 0,327 0,391 0,380 0,383 

K 0,016 0,007 0,015 0,018 0,032 0,039 

44 

13 

0 

I 
0 

14 

0 

12 

11 

1 

0 

,26 10,54 

,47 0,32 

,08 

,39 

,16 

0,03 

1'1,64 

0,18 

l.3,lt1 

J.1'90 

l,CH 

0,30 
-

98 ,38 96 ,67 

23 I r--:--
6 ,50!1 

I 2,279 

0,052 

0,009 

l '759 

0,017 

2,655 

1,815 

0,393 

o,n:~o 

·231 
-·-(:~ 65ll 

1,852 

0,036 

0,001, 

1,825 

0,023 

2,920 

1,901 

0,2921 

~~~~j 
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Calcic Amphibolc Analy!l_~: Sa~iplcs frtlm Tm1talite Vallc•y contd 

------
-~~- 19 

17 20 21 22 23 24 
·-·- ----·-- I 

Si02 53,06 44. 96 46 ,14 48 ,116 51,53 53,55 50,36 52.42 

Al 2o3 
2, 71 10,62 10,88 9,09 6,12 4,24 6,07 5,55 

Tio2 0,12 0,58 0,62 l,08 0,17 0,30 0,25 0,52 

cr2o
3 

0,14 0,25 o, 19 1,03 N.D. 0 ,19 N.D. 0,08 

FcO* 10,25 12,63 12,51 7,88 8,52 7,19 10,97 9,09 

MnO 0,21 0,18 0,19 0,09 0,14 0,12 0,21 0,10 

MgO 18,20 13,69 13,82 16,80 18,61 19,56 15,99 17,31 

Cao 11,95 11,04 11,25 12 ,29 11,62 12;00 12,34 12,39 

Na2o 0,29 1,25 1,20 1,11 o, 78 0,51 0,57 0,11 

K2o 0,02 o, 18 0,17 0,53 0,26 0,21 0,16 0,22 
·----

Total 96,95 95,38 96, 97 98,36 97,76 97,87 96,93 97,79 ,___ --~·----

** Atomic Proportions Based on Selected number of Oxygens ** 
- ·-·---

Oxygens 23 23 23 23 23 _ _:_3~ 23 23 
·- -- ---·-·-

Si 7,616 6,709 6,750 6,875 7,293 7 ,5091 7,289 7 ,1113 

Al 0,459 1,868 1,876 1,520 1,021 0,701 1,036 0,926 

Ti 0,013 0,065 0,068 O, 115 0,018 0,032 0,027 0,055 

Cr 0,016 o_,029 0,022 0,116 0,021 0,009 
Fe2+ 1,231 1,576 1,531 0,935 1,009 I 1,328 1,07(, 0,81~3 , I Mn 0,026 0,023 0,024 0,011 0,017 0,014 0,026 0,012 

Ng 3,893 3,044 3,013 3,552 3,926 4 ,0881 3,l:49 3,651 

Ca 1,838 1,765 1,763 1,868 1,762 1,803 1,914 1,879 

Na 0,081 0,362 0,340 0,305 0,214 0,139 0'160 0,010 

K 0,001. 0,0311 0,032 0,096 0,047 0,038 0,030 (J,11'10 
----··------·L. - -·· ------
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-
25 26 

52,65 46,116 

6,02 8,46 

0,57 1,55 

0,06 o, 17 

S,87 13,08 

0,12 0,13 

17,64 13,91 

11,32 12,36 

0, 10 0,10 

0,20 0,89 

97,55 97 ,11 

--27 28 
------

43,19 43,16 

11,97 13,61 

0,45 0,42 

0,08 o, 93 

16,70 16,59 

0,27 0,21 

10,32 9,42 

11,67 12,16 

1,23 1,34 

0,41 0,116 

96,29 98,30 

** Atomic Proportions Based on Selected number of Oxygens ** 

Oxygens 23 23 23 23 

Si 7,428 6,846 6,542 6 ,411 

Al 1,001 1,469 2,137 2,383 

Ti 0,060 o, 172 0,051 0,047 

Cr 0,007 0,020 0,010 0, 109 
Fe 2+ 1,047 1,612 2,115 2,061 

Mn 0,014 0,016 0,035 0,026 

Hg 3,709 3,054 2,330 2,085 

Ca l, 711 1, 951 1,894 1,936 

N.:! 0,027 0,029 0,361 0,386 

K 0,036 0,167 0,079 0,087 
·----
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Calcic i\mphibole Analyses:· Samples from 'T,'lnt~11.ite Valley 

1 Actinolitic Hornblende, Metagabbro, MI88E 
2 Calcic Amphibole from Symplectitc part of OL;Plag, Corona, Troct. TV49 
3 NG-Hornblende, Mct.1.gabbro, M189A 
4 Trcmolite, Troctolite, 575 
5 NC-llori1blcn<le, Amphibolite, AM77 
6 FE-Pargasitic Hornblende, Amphibolite, J.:N76, (AV of 2 analyses) 
7 MG-Hornblende, Mctasomatic llornblcndite, AM157 (AV of 2 analyses) 
8 MG-Hornblende, Core, Mctagabbro, Af.132 (AV of 2 analyses) 
9 }lG-l!ornblen<le, Rim., Hctagabbro, AM32 

10 Actinolitic Hornblende, Fibrous, Metagabbro, AM32 
11 HG-l!ornblentle, Rim-New Arca, Metagabbro, AN32 
12 MG-Hornblende, Cross-cutting lath, Mctagabbro~ N-132 
13 Tsher.makitic-l!Il, Metabasite Hornfels, AM31D/G 
14 Tshcrmnkitic-IIB, Metabasite llornfels, AN31C/G 
15 Tshermakitic-HB, Netabasite Hornfols, AM31C PG 
16 HG-Ilornblende, Margin, Metagabbro, A.'190 
17 Actinolite, Core, Metagabbro, AM90 . 
18 MG-Hornblende, }fetagabbro from Satellite Bouy, AM125/G 
19 MG-Hornblende, Hetag.1bbro from Satellite Body, AM125 PG 
20 HG-Hornblende Cabbronorite Satellite Body, A.Ml23A 
21 · Actinolitic Hornblende, Gabbronorite Satellite Body, Nll23A 
22 Actinolite, Gabbronorite Satellite Body, AM123A 
23 Actiuolitic Hornblende, Gabbronorite, AM21C 
24 Actinolitic Hornblende, around OPX, Gabbronorite, Mf41 
25 Actinolitic Hornblende, New Area, Gabbronoritc, N-141 
26 NG-l!ornb lende, Primary?, Gabbronori te, AMiil 
27 NC-Hornblende, Mottled Meta3abbro, A'Ml.49/2 
28 HG-Hornblende, Mottled Netagabbro, TV275 

** N.D. = Not Detected ** 
N.A. Not Analysed 
E'eO* Total Iron as FeO 
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~ingtonLtc Analyf:es: Samples from 'fm1t.ili.te Va 11£1 

-·--------------:-·----------------
1 2 3 4 5 6 7 8 

Si02 54,93 I 5!1,21 52,25 54, 71 54 '77 52,94 51,,52 52,54 

Tio2 0,05 0,01 0,05 0,03 0,03 0,07 0,07 0,08 

Al 2o3 1,58 1,26 1,23 0,87 1,46 1,29 1,18 2,29 

Cr2o3 N.A. N.A. N.D. N.D. N.D. 0,02 0,03 N.D. 

Fe.01: 18,30 20,72 21,13 20,46 19,95 19,31 18,28 13,68 

MnO 0,41 1,45 0,83 0,48 0,47 0,47 0,48 0,40 

MgO 20,30 19,43 19,51 20, 14 . 20,46 21,08 20,69 20,83 

Cao 0,46 0,59 0,64 0,70 0,88 1,16 0,94 5,71 

Na2o 0, 11 o, 19 0,12 o, 1'1 0,14 0,20 0,13 0,07 

K2o N.D. 0,02 N.D. N.D. N.D. N.D. N.D. 0,42 
·-

Total 96,14 97,88 95,78 97,55 98,18 96,55 96,33 96,08 ·-------
** Atomic Proportions based on selected number of oxygens ** 

Oxygens 23 23 23 23 23 23 23 ~ ,____ __ 23 

Si 7,934 7 ,841 7, 7 52 . 7,892 7,832 7, 721 7,890 7, 9 

Al 0,270 0,2lli 0,215 0,1118 0,246 0,222 0,201 0,391 

'fi 0,005 0,001 0,006 0,003 0,003 0,008 0,008 0,009 

Cr 0,002 0,003 

Fe 
2+ 

2,210 2,507 2,622 2,li68 2,386 2,355 2,212 1,659 

Mn 0,050 0,177 0,104 0,059 0,057 0,058 0,059 0,049 

1'1g li ,370 4,189 '· • 314 4,330 11,360 4,582 11,462 4,512 

Ca 0,071 . 0,092 0,102 O, 108 0,135 0,181 0,146 0,887 

Na 0,031 0,053 0,035 0,039 0,039 0,057 0,036 0,020 

K 0,000 0,004 0,000 0,000 0,000 0,000 0,000 0,078 

*** Sample Directory *** 

1 Metabasite llornfels, TV13 151. 
2 Metabasite Ilornfels, AM31B. 
3 Mctabadtc Hornfels, /IM31D. 
4 Metabasite llornfels, AM31C/W 
5 Metabasite llornfcls, AM31C/P\v . 
6 Metngabbro from satellite body, Af1125/W 
7 Metag.1bbro from satellite body, AfH25/PW 
8 G<Jbbronoritc, AM21C 

** N.D. .. Not detected ** 
N.A. Not ;:malyscd 
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Plagioclnse Analyses: Samples From Tantalite Vulloy 

*"' 4 Sample Directory "' 4
·• 

1 Anorthito 1 Amphibol:i.tc AM76 

2 Rytowni te, Amph:i.boli tc AM77 

J Labradorite, Gabbronorite AM21C 

4 Lubradorite Core 1 Gubbronorito AMl11 

5 Labradoritc Him, Gabbronorito AM'il 

6 Labradorite (Av), Gabbronoritc AM41 

7 Labradorite, Olivine Gabbronorita TV263 

8 Bytownitc, Olivine Gabbronorite TV233 

9 Bytownite, Gabbronorite TV187 

10 Bytownite, Troctolitc TV49 

11 Labradorite, Orthopyroxenite (Norite), TV6 129 

12 Bytownitc, Metagabbro AMJ2 

13 Labradorite, Metabasite Hornfels AMJlC 

14 Dytownite, Hetabasite Hornfels_AMJlD 

15 Bytownite, Metagabbro AM88E 

16 Bytownite, Mottled Metagabbro AM149/2 

17 13ytownite Core, Mottled Metagabbro, TV275 

18 Bytownite Margin, Mottled Metagabbro, TV275 

19 13ytownite New Area 1 1 Mottled Metagabbro TV275 

20 Bytownite New Area 2 1 Mottled Metagabbro, TV275 

.. 

21 Andesine, Metagabbro Sample AM125, Satellite Body 

22 Labradorite, Gabbronorite Sample AM123A 1 Satellite 

Body 

2.3 Bytownite, Metagabbro AM89A 

2t1 Andesine, Young Peg. Intr. Metasomatic Hornblendite 

Sample S95. 

25 Andesine, Psammitic Hornfels, AMJOA 

26 Labradorite, Metabnsite Hornfels, TVlJ 151 

27 Bytownite, Metabasite Hornfols, AMJlB 

28 Andesine, Pelitic Hornfels, Tl9 

•• N.D. = Not Detected ** 
N.A. = Not Analyse~ 



- 177 -

Brown Mica Analyses :-.. Ma fie a11d Ul trama:fic Rocks of' Tan tali tc Valley 

1 2 3 !J: 5 6 

Si02 36,96 37,93 37,27 35,95 36,70 t10, ta 

Ti02 
2,54 lJ:, 12 1,83 1,95 4,28 2,81 

A1
2
o

3 
15,87 15 'L1l1 16,87' 17,10 16,02 16,21 

Cr 2o
3 

O,ll o,87 0,35 1,15 I 0,19 o,46 

FeO lJ,16 10,80 18,03 17,24 9,99 7,89 

MnO 0,05 0,05 0 'J.lJ: 0,11 0 I Oil 0,03 

MgO 16,87 17,50 12,15 12,58 18,36 20,72 

CnO o, 14 N. D. 0,15 0,09 0,04 N.D. 
Na

2
o N. D. 0,16 0,27 0,09 0,12 0,18 

K2o 9,32 9 1H . t 8,53 8,69 8' 97 8,98 

'I'otal 95,02 96,28 95,59 94,95 9 11 t 71 97,69 

** Atomic Proportions Based on Se le cte d No. of' Oxygens ** 

Oxygens 22 .22 22 22 -22 22 

Si 5,486 5,501 5,589 5,439 5 t J82 5,639 
Al 2,777 2' 639 2,982 31 Ql19 2,769 2,666 

Ti 0 I 28L1 O,l1t:1.9 0,206 0,222 o,472 0,295 
Cr 0,013 0,100 0,041 0,138 0,022 0,051 
Fe 

2+ 
1, 6 3t1 l,JlO 2,261 2,181 

Mn 

Mg 

Ca 

Na 

K 

Sum 

1. 
2. 
3. 
'1. 
5. 
6. 
7. 
8. 
••• 

1, 225 0,921 

r 0,006 o,ooG 0,018 0,014 0,005 o, 0011 

3,732 3,782 2,715 2,8J6 4,013 4,309 
0,022 0,024 0,015 o,ooG 

0,045 0,079 0,026 0' 0 Jl! 0. Oli9 

·1 t 765 1, 7 1H 1,632 1,677 1,678 1,599 

15,718 15 ,573 15 t 5118 15,598 15,607 15,531 

Sample Directory *** 
Phlogcpi te, Gi:lbbronori te, AMl11 
Phlogopitc, Gabbronoritc Satellite ilody, AM;t.23A.· 
Diotite, Mottled metngabbro, AM1~9/2. 
Diotite, Mottl~d rnetn.c;al•bro, 'l'V2.75. 
Phlogcpi te, Gub!Jronori to, TV2JJ. 
Phlogopitc, Pyroxenite (Noritc), TV6 129. 
Phlogopite, Mctaso:uat.i.c Hor11blcndite, S95. 
Phlogopitc, Mctagahuro from Satellite lJody, AM125 • 

N.V. - Not Dotecte<l ·~• 
N.A. - Not Ani:llysod 

I 

-- ·-

7 ' 8 
------

40,16 38,09 

0 t 7J. 1,97 

1 11 I 54 16,23 

N.A. N .A. 

9,89 12 I /JO 

0,16 I 0,02 

19, 115 17,77 

0 I ()fi 0,06. 

0,26 0 "r-, ... ;J 

8 t 39 -G,15 --
9 3,59 . 3' 93 

--

22 .22 

-
5,885 I 5,603 

2,512 2, fh/L 

0,078 0,218 

]. , 212 1,525 

0,020 O,OOJ 

4, 2'18 3 I 89/1 

0,006 0,009 

0,07/i 0,072 

1,568 \ l, J'1 2 ! 

-"~~ ·'•80 j 15,602 
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Chlorite Analyses: Samples From Tnntnlite Valley 

•~• Snm~le Directory *** 
1. Hipiclolite, Mottled Hetagabbro, AM 1t19/2 

2. Hipidolite, Hetagabbro, AM90 

J. Hipidolitc, Metagabbro, AN39A 

4. Ripidolite, Pelitic Ilornfels, T4 

5. Ri.pidolitc, Cordierite-Anthophyllite Hornfels, TV170 

6. P.ipidolite, Pelitic Hornfels, TV276 

7. Clinochlorc, 1'roctol.i te, S 75 
8. Pycnochlo:r.i te, Metabasi te Hornf'e ls, AMJOA 

9. Pycnochlorite, Metabasite Hornfel.s, AMJlB 

10. Shcridanitc, Mctabasito Hornfcls, TV13 151 

** N.D. = Not Detected ** 
N.A. = Not Analysed 
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,;>...£2.nel Analyses: Samples fro'll TnntaU.t.e Valle!r 

... 
...-. --

l 2 3 4 5 8 
~ 

Si02 N.D 0,02 N • J) • 0,02 0 ,011 :.D~ll. 'l , 0,1. 

A1 2o
3 

42,16 36, 82 63,36 5'19 
Ti0 2 0,03 0,04 N.D. 2 ,52 

Cr 2o
3 

18,89 23 ,5 1J: 0,12 20,80 

Fe 2o
3 

6,85 7, 211 11' 24 37 '8 11 

4,32 27,50 

2,40 0' 411 

19,18 28,22 

L1Q, 86 .12, J6 

511, 41 

N.D. 

0' /19 

o,oo 

2,0 

0,3 

22,0 

43,G 

0 

3 
0 

FeO 22,76 211, 25 13,83 31,30 31,62 24, '18 29,09 

5 
0 31,9· 

MnO 0,39 0,51 0,10 0' 65 0,60 o,66 N.D. o, 3 J 

MgO 10,1!6 8,80 18,33 1,76 1 ,50 7,81 3,91 N'. D, 
··--

'l'otal 101,55 101,22 99,98 100,08 1.00 t 52 io1,117 I 87,90 100, 3. 
-· 

__ ..__ ___ 
** Atomic Prorortions Based on Selected No. of Ox~~ens ** 

Oxygens 4 4 11 '1 4 /i 4 

-
Si o,ooo 0,001 o,ooo 0,001 0,001 o,ooo o,ooo 

Al 1,419 1,281 l.,913 0,218 o, 182 0,997 2,021 

Ti 0,001 0,001 o,ooo 0,068 0,065 0,010 o,ooo 

Cr 0' '126 0,549 0,002 0,587 0,51*2 o,686 0,012 
FeJ+ 0,155 0,169 0,086 1,071 1,158 o, 301 0,000 

Fe 2+ 
0,54.3 0,598 0,296 0,9 35 0,946 0,629 0,767 

Mn 0,009 0,013 0,002 0,020 0,018 0,017 0,000 

Mg o,445 0,387 0,700 0, 0911 0,080 0,358 0, 18/i 

"'** Sample Directory*** 

l Brown Picotite, Troctolite, TV49 
2 Picotite, includerl in green Spincl, Troctolite, TV~9 
3 Green Spinel-Hercynitc, Troctolite, TV49 

I 

'1 

_ ....... _._ .... _ 
0,005 

o,o8i3 

O,OO') 

0,652 

1, 2 '.)I 

1,000 

0,010 

o,ooo 

4 Fcrritchromite included in Picoti~c,Troctolite, TV~9 
5 Ferri tchro:ni. te included in Pico ti tc, nel\' nrea 1 Troctoli tc 1 TVl19 
6 Picotite, new area, Troctolite, TV42 
7 Zincian SpinA1 1 Peli.tic Hornfcls, T4 
6 Fcrritchromitc,mottled metagobbroi TV275 

•• N.D. = Not Detected ** 

+ accurate electron microprobc de tcrminat.io1;s of z:i nc 1.s not 
possible nt the University of' Cape Town, but it wr1 :.; qu.1 ntj .. 
tatively dct.octcd und is prct;cnt at <1bout the 12% ZnO l<Jvcl 



- 181 -

Miscellaneous Analyses Samples From Tantalitc Vall.oy 

- ·------~ 

1 2 J IJ 
5 

Si0
2 52,72 53, 29 52, 76 41,JO ~ 6'1,18 

Ti02 0,23 0,07 0,08 0,03 N.D. 
A1

2
o

3 '1, 38 J,92 2,49 24,21 20,19 

Cr
2
o

3 
0,19 0,02 N.A. 0,61 N.D. 

Fe 0 o,oo - - - -2 J 
FeO 13,62 19,97* 21,62* o,66* 0,03~ 

MnO 0,22 O, IJ.0 0,77 N.D. N. D. 

MgO 27,59 20,27 18,54 0,14 0,03 

Cao 0,17 o,4o 0' 611 26,28 N • IJ • 

Na
2

0 N. D. o,42 0,34 0,02 0,34 

~-20 .N. D. 0,01 N.D. N.D. 15,61 
>-· 

Total 99,12 98, 77 97, 2 1:1 93,25 l00,38 
\ 

** Atomic Proportions Based on Selected No. of Oxygens ** 

-
Oxygens 6 23 23 23 8 

_,, .. _ 
Si 1,898 7,580 7,709 6, 125 2, 9 1J5 

Al 0,186 0,658 .0, L129 4,231 l,090 

Ti 0,006 0,007 0,008 0,003 0,000 

Cr 0,005 0,002 0,072 o,ooo 
Fe3+ o,ooo 
Fe 2+ o,410 2,376 2,641 0,082 0,001 

Mn 0,007 0,048 0,096 o,ooo 
Mg 1,481 4,298 11,036 0,031 0,001 

Ca 0,007 0,061 0,101 li,176 O,OOD 

Na o,ooo O,l.15 0,096 0,005 O,OJO 

K 0,000 0,001 0,000 0,000 0,913 
. ·-----~ -----··-·--··-

100 M~/Mg+Fe 78,34 Git, Lio 60' '*5 27,43 -- ---···--····~---

WO o, 35 Ca o,ooo 
En 78 t 011 Na 0,031 

Fs 21,62 ._L K o, 9(,9 

----·-
Sample Directory *** 

Dronzite, Pyroxene-Dearin[ Hornfcls, TV226 
*** 
1. 
2. 
3. 
4. 
5. 

Anthopylli tc, Cordieri tc-An thophylli tc llorn1c ls, TVl 70 (J\ V of J Annlyse n 
Anthophyllite, Psammitic llornfels, AMJOA 

•• 
Prehnito, Mottled ::-lctagabbro, AM 1119/2 (Av of 2 Analyses) 
K-Ccld9par vein intrudjng Motagabbro sample J\M181E 
N.D. = Not Detected ** 
N.A. = Not Analysed 
• = Total Iron .as FeO 
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Cordierite Analys~s from Tuntalite Valley Hornfclses 

l 2 J Ji. 

Si0
2 47,47 48' l:t 7 48,55 L19, 24 

Ti02 
0,02 0,03 N.D. 0,02 

~ 

A1
2
o

3 
33,09 33,15 33,29 33,87 

FeO* 8,70 8 1 00 Lt' 58 2,00 

MnO 0,12 0, 112 0,08 o, 01:1: 

MgO 7,68 7,18 10, 2.5 11,82 

Cao 0,03 0,02 N.D. 0,06 

Na
2

0 0,16 0,67 0,1·7 0,09 

K
2
o 0,26 0,02 0,01 0,02 

Total 97 ,53 97,96 96,93 97,16 
-

** Atomic Proportions Based on Selected No. of Oxygens *"' 

.. 
Oxygens 9 9 9 

Si 

Al 

Ti 

Fe 
2+ 

Mn 

Mg 

Ca 

Na 

K --· 
J.00 

"'"'* 
2. 

2,474 2,507 2, 119 2 

2,033 2,021 2,014 

0,001 0,001 o,ooo 
0,379 0,346 0,197 

0,006 0,018 0,003 

0,596 0, 553 0,784 

0,002 0,001 o,ooo 
0,016 0,067 0,017 

O.Ql 7 0 001 0.000 ·-·-
!-lg/Mg+ Fe 

2+ 
61,13 61,56 79,92 

Sample Directory *** 
Peli.tic liornfels, '1'19 (AV. of 3 Analyses) 
Pciitic Hornfcls, TV27G 
Cor<iieri te-:\nthophyll.i te Hornfel.s, TVl 70 
Pyroxcnc-b~ariug llorni'<>ls, TV226 
Poli tic llornfc lD, TV 13 165 (AV. of 3 Analysr.>s ) 

** N.D. ~ Not Detected ** 

9 

. 
2,491 

2,020 

0,001 

0,085 

0,002 

0,891 

0,003 

0,009 

_0,00_1_. -

91,29 

I 5 

l1S, 20 
N. D. 

.:n, 83 

6,23 

N. D. 

10,00 I 

0,01 I 
N.D. I 

N.D. 

98,27 
·-

l 

9 

2, l160 

2,036 

o,ooo 
o,266 
o,doo 
0,761 

0,001 

o,ooo 
· 0 Of>n 

--~---'······-·· -
711, 10 

J 
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AnaJ.yi.H~::i of Garnet fro'l1 Tantali te \'allc~y Peli tic Hornfels Samp.les 

lC lR 2C 2H 

-
Si02 36,96 36,48 36,97 37,16 

Ti0 2 0,05 0 1 04 0,06 0,07 

Al.203 21,53 21,23 21, 311 21,70 

Cr
2
o

3 
0,01 0,05 0,05 0,04 

FcO"' J4,5l1 35,02 35 '28 3L1, 31 

MnO 1,94 2,19 0,59 0,26 

MgO 3,61 2, 113 3,26 4' l*J 
Cao 1,25 2,07 3,13 2,04 

Total 99,89 99,51 l00,68 100,01 
-

** Atomic Proportions Based on Selected No. of Oxygens "'* 

Oxygens 12 12 I 12 12 

Si 2,970 2,966 2,957 2,962 

Al 2,0J9 2,034 2,012· 2,039 

Ti 0,003 0,002 o, 0011 

Cr 0 I OO'! 0,003 

Fe 
2+ 

2,321 2,381 2,360 

Mn 0,132 0,151 0,0'10 

Mg o,432 0,294 0,389 

Ca 0,108 o, 180 0,268 

100 Mg/Mg+Fe 2+ 
15,72 11,00 14,12 

"'* Garnet EnrJ-:Me m be rs 
+ ·** 

Pyrope 14,11 9 t 611 12,83 

Almandine 78,07 79 ,53 76,81 

Spessartine 4,31 Jf I 911 1 I 3/1 

Grossular 3,50 5,70 8,87 

Uvarovite 0,01 0,19 O, tl1 

*** Sample Directory *** 
lC: 
l.H: 
2C: 
2n: 

Core Zone, Garnet Porphyrohlast, Tl9 
Rim of above Garnet (AV. of J Analyses) 
Core Zone, Garno t Por,phyro b.1.;i>; t 1 'J.'11 

JR: 
Rim of Above Garnet (AV. of 2 AnalyHcs) 
Rim of Garnet Porphroblnst, TV13 1G~ 

** N.A. =Not Analysed .... 

+ Calculated following Rickwnod (19G3) 

0,004 

0,003 

2,288 

0,018 

0,526 

QI]. 7 1! 

18, 71 

21, 119 

69' 117 

0 t 71i 

8 I 2 11 

0 1 06 

--

.. 
JH 

·-
37,69 

0,07 

2.l I I* 2 

N.A. 

32,10 

J,73 

3 I 1 11 

2,37 

100, .51 
-

12 
.. ~---
J' 00'1 

?.. '012 

0 I ()Oil 

2, 1 39 

0,252 

O,J7J 

0,202 

J_ll I fl 5 
----

12,59 

72,11 

8' l.17 

6, El 3 

-
.• 
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Brown Mica Analyses : Hornfclses from Tan tali te Valley 

1 2 3 4 .5 
- -

Si02 35,08 )lJ I 82 34,87 41,Go 38,18 

'l'i 0 2 1 t '12 1,86 1,50 1,07 1, 3 11 

AJ.203 19,82 19,93 20,00 15,69 17,21 

FoO* 16,82 19,18 21,03 '*' 23 11,59 

MnO 0,02 0 1 04 0,14 N .o.· 0,05 

MgO 11,71 9,16 8,95 24 I 3f1 16,117 

Cao N. D. 0,01 0,02 0,05 0,03 

Na 2o 0,11 0,33 0,27 0,69 0,26 

K2o 8,57 8,18 8,80 8,59 8,04 

--
Total 93,55 93,51 95,58 96,26 93. 17 

** Atomic ProrJortions nased on Selected No. 0 f' Oxygens ** 

-
Oxygens 22 22 22 22 I 
Si 5 t 3t.1:3 5' 359 5,316 5,772 

Al 3,558 3,615 J,59 1! 2,566 
, 

Ti 0,163 0,215 0,172 0,112 

Fe 2+ 2,1112 2,4.69 2' 681. 0'1191 

Mn 0,003 0,005 0,018 o,ooo 

Mg 2,658 2,101 2,034 5,0)3 

Ca o,ooo 0,001 0,003 0,007 

Na 0,032 0,098 0,080 0,186 

K 1,665 1,606 1,712 1,521 
' 

Surn 15,564 15,469 15,610 15,688 

lOOMg/Mg+Fe 55,37 45 '97 91,ll 

*** Sample Dirfl ctory ••• 
l. Biotitc, Politic llorn:fels, T4 
2. Dioti.tc, Pcliti.c Hornf'e.ts, Tl.9 (Av. of 4 Annlyses) 
J. Hioti.tc, Pelitic Horn:fels, TV276 . 
11. Phlogopite, Pyroxene-Dearing llornfels, TV226 

22 

5,656 

3,005 

0,1119 

l, 1136 

0,006 

3,636 

0,005 

0,075 

1,520 

l.5' 'iil8 

-
71,69 

5. Phlogopite, Corclierit.c-Anthophyl1itc Horn:fe:ts, TV170 
6. Diotite, Pelitic Hornfols, TVlJ 165 

•• N.D. - Not Detected •• 

., 6 
. 

35,68 

1,18 

19.18 

15 1 36 

0,05 

13 I 3/j; 

0,19 

0,11 

7,22 

92, 31 

22 

-
5 ''12 3 

3,1t37 

0, 135 

l, 952 

0,007 

3,021 

O,O)l 

0,033 

l' 1100 

r l~~~-3!-
60,75 
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Analyses of' Staurolite Fro:n Tantalito Valley Pelitic llornfcls 

-
1 2 

Si02 26,72 26,61 
Ti02 

o, 411 o, 113 

A1 2o
3 

54,64 5 '*, 25 
Cr 2o

3 
0,19 0,19 

FcO* 13,12 13,62 
MnO N. D. 0, 13 
MgO 2,15 2,26 
Cao N.D. 0,02 

TC'ta1 97' 26 97,51 

*"' Atomic Proportions Based on Selected No. 

Oxygens 23 2J 

Si 3,721 3,712 
Al 8,970 8,919 
Ti 0,046 o, 0115 
Cr 0,021 0,021 
Fe 

2+ 1,528 1,589 
Mn o,ooo 0,015 
Mg o,4L16 o,470 
Ca ,.___ o.ooo 0,003 
100 Mg/Hg+Fe 2+ 22,59 22,84 

*** Sample Directory ••• 
1. Rounded Inclusions in Cordierite, T4 
2. Separated grains in Grain Mount, T4 

J. Tl9 
11. TV276 
** N.n.· - Not Detected •• 

Feo• - Total Iron as FcO 

~-------

3 /1 

-----
26,70 27 I Qfj 

0,65 I 0' l10 

54,13 511, 36 

N.D. 0,06 

13,98 13,68 
0,15 0,38 

1,54 l, 35 

N. D. N.D. 

--
97,15 97,27 

of: Oxygens • * 

---
23 2J 

3,'(40 J,777 
8,937 8,951 
0,068 0 I QIJ2 

o,ooo 0,007 

1,638 l,59B 
0,018 o, 0115 

0,321 0,281 
0,000 o,ooo --· 

16, .39 1/1, 91 
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Olivine Analyses Samples Fro:n the Kumkum Area· 

1 2 I J 

Si0
2 36,75 J6,58 37, 50 

A1 2o
3 

N.D. N.D. 0,78 

Ti02 · N.D. ' N .D. N.D • 

MgO 33,23 33,31 .36,76 

FeO J0,10 30,08 25,20 

MnO 0 t 113 0,.38 0' 3tJ: 

Cao 0,02 0,05 0,07 

Tot.al 100 '5 3 ioo, 'n 100,65 
·-

** Atomic Proportions Based on Selected No. of Oxygens ** 

Oxygens 4 4. 4. 
\ 

Si 0,989 0,986 0,983 

Ti o,ooo o,ooo o,ooo 
Al o,ooo o,ooo o, OM 

Fe 0,678 0,678 0,552 

!Mn 0,010 0,009 0,008 

IMg 1,33.3 1,.339 1, 1136 

Ca 0,001 0,002 0,002 

Sum 3,011 J,014 3,005 -
FO 0,663 0,663 0,722 

FA 0,336 0,336 0,277 

••• Sample Directory ~ •• 

1. Hyalosidcrite, Kumkum Gabbronorite, K37A D~crete, Incl. in PX 
" 2. Hyalosideri~e, Kumkum Gabbronorite, KJ7A, 01-Plag Coronu 

3. Chrys~lite, Eselruh Gabbronorite, K4 

•• N.D. = Not Detected •• 
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Orthopyroxeno Analyses: Samples From the Kumkum Arca 

..---· --------1 
1 2 J I 4 5 6 ,. 

Si0
2 50,14 53,99 5'1,59 I 5J, 11.0 5J,16 51,61 

Ti0
2 0,08 0,14 N.D. 0,27 0,02 0,28 

A1
2
o

3 
0,60 1,86 1, 1t1 1,67 2,05 0,77 

Fc
2

o
3 1, 31 1,03 1,JO 1,76 2,12 1,33 

FeO 31,02 1'1, 26 lJ,73 17,32 16,20 26 ,_39 

MnO 0,75 0, 21J: 0,32 0,37 0,30 0,58 

MgO 15,27 27,50 28,08 25 ,62 26,08 1'9 '09 

Cao 0 1 66 0,90 o, 92 0,/12 
0,31 83 

Na 0 0,04 N.D. N.A. o, 011 0, OL1 0, oG 
2 

Total 99,86 99,92 l00,35 100,88 1100:28 ll00,61! ---
** Atomic Proportions Dased on Selected No. of Oxygens ** 
Oxygens 6 6 6 6 6 

--
Si 1,966 1,943 1,953 1, 9 311 1, 928 

Ti 0,002 0,004 o,ooo 0,007 0,001 

Al 0,028 0,079 0,059 0,071 0,088 
Fe3+ 0,039 0,028 0,035 O, Ol18 0,058 

Fe 2+ 
1,017 0 1429 o,411 015 25- 0' 1!9 2 . 

Mn 0,025 0,007 0,010 0,011. 0,009 

Mg 0,893 1,475 l, !197 1, 38'1 1,410 

Ca 0,028 0,035 0,035 0,016 0,012 

Na 0,003 o,ooo 0,000 o, (l03 0,003 

Sum 11, 000 11, 000 4,ooo .4,3_ fJ I 000 

Wo 1 Ij 1,8 1,8 0 1 8 o,6 

I ·' 
En 46,.l 76,1 77,05 71,9 73,7 

Fs 52,,5 22,l 21,13 27,3 25 I 7 ! 
! 

Mg/Mg+Fe Fe .::Fe tot 0,1158 0,763 0,771 0;707 o, 720 1 
o,71i2 I Mg/.Mg+Fe Fe 2+ 

only 0. 1167 0,775 0,785 0,725 

** 
1. 
2. 
J. 
Ii• 
5. 
6. 
7. 

Sample Directory ** 
FC\rrohypersthcne, Granolite K.58 (Av of' 2 Analyses) 
Bronzite, Esel1·uh Gahbronoritc Kit, Discrete 
Uron:.d. te 1 Ese J.ruh GalJl>ronori to·, Kil, 01-Plag. Corona 
Dronzit.~, Kumkum Gal.Jltrou-oritc, KJ7A 1 Discrete 
Bronzite, Kumkum Gahlironorite, KJ7A 1 01.-Plap;. Corona 
llyperst.hcne, Contaminnted Gabhronorite 1 Kl15A 
Forrohypersthenc, Black Gnoiss 1 KK6 (Av of' 2 Analyses) 
•• N.D. =Not _Detected "* 

N.A. = Not Analysod 

6 

J.~958 
0,008 

0,03'1 

0,038 

0,837 

0,019 

0,080 

0,022 

O, 0011 

11'000 

1,1 

55,7 

IJ, 3 I 2 

0,552 

0,563 

7 

117' Jl1 

0,10 

5,66 
3,62 

27,50 

0,57 

15,62 

0,06 

0,15 

100, 62 

G 

1,822 

0,003 

0,257 

0,105 

0,88.:; 

0,019 

0,896 

0,002 

0,011 

Jj. 000 

0,1 

50, 2 

'19 '6 -
0, 1175 

0,503 
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Clinopyroxone Analyses: Samples. l~rom the Kumkllm Area 

]. I 2 

Si02 51,81 53,36 

Ti02 0,12 0,07 

AJ. 20J 0,98 l t J.l! 

Fe
2
o

3 
2,12 1,60 

FeO 11,10· 3,11 

MnO 0,28 0,12 

MgO 11, 76 15,94 

CaO 22,07 23,63 

Na
2

0 o, 31 o, '12 

Total l00,55. 99,66 

** Atomic Proportions Based on Selected No. 

Oxygens 6 6 

Si 1,956 1,960 

Ti 0,003 0,002 

Al 0' 0!14 0,061 
Fe3+ 0,060 o, Ql14 

Fe 2+ 
0,350 0,096 

Mn 0,009 0' 0011 

Mg 0 1 662 0,873 

Ca 0,893 0,930 

Na 0,023 0 1 0.30 --------
Sum 4,ooo 4,000 

Wo 4.6,9 49,0 

En 34,7 46,o 

Fs 18,4 5,0 

i'1g/Mg+Fe Fe =Fe tot 0,617 0,862 

Mg/Mg+Fc Fe 2+ only 0,654 0,901 

*** Sample Directory *** 
1. Salite, Granolite, K58 (Av of 2 Analyses) 

2. Diopside, Eselruh Gabbronortte, K4 

J. Diopsidc, Kumkum Gabbronorite 1 KJ7A 

4~ Avgite, Contaminated Gnbhronoritc, K45A 

3 I 
51,36 

o, 9 3 

J,19 

2,22 

3,92 

o, 13 

14,67 

23,13 

0,52 

100,07 

of Oxygens 

6 I 
1, 893 

0,026 

0,139 

0,062 

0,121 

. o,oo'* 
0,806 

0,913 

0,037 

11, 000 

49,6 

'•3, 8 

6,6 

0,815 

0,870 

'1 
-:'. 

51,78 

0,15 

1t25 

3 t J_l1 

8,96 

0,27 

13,55 

21,00 

O,J8 

100, L17 

--
** 

·-
6 

·---·-
i ,938 

o, 0011 

0,055 

0 t 08'8 

0,280 

0,009 

0,7:;6 

0,8'*2 

o,02a ----
'1, 000 

lj_Ji I 8 

40,2 

J.lt,9 ---·----
0,672 

0,730 

·-
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Amphibole Analyses Samples From the Kumkum Aroa 

I ]. 
... 

2 3 /1 5 
-

Si02 41,77 43,54 113 '00 110' 39 tn,10 

'T.'102 1,88 2 t 6':1 O,Jl 2,57 0,18 

A1 2o
3 

11,49 12,22 14,60 11!' 118 16,21 

l"e0 19,89 8,38 7,78 12' 611 9,89 

MnO 0,19 0,09 0,10 0,11 o, 10 

1'1g0 8,63 15,33 15,84 11,86 14 t 7.5 

Cao ll ,.61 11,81 12' 1'1 11,57 ll,75 

Na 20 1,30 2,75 2,95 2,76 2,85 

K
2

0 1,27 0,97 0,50 1,36 1,09 

Total 98,02 97,73 97,22 97,74 97,92 

** Atomic Proportions Based on Selected No. of Oxygens ** 

Oxygens 23 23 23 ·23 23 

Si 6,369 6,317 6,234 6,011 6,001 

Ti 0,215 0,288 0, 0311 0,288 0,019 

Al 2,065 2,090 2,494 2,541 2,791 

Fe 2+ 
2 ,536 1,016 o,9l14. 1,574 1,208 

Mn 0,024 0,011 0,013 0,013 0,012 

Mg 1,960 3' 31 1:1 3,421 2,631 3,209 

Ca 1,897 1,836 1,886 1,845 1, 839 

Na 0,386 0,773 0,828 0,797 0,807 

K 0,247 0,180 0,093 0,258 0 1 2011 

_!lg__ 
o,1111 !>1g+Fc 0,77 0,78 0,63 0,73 -Ca+Nn+K 2,530 2' i'89 2,807 2,900 2,850 

*** Sample Directory * * * 
1. Mg-Hastingsi tic IID., Granoli te, K58 

2. 

J. 
4. 
5. 
6. 

Pargasitic HD., Esolruh Gnbbronoritc, K4, Discrete 

Pargnsitc, Esclruh Gabbronorite, Kh, 01-Plag Corona 

Fo-P.:\rgasi te, Kumkum Gnbbronori tc, KJ7A, Discrete 

Fc-Pnrgnsitc, Kumkum Gahbronorite, K37A, 01-Plag Corona 

Gedrite, Black Cueiss, KlOl (Av of 2 Analyses) 

6 -
39 ,90 

0,31 

18, 11e 

21,79 

0,33 

13,05 -
0,30 

2,29 

0,04 --
9G, t19 

23 

5,980 

0,035 

3,265 

2,731 

0,042 

2, 915 

o,0':18 

o,666 

0,008 

o, 52 
·--· 

0,722 
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Plagioclnoe Analy&cs Samples From tho Kumkum Areil 

;+3 I 
. - --· 

I 
1 4. 5 6 7 B I 

' - I 
Si0

2 46,81 '19 , B 7 11 8 , 8 3 56,85 56,05 55,32 65,72 61,87 I 
'l'iO 0,01 0' 04. 0,07 0,02 0,03 0,01 N.D. 0,01 

I 2 
J\1203 34,4.0 32,50 32,62 27,79 28,117 28,83 22,117 25,12 

I 
FeO* 0,24 0,08 0,27 o, 10 0,16 0,13 0,03 0,03 ' I • 
MgO 0,07 0,01 0,31 N.D. N. D. 0,01 N.D. N. D. l 

i 
Cao 17,72 15,10 15,96 9,93 10,27 11,13 2,63 5 '78 I Na

2
o 1,72 3,22 2,59 5,78 5,73 5,33 10,39 8,59 I 

K 0 0,03 0,06 o,oh o,42 0,23 0,23 0,10 o_, 05 ----! ~ 
Total 100,98 100,88 100,69 100,88 100, 911 1100,99 101, 311 101' 115 -' 

** Atomic Proportions l3ased on Selected No. of Oxygens ** 

Oxygens 32 32 32 32 32 32J 32 32 

Si 8,538 9,o:n 8,889 10,137 10,002 9,890 

Al 7,398 6,939 7,000 5 ,Btn 5,988 6,076 

Ti o,ooo 0,010 0,010 0,002 0' 0011 0,002 

Fe 2+ 
0,036 0,011. o,otn 0,015 0,024 0,020 

Mg 

Ca 

Na 

K 

An 

Ab 

Or 

*** 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
l. 4 

0,018 0,003 0,085 0,002 

3 ,'16 3 2,930 3,113 1,897 l, 96/1 2,1.Jl 

0,607 1,132 0,913 1,998 l,983 l,8li7 -
0,006 0,01'1 0,010 0,095 0,052 0,052 

811'96 ·71,88 77,13 117' 54 /19,11 52,88 

14,89 27,77 22,62 50,08 119, 59 115 '8 3 

0,15 o, 34 o, 25 2,38 1,30 1, 29 

Sample Directory ** 
Bytowni.te, Eselruh Gabbronorite, K4. 
Dytowni.te, Grounclm.:iss, Kumlcum Gabbronorite, K37A 
Bytownitc, Phenocryst, Kumkum Gabbronorite, K37A 
An<lesine, Megacryst, Contnminntcd Gabhronorite, K45A 
Andesine, Groundmass, Contaminated Gabbronorite, K45A 
Labradorite, Granolite, K5B 
Oligoclase, Black Gneiss, KK7 (Av of 2 Analyses) 
Oligoclase, Black Gneiss, KlOl 
Andc sine, l3lack Gnc iss, Kl9A 
Andcsine, Black Gneiss, A3 
Andcsine, Black Gneiss, A5 
Andcsinc, Black Gneiss, KJ5 
Oligoclasc, Black Gneiss, KGGQ 
0].igoclasc, Black Gneiss, KKG 

** N.D. = Not Determined ** 

11,11201 l0,832 

/1. 604 5,1!34 

0' 0011 0,00'1 

o,li92 l '08!1 

3,500 2,916 

o, 0211 0,012 
--------

12,25 27,02 I 87,15 72,68 

0,60 o,~~-J 
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Plagioclase Anulyses Samples From the Knmkum Area 

9 10 11 12 13 
--~~--

l '1 

Si02 60,09 58,75 58,85 59,19 62, 35 64,61 

Ti02 0,02 N.D. N.D. N.D. N.D. N.D. 

A1 2o
3 25,59 . 26,91 26,81 26,03 23,76 22,66 

FeO 0,22 0,11 0,07 0,02 0,01 0,03 

MgO 0,03 0,01 N.D. N.D. N. D. N.D. I 

Cao 6,55 7,92 7,90 7t 1J:3 4,81 3,37 
Na 0 2 7,80 6,88 6,96 7,63 9,18 l0,26 

K20 0,20 0,19 0,11 0,13 0,14 N .D. · 
100,78 ioo,69 lOO,t1j 

·-·---
Total 100 t 50 100,25 100,93 

** Atomic Proportions Based on Selected No. of Oxygens ** 

Oxygens I 32 - 32 32 32 32 I 32 
- ·--·-

Si . 10,660 10,416 10,436 10,528 11,032 11, 30lt 

Al 5 t 352 5 ,624 5,604 5,460 Ii I 956 4,676 

Ti o, 0011 

Fe 0,032 0,016 0,012 0,004 QI QQ/1 

Mg 0,008 0 I 0011 

Ca 1, 2411 1 ,504 1,500 1, 1116 0,912 

I 
0,632 

Na 2,684 2,368 2, 396 2,632 3,11t8 3 t /180 

K QI Of1/1 QI Qf14 0,024 0,02.8 0,03~ I 0,000 
--··~ .. ---

An 31,32 38,41 38,27 34,74 22,29 l'.'i' 37 
Ab 67,57 60,47 61,12 611,57 7G,93 811, G 3 

Or 1,11 1,12 0,61 0,69 0,78 0,00 

-~----·-
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Drown Mica Analyses ~ Rocks From the Kumkum Arca 

______ [--;.---- ·--2 . __ ._ __ 3 _ _.__4 _ __,__5_. ·-4-'~~-G_ .. --,1-.~~7~~~~--B·-, ----! -------, 
Si0

2 
35,17 36 1 86 34,88 36,12 311,118 311,811 1 36,5t1 31i,l16 j 

Ti02 6,05 5,53 6,06 7,28 4,55 3,43 2,34 4,29 
A12 o

3 
16 1 21 15,89 14,70 14,36 18 1 62 19,15 17,54 17,86 

PeO 13,80 9 1 58 22,14 17,56 19 1 66 18 1 41 14,75 19,30 
0,06 

9,85 
0,04 
o, 2':1 

8,77 

NnO 0,03 0,02 0,08 0,07 N.A. 0,03 0,02 
MgO 14,40 17,80 9,49 12,01 I 9,08 10,00 15,22 
Cao 0,02 0,05 O,OJ 0,09 0,05 0,02 N.D. 

Na20 0,35 o,40 0,07 N.D. 0,02 N.D. 0,54 
K 2 0 9,23 9,48 9,20 9,79 9,51 9,82 8,31 

+-T-'o"'"t-· a-l-------o1-9-5-, 2-6-+-9-5·-,-6-0--;1-9·-6 ~6·-3-•>-9-~-f -, 2_7_ .... _9_5_
1
_9_7-+--9 5-;-70- 9 5 , 26 

' 
** Atomic Proportions Dase<l on Selected No. of Oxygens ** i 

. I 1---------..-----+----....------+·----.----....----.---·-----· 
22 I Oxygens 

$i 

Ti 

Al 
Fe 2 + 

Mn 

22 

5,250 
0,679 
2,852 

1,723 
o, 0011 

3 I 20L1 
0,003 

5,364 
o, 605 

2,726 
1,166 
0,002 
3,860 
0,008 

22 22 

5 1 3451 5 I 385 
0,698 0,816 

2,655 
2,838 
0,010 
2,167 
0,005 

2,523 
2,189 
0,009 
2,668 
O,Ollf 

22 

5,238 
0,520 

J,334 
2,498 

.22 22 22 

5, 276 !! 

o,~9 11 

J, 223 ,l 

2,331 1,828 2,471 

0,261 

3,063 
O,J91 

ll 
0,0041 0,003 0,008' 

2,055 2,256 3,361 2,211a I 
0,007 0,0031 0,007 

0,101 0,1131 0,021 0,006 0,0001 0,155 0,071 
} 1 7 5 8 J_. ~· _7;__6_0..;!;;_·· _1_;1_7_9_9-+--1-'-, 8_6_~_".....__J·~1_f3_f1 __ 3._..._J-'-, ~1-Z.l..!:_._~ _;:~ _!_t_ 7 J. J j 

t-S--u-m-----~---_--i-f-J_.5_,-5-.J--
1

-1-5 • 6~-·~l_1.'-5~1 ~5_11~l_1_5~,_11_7_~!15, 30 15, 5? jf2_ml5...!_5_J. __ j 
100 Mg/Mg+l"e

2 +J 65,03~80 jl13,~o 1511,93 145,111 119,18 j6ti,77 1117,611. I 

Mg 

Ca 

Na 

K 



- 193 -

Bro1m ~1ica Analyses : 1 Rocks Fro~ tho Kumkum Area (cont.) 

9 10 11 12 lJ I l '• 

s·o ~ 1 2 34,73 3/1t92 35,JO J4,65 311, 97 35'19 

1'i0,, ... 3,17 3, 81. J,09 J,73 11 ' l.t 5 l1' I* 1 

AI 2o
3 

18,23 18,18 18,50 17,08 17,13 16,26 

I•'e 0 18,23 iG,81 1 7 I l 1i 18,57 18,11 17 ,52 

MnO o,oG N.A. 0,02 N.D O,OJ 0,03 

MgO 10,30 10,90 10,82 10 I 3/1 10,27 11,35 

Cao O,OJ 0,02 O,OJ 0,03 0,01 0,05 

Na 2o 0,15 0,02 N.D 0,16 0,15 0 ,Ol.1: 

9,45 9,75 9,51 9 '· 73 9,33 9,20 ~-?o ---------
Total 9 1! I 35 911,110 911' 110 I 911, 28 

** Atomic· Proportions Ilased on Selected No. 

Oxygens 22 22 22 22 

Si 5,331 5,J25 5,373 5 I 352 

Ti 0,366 o,437 0 I 35 1! o,433 

Al J,299 3,268 3,319 3,109 

Fe 
2+ 

2' Jl!O 2I1411 2,182 2,399 

Mn 0,008 0,003 

Mg 2 I 356 2,477 2,455 2,380 

Ca 0,005 0,003 0,005 0,005 

Na 0, 0115 0,006 0 I Ol18 

K 1,851 1,897 1, 8117 l ,~17 
I 

Su:n 15,60 15256 \ 15 54 1 'j_Ji l~ 

100 Mg/.Mg+Fo 
2+ 50,17 53,60 15-2' 94 [ t19 ,Ho 

*** Sample Directory ***. 
l Biotito, Kurnknm Gabbronorite, KJ7A 
2 Phlo.~opite, Esclruh Gabbronorite, K4 
J Biotite, Granolite, K58 
4 Biotitc, Contaminated Gabbronorite, K45A 

19 11 • '*4 9 /1' 05 

of' Oxygens ** 

22 I 22 

5,361 5 I /!02 

0,513 0,509 

3,096 2,942 

2,322 2,250 

0,003 0,004 

2,J47 2 ,597 

0,001 0,007 

0' ot16 0,013 

1,824 1,802 ---·---
15.51 . _15_,2..g_} 

j50,27 53, 58 

15 ·-
35 ,91 

J,J4 

16,JO 

15 t 36 

0,07 

lJ,70 

0,01 

0,24 

9,18 

911'10 

22 

5 I 11Jl6 

0,381 

2,913 

1, 9t18 

0,009 

3,095 

0,001 

0,070 

]. I 775 
,.----'--·--

__ t5-..,_§l2_ 
61,37 

5 Biotite, High Titanium, lHack<?.noiss,KK7(Av of 2 Analyses) 
6 Diotito, Low Titanium, Illack Gneiss, KK7 
7 Diotitc, Dlack GnciHs 1 KlOl 
8 DiotitP-, High Tit.;rnJ.um, Black Gneiss, K19A 
9 Diotito, Low Titanium, l3lack Gneiss, K1.9A 

10 Dioti to, High Titanium, lHnck Gneiss, AJ 
11 Biotitc, Low Titanium, Dlack Gneiss, AJ 
12 Biotitc, Dlack Gneiss, A5 
13 Diotito, Dlack Gneiss, K66n 
14 13ioti to, Black Gnc iss, KJ'.j 
15 Diotite, Dlack Gneiss, KK6 

** N.A. = Not Analysed •• 
N.D. = Not Uotocted 
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Spinellid And Ilmenite Analyses : Hocks From The Kurnkum Aren 

·-5~ 1 2 J . Ii ..._, ____ 
Si02 0,04 N. D. N. D. 0,03 0,03 

TiO.., N.D. 0,03 0,58 N. D. 7 I QfJ; 

"' A1 2o
3 

N.D. 60,89 o, 19 58,92 60,61 

Cr 2o
3 

N.D. N.D. N. D. N. D •. N.D. 
Fo

2
o

3 
68,55 3,02 67,77 4, 05 o,oo 

FeO J0,92 25,84 31,62 29 ,96 25,90 
MnO N. D. 0,05 0 1 03 0,05 0,03 

MgO N.D. 10,34 N.D. 7 ,52 5,95 

CaO N. D. N.D. 0,03 N •. A. N .D. 

Na 2o N,.A. N.A. N.A. N.A. N.A. 

K
2

0 N.A. N.A. N.A. ·N .A. N.A. 
' I 

100,54 99,58 Total 99 ,52 100, 17 100,23 

** Atomic Proportions Based on Selected No. of' Oxygens 

Oxygens /1 11 4 4 

Si 0,002 0,001 

Al l,9.37 0,009 1,914 

Ti 0,001 0,017 

Cr 
fe 3+ 1,997 0,061 l,957 0, Ol31J: 

Fe 
2+ 

1,001 . 0,583 1,015 0,691 

Mn 0,001 0,001 0,001 

Mg 0 1 416 0,309 

Ca 0,001 

Na 
K 

Sum 3,000 3,000 3,000 3,000 

. "' .. 
1 
2 
3 
4 
'.'.i 
6 

us o,oo us 
MT 100,00 MT 

Sample Directory *"' 
Magnetite, Black Gneiss, Kl9A 

1,68 

98,32 

Hercyni tc-Spi.ne J., Kumkum Gabbronori te, K37A 
Magnetite, Black Gneiss, KlOl 
Hcrcynitc-Spincl, Black Gneiss, KlOl 
Hercynito-Ulvospincl-Spinol, Black Gneiss, KlOl 
Ilmenite, l'H;ick Gneiss, KK7 
** N.D. = Not Detected •• 

N.A. = Not Analysed 

11 

0,001 

1,926 

0,143 

0' 58!1 

0,001 

0,239 

2,893 

.I 
---
6 

N.D. 
1
• 9 '4. 9 
o, 12 

N. D. 
6,48 

lilJ I 48 

N.D. 
N. D. 
0,02 

N.A. 

N.A. 
100,59 

** 

J 

0,004 

0,937 

0,123 

0,936 

0,001 

-
2,000 

IL 93,85 

GK o,oo 
HM 6,15 

' 



Mol % US. = 

Mol % IL = 

Mol % HM = 
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Ti 4+ X 100 

Fe J+ + 'l'i ZH 
I 2. 

Mol ~~ MT = 100 ( .2..i_5 Fe J+ ) 
Ti 

7
1+ + Fe J+ 

2 

l . 
(Ti 1+ - Mg 2+)100 Mol % GK = 100 Mg 2+ 

Ti
1
H + Fe J+ Ti 4+ + Fe J+ 

2 2 

lOOX FeJ+ 

FeJ+ + 2(Ti4+ - Mg2+) 

Where US = Ulvospine 1 1 MT = Magnetite, IL = Ilmenl te 1 

GK= Geikelite 1 HM= Haematite 
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K-Feldspar Analyses: Samples l•'rom the Kumkum Area 

1 2 ) .. 11 
.__, 

Si02 
611, 11 65,02 64,55 64,02 

Al.203 19,14 19 t 39 18,77 18,88 

Ti02 0 1 0J N. D. o, 12 0,09 

MgO 0,01 N. D. 0,03 0,01 

FeO* 0,06 0,04 0,11 0,09 

MnO N.D. N.D. N.A. N;A. 

Cao 0,04 0,22 o, 011 o, 011 

Nu 2Q 1,98 1,72 . 1, 65 1,36 

K2o 13,86 14,17 111, 24 14,58 

Total 99,23 100,56 99,52 99,07 

** Ato~ic Proportions Based on Selected No. of' Oxygens * * 

Oxygens 8 8 8 8 

Si 2,965 2,967 2,979 2,97.2 

Ti 0,001 o,ooo o,ooti 0,003 

Al 1,043 1,04J 1,021 1,0:33 

Fe 0,002 0,001 0,004 o ,oo'* 

Mn o,ooo o,ooo - -
Mg o,ooo 0,000 0,002 0,001 

Ca 0,002 0,011 0,002 0,002 

Na 0,178 0,152 o, it18 0,122 

K 0,818 0,825 0,839 o,864 
Sum 5,010 5,000 5,000 5,001 

Ca 0,002 0,010 0,002 0,002 

Na 0,178 o, 15[* 0 1 J.L19 0,123 

K 0,820 o, BJIJ: 0, 8!18 o,~ 
*** Sample D:i.rc ctory *** 

1. Microcline, Black Gneiss, K19A 

2. Microcline, Black Gneiss, AJ 

J. Microcl.ine, Black Gneiss, K66 

4. M:i.crocline 1 Black Gneiss, KJ5 

•• N.A. - Not Analysed ot. 
N.D. Not Detected 
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Cordieritc Analyses : · Rocks From the Kumkum Area 

Sample Directory ••• 
1 Rim, Black Gneiss, A3 (Av of 3 Analyses) 

2 Rim, Discrete Grain, Dlack Gneiss, AJ 

3 Rim, Breakdown Product of Garnet, Block Gneiss, A5 (Av of 3 Analyses) 

4 Rim,Dlack Gneiss, K35 

5 Rim, Black Gneiss, KK7 (Av of 3 Analyses) 

6 Rim, Dlack Gneiss, K66B (Av of 2 Analyses) 

7 Rim, Breakdown product of Garnet, Black Gneiss, Kl9A 

(Av of i Analyses) 

8 Rim, 

9 Him, 

* * 

Dlack 

Black 

N. u. = 
FeO* = 

Gneiss 1 KK6 (Av of 

Gneiss, KlOl 

Not Detected ** 
Total Iron as FeO 

2 Analyses) 
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Garnet Analyses: Samples From the Kumkum Arc•n (cont. ) 

.: 
9 ].0 11 

Si0
2 36.99 J8,o6 37,63 

A1 2o
3 

21,73 22,22 22 t i/1 

Ti02 0,06 o, 011 0,03 

MgO 4.85 7,92 6,11 

FeO* 35 ,52 J0,94 33' 1./:1: 

MnO 0,34 1,05. 1,42 

Cao 0,89 0,89 l ,05 

Total. 100,37 101,11 101,52 

** Atomic Proportions Dase d on Selected No. of Oxygens * * 

Oxygens 12 12 12 

Si 2,946 2,947 2,940 

Al 2,041 2,028 2,0J9 

Ti 0,004 0,002 0,002 

Fe 2+ 
2,366· 2,0.04 2,165 

Mn 0,023 0,069 0 I 0911 

Ng 0,576 0,913 0,711 

Ca 0,076 0' 07'f 0,088 

100 Mg/Hg+Fe 2+ 
19,58 Jl,30 211' 72 . 

"* * Garnet End-Members t ** 

Pyropc 19,54 31,03 24,20 

Almandine 77,10 64,14 69,62 

Spessnrtine 0,78 2,32 J,21 
Grossular 2,58 2,51 2,97 
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Garnet Analyses : , Hocks From the Kumkum Arou 

*** Snmplo Directory ••• 
1 Him, !Hack Gneiss, AJ (Av of J Analyses) 

2 Core, Black Gneiss, A3 

J Rint, Black Gneiss, A5 (Av of .'.3 Analyses) 

4 Rim, Black Gneiss, KK7 (Av.of J Analyses) 

5 Rim, Groundn1nss, Black Gneiss, KJ5 

6 Core, Porphyroblnst, Black Gneiss, K35 

7 Rim, Porphyroblast, Black Gneiss, KJ5 

8 Rim, Black Gneiss, Kl9A, (Av of 2 Analyses) 

9 Rim, Dl.ack Gneiss, K66n (Av of 2 Analyses) 

10 Core, BJ.a ck Gnc iss, KlOl 

11 Rim, Black Gneiss, KlOl (Av of 2 Analys~s) 

•• FeO* = Total Iron as FeO ** 
f Calculated using the method of Rickwood (1968) 



Table 44: 
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Major (in Wt%) and trace element (in p.p.m.) analyses 

of rocks from the Tantalite valley and Kumkum areas 



sio2 
Ti02 
Al203 

Fe2o3 
FeO 

MnO 
MgO 

CaO 

Na2o 
K20 

P205 
s 
C02 

"20+ 
H

2
o-

LOI 

Sum 

Ba 

Sr 

Rb 
y 

Zr 

Nb 

Zn 

Cu 

Ni 

Co 

Cr 

v 
WO + 

3 

AJ.176 

40,33 

2,00 

22,95 

5,79 

4, 72 

0,20 

4,50 

17 ,311 

0,61 

0,16 

0,42 

(0,00) 

0,73 

0,57 

100,32 

1759 

<5 
52 

341 

27 

97 

b.d.l. 

;JO 

32 

84 

226 

Fe203/l."eO I, 23 

K/Rb ) 266 

Nb/Y 0,519 

Zr/P2o5 
Y/Nb 

Rb/Sr 

A% 

c 
F 
~ 

A % 

K 

F 

Fie EJO 

0,081 

I ;926 

<0,003 

34;21 

41,04 

211,69 

46,59 

0,50 

52,91 

mRrl 
with 
35-6'.>% 

AM77 

54,03 

0,62 

9,73 

2,73 

6,33 

0,21 

10,95 

12,07 

0,70 

0,36 

0,10 

(O,O?.) 

1,23 

0,80 

99,86 

140 

4 

41 

29 

<5 
93 

79 

53 

50 

812 

246 

0,43 

768 

< 0, 122 

0,029 

> 8,200 

0,029 

14,47 

31,63 

53,89 

13, 97 

0,89 

85,14 

B>i,;altic 
rock!; 

carbonate 
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AMl'lllBOLl'fES 

AMI 13 

51,24 

I, 13 

6,98 

4~36 

10,63 

0,20 

10,45 

10,93 

1,46 

0,69 

0,10 

(O,O?.) 

0,08 

2, 12 

100,37 

54 

9 

34 

57 

<5 

148 

40 

24 

73 

31 

535 

0,41 

646 

(0,147 

0,057 

> 6;soo 
0, 167 

9,72 

28,86 

61,42 

9,70 

1,58 

88,72 

Basaltic 
rocks 

Al-1157 

4 f ,47 

0,26 

11,21 

1,76 

8,05 

0,34 

18,19 

4,68 

0,72 

5,20 

0,07 

(0,03) 

0,13 

4,57 

42 

990 

42 

20 

26 

633 

b.d.l. 

270 

75 

1448 

87 

3,51% 

0,22 

47 

0,619 

0,025 

1,615 

23,571 

7,70 

11,63 

80,67 

13,M 

7 ,65 

78,71 

Ultra­
basic 

K94 

47,97 

I, I I 

4,79 

2,67 

7 ,91 

0,32 

7. 94 

11, 12 

I, 16 

0,38 

0,11 

0,08 

I, 16 

0,13 

96,85 

K40 

42,43 

1,02 

17,66 

5,48 

8,16 

0, 14 

8,21 

12,16 

1,34 

0,99 

0,07 

0,08 

1,77 

0,20 

99,71 

119 606 

7 27 

133 69 

b.d.l. 738 

62 134 

29 73 

252 90 

175 400 

0,34 

451 

0,059 

7 ,48 

35,70 

56,82 

4,51 

1,21 

94,28 

marl 
with 
35-657. 

carbonate 

0,67 

311 

0,045 

24 '71 

30,32 

44,97 

30,62 

2,21 

67' 17 
nasal tic 
rocks 

NAM­
Oil.THO 

54,02 

0,67 

15,13 

0,90 

6,75 

0,25 

.9,53 

10,62 

0,69 

0,17 

0,28 

0,08 

0,50 

99,59 

30 

302 

6 

18 

92 

3 

210 

II 

240 

42 

519 

168 

P86 
PARA 

47,32 

0,56 

24,29 

I ,79 

4,33 

0,10 

4 ,24 

13,91 

2,01 

1,11 

0,06 

0,05 

I ,36 

101, 13 

117 

230 

64 

14 

42 

4l1 

2 

38 

28 

150 

130 

NAMOR!llO - avcrar.e of 8 orthoamphibolite an.1lys<'s fro:n the tfamiesberg, llusla~.1nlancl (Nnorc 1977) 

D86 PARA - Lower 11mphiholite (p.ira-) from the Namicsberg (Moore 1977) 

b.d.l. • belov d~tcctinn limit 
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METABASITE HORNFELS FROM TANTALITE VALLEY 

'-

TV9 212 TVl3 98 TVl3 149 TVl3 151 

Si02 35, 18 50,71 45,76 43,93 

Ti02 0,20 2,22 o, 13 o, 19 

Al2o3 13,29 21,06 15,69 18' 10 

Fe2o3 
20, 10 1, 57 4,96 7,73 

FeO 7,88 3,20 7,82 6,43 

MnO 0,26 0,08 0,19 o, 14 

MgO 7' 14 5,09 11,32 8,05 

Cao 5,38 9,66 8,28 7 ,43 

Na2o 0,81 3,48 0,81 1 ,46 

K2o 0,65 0,23 0,28 0,37 

P205 0,02 0,74 0,01 0,05 

L.O.I. r ,88 

co2 0,32 o, 13 o, 16 

H o+ 
2 4,64 2,52 2,22 

H o-2 o, 12 0,05 0,67 0,91 

Sum 95,99 99,97 98 ,57 97,17 

S(%) 2, 72 0,20 I , 13 1 '91 

Zn 63 38 92 74 

Cu 2106 766 1733 3330 

Ni I 0041 255 1750 2795 

Co 239 65 . 133 170 

Cr 253 57 396 295 

v 112 70 so 60 

Fe2o3/Fe0 2,55 0,49 0,63 1,20 

A % 37,97 32,57 23,84 31'97 

c 15,36 31,99 20, 79 21,13, 

F 
.: 46,67 .35,44 55,37 46,90 

A~% 44, 96 48,35 28,58 40,44 

K 1'28 o, 7J 0,54 0,79 

F 53,77 50,93 70,88 58,77 

Fig 90 ~ greywacke marls greywacke greywacke 
,-1: with 

,.·::.} 35-65% 
,carbonate 

Niggli ~ 0,61 0,73 0,72 0,69 
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Pelitic hornfels (TV276, TV4, TV13 165, Tl9) orthopyroxene.,...bearing hornfels 
(TV226) and cordierite-anthophyllite hornfels (TVI 70) from Tantalite Valley 

TV276 TV4 TV13 165 Tl9 TV226 TV170 A B 

Sio2 52,79 39, 12 54,65 42,29 45,99 48,64 59,93 63, 51 

Ti02 0,87 I , 63 I, 06 1,74 0,71 0,42 0,85 o, 79 

Al2o3 23,49 26,44 21,62 28,20 16,29 28,52 16,62 17 ,35 

Fe2o3 5' 13 1,40 4,28 4, 14 2,00 0,81 3,03 2,00 

f'eO 8,29 12, 77 6,22 12,83 8, 98 4,98 3' J 8 4,71 

MnO 0,17 0,28 o, 10 0,71 O,J7 0,08 

MgO 4,40 5,43 4,61 5,20 22,97 J0,67 2,63 2,31 

Cao 0,24 5,80 2, 77 I, 03 0,73 o, 16 21 ,8 I ,24 

Na2o 0,39 0,76 1, 70 0,6J 0,33 0,58 J,73 1,96 

K2o 1, 10 2,31 0,66 0,55 0,34 0,84 3,54 3,35 

Pzo5 0,03 0,03 0,03 0,01 0,30 0,01 

H o+ 
2 .2, 90 2,52 2,42 2,07 0,77 3,39 4,34 2,42 

H2o - 0' 11 0,22 0,22 0,25 o, 13 o, 12 

co2 0,15 0' 11 n.a. 0,09 0' 11 o, 10 2,31 0,22 

Sum 100,06 98,82 100,34 99, 72 99,82 99,32 100,34 99,86 

S(%) O,J6 0,35 0,00 0,00 0,00 n.a. 

Zn 107 725 200 115 375 30 

Cu 70 620 45 3 ·.2 2 

Ni 95 425 7S t'70 37S . lS 

Nb 8 10 6 30 4 7 

Zr 280 105 330 320 95 620 

y JS 10 20 85 10 2S 

Rb 7S 55 20 30 15 25 

Sr 35 390 290 70 10 25 

Co 3S so 3S 35 so JO 

Cr 230 310 200 430 1040 20 

v 150 230 160 200 135 30 

Ba 195 1185 535 J65 

Sc 20 28 25 JO 

A = Worldwide average of clays, shales and slates : 85 analyses (except 
co2' ·43 analyses) Shaw (1956) 

B c:: Worldwide average of pelitic phyllites, shists and gneisi::es : 70 
analyses (except co2, 19 analyses). Shaw (1956) 

n. a.· = not analysed 

A 5" I, 0 ~ 3b,q2 '+11-, 41+ ti-' 0 3 (~ w 'f-)>o . 
I I 

c IS-1 3~ I I I I I 3, 17 1,1(, 

r1 4-1?/1+ 4-+I 07 44-,44 So, 7? '30,23 s-s; 00 

A 41,?,3 1/-3,10 ~2.,27 'f <g, 4-4- l~,77 Lf-C, 03 

3,11-5 
I 

K 2. I 11 2,2.7 I I S-C, JI ':>q 
i;- 5"n t'li'l "~ LI.,<:; 4-<; 4-< ~o on S(() ?~ "') :s S? 
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BLACK GNEISS 

K35 KK7 KlOl GBW302 GBW98 GBW241 

Sio2 53, 18 62,37 39,05 45,60 43,70 57 ,07 

Tio 2 1 ,SO 1 ,03 0,97 2,49 1,35 1 '41 

A1 2o3 22,66 17,86 23,66 28,76 30, 14 20,Si 

Fe2o3 0,94 3,29 5,21 1,00 3,75 0,61 

FeO 10,93 7,34 13,69 9, I 0 I I , 14 9,06 

MnO 0,23 0,15 0,26 0,21 0,39 0,18 

MgO 4' 12 2,92 I0,67 7,29 6,23 3,29 

Cao 0,96 0,20 0,68 1,30 0,54 1 '01 

Na2o 1,26 1, 04 0,57 0, 91 0,44 1, 52 

K20 2,58 2,35 2,34 I ,44 0,50 4,47 

P205 0,06 0,02 0,29 0,06 0,05 0' 11 

Cr2o3 0,06 0,07 0,04 

L.O. I. 1;27 I,37 1 '16 

co2 0,18 0,12 0,10 

H o+ 
2 0,57 · 1 ,38 2, 10 

H o-
2 o, 14 0, 18 0;33 0,10 O, 10 0,07 

Sum 99,31 100,25 99,92 99,59 99, 77 I00,51 

A % 38 38 33 44 49 37 

c 3 1 1 4 2 s 
F 59 61 66 52 49 58 
A .. % 42 42 35 42 48 31 

K 5 6 3 3 13 

F 52 52 61 SS 51 56 

'\t 0,42 0,41 0,43 

~ 0,38 0,34 0,39 

Abi 0,39 0,53 0,50 

~i 0,54 0,63 0,50 



K35 KK7 

Co 36 35 

Cr 158 160 

v 215 120 

Ni 78 62 

Cu 30 22 

Zn 127 154 

Rb 79 39 

Sr 99 78 

Ba 1094 1160 

Sc 31 12 

Zr 236 332 

y 47 8 

Nb 21 (4 
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BLACK GNEISS 

Kl 01 

44 

107 

177 

12 

b.d.l. 

160 

116 

. 16 

)j 
Average Shale 

20 

100 

\30 

70· 

so 

100 

140 

300 

700 

15 

160 

25 

11 

• Turekian and Wedepohl (1961) and Taylor (1965) 
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TANTALITE VALLEY MOTTLED METAGABBRO 

TV294 TV288 TV275A TV298 JWVB46 

Si02 49,66 SO, 96 48,81 50,28 58 ,20 

Ti02 ) '00 0,90 0,87 0,77 l ,23 

Al2o3 
16,58 16,23 20, 13 16,56 I 5,42 

Fe2o3 
2,31 1,86 2,67 2,81 1 , I 9 

FeO 8,50 8,04 6,78 6,78 6,99 

MnO 0,24 o, 18 0,07 o, 17 o, 18 

MgO 5,98 6,56 4,88 6,64 4,06 

Cao 10,09 8,88 11 '34 9,88 8,21 

Na2o 2,04 2,51 1,79 2,90 2' 10 

K20 0,98 1 ,22 0,78 0,53 o, 14 

P205 0,25 0,21 0,23 o, 14 0,25 

Cr2o
3 

(0,03) 

LOI 1 ' 11 

co2 0,18 0,13 0, 15 0' 11 

H o+ 
2 1'82 1,82 1, 90 1 '74 

H
2
0- 0,05 0,05 0,42 0,19 0,08 

Sum 99,68 99,55 100,82 99,50 99, 16 . 

Sr 313 337 366 333 

Rb 36 53 50 12 

y 30 31 23 22 

Zr 86 101 67 66 

Nb 7 7 <5 <5 

Zn i20 98 7.4 94 

Cu 6 85 90 138 

Ni 64 151 59 108 

Co 44 53 40 55 

Cr 183 194 193 66 205. 

v 233 192 173 180 

K/Rb 231 J 96 131 374 
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TANTA!.JTE VALLEY l·!E1'.\GAlll>RO 

·-----
TV277 1'V42 TVl82 TV8 TV77 TV265 TVl 26 TV217 GBWI 93 JW\'J\20 J\..'Vl\22 JWV£211 

Sio2 47,09 /18, 78 50, I 2 49,14 48,27 48,92 48,33 50,33 49,05 50,59 50,51 50,72 

Ti02 0,41 0,20 0;27 0,19 0, 15 0,42 0,24 0,29 0,27 0,20 0,29 0,26 

AI2o3 19,85 20,79 19,04 23,24 19,61 15,89 29,28 17,04 23,52 19,89 18,94 17,27 

Fe2o3 2,25 .9;75 1,43 1,25 1,10 2,39 0,01 0,45 1,02 o,n 0,78 1, 18 

FcO 6, 10 5,25 4,38 3,30 s,oo 8,30 1,70 5,26 3,26 5, 12 6;06 5,97 

MnO 0,15 0,08 0,07 0,04 0,10 0, 15 0,01 0,07 0;01 0,11 0, 13 0,13 

MgO 8,09 7,50 7,56 5,47 10,56 11 ,94 1,03 8, 19 5,30 7,78 10, 18 9,37 

CllO 10,12 13,55 13,20 14,04 10,87 8,21 15, 10 13,9) 13,63 13, I 2 I0,'4/1 13,10 

Na2o 1,36 1,39 1,52 1,80 0,85 0,43 2,21 1,61 2,06 1,40 1,08 1,01 

K20 0,79 0,16 0, 17 0,18 0,23 0,50 0,15 0,22 0,03 0,16 0, 10 0,09 

P205 ·o, 11 0,06 0,08 0,06 .0,04 0,10 0,13 0,06 0,05 0,01 0,04 0,02 

Cr2o3 (0,05) (0. 0(>) (O, IO) (0,05) 

LOI 1,51 1 ,44 I ,71 1,60 

co2 0,16 O, JO 0,13 0,26 0,23 0,14 O, l l 0,49 

11 o+ 
2 3,58 I ,t16 1,30 1,39 l ,92. 2,87 0, 78 1,62 

"20-· o,oo 0,26 0,24 0,08 0,00 0,00 0,25 0,21 o, 15 0, 11 o,;s 0,05 
---------

Sum 100,06 100,33 99,51 100,44 98,93 100,26 99,33 99,77 99,92 100,20 100,41 100,77 

Sr 391 440 263 471 333 261 572 424 

Rb 34 4 <4 <4 5 21 <4 <: 4 
y 13 6 8 7 6 10 7 10 

Zr 34 14 17 12 II 27 2) 13 

t.1> <5 <4 <4 <4 <'. 4 <5 <4 <4 

Zn 65 39 42 36 45 86 9 36 

Cu 121 39 59 78 103 191 72 145 

Ni 246 177 90 110 353 374 17 120 

Co 58 39 40 30 SI 83 6 39 

Cr 251 592 207 449 684 91 74 936 342 410 684 342 

v 79 80 103 67 61 102 37 129 

K/Rb 200 332 /353 )374 398 202 )311 >477 
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TANTALITE VALLEY GABBRONORITE 

TV210 TV205A TV282 TV170 

Si02 50,39 47 ,v 48,26 48, 18 

Ti02 0,32 0,43 0,26 0,25 

Al 2o3 22, 16 20,31 21'35 20,94 

Fe2o3 1,62 2,39 1'09 0,31 

FeO 3, 96 6,80 3,34 5,88 

MnO 0,03 o, 12 0,07 0,07 

MgO 5,53 9,61 .5,86 7,95 

Cao l 2, 16 9,97 15,93 13,31 

Na2o 2, 15 1 , 79 I, 63 1'63 

K20 0,33 0,35 o, l 9 0,24 

P205 0,10 0,07 0,08 0,08 

Cr2o3 
LOI 

co2 0,38 0,50 o, l 8 0,27 

H o+ 
2 0,76 0,74 0,65 0,76 

H o-2 0,21 0,17 o, l 9 0,24 

Sum 100, 10 100, 98 99,26 100,11 

Ba 

Sr 446 409 406 424 

Rb <4 <4 <4 <4 
y 8 9 9 8 

Zr 21 22 15 17 

Nb <4 <5 <4 <4 

Zn 35 65 25 39 

Cu 101 73 137 161 

Ni 60 433 1 I 3 168 

Co 33 72 29 50 

Cr 125 106 I 125 370 

v 84 90 89 71 

Sc 

K/Rb >685 )726 >394 >498 

TVl99 T36 GBWl95 JWB25 JWVB26 

47,63 50,86 51'77 50,83 50,83 

0,29 0,21 o, 15 0,43 0,25 

27' 17 17,63 20,71 21 , I I 17,89 

0,94 I, 50 0,56 r ,09 0,78 

2,74 5 '71 4,40 4,45 5,45 

0,06 O, I 5 0,08 0,09 0, I 2 

3,44 9,58 7,47 6,35 9,46 

13,58 11,69 I 2, I 8 I I , 58 13,25 

1,92 1 '95 1,30 2,23 I ,50 

0,27 0, 24 0,24 0,44 O, I 3 

0,02 o, 13 0,01 0,08 0,01 

(0,24) (0,05) (0,06) 

0,68 0,00 I , I 6 o, 71 

0,30 

0,83 

O, I 4 0,01 o, 15 o, 12 0,08 

99,33 100,34 99,02 100' 01 100,52 

123 

483 307 

6 <4 
6 9 

16 10 

<4 <4 

29 75 

78 17 1 

64 163 

23 52 

150 435 I 642 342 411 

71 93 

13 

387 /498 
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ULTRAMAFIC ROCKS FROM TANTALITE VALLEY AFJ.A~',·(-~ t "-'· 

AM88A AM89B TS T6 T7 TIO Tl 1 GBW376 GBW374 

Sio2 42, 12 37,62 47,32 47,45 39, SI 34,38 52,39 38,77 44,63 

Ti02 0,20 0, I 1 0, 19 0,29 0,19 0,16 0,29 0,07 0,20 

Al 2o3 3,32 4,56 6,03 6,07 5,81 1'95 4,65 6,69 3,78 

Fe2o3 6, 96 9,05 2, 70 1'68 S,33 7,97 1,60 8,94 4,32 

FeO 5,62 2;90 8' 12 8,28 7 '6Li 7,57 8,20 5,62 8,42 

MnO 0,18 0,17 o, 17 0,09 o, 14 0, 14 o, 18 . o, 17 0,20 

MgO 29,81 30,16 27,54 26,03 30,Sl 33' 16 25,90 27 ,39 28,99 

cao 2,33 3,31 3,24 3,2S 2,94 0,89 2,58 3' 15 2,82 

Na2o 0,02 0,04 0,28 0,09 0,08 0,10 0,38 0,28 o, 16 

K2o 0,01 0,02 0,19 0,29 0,03 0,28 0,45 0,02 0,03 

P205 0,03 0,01 0,04 0,09 0,05 0,02 0, 1 I 0,00 0,07 

Cr203 . (0:, 36) (0,90) 

LOI 8,02 I 0, 18 3,90 6,0S 7,33 2' 23 8,S6 6' 17 

co2 o, 70 

H o+ 
2 9,07 

H o-2 0,25 0,37 o, 13 0' 17 0,21 0,28 0,23 0,29 o, 15 

Sum 98,87 98,SO 99,8S 99,83 99, 77 96,67 99,19 99,95 99,94 

Ba 
Sr 21 51 8S 15 18 31 48 

Rb <_·.4 <4 8 86 6 9 17 

y s <('3 s 8 s <4 8 

Zr 21 6 17 46 15 16 37 

Nb <4 <4 <4 <4 <4 <4 <.. 4 

Zn 88 84 75 102 83 23 54 

Cu 41 16 50 86 115 4091 30SO 

Ni 1417 2231 957 1116 1995 949S 3364 

Co 146 146 129 114 169 250 124 

Cr 2728 4433 3Sl4 3510 3698 302. 2478 2463 6158 

v 67 63 75 84 63 20 89 

Sc 

S(%) 0,05 0,04 0,03 O, I 1 1'08 0,35 

K/Rb > 20, 7 s >41,5 207,5 29,92 4 I ,5 295, I 1 229,47 
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ULTRAMAFIC ROCKS FROM TANTALITE VALLEY AREA 

TV45 TV30 TVl 17 TVl 57 A GBW421 

Sio2 39,89 52,69 42,80 43,84 44,41 

Tio2 0,13 0,26 0' 11 o, 16 0,52 

A1 2o3 5, 77 6,08 14,33 1,86 9,55 

Fe2o3 9,93 2,41 1, 74 2,05 2,50 

FeO 3,20 8, I 0 8,00 10,24 8,82 

MnO 0,15 o, 18 o, 13 0,22 o, 17 

MgO 28,68 23,08 21 '10 29,56 23,] 7 

cao 2,75 3,93 6,54 5,31 6,62 

Na2o o, 10 0,45 0,42 0' 11 1'03 

K2o 0,08 o, 16 0,12 0,03 0,05 

P205 0,06 0,04 0,04 0,01 0,05 

Cr2o3 (0,47) 

LOI 2,41 

co2 0, 16 o, 14 o, 15 0,16 

H o+ 
2 8,85 1'93 4,98 5,74 

H o-2 0,00 0,00 0,00 o, 16 0,09 

Sum 99,75 99,45 100,46 99,45 99,39 

Ba 23 

Sr 47 27 47 35 

Rb <( 4 <_4 <4 <_4 
y <4 8 4 7 

Zr 8 17 5 13 

Nb <4 <4 <4 <4 

Zn 69 79 70 104 

Cu 38 584 49 1 

Ni 1992 942 735 744 

Co 154 92 106 120 

Cr 2317 2403 764 2434 3216 

v 44 104 36 54 

Sc 29 

S(%) 

K/Rb )186, 75 >332)269,75 125 

CONTD. 

GBW380 

45,74 

o, 10 

1 '15 

6,83 

5,65 

0,21 

31,38 

2,55 

0,22 

0,03 

0,00 

(0,45) 

5,66 

0, 19 

99,71 

3079 
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KUMKUM GRANOLITE (Kl 5), TANTALITE VALLEY SATELLITE BODY (AMI 23A,° AMI 25), 
VERLOORKOPPE GABBRONORITE (GBW1) and EINSIEDLER GABBRONORITE (GBW7) 

Kl5+ 

Sio2 48,40 

Ti02 1,86 

Al 2o3 14,37 

Fe2o3 3,46 

FeO 9,41 

MnO 0,21 

MgO 6,66 

Cao 11,46 

Na2o 2-,47 

K20 0,23 

P205 0,20 

Cr2o3 
LOI 

co2 o, 13 

H o+ 
2 0,44 

H 0-
2 0, 1 L1 

Sum 99,84 

Ba 93 

Sr 190 

Rb 4 
y 32 

Zr 124 

Nb <5 
Zn 135 

Cu 76 

Ni ·67 

Co 54 

Cr 222 

v 328 

Sc 49 . 

K/Rb 447 

+ Kl5 - A% 19,44 

c 32,26 

F 48,30 

AMJ23A AM125 

55,63 50,05 

0,38 o, 79 

5,21 I 0,48 

1,54 2,50 

8,49 9,98 

0,22 0,24 

19,23 14,47 

6,89 6,25 

0,54 1 '18 

0,67 I '31 

0,04 0,35 . 

1 ' 1 1 2,71 

0,09 0, 12 

100,04 100,43 

86 329 

34 43 

23 18 

53 53 

<4 <5 

108 152 

4 70 

442 321 

83 68 

1469 957 

121 221 

166 259 

A''% 25,24 

K 0,59 

F 74,17 

GBWl GBW7 

50,05 46,73 

0,94 0,35 

14 ,32 18,41 

1 ,54 0,48 

10,06 7,63 

0,18 0,13 

7,84 12,35 

11,43 11 ,56 

2,27 I ,33 

0,08 0,04 

0,06 0,02 

(0,05) (0,09) 

0,46 0,47 

0,09 0' 11 

99,32 99,61 

342 616 
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ESELRUH GABBRONORITE 

K59A K60 K7 

Sio2 45,37 5 I, 01 48' 15 

Ti02 0,27 0,52 0,23 

Al 2o3 
12,21 6,62 11,39 

Fe2o3 2,68 1'46 1,29 

FeO 6,31 9,56 7,85 

MnO o, 16 0,22 o, 18 

MgO 16,85 18,73 17' 17 

Cao 13,63 7,91 1o,01 

Na20 0,46 o, 75 1, 10 

K20 0,51 0,92 0,41 

P205 0,04 0,08 0,03 

co2 0,42 0,32 0,17 

H o+ 
2 1, 69 1,42 0;86 

H20 0,17 o, 14 o, 10 

Sum I 00, 76 99,63 98,94 

Ba 114 328 133 

Sr 533 214 46 

Rb 28 47 19 . 

y 10 14 13 

Zr 15 39 27 

Nb <5 <s <5 

Zn 58 104 63 

Cu <2 17 8 .... 

Ni 276 466 861 

Co 78 8l1 84 

Cr 1145 1436 2257 

v 120 177 146 

Sc 49 43 33 

K/Rb 154 166 183 
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KUMKUM GABBRONORITE 

K28 K22 K30A K37A K65 GBW225 GBW439 

Si02 45,37 50, l 0 47,98 47,43 47,31 49,20 49,48 

Ti02 0,74 o, 75 0,80 0,48 0,46 0,23 o, 67 

A1 2o3 10,42 17,55 J 3' 12 19,30 17,95 19,90 14' 17 

Fe2o3 1, 07 I, 67 1, 22 1 , 17 3,59 0,87 l ,37 

FeO 11,32 8,00 9,31 7,27 5,41 6,20 8,44 

MnO 0,19 o, 16 0, 17 o, 14 0,14 0,09 0,16 

MgO 20,91 8,38 JL., 41 10,28 11 , 95 I 0, I 0 12,00 

Cao 7,02 10,09 9,51 10,88 9,88 9,97 10,48 

Na2o 1,34 2,05 0,80 1,86 2,31 1,85 o, 92 

K2o 0,30 0,44 0,59 0,23 0,40 o, 18 0,89 

P205 o, 11 o, 13 0, 15 0,06 0,06 0,04 0, 12 

Cr2o3 
(0, 22) (0, 18) 

LOI o, 76 0,21 

co2 0,26 o, 10 0,29 0,29 o, 18 

H o+ 
2 o, 79 0,46 0,79 0,54 0,53 

H o-
2 o, 13 o, 14 0,07 o, 11 o, 15 0,07 0,04 

Sum 99,97 100,02 99,21 100,04 100,32 99,46 99,95 

Ba 137 208 183 109 140 

Sr 112 257 105 220 203 

Rb 6 9 21 4 l 1 

y 19 18 22 1 I 14 

Zr 77 66 89 31 51 

Nb <5 <'.'5 <5 <_4 <_4 
Zn 92 75 81 58 64 

Cu 64 90 68 133 81 

Ni 755 195 515 320 505' 

Co 109 60. 79 75 79 

Cr 1556 249 1438 170 135 1505 1232 

v 156 174 215 f 28 104 

Sc 25 31 37 23 19 

K/Rb 415 406 237 477 302 
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CONTAMINATED GABBRONORITE 

K44 K80 K34A K63A K39 

Sio2 50,60 50, 70 53,51 54' 01 51'93 

Ti02 0,89 0,98 1 ' 1 1 J '13 1 ,07 

A12o3 15,31 15,61 16,13 16,05 16,46 

Fe2o3 I ,51 3, l 0 l ,41 l '68 1,34 

FeO 8,44 8' 21 9,66 8,45 9,82 

MnO 0,17 0, 18 o, 18 o, J 6 o, 19 

MgO 7' 70 7,69 6,69 6,04 7,47 

Cao 10,89 9, 71 8,94 8,20 9,42 

Na2o J '69 1,69 1,46 2,05 l '56 

K20 0,91 0,60 0,28 0,86 0,26 

P205 o, 12 0,17 0, 18 o, 24 o, 18 

Cr2o3 
NiO 

co2 0,20 0,19 o·, 19 o, 14 o, l 8 

H o+ 
2 0,73 0,78 0,35 0,43 0,30 

H o-
2 0,18 0,24 0,22 0, l 7 0,22 

Sum 99,34 99,85 100,31 99,60 100,40 

Ba 240 248 518 884 228 

Sr 128 239 210 217 212 

Rb 38 18 7 17 l 1 

y 28 22 20 34 29 

Zr 97 85 89 172 122 

Nb <s <s <4 8 <5 

Zn 83 102 90 96 95 

Cu 54 75 62 52 57 

Ni 83 108 102 130 146 

Co 52 54 54 51 57 

Cr 198 266 138 125 184 

v 229 249 224 219 224 

Sc 44 42 36 30 35 

K/Rb 203 281 332 425 204 
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GRANITIC ROCKS 

K49 TV306 GBW744 TV299 TV305 GBW458 GBW608 

Sio2 71, 69 62,34 68,41 69,21 67,76 73,97 72,54 

Tio2 0,34 0,82 0,98 0,43 0,19 o, 19 0,25 

Al 2o3 13,57 16,50 14,40 14 ,50 17,53 13,47 13,62• 

Fe2o3 0,56 2,09 0,70 1 ' 16 0,20 0,00 0,97 

FeO 2, 13 4,21 4' 18 2,80 1,46 1 '29 1 ,30 

MnO 0,07 0,09 0,06 0,12 0,03 0,02 0,03 

MgO 0,89 1,85 I ,33 l '77 0,71 o, 19 0,16 

Cao 1,22 4,34 2,20 2,24 2,54 1,04 0,92 

Na2o 2,38 3,42 1,86 1 ,89 6,39 2,34 2,64 

K20 4,89 1'95 4,46 4,33 1'78 6,49 6' 13 

P205 0,12 0,20 0,10 0,05 0,08 0,06 0,05 

LOI 1 ' 19 0,47 0,78 

co2 0,23 0,08 0,09 0,09 

Ho+ 
2 1 , I 9 1 '15 1,07 0,46 

H o-
2 0,25 0,22 0,06 0,16 0,07 o, 13 o, 01 

Sum 99,53 99,26 99,93 99,82 99,29 ~9,66 99,41 

Ba 1459 1178 

Sr 133 '•07 135 639 

Rb 159 64 115 33 

y 20 4 

Zr 253 108 

Nb 8 b.d.1. 

Zn 35 72 128 32 

Cu 10 63 14 3 

Ni 7 16 1 1 9 

Co 2 12 8 5 

Cr 12 28 21 15 

v 25 85 31 25 

Sc 15 4 

K/Rb 261 258 318 453 

Key: K49, TV306, GBW744 - Inequigranular granite gneiss 
TV299, TV305 - Tonalite and granodiorite - Tantalite Valley 
GBW458, GBW608 - Warmbad granite 
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TABLE 45: AVERAGE MAJOR (in Wt %) AND TRACE ELEMENT (in p.p.m.) 

COMPOSITIONS FOR MAFIC AND ULTRAMAFIC ROCKS FROM THE 

KUMKUM - TANTALITE VALLEY AREA 
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TANTALITE VALLEY MOTTLED METAGABBRO MAJORS 

Range s x n Min - Max 

Sio2 48,81 - ~8,20 3,78 51,58 5 

Ti02 0,77 - 1, 23 o, 17 0,95 5 

A1 2o3 15,42 - 20, 13 1'82 16,98 5 

Fe2o3 1'19 - 2,81 0,66 2' 17 5 

FeO 6,78 - 8,50 0,80 7 ,42 5 

MnO 0,07 - 0,24 0,06 o, 17 5 

MgO 4,06 - 6,68 1 ' 12 5,62 5 

Cao 8,21 - 11,34 1'20 9,68 5 

Na2o 1, 79 - 2,90 0,44 2,27. 5 

K20 o, 14 - 1'22 0,42 o, 73 5 

P205 o, 14 - 0,25 0,05 0,22 5 

co2 o, 11 - o, 18 0,03 o, 14 4 

H o+ 
2 l '74 - 1,90 0,06 r ,82 4 

H o-
2 0,05 - 0,42 o, 16 o, l 6 5 

Total 99, 91 

TANTALITE VALLEY MOTTLED METAGABBRO TRACES 

Range 
Min - Max s x n 

Zn 74 120 18,86 97 4 

Cn 6 138 54,66 80 4 

Ni 64 151 43,05 96 4 

Co 40 55 7' l 6 48 4 

Cr 66 - 205 57,66 168 5 

v 173 - 233 26,84 195 4 

Sr 313 366 21'85 337 '• 
Rb 12 53 18,70 38 4 

y 22 31 4,65 27 4 

Zr 66 I 01 16,75 80 4 

Nb <s 7 <4. 4 
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TANTALITE VALLEY METAGABBRO : MAJORS 

Range s x n Min - Max 

Sio2 47,09 - 50, 72 l '14 49,32 12 

Ti02 o, 15 - 0,42 0,08 0,27 12 

Al2o3 15,89 - 29,28 3,61 20,36 12 

Fe2o3 0,01 2,39 o, 72 1'07 12 

FeO I, 70 - 8;3o 1,69 4,98 12 

MnO 0,01 o, 15 0,04 0,09 12 

MgO 1, 03 - 11,94 2,87 7,75 12 

Cao 8,21 15, I 0 2,04 12,44 12 

Na2o 0,43 - 2,21 0,51 1, 39 12 

K20 0,03 - o, 79 0,21 0,23 12 

P205 0,01 o, 13 0,04 0,06 12 

co2 o, 10 - 0,49 o, 13 0,20 8 

H o+ 0,78 - 3,58 0;92 1 ,87 8 2 
H o- 0,00 - 0,26 O, I 0 o, 13 12 2 

Total 100,16 

TANTALITE VALLEY METAGABBRO TRACES 

Range -s x n Min - Max 

Zn 9 86 22,63 45 8 

Cu 39 145 49,88 I 01 8 

Ni 17 - 374 128,08 186 8 

Co 6 83 22,26 43 8 

Cr 91 - 936 261'15 422 12 

v 37 129 28 ,67 82 8 

Sr 261 - 572 106,37 394 8 

Rb <4 34 12,68 8 8 

y 6 13 2,45 8 8 

Zr I I 34 8,31 19 8 

Nb <s <4 8 
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TANTALITE VALLEY GABBRONORITE : MAJORS 

- Range s x n Min Hax 

Si02 47,63 - 51'77 1, 63 49,61 9 

Ti02 0,15 - 0,43 0,09 0,29 9 

Al 2o3 17,63 - 27'17 2,76 21,03 9 

Fe2o3 0,31 2,39 0,62 1 ' 14 9 

FeO 2,74 - 6,80 1 ,31 4,75 9 

MnO 0,03 - o, 15 0,04 0,09 9 

MgO 3,44 - 9,61 2,14 7,25 9 

Cao 9,97 - 15,93 l, 66 12,63 9 

Na20 1,30 - 2,23 0,30 1 , 79 9 

K20 o, 13 0,44 0,09 0,27 9 

P205 0,01 o, 13 0,04 0,06 9 

co2 o, 18 - 0,50 0;12 0,33 5 

H o+ 0,65 - 0,83 0,06 0,75 5 2 
H o-

2 0,01 0,24 0,07 o, 15 9 

Total 100,14 

TANTALITE VALLEY GABBRONORITE TRACES 

Range 
Min Max s x ... n 

Zn 25 75 20,45 45 6 

Cu 73 171 42,20 120 6 

Ni 60 433 138,38 167 6 

Co 23 72 18,26 43 6 

Cr 106 !642 519,91 523 9 

v 71 93 9,74 83 6 

Sr 307 48.3 59,01 413 6 

Rb <4 6 <4 6 

y 6 9 1 ' 1 7 8 6 

Zr 10 22 4,36 17 6 

Nb <:(5 <4 6 
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TA.NTALITE VALLEY ULTR . .<\MAFIC ROCKS : MAJORS 

Range -
Min Max s x n 

Si02 34,38 - 52,69 5, 16 43,57 15 

Tio2 0,07 - 0,52 0, I I 0,20 15 

Al 2o3 1,15 - 14,33 3,28 5,44 15 

Fe2o3 1, 60 - 9, 93 3,08 4,93 15 

FeO 2,90 - 10,24 2,07 7,09 15 

MnO 0,09 - 0,22 0,03 0,17 15 

MgO 21,10 - 33, 16 3,37 27,76 15 

Cao 0,89 - 6,62 1'56 3,48 15 

Na2o 0,02 - 1, 03 0,26 0,25 15 

K20 0,01 - 0,45 0,13 O, I 2 15 

P205 0,00 - 0, 11 0,03 0,04 15 

LOI 2,23 - I 0, 18 2,61 6 ,05 10 

H o+ 
2 1,93 - 9,07 2,96 6,11 5 

H o-
2 0,00 - 0,37 0, 11 0,17 15 

Total 99,27 

TANTALITE VALLEY ULTRAMAFIC ROCKS : TRACES 

Ranges s x n Min - Max 

Zn 23 104 22,58 76 I l 

Cu 1 - 584 181, 4 109 9 

Ni 735 - 2231 584 1348 9 

Co 92 - 248 42,05 141 11 

Cr 302 - 6158 1389 2900 15 

v 20 104 24,4l• 64 ) 1 

Sr 15 85 20,08 39 I 1 

Rb <4 86 25,34 1 I I 1 

y <'3 8 3,24 5 I I 

Zr 6 46 12,67 18 1 ) 

Nb <4 <4 I I 

lt Excluding TIO and Tl 1 

t Including TIO 

.. 
" 
:\: 
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ESELRUH GABBRONORITE HAJORS (n = 3) 

Range 
Min - Max s x 

Sio2 45,37 - 51, 01 2,82 48,18 

Tio2 0,23 - 0,52 o, 16 0,34 

A12o3 6,62 - 12,21 3;02 10,07 

Fe2o3 
1, 29 - 2,68 o, 76 1'81 

FeO 6,31 9,56 1 ,63 7,91 

MnO 0, 16, - 0,22 0,03 0, 19 

MgO 16,85 - 18,73 l '01 17,58 

Cao 7,91 13,63 2,89 10,52 

Na2o 0,46 - 1 '10 0,32 0,77 

K20 0,41 0,92 0,27 0,61 

P205 0,03 - 0,08 0,03 0,05 

co ' 
2 o, l 7 0,42 o, 13 0,30 

H o+ 
2 0,86 1,69 0,42 1,32 

H 0- 0,10 - 0,17 0,04 0,14 2 

Total 99,79 

ESELRUH GABBRONORITE TRACES (n = 3) 

Range s x Min - Max 

Zn 58 104 25,24 75 

Cu <1 17 8,02 7 

Ni 276 - 861 298,43 534 

Co 78 84 3,46 82 

Cr 1145 - 2257 576,67 1613 

v 120 177 28,54 148 

Sr 46 - 533 247,37 264 

Rb 19 47 14,29 31 

y 10 14 2,08 12 

Zr 15 39 12,00 27 

Nb <s < 5 

Ba 114 - 328 118,45 192 

Sc 33 49 8,08 42 
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KUMKUM GABBRONORITE MAJORS 

Range 
Min - }f.ax s - x n 

Sio2 45,37 - 50, 10 I, 62 48, 12 7 

Tio2 0,23 - 0,80 0,21 0,59 7 

A1 2o3 10 ,42 - 19,90 3,54 16,06 7 

Fe2o3 0,87 - 3,.S9 0,93 1, 57 7 

FeO 5,41 11,32 1'98 7,99 7 

MnO 0,09 - 0,19 0,03 o, 15 7 

MgO 8,38 - 20,91 4' 13 12,58 7 

Cao 7,02 - 10,88 1, 26 9,69 7 

NazO 0,80 - 2,31 0,58 1 ,59 7 

K20 o, 18 - 0,89 0,24 0,43 7 

P205 0,04 - 0,15 0,04 O, 10 7 

co2 0,10 - 0,29 0,08 0,22 5 
H O+ 0,46 - o, 79 o, 16 0,62 5 2 
H o- 0,04 - o, 15 0,04 O, 10 7 2 

Total 99,81 

KUMKUM GABBRONORITE TRACES 

Range s x n Min - Max 

Zn 58 92 13,51 74 5 

Cu 64 133 27,62 87 5 

Ni 195 - 755 213,24 458 5 

Co 60 109 17 ,80 80 5 

Cr 135 - 1556 675,52 898 7 

v 104 - 215 42,69 155 5 

Sr 105 - 257 67,65 179 5 

Rb 4 21 6,61 10 5 
y 11 22 4,32 1 7 5 

Zr 31 89 22,63 63 5 

Nb <s <. 5 5 

Ba 109 - 208 39,55 155 5 

Sc 19 37 7,07 27 5 
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CONTAMINATED GABBRONORITE MAJORS (n = 5) 

Range s x .Min - Max 

Sio2 50,60 - 54' 01 1, 57 52' 15 

Tio2 0,89 - 1 , 13 o, 10 1 ,04 

A1 2o3 15,31 16,46 0,45 15,91 

Fe2o3 1, 34 - 3, I 0 0,73 1 '81 

FeO 8,21 9,82 0,76 8,92 

MnO o, 16 - 0,19 0,01 0,18 

MgO 6,04 - 7,70 0,73 7' 12 

Cao 8,20 - 10,89 I, 00 9,43 

Na2o 1,46 - 2,05 0,22 1, 69 

K20 0,26 - 0,91 0,31 0,58 

P205 o, 12 - 0,24 0,04 o, 18 

co2 o, 14 - 0,20 0,02 o, 18 

H o+ 0,30 - 0,78 0,22 0,52 
2 

H
2
o- o, 17 - 0,24 0,03 0,21 

Total 99,92 

CONTAMINATED GABBRONORITE TRACES (n = 5) 

Range s x Min - Max 

Zn 83 102 7' 12 93 

Cu 52 75 9' 19 60 

Ni 83 ll•6 24,60 114 

Co 51 57 2,30 54 

Cr 125 - 266 55,90 182 

v 2 J·9 - 249 11,73 229 

Sr 128 - 239 42,52 201 

Rb 7 38 11,95 18 
y 20 34 5,64 27 

Zr 85 172 35,98 113. 

Nb <4 8 <4 

Ba 240 - 884 284,47 424 

Sc 30 44 5' 61+ 37 
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Table 46: Some average analyses of gabbroic and basaltic rocks 

O.G. G A.T. T 

Sio2 46,83 48,36 49,34 50,83 

Tio2 0,97 1'32 l ,49 2,03 

Al2o3 17,38 16,84 17,04 14,07 

Fe2o3 1, 99 2,88 

FeO 10,08E 10,21• 6,82 9,06 

MnO 0, 14 o, 18 o, 17 o, 18 

MgO 10,03 8,06 7' 19 6,34 

Cao 11,36 11 '07 11,72 1 O,l~2 

Na2o 2,03 2,26 2,73 2,23 

K20 0,40 0,56 0,16 0,82 

P205 o, 16 0,23 

H O+ 
2 0,91 

Total 99,22 98,86 98 ,81 100,00 

• Total iron as FeO 

O.G. - Average olivine gabbro (Nockolds, 1954, p1020) 

G - Average gabbro (Nockolds, 1954, pl020) 

A.T. - Average Abyssal tholeiite (Engel et aZ, 1965) 

T - Average ttioleiite (Nockolds, 1954, pl021) 
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TABLE 47: C.I.P.W. NORMS, CALCULATED VOLATILE FREE; Fe
2
o

3 
: FeO 0,2 

FOR ROCKS FROM THE KUMKUM- TANTALITE VALLEY AREA 
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. AMP'H.1.BOLITES 

AM76 AM.77 AMI 13 AMl57 K94 K40 

QZ 9,44 2,05 10, 11 

co 
OR 2' 19 4' 14 7,21 2,60 5,97 

PL 59,99 28,92 23,25 13,04 19,38 !~5' 59 

(AB) 6,09 12,61 11 , 51 
I 

5,39 

(AN) 59,99 22,82 10,64 13,04 7,88 40,20 

LC 0,74 20,57 

NE 2,84 3,58 3,36 

DI 17,84 30,44 35,97 9,35 45,60 17,36 

(WO) 9,00 15,76 18,34 4,88 23,31 8,81 

(EN) 4,43 10,24 10, 1 7 3,42 13,31 4,65 

(FS) 4,40 4,44 7,47 I, 05 8,98 3,89 

HY 25,26 28,33 16,47 

(EN) 17,63 16,33 9,83 

(FS) 7,63 12,00 6,64 

OL 10, 10 42,95 21, 95 

(FO) 4,82 32' 12· 11 ,42 

(FA) 5,28 10,82 10,53 

MT 2,46 2,20 3,64 2,58 2,96 3,29 

cs 0,79 

IL 3,84 1, 20 2, 18 0,53 2,47 1, 98 

HM 

SP 

AP 0,99 0,24 0,24 o, 19 0,31 0, 17 

cc 

Wt% ALK 5,03 5,09 7,85 17 ,46 7,71 9,75 

FE 65, 72 42,64 54,01 28,90 52,51 55,81 

MG 29,25 52,2 7 33, 14 53 ,63 39,79 34,44 

DI Wt% 3,58 17,72 18,79 31 ,3b 24,21 14, 72 

M. I. 70,0 45,3 58,9 35,0 57' 1 62,4 
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METABASITE HORNFELS - TANTALITE VALLEY 

TV9 212 TV13 98 TV13 149 TV13 51 

QZ 2,49 

co 1,67 2,03 

OR 4,20 1,36 1 '71 2,30 

PL 36, 77 72,03 47,46 52' 12 

(AB) . 7 ,53 30,04 7,19 13,20 

(AN) 29,24 l12,00 40,27 38,91 

LC 

NE 

DI I ,5 7 2,26 

(WO) 0,82 1 '16 

(EN) 0,60 0,68 

(FS) 0, 14 0,42 

HY 12,25 15,26 39' 18 31,92 

(EN) 3,98 12,32 24, 15 16,43 

(FS) 8,27 2,94 15,02 15,49 

OL 35 '91 5,61 7,03 

(FO) 10,91 3,33 3,45 

(FA) 24,99 2,28 3,58 

MT 7,02 1 '16 3,18 3,51 

CM 

IL 0,42 4,29 0,27 0,38 

HM 

SP 

AP 0~05 1,78 0,02 0,12 

cc 

Wt% ALK 4' 16 27,47 4,36 7,79 

FE 75,45 34 ,81 50, 19 57,95 

MG 20,39 37' 72 45,45 34,25 

DI Wt% 11,73 33,88 8,91 15,50 

M. I. 79,7 48,4 53,0 63,8 
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TANTALITE VALLEY MOTTLED METAGABBRO 

TV294 TV288 TV275A 

QZ 1,28 0,65 1'39 

co 
OR 5,91 7,39 4,67 

PL 51'68 51'92 60,75 

(AB) 17,68 2 t '75 15,40 

(AN) 34,00 30, 18 45,35 

LC 

NE 

DI 12,83 11 , 1 0 8,55 

(WO) 6,49 5,65 4,32 

(EN) 3,29 3,08 2, 15 

(FS) 3,05 2,37 2,08 

HY 23,04 24,20 20,02 

(EN) 11,97 13,66 10,20 

(FS) 11,07 10,54 9,82 

OL 

(FO) 

(FA) 

MT 2,67 2,45 2,29 

CM 

IL 1 '9lf 1, 75 .t '6 7 

HM 

SP 

AP 0,62 0,52 0,54 

cc 

Wt% ALK 15, 27 18,48 15 '30 

FE 54,45 49,01 55,63 

MG 30,29 32,51 29,07 

DI Wt% 24,87 29,i8 21 ,45 

M. I. 64,4 60, I 65,9 

./ 

TV298 JWVB46 

20,02 

3,19 0,83 

56,60 51 ,04 

25,22 18, 11 

31, 39 32,93 

14' 75 5,74 

7 ,52 2,90 

4' 16 1 ,45 

3,07 1,39 

18,12 17,38 

10,42 8,86 

7,70 8,51 

3,02 

1,67 

1, 36 

2,35 2,02 

1 ,50 2,39 

0,33 0,62 

17,56 15,43 

48,45 56,56 

33,98 28,01 

28,41 38,96 

59' 1 66,8 
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TA."UALITE \l/.LLEY M.D'.AGABHRO 

JWB JINB J}Nll 
TV277 'fV42 TVl82 TIJ8 TV7J TV265 TVl26 TV217 GfiWl93 20 22 ~4 

QZ 2,26 0,32 0,71 2,97 1,45 l,28 0, 12 2,56 ~.27 2,96 

co 
OR 4,85 0,95 1,00 1,06 1,42 3,01 0,89 1,36 0,18 0,95 0,59 0,53 

PL 59,42 62,70 58, 75 70,93 58,07 44,83 89,86 53,60 73,58 60, 18 56,62 51. 32 

(AB) ll,93 11,93 13, I 2 15,40 7,45 J,72 19,04 13,96 Ii, 77 12,02 9,31 8,63 

(AN) 47,49 so, 77 45,64 55,53 50,62 41, IO 70,82 39,64 55,81 48, 16 47,21 42,69 

LC 

NE 

DI 3,20 13,76 16, 72 11,80 3,87 0,09 3,80 24,80 10,22 14,28 4,07 18, 35 

(WO) I ,64 7,12 8,67 6, 11 2,02 0,05 1,93 12,!l9 5,29 7,41 2, 11 9,51 

(EN) 1,00 4,61 5,71 3,95 1,40 0,03 1,04 8,66 3,46 4,95 I ,43 6,23 

(FS) 0,55 2,03 2,34 I, 75 0,45 0,01 0,83 3,26 1,47 1,91 0,53 2,61 

HY 25, 12 20,48 19,07 14,21 34,03 45,33 2,84 16,87 14,20 20,37 33,25 24,55 

(EN) 16, 19 ! '· • 22 13,54 9,85 25. 77 30,55 1,58 12,26 9,97 14,70 24,30 17,31 

(FS) 8,93 6,26 5,54 4,36 8,26 14,78 1,26 4,61 4,23 5,67 8,95 7,25 

OL 4,20 0,12 

(FO) 2,61 0,08 

(FA) 1,59 0,04 

Mf 2,07 1,48 1,42 1,10 1,52 2,64 0,43 1,44 1,04 1,33 I ,GS I, 74 

CM 

IL 0,82 0,38 0,53 0,36 0,28 0,82 0,46 0,57 0,51 o, 38 0,55 0,49 

HM 

SP 

AP 0,26 o, 14 0,19 0,14 0,09 0,211 0,31 0, 14 0,12 0,02 0,09 O,OS 

cc 

\lt% ALK 11,•6 I J0,26 11,21 16,53 6, 11 3,93 45,89 11 , 6() 17,99 10,53 6,49 6,25 

FE 44,66 40,00 38,40 37,69 31, ,37 t,5,24 34,03 36,54 36,49 36,87 37,68 40,57 

MG 43,73 49, 74 50, 39 45,79 59,52 50,83 20,08 51,85 45 ,52 52,60 55,>V• 53, IC 

Iii Wt% 16,78 12,88 16,38 16,78 9,57 9,71 21,38 16,60 ff!,06 15,52 I J, 17 12, 13 

M. I. 50,8 44,4 43,S 45,4 36,6 47,2 62,4 41, I 44,7 40,9 1,0,2 4),3 
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TAl'iTALll'J-; VALLJ::Y CAJlBRONt'lUTI: 

tv210 TV?.05A TV282 TVl.70 TVl99 T36 CBWl95 .li>'V.B25 JWVB26 

QZ I ,117 S,29 I, 18 0,47 

co 
OR 1,95 2,0i I, 12 1,42 1,65 1,1.2 I ,42 2,66 0,77 

PL 68,92 61, 78 
65 ·'·'· 

63,67 82,57 55,35 61,66 66,01 54,55 

(All} 18,45 15,23 14,05 13,96 16,58 16,58 11,08 19,12 12,69 

(A.~) 50,47 46,55 5.l ,39 49,70 65,98 38,76 50,57 46,89 41,86 

LC 

NE 
DI 8,06 2, JS 23,10 13,38 2, II 14,97 8,42 8,70 19,27 

(WO) 4, 15 1,11 11,99 6,93 1,08 7,76 4,38 4,50 l0,02 

(EN) 2,5 7 0,69 7,95 4,52 0,66 5,09 2,96 2,90 6, 79 

(r'S) I ,34 0,35 3,16 J,93 0,36 2,12 1,09 1,31 2,46 

HY 17,33 18,84 5,48 12,42 11,13 23,47 21, 71 19,04 22,93 

(EN) 11,38 12,48 3,92 8,71 7,19 16,57 15,87 13,12 16,84 

(k"S) 5,95 6,36 1,56 3, 71 3,94 6,90 5,83 5,92 6,09 

OL 11,89 3,04 6,99 1,01 2,32 

(FO) 7,61 2, 11 4,76 0,63 1,59 

(FA) 4,28 0,93 2,24 0,38 0,73 

MT 1,35 2,20 1,09 1,54 0,90 1,74 1,22 1,35 1,52 

CM 

IL 0,61 0,82 0,5·1 0,47 0,57 0,40 0,28 0,84 0,47 

HM 

SP 

AP 0,24 0,17 0,19 0,19 0,05 0,31 0,02 0, 19 0,02 

cc 

Wt% ALK 18,33 10,27 15,03 11,62 23,65 11,57 10,95 18,40 9,37 

FE 40,76 43,65 36,39 38,97 39,28 37,87 35 ,62 37,95 36,09 

MG 40,91 46,08 48,58 49,42 37,06 50,55 53;43 4 3,65 54,54 

DI Wt% 21,87 17,JO 15, 17 15,38 18,24 18,00 17,80 22,97 13,94 

M.I. 50,2 48,9 43, I 43,8 51, 7 42,9 39,9 46,6 39, 7 
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TANl'AUTE \'ALLEY ULTP.AW.FIC ROCK$ 

----------·----
ANBSA AH89B 1'5 TG T7 TIO Tll 

QZ 

co 0,44 

OR 0,06 0,12 1, 18 1,83 0, 18 1,89 2,78 

PL 10,011 14,27 17, 72 17, 16 16,26 5,G7 13,29 

(All) 0,17 0,1.2 2,45 0,85 0,76 I ,02 3,30 

(AN) 9,87 13,85 15,27 16,32 15,50 4,66 9,99 

LC 

NE 
DI 2, 14 3,76 0,98 0,19 0,26 2,02 

(WO) I, 12 1,98 0,52 0,10 0,14 1,06 

(EN) 0,83 1,47 0,38 0,08 0,10 0,79 

(FS) 0, 19 0,31 0,08 0,02 0,02 0, I 7 

HY 43,53 18,30 52,33 61,95 22,81 5,74 7G,05 

(EN) 35,48 15, 13 42,89 51,24 18,53 4,58 62,87 

(FS) 8,05 3, 17 9 ,311 10,71 4,28 1,16 13,18 

01. 39,98 59,36 24,60 15,48 56, 14 81,23 2,61 

(FO) 31,98 48,21 19,83 12,58 44,75 63,53 2,12 

(FA) 8,00 I I, 15 4,76 2,90 11, 39 17,70 0,49 

MT 3,22 3,09 2,71 2,57 3,32 4, 18 2,45 

CM 

IL 0,42 0,25 0,38 0,59 0,40 0,34 0,57 

ID·! 

SP 

AP 0,07 C,02 0,09 0,24 0,!2 0,05 0,26 

cc 

Wt% ALK 0,60 0, 15 1,21 1,06 o,26 0,79 2,28 

FZ 28,83 27, 10 27,70 27,36 29,24 30,88 26,84 

MG 71,10 72, 76 71,09 71,58 70,50 68,33 70,88 

DI Wt% 0,23 0,54 3,64 2,68 0,94 2,91 6,08 

M.I. 29,7 28,4 28,2 27,7 29,8 31,9 27,5 
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T.\l\TALITE VAT.LEY liL1'Tv\MAFIC ROCKS CO~TD. 

-·----
1V45 TV30 TVI I 7 1Vl57A GBW421 CBW380 GBt.1376 GHW374 

QZ 1,34 

co O, 74 1,79 0,52 

OR 0,53 0,95 0,77 0, 18 0,30 0, 18 0,12 0, 18 

PL 15,51 18,38 37,49 5,82 30,97 4, 18 19,79 11,61 

(All) 0,93 3,89 3,72 1,02 8,97 I ,95 2,62 1,44 

(hN) 14,57 14,49 33, 77 4,80 22,00 2,24 17' 17 10, I 7 

LC 
NE 

DI 4.,22 18,58 9,22 8,94 3,43 

(WO) 2,21 9, 75 4,83 '· • 70 1,80 

(EN) 1,60 7, 15 3,48 3,49 1,31 

(FS) 0,40 1,68 0,91 0,76 0,32 

HY 30,82 71,85 26,41 30,110 17, IO 47,63 21,07 47,14 

(EN) 24,82 57 ,42 20,98 24,63 13,54 39, 15 16,38 37,96 

(FS) 6,00 14,42 5,43 5, 78 3,55 8,48 4,69 9, 18 

OL 47,83 30,74 41 ,50 38,41 35 ,25 53,95 33,60 

(FO) 37, 77 23,92 32,97 29,80 28,46 41,00 26,53 

(l'A) J0,05 6,82 8,53 8,61 6,79 12,95 7 ,07 

MT 3,29 2,60. 2,46 3, 18 2,81 3,09 3,68 3,23 

Cl1 

IL 0,27 0,51 0,23 0,32 1,03 0,21 0,15 0,40 

HM 

SP 

AP 0,17 0,09 0,09 0,02 0,12 0, 17 

cc· 

Wt.Z ALK 0,44 1,77 I, 73 0,33 3,03 0,56 0,72 0,45 

FW 29,95 30,61 31,00 29,27 31,71 27,50 33,41 30,02 

MG 69,61 67,62 67,26 70,40 65,:76 71. 94 65,87 69,53 

DI Wt4 1,46 6,18 4,49 I, 19 9,26 2, 12 2,74 I ,62 

MI 31,4 31,3 31,6 29,4 32,8 28,5 34, 7 30,5 
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KUMKUM GRAl~OLITE (Kl5), TANTALITE VALLEY SATELLITE BODY (AHi 23A, AMI 25) 
VERLOORKOPPE GABBRONORITE (GBWI) and EINSIEDLER GABBRONORITE (GBW7) 

Kl S AM123A A.."1125 GBWl GBW7 

QZ S,57 

co 
OR ) '36 4,02 7,92 0,47 0,24 

PL 48,78 14,56 30, 15 48,47 55,93 

(AB) 21,07 4,65 10,24 19,46 I l , 34 

(AN) 27,71 9,90 19,92 29,00 44,59 

LC 

NE 

DI 23,37 19,50 7,66 22,97 I 0,58 

(WO) 11,83 10, 19 3, 96 11~69 5,50 

(EN) 6,05 7,23 2, SL; 6,38 3,73 

(FS) 5,49 2,08 1 , l 6 4,90 I , 34 

HY 16,04 53, I 0 45,32 22,42 13,81 

(EN) 8,41 4) ,24 31, I 0 12,68 I 0, IS 

(FS) 7,63 I l , 86 14,21 9,74 3,66 

OL 3') 9 3,47 0,92 16,81 

(FO) l, 60 2,31 0,50 12,03 

(FA) i, 60 ) '1 6 0,42 4,78 

MT 3, l 0 2,45 3,07 2,84 2,00 

CM 

IL 3,57 o, 72 ) ,54 l ,80 0,66 

HM 

SP 

AP 0,47 0,09 0,85 o,) 4 0,05 

cc 
WtZ ALK 12,20 3,99 8,47 ) o, 77 6,24 

FE 57,65 32,93 42,30 53,30 37,42 

MG 30, 15 63,08 49,24 35,93 56,35 

D. I. Wt% 22,43 14,25 18') 6 19,93 11, 58 

M. I. 65,9 34, 3 46,3 59,7 39,6 
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ESEI.RUH GABBRONORITE 

-
K59A K60 K7 

QZ 

co 
OR 3,07 5,55 2,48 

PL 34' 17 18,76 35,00 

(AB) 3,98 6,52 9,48 

(AN) 30,19 12,24 25, 52 

LC 

NE 

DI 30,53 21 '91 20,01 

(WO) 15,95 11 , 43 10,45 

(EN) 11,29 7,94 7,37 

(FS) 3,28 2,54 2, 19 

HY I, 26 43,21 20,99 

(EN) 0,98 32,73 16' 18 

(FS) 0,28 10,48 4,81 

OL 28,08 6,68 18,75 

(FO) 21,26 4,94 14' 13 

(FA) 6,81 1,74 4,63 

MT 2' 17 2,73 2,26 

CM 

IL 0,51 l, 0 I 0,46 

HM 

SP 

AP 0,09 0,19 0,07 

cc 

Wt% ALK 3,65 5,32 5,41 

FE 33,21 35' 13 32, 92 

MG 63,14 59,56 61 ,67 

D. I. Wt% 7 ,05 ] 2 '07 11 '96 

M. I. 34,8 37 ,o 34,7 
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Kffi.Il<UM GABBRONORITE 

K28 K22 K30A K37A K65 GBW225 GBW439 

QZ 

co 
OR 1'77 2,60 3,55 I, 36 2,36 1 '06 5,32 

PL 33,30 55, 10 37,99 59,94 57,29 62,00 40,22 

(AB) 11 , 51 17,43 6,94 15,91 19,63 15'91 7,87 

(AN) 21,80 37,67 31,06 44,03 37 ,66 46,09 32,35 

LC 

NE 

DI 10' 21 9,67 12,93 8, 10 9,02 3,06 15, 77 

(WOJ 5,33 4, 96 6, 72 4, 19 4,68 1 '59 8' 16 

(EN) 3,71 2,95 4,50 2, 72 3' 11 1 ,06 5,31 

(FS) I , 18 1 '77 1, 72 1, 20 1'23 0,41 2,29 

HY 13,25 27,51 32,56 12,45 3,62 25,95 32, 17 

(EN) 10,06 17,20 23,56 8,64 2,59 18,74 22,47 

(FS) 3,19 10,31 9~00 3,80 1 ,02 7,21 9,69 

OL 36,84 1, 02 8,52 15,06 24,34 5,69 2,58 

(FO) 27,30 0,61 5,99 10, 14 16,96 4,00 l , 7 5 

(FA) 9,54 O,l10 ,2,52 4,92 7,38 1 '70 0,83 

MT 3,06 2,35 2,61 2,06 2' 13 1'74 2,41 

CM 

IL 1 ,42 1, 44 1, 56 0,91 0,87 0,44 1 , 29 

HM 

SP 

AP 0,26 0,31 0,36 0, 14 o, Il1 0,09 0,28 

cc 

Wt% ALK 4,68 12,09 5,28 10,04 11 , 54 10,56 7,64 

FE 15, 65 47,07 40, I 0 40,63 37,48 36,92 41'61 

MG 59,67 40,83 54,63 49,33 50,98 52,51 50,75 

D. I. Wt% 13,28 20,03 10,48 17,27 21'99 16,97 13' 19 

M. I. 37,2 53,6 42,2 45' l 43,0 41, 2 45,0 
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C.ONTAMINATED GABBRONORITE 

K44 K80 'K34A K63A K.39 

QZ l, 73 3,31 l 0,41 8,83 6,45 

co 
OR 5,50 3.,60 1,65 5' 14 l ,54 

PL 46,63 48,19 49,22 49, 94 50,48 

(AB) 14,55 14,47 12,44 17,52 13,20 

(AN) 32,07 33, 72 36,78 32,42 37,28 

LC 

NE 

DI 18,09 11,46 5,43 5,87 6,91 

(WO) 9,25 5,84 2,75 2,98 3,52 

(EN) 5,32 3,22 1,45 1, 58 1,92 

(FS) 3,52 2,40 1,22 1 , 31 1, 47 

HY 23,62 28,30 28,09 25 ,01 29,51 

(EN) 14,21 16,21 15,28 13,64 16,73 

(FS) 9,41 12,09 12,81 11 '3 7 12,78 

OL 

(FO) 

(FA) 

MT 2,45 2,74 2,70 2,48 2,71 

CM 

IL .1,73 1 ,88 2, 13 2, 17 2,03 

HM 

SP 

AP 0,28 0,40 0,43 0,57 0,43 

cc ', 

Wt% ALK 12,85 10,81 8' 91 15,23 8,86 

FE 49, 15 52,84 56,85 53, 11 54,70 

MG 38,00 36,35 34,23 31 ,66 36,45 

D. I. Wt% 21,78 21 ,38 24,51 31 ,49 2 1 , I 8 

M.I. 56,4 59,5 62,3 62,6 59,9 

.-.,. 
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Inequigranular granite gniess (K49, TV306, GBW744), tonalite and 

granodiorite from Tantalite Valley (TV299, TV305) and Warmbad granite(GBW 608, 

GBW458) 

K49 TV306 GBW744 TV299 TV305 GBW458 GBW608 

QZ 34, 76 20,54 32, 14 32,56 16,78 32,80 30,82 

co 2,48 1 ,36 2,79 2,79 0,68 0,86 I , ! 0 

OR 29,55 11,76 26,71 26,00 10,64 38,71 36, 76 

PL 25,98 50,34 26,32 27, 18 67,06 24,79 26,96 

(AB) 20,56 29,62 15,91 16,25 54,83 19,97 22,68 

(AN) 5,42 20, 72 I 0,41 I 0, 93 12,23 4,82 4,29 

LC 

NE 

DI 

(WO) 

(EN) 

(FS) 

HY 5,63 12,31 8,74 9,51 3,89 2,03 3' 17 

(EN) 2,27 4,71 .3,36 4,48 1,79 0,47 0,40 

(FS) 3,36 7,60 5,38 5,03 2, l 0 1,56 2, 77 

OL 

(FO) 

(FA) 

Mr 0,67 I , St• 1,20 0,96 0,41 0,32 o;s4 

CM 

IL 0,66 I, 60 l ,88 0,84 0,36 0,36 0,47 

HM 

SP 

AP 0,28 0,47 0,24 O, 12 0, 19 o, 14 0' 12 

cc 

Wt% ALK 67 ,06 40,01 50,35 52,27 77,46 85,51 78,76 

FE 24,73 46, 21 39,02 32,84 15,81 12,67 19,82 

MG 8,21 13,78 10,62 14,89 6,74 1,82 I ,42 

D. I. Wt% 84,87 61, 91 74,76 74,80 82,25 91 ,48 90,25 

M. I. 75, I 77 ,3 78,6 69, I 70,0 87,2 93,4 
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Table 48: NIGGLI VALUES OF AMPHIBOLITES 

AM76 AM77 Ai.'\f I I 3 AM157 K94 K40 

f m 31,M 54,85 61 ,21 67 '75 56,27 47,88 

alk l '44 2,09 4,07 7,67 3, 70 3,97 

ca 38, 71 29,75 25,68 9,58 32,35 26, 77 

al 28,21 13,31 9,04 15,00 7,67 21 ,39 

k 0,15 0,25 0, 24 0,83 o, 18 0,33 

~ 0,4L1 0,68 0,56 o, 79 0,57 0,53 

si 84,02 124,28 112 '36 79,22 130,25 87' 1 7 

qz -21'74 15,92 - 3,92 -51 ,46 15 ,43 -36,69 

ti 3' 13 I, 07 1'86 0,37 2,27 I ,58 

.E. 0,37 O, I 0 0,09 0,06 o, 13 0,06 

100 (O.R.) 52,49 27,84 26,96 16,42 23,28 37,67 

g I, 144 0,907 0,756 0,372 0,415 1,426 

O.R. (Oxidation Ration) = 2 Fe2o
3 using molec. prop. 

2 Fe2o3 + FeO 

g = ~ x O.R. 

MnO (wt%) 

where g is the garnet formation parameter of 
Leake (1972) 



Table 49: 

Deposit S 

Sample 

22 
25 
26 
40 
41A 
50 
56 
56A 
62 
77 
88 
90 
95 

11 7 
121 
12 lA 
125 
125 Peg 
157 a/b 
157 peg 

Deeosit T 

T2 
TS 
T6 

pe~osit u 

U2 
U4 
U8 
USA 
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Tungsten analyses of samples from some scheelite prospects 
of Tantalite Valley (Map 3) quoted as wo

3 
in parts per million 

unless otherwise indicated. 

BDL = less than 40 ppm 

57 
497 
BDL 
182 
BDL 
BDL 

68 
BDL 
130 
418 
0,20% 
107 
2, 18% 
0,13% 

70 
110 
68 
95 

o,48% I 2,9% 
57 

0,20% 
0,65% 
723 

136 
86 

220 
109 

coarse-grained hornblendi te 
ruica-·rich hornblendi te 
m.ica..-rich hornblendi te 
ol-tremolite rock 
micaceous inclusion within pegrnatite 
mylonite pegmatite (older pegmatite) 
hornblendite with quartz veins 
hornblendite 
hornblendite 
partly metasomatised hornblendite (average) 
mica-hornblendite with quartz veins 
ol-trernolite rock 
metasomatised hornblendite with quartz veins 
micaceous hornblendite 
phlogopite-rich zone near pegmatite 
tremolite-olivine rock 
ol-tremolite rock near contact 
younger pegmatite near contact 
mica-hornblendite (2 samples) 
younger pegmatite 

niica-hornblendite pods in gneiss, near shear 
mica-hornblendite within shear zone 
quartz-rich vein (along strike with shear) 

pegmatite-tremolite rock contact 
veins of hornblende with mica margins 
altered mafic rocks with quartz veins 
pegmatite 

DeEosit W-X-Y 

WIA 
WlB 
WIC 
WID 
W3A 
XI 
X2 
X3 
X4 

4l1 

176 
77 

BDL 
BDL 
BDL 
0,63% 
I 07 
BDL 

pegmatite 
ol-tremolite rock 
hornblende-mica rock 
amphibole-rich rock with mica disseminations 
pegmatite 
mica shist 
mica-hornblendite 
arnphibole-rich rock; nuca dissemination 
"pegmatite" schist 

Analyses by Mineral. Services (Pty) Ltd 



~
 

cu
 

z
: 

0 <
 - ~. 

\ \ 

T
ab

le
 5

0
: 

So
m

e 
ag

es
 

fo
r 

ro
ck

s 
...

 h
ic

h
 a

re
 
c
o

rr
e
la

te
d

 
w

it
h

 
th

o
se

 
fr

o
m

 
th

e
 K

um
ku

m
 -

T
a
n

ta
li

te
 V

a
ll

e
y

 a
re

a
 

R
oc

k 
ty

p
e 

T
si

ru
b

 g
n

e
is

s 

B
ee

n
b

re
ek

 g
ra

n
it

e
 

N
ab

ab
ee

p
 G

n
ei

ss
 

O
ra

n
g

ef
al

l.
b

io
ti

te
 g

n
ei

ss
 

O
ra

n
g

ef
al

l 
b

io
ti

te
 3

n
ei

ss
 

S
to

lz
en

fe
ls

 n
o

ri
te

 

C
o

rr
e
la

te
 

In
e
q

u
ig

ra
n

u
la

r 
g

ra
n

it
e
 g

n
ei

ss
 

" II
 

G
re

y 
G

ne
is

s 
s
.s

. 

" 

C
o

n
ta

m
in

at
ed

 
g

ab
b

ro
n

o
ri

te
 

T
a
n

ta
li

te
 V

al
le

y
 L

it
h

iu
m

 
Y

ou
ng

 
p

eg
m

at
it

e 
P

eg
r.

ia
ti

te
 

.ii
 

1:
iin

ir
-u

:n
 U

 -
Pb

 
ag

es
 

fr
om

 
si

n
g

le
 z

ir
c
o

n
s 

+
 w

ho
le

 
ro

ck
 

ag
e 

¢ 
m

u
sc

o
ri

te
 

ag
e 

~!
a 

=
 

10
6 

y
e
a
rs

 

-.
 

R
ef

er
en

ce
 

Ja
ck

so
n

 
(1

97
6)

 

T
oo

go
od

 
(1

97
6)

 

C
li

ff
o

rd
 
e
t 

a
l 

(1
97

5a
) 

T
oo

go
od

 
( 

19
76

) 

" " 

N
ic

o
la

y
se

n
 

(1
96

2)
 , I 

C
a
lc

u
la

te
d

 
ag

es
 

(M
a)

 
• 

A
ge

 
(i

n
 H

a)
 .

fo
r 

Pb
20

7 
Pb

20
7 

p}
,2

06
 

R
b8

7/
 

I 
I 

I 
sr

8
7

 
m

et
ho

d 
P

b2
06

 
u2

35
 

u2
33

 

10
52

 
96

0 
92

0 

12
18

 
!O

le
 

92
8 

12
13

 !
 

22
+ 

11
42

 
86

6 
76

4 

17
20

 
13

84
 

10
42

 

11
10

 
52

4 
40

4 

98
8 

~ 

N
 

-1"
­

N
 1 

· , 
~
~
.
.
.
.
.
.
.
.
_
_
_
 



0 

metres 

... ,,...,,,..­.· 
~ 

Road 

Creek 

Trench 

• 

.... ,.n ... 
c::> 

... . .. . . .. . . .... 
::~:~::·· 

···~ .,,-

......................... ~.·-i"'· ..... 

,, " ,, 
\\ ,, ,, ,, ,, 
~ l.u••• ·' .,:. -.....,_, T·..-,... •.• 

I J 

' // 
'\. , /I 
~ ,,,,.,.// ... ,, 

~ ...... , Rock Dump \, -.,,,, / -- _,,,.. 
·: /::.,,.. -. -

Peg mat 1tfr~- \, CJ Younger 

LJ01der Pegmat 1te 

GJ Ultramaf1c Rocks 
with areds of 
extreme alteration 

~ Amphibol1te 
~ 

~ Gne1ss~u ar tz-r1ch 

Gran1to1d 

-=-~-Shear Zone 

·-~ ;e·- -~ -.. 01-···.· 
.. .. 'r : . . ... .... . .. ........ . . . . ..... ~· ... .... ' 

l • ' ... . '\ 
'': ... 

"' 

Tantalite 

Valley 

Scheelite 

Prospect 

1978 

" .,._ 
"'+ .... 

~·.~ 

~"·~·· 

::th~.:. ·.·.·.·.·.·.·.·.·. 

~
······.·.·.·. . 

.. ~ .. 

--· 
r·: • .•• B r e c c 1 a --.. -- -•) -.,·~~ __ ..... _-_. .... 

;._,.) 
•_..;;,.-,,1_. 

• • • ...___........... I 

·:·~\\~: . 




