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Appendix 1 : Determinative Mineralogy

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 possible'to analyse a . large
number of thin sSections in this way. —Plagidclase
compositions were determined using the standard

me thods outlined in Kerr (1959) and results, in

some cases, were supplemented by electron micro-
‘probe determinations., The proportions of plagio-
clase and K-féldsPAr present in a number of samples
‘was checked by staining.slabs of rock with amarénth
and cobaltinitrite after the method of Laniz et al

- (1964). 1Identification 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 sﬁbjec-
tive and depends on shape and colour crite;ia as

well as rock associations,.



Appendix 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-
bratién 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 the composition of, the mineral as a whole

finely focussed (1-2u JIAMC{.’@ﬁ beam was us€d for all elements -
as shown by a qualitativgrgcan of a slide. The

: A

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 Fezo present been estimated by assum-

3

ing ideal stoichiometry.

The analyses were carried out by the author, by

Dr A C Moore and by A P Le Roex,



Appendix Z - continued

An estimation of the precision of the analytical technique is given in

Table (a) after Reid (1977) .

TABLE (a)

COxide ... UUX LD sy ERRTT T DL
$i0, 41,97 0,08 0,08 0,06
Ti0, 3,92 0,08 0,10 0,07
Al,05 . 13,51 0,06 0,06 0,04
FeO 6,82 0,15 ) 0,16 0,10
Mg0 16,34 : 0,07 0,10 | 0,05
Ca0 12,10 * 0,07 0,08 0,05
Na,0 2,71 0,12 0,14 0,09
K50 . 1,18 0,06 0,10 0,07
TOTAL 98,55 0,20 g '

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 0 error (95 percent confidence limits) due to counting
statistics .
DL = Theoretical detection limit (99 percent confidence)

All quantities expressed in weight percentage of the oxide



. ~
Appendix 3 - Major and Trace Element

Analyses:

Major element analyses were mainly carried out in
the Department of Geochemistry, University of Cape
Town, although some twenfy analyses were done by
courtesy of the Geological Survey in Pretoria. The
me thod employed was X-ray fluorescence spectrometry
(XRF) and samples were analysed in the form of
fusioﬁ disés. This served for all major elements
except Na and S, which were determined by XRF on
powder briquettes The proportion 6f ferrous iron
present was obtained by titration of a solution con-
taining 0,5 grams of sample against a standard
sol#tion ofvpotassium dichromate.H20+ and CO, were
determined by means of a gas éhromatographxapparatus
at the University of Cape Town, otherwise where loss
on ignition (L.0.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
H20+. |

The quantity H,0 represents weight lost from the

2
N

sample at 110°C,

Determinations of trace element concentrations and

mass absorption coefficients was carried out in the

Geochemistry Depaftment, University of Cape Town,

usihg XRIF' on powder briquettes, .



The data reduction for major and trace elements was
achieved using computer programs devised by the
staff of the Geochemistry Department, University of

Cape Town,

‘For a more detailed account on fhe method employed,
standards used, precision and detection limit of.
the technique wheﬁ applied to major and trace
element determination, the reader 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.



Appendix 3 - continued

Estimates of the precision and 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.,

CCTABLE (b)Y L T
. Oxide .. .. .. . Average ... .... Precision.. . . ‘Detection Limit

Fe,03 5 0,3 0,04

MnO 0,20 2,5 0,006

Ti0, 0,5 0,4 0,004

€a0 5,0 0,3 0,01

K50 2,5 0,8 0,002

Sio» o 55 0,5 0,05

Al,03 15 0,5 0,03

MgO 4,0 1,0 0,05

Nay0 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 sn(100) SD(10) DL
Ba G 2,0 2,0 3
B 6,2 4,0 7
Rb G 0,6 0,4 0,8 B
B 0,6 0,5 1,0
Zr G 1,0 0,9 2,0
B 1,4 1,2 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 0,5 1,0
B 1,0 0,7 1,0
Sr G 0,6 0,4 0,7
B 0,6 0,5 0,9
Cu G 1,0 0,8 1,7
B 1,2 1,0 2,0
Co G 3,4 3,2 7
B 4,4 4,2 9
Ni G 1,2 1,0 2,1
B 1,6 1,2 2,6
cr G 1,6 1,2 2,5
B 2,0 1,5 3,1
v G 2,6 2,2 4,8
B 3,0 2,8. 5,6




-~ 6g -

Appendix 3 - centinued

SD(100) = 2 o error (95 percent confidence) at 100 ppm
Sp(10) = 2 g error at 10 ppm
DL = Det2ction limit at 99 percent confidence

G

it

Granltic matrix

Basaltic matrix

i

-



Appendix 4 "C.I.P.W. norms

These were coﬁputed from the major element analyses,
recalculéted‘to 100% volatile free and assuming an
Fe203/FeO ratio. of 0,2, using the program, NEWNORM,
which is available in the Geochemistry Department at
the University of Cape Town. Also calculéted, 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 sﬁm of the weight percents of

FeO and MgO.



Appendix 5 Key to Bulk Rock Analvses

A, Tantalite Valley Area:

1., Amphibolites

AM76 ¢ : Anorthite.(An94,70)- Fe-
pargasitic. hornblende-sphene-
opaque oxides.

AM77 ¥ : Magnesian hornblende—bytowﬁite
(An82,4) - quartz-sphene.

AM113* Hornblendefquartz—sphene-plagio—
clase. |

AM157 ' Biotite-magnesian hornblende-

scheelite-~sphene.
(Metasomatic)

2. Mottled Metagabbro

¥
TV288 Plagioclase (An43 ) - horn-
blende—quartz—biotite—sphenef

opaque minerals.,

TV294*' _ Plagioclase (An36 ) - horn-
| | blende-~biotite-quartz-sphene-
opaque minerals.
TV275A* ' Plagioclase (Anaq) - hornblende-

biotite-sphene-opaque minerals-

quartz,



TV298+*

JWVBL46 (TV46)

Metagabbro

TV277*
TV&Z"*
TV182*
Vg *

TV?77 *

TV265*

TV126*

TV217*

'Hornblende-plagioclase (An 60)-

biotite-opaque minerals-sphene-
quartz, _ '
Labradorite (42,3%)—quartz’(28,2%)-
actinolite (16,8%) cummingtonite

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

Plagioclase-hgornblende-biotite~

opaque minerals,

Plagioclase (An6o) - ‘hornblende-
biotite-sphene-opaque minerals.

Plagioclase (An495 - hornblende-
biotite~sphene,

4

Plagioclase (A ) -~ hornblende-

57
biotite-sphene-opaque minerals,
Plagioclase (An76 ) - actinolitic
hornblende-biotite-sphene-opaque

minerals.,

Actinolitic hornblende-plagioclase

(An, ) - biotite-sphene-opaque

minerals,

Plagioclase (An ) - hornblende-

70
biotite-sphene-ilmenite-apatite.
Hornblende-plagioclase (An64') -

calcite-opaque minerals-quartz,



GBW193

JWVB20 (TV20)

JwvB22 (Tv22)

JWVB24 (TV2h)

Gabbronorite

V210 *

TV205A*

TV282 *

V170 *

..10-

Plagioclase (An ) (69%) -

66
hornblende (31%) - opaque

minerals - {epidoté}-.

Bytownite (82,1%) - cumming-
tonite/grunerite (25,8%) -

opaque minerals (3,1%)—
actinolitef

Bytownite (55,7%) - actinolite
(37,2%) - anthophyllite (6,8 %)-
opaque minerals (O, 3%).
Actinolite.(GB,B%) - labradorite
(34,4%) - opaque minerals (2,3%) -

quartz.

Plagioclése (An43) - hypersthene -
augite-quartz-amphibole-biotite-
magnetite.‘

Plagioclase (An59 ) - hypersthene -
olivine-augite-biotite-magnetite.
Plagioclase (An 64) - augite-
olivine-hypersthene-biotite-
magnetite,

Plégiocla;e (An 50) - augite-
olivine-hypersthene- {hornblehde} -

magnetite-biotite-calcite.
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TV1§9 ¥ . .Plagioclase'(An 53) - hypers
thene - {hornblende} -augite-~
biotite~-opaque minerals-quartz.

T36’: Plagioelase (An55_65 ) - augite-
hypersthene-opaque minerals--
biotite. |

GBV195 Plagioclase (Angy ) (68%) -
hypersthene (22%) - augite (5%)-
{‘hornblende} (5%) - opaque

4minerals—apatite.

JWVB25(TV25) Labradorite (64,7%) - bronzite

| (23,3%) - opaque minerals (2,1%)-
biotite - {clinoamphibole} -
quartz. |

JWVB26(TV26) Bytownite (70,5%) - bronzite

(24,8%) - { clinoamphibole} (b,7%)-

opaque minerals-diopside.

Satellite Body

AM123A Diopside-bronzite-plagioclase

(An 58,3) - quartz-biotite- |
{hornblende} - opaque minerals.
e ¥
AM125 Hornblende-cummingtonite-~plagio-

clase (An,y ) - biotite-opaque

minerals.
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Ultramafic Rocks

AM88A

AM89B

T5

T6

T7

T10

T11

TVA5

Olivine~ {chlorite} -

{amphibole} - opaque minerals.

Olivine-orthopyroxene-clino-
pyroxene - élagioclase (Anso) -
phlogopite- {chloritef -
’opaque minerals.

Plagioclase (An58) -'orfho-
pyroxene-olivine-clinopyro-
xene-~ {hornblende} -
phlogopite- {chloritej -~
opaqué minerals.

{Chloritei - {actinolit?};

{cummingtonite} -phlogopite-~
opaque minerals.

{Chlorite} - {actinolite} -
olivine—oﬁaquevminerals.
Olivine-phlogopite-pentlan-
dite (2,5%)-pyrrhotite (2%)
magnetite (0,5%)- {chlorite} -
-{amphibolej .
Bronzite-plagioclase (An73)—
clinopyroxene-phlogopite-
opaque minerals- Zchloritﬁ} -
zhornblende} .
Olivine-clinopyroxene- Zam-

phibole} -phlogopite- lchlorite

f -



TV 30

%.
TV11l7

TV157A

GBW376

GBW374

GBW421

GBW380

¥

- 13 -

opaque minerals. |
{Anthophyllite} - {actino-
lite} ~-clinopyroxene-ortho-
pyroxene-opaque minerals.
{Actinolitei - {chlorite} -
phlogopite-opaque minerals.
Olivine- {amphibole% -
{chlorite} -phlogopite-
opaque minerals. |
Olivine (69%)-p15gioc1ase (An56
( 31% ) -phlogopite-opaque
minerals-'{serpentine} .
Hypersthene (53%)-olivine
(Fo74) (26%); {clinoamphibole} -
plagioclase (An56) (3%)-
opaque minerals- zserpentine§ .

Olivine. (41%)-plagioclase (An 58

{ 27% ) - hypersthene (26%)-

{clinoémphibole} (6%)-
phlogopite-opaque minerals-
{chlorite} - {serpentinei '
loc. Sandfontein 131
Hypersthene (52%)-olivine (28%)-
plagioclase (An6 ).(3%)-
zclinoamphibole? (17%)-
opaque minerals- {serpentine}

loc. Sandfontein 131
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Granitic Rocks

TV306#’ Plagioclase (An46)—quartz—bio-

(Inequigranular tite-Zepidotej -opaque minerals-

granite gneiss) sphene—hofnblende-apatite—
.{chloritez ~-zircon,

TV299* Quartz-plagioclase (An30)'K’
(Granodiorite) feldspar-biotite- 2chlorite} -
' opaque minerals.

TV 305 ¥ : Plagioclase (Anzo)—quartz-K—

(Tonalite) " feldspar-biotite- {chlorite} -
{epidote} o

Hornfeises

Metabasite hornfels
:’t
TV9 212 Plagioclase-cummingtonite
"hornblende-sulphide- {chlorite}
_ (3 cm of core).

TV13 98* Plagioclase '(Anq-z)-cummingfto-
nite- {chiorite}-hornblende-
spheneF {epidote% -apatite-
rufile-pyrrhotite—chalcopyrite
(sheared) (5 cm of core).

TV13 149* | Plagioclase (An__J)-hornblende-~

55

cummingtonite-biotite-{ musco -

vitej -pyrrhotite-chalcopyrite



_ s -

(7 cm of core)

TV13 151*: Plagioclase (Aﬁ63)—cumm?ngto_
nite-biotite- {chlorite§ -
hornblende-pyrrhotite-chalco-
pyrite-pentlandite-pyrite (sul-
phiQes along fracture and

dissem. ) (7 cm of core).

8.2 Pelitic hornfels

¥

TV13 165,3 Cordierite-quartz-plagioclase
(Anqs)—biotite-opaque minerals-
sillimanite- {chlorite} . (5,5

cm of core).
N )

T4 (TV4)1- {Sericite} - {chlorite} -
biotite-almandine-staurolite-
gchloritoid} ~cordierite-
ilmenite-sulphide-kyanite-
zincian spinel.
TV276 _ Cordierite-quartz-biotite-anda-
| lusite-sillimanite- fchlorite} -
staurolite-maghaemite,.
T19 - Cordierite-almandine-silliman-
ite-biotite—staﬁrolite—ilmenite-
ichlorite} -quartz-plagioclase

(Anéh)'
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8.3 Pyroxene hornfels

¥

V226 Bronzite-phlogopite-cordierite-

ilmenite-hercynite-sulphide.

8.4 Cordierite-anthophyllite hornfels

AM170 (TV111l) Cordierite-biotite-anthophy-
llite-~ ZChlorite} -quartz-

ilmenite.

B. Kumkum Area:

l. Granolite

+

K15 Plagioclase (Anqa)—aﬁgite—hypers—

thene- hornblende -magnetite.

2. Black Gneiss

- K35 . Garnet-cordierite-plagioclase

(An35)-quartz-sillimanite—micro-

¢line-biotite-ilmenite.

KK?7 ‘ ‘Cordierite—K-feldsﬁar-almandine-
quartz-sillimanite-plagioclase
(An,,)-biotite-ilmenite-

magnetite-zircon-spinel,

K101 Garnet-cordierite-gedrite-



_17_

biotite-plagioclase (An27) -
quartz-magnetite-ilmenite-spinel -~
sillimanite-apatite-zircon-~
{haematite{ .

GBW302 Cordierite (47%)-sillimanite
(22%)-biotite (18%)-almandine
(6%)-plagioclase (5%)-quartz
(2%)~zircoﬁ-apatite—opaque min-
eréls—-{pinite} (loc. Kumkum
Massif).

GBW98 | Cordierite (50%)-sillimanite
(30%)-almandine (10%)-biotite
(8%)-quartz (2%)-zircon-
opéque minerals-{pinitef
(loc. Sandfontein 131).

GBW241 B Almandine (30%)-sillimanite
(27%)-K-feldspar (13%)-biotite
(11%) quartz (10%)-plagioclase
(9%)~zircon-apatite-opaque

minerals (loc. Kumkum Massif)

3. Amphibolites

K94 Hornblende-plagioclase (An 73)-
quartz-opaque minerals- 1
phlogopite- {chlorite}_{prehnitéi -

: . {calcite} .
¥ ‘ \
K40 - Plagioclase (An

43)-hornblende-—
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opaque minerals-biotite-
1epidote§ - {clinozoisite} -
chlorite({ -chalcopyrite-

{malachitef o

4, 1Inequigranular granite gneiss
+
K49 (KBH Quartz-plagioclase-microcline-
biotite- {chlorite%-garnet—
apatite-opaque minerals- {epi-
doteg - {muécovite} -~allanite-

myrmekite.

GBW744 Quartz (29%)-microcline (29%)-
plagioclase (Aﬁho) (20%) -
biotite (19%)-garnet (3%)-
opaque.minefals- ?epidote} -

apatite. Eendoorn 404.

5. Contaminated gabbronorite

*

K44 Hornblende-plagioclase (An 48 )

clinopyroxene - orthopyro -
xene-biotite-quartz-opaque
minerals-apatite-~zircon,

K80 Hornblende-plagioclase (An6

o’
clinopyroxene - orthopyro -

xene- opaque minerals-quartz-



..19_

biotite-apatite.

:':

K34A Plagioclase (An 1)-orthopyro-—

5
xene-quartz-clinopyroxene-
hornblende-opaque minerals-
biotite-apatite.

K63A Plagioclase (An49)—orthopyro-
xene-clinopyroxene-quartz-
biotite-opaque minerals-horn-
blende-apatite.

K39 Plagioclase (An66)—orthopyro-
_xene;quartz—clinopyroxene-

hornblende-opaque minerals-

apatite-zircon.

6. Kumkum gabbronorite

. + L.
. K28 - Olivine-plagioclase (An48)-

clinopyroxene-orthopyroxene
{hornblende} -biotite-hercynite-
magnetite.
# B

K22 Plagioclase (AnqA)—clinopyro—

1
xene - {hornblénde} ~orthopyro-
xene-biotite-magnetite-zircon.

KBQA* : {Hornblendef -orthopyroxene -

.plagioclase (An8l) biotite-

opaque minerals.

¥ o
- K37A : Plagioclase (An74)-diopside-
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bronzite-olivine-biotite-
{hornblende} -magnetite-~
hercynite-apatite.

K65 ~Plagioclase (An,_ )-orthopyro-

66
xene ~ {hornblende ~olivine-
clinopyroxene-biotite—hercynite—
opaque minerals.

GBW225 | Plagioclase (An52) (50%) -
augite (21%)- {clihoamphibole}
(22%)-o0livine (7%)-apatite-
{epidote}‘— {chldrite} (1loc.

" Kumkum 105. '

GBW4 39 Plagioclase (Anég) (42%) -
hypersthene (32%) augite (15%)-
%clinoamphibolé} (8%)-o0livine
(3%) biotite-apatite-spinel-

iepidotez ." (loc. Kumkum 105).

-
Eselruh gabbronorite

K59A:# ' ', A {Hornblehde} -diopside—olivine—
’orthbpyroxene—plagioclase (An-
88)-calcite—magnetite—hercynite-
. phlogopite.

K60 ¥ o iHornblepdef ~-bronzite-biotite-

(= AM230) | plagioclase (Angs)-opaque

minerals.
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K7 ) {Hornblende} ~bronzite-~
| plagioclase (An73)-diopside¥
phlogopite-olivine-spinel-

opaque minerals,

8. Verloorkoppe gabbronorite (= Contaminated

"gabbronorite?)

GBW1 Plagioclase (Ang,) (47%)-
augite (40%)-olivine (6%)
{clinoamphibole§ (4%)-opaque
minerals (3%)-biotite-apatite

(Khais Zuid 116).

9. Einsiedler gabbronorite (= Kumkum gabbronorite?)

GBW7 o Plagioclase (An60) (51%) -
augite (31%)-olivine (17%)

opaque minerals (1%)-biotite-

{serpentine}

(Warmbad town area 145)

10, Warmbad granite

GBW458 and Quartz-Kffeldspar-plagiociase (An
GBW608 25)—musbqvite-biotite-zirc()n—

apétite:sphene + opaque minerals

{chloritej - {epidote} —{%ericitef .

~
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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 o* and CO_, determined

2
at the University of Cape Town.

Analyses from Beukes (1973), exact loca-
tions unknown.

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'(l966), who investigated the

reaction,

(Mg, Si,_, O.) «—
€2 ®*2 Y6’opx ’

enstatité—diopside solid solution
(Mgz Sig 05)cpx

' diopside-enstatite solid solution, which at equilibrium

can be expressed by,

cpx
’ a .
AGy o = -RT 1In K = -RT 1n MgoSi,06
] . aopx
Mg ;51506

The assumptions are made that (a) both ortho- and
. «clino-pyroxene phases behave as ideal two-site solu-

tions of Ca Mg 512 06 and Mgz 512 O6 components, gnd

Mg2+
a;PXSZrdOPx = ca2tiMe2t sFe 2t iMn 2t iNa® ) x
£2°15%5%¢ a tNa Mo
2+
( Mg )

and (b) that
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Mg _ 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 60°C and which is expressed by the equation:

T (°K) = -10202 | . (27)
a ©PX )
: Mg _Si_O opx opx
In 2°72°6 -7,65 Do +3,88(xPP*) 4.6
opx
S a .
Mg251206
: F 2+
where XpP* - (—S——
Fe 2+ 2+
Fe™ +Mg opx

Wells (1977) has recalibrated the above thermome ter
by incorporating additional experimental data on the
diopside—ensfatite 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.

InK = - Bu® + As® - -7341 .+ 3.355 (3)
RT R T

This equation may be modified to include the experi-
mental data for equilibrated multi-component two

pPyroxene assemblages to give
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7341 :  -(5)

opx
3.355 + 2.44 X - 1n K
Fe

T (°K) =

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 ¢+ the amount of solid
solution is negligible in the range of 1 bar to

4okbar.
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Appendix 7

The Olivine-Chromite Geothermometer of Jackson (1969)

The Mg-Fe2+ exchangevbetweeh olivine and chromite can

be expressed by the equation:-

2+

. 3+ v
+ Fe, S5i0, + Mg (Cro< , AlP 'y )y 0 v
. 2+ e 3F (.

3 Mg,Si0, + Fe (Cr°< . Al‘ ¥ 2 0, (a)

where X , fg and B/ are the fractions of the
~trivalent cations in chromite, with X 4 F’ +8/=1.
It can be shown that a thermodynamic distribution

-coefficient for the above equation can be simpli-

fied to:-

ol | spinel
KDMg-Fe2+ = Xug * Xpe?t / X::2+ . x;};inel (b)
« .

Dyg-Fe?t is related to the standard Gibbs free
energies of the products and reactants and when the
experimental values for these are substituted, the

expression: -

T = 5580 + 10188 - 1720 Y+ 2400 (c)

0,90 X + 2,56{6 - 3,08 Y- 1, 47 + 1.987 1n th 2
Mg-Fe
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can be derived, where T is the temperature in degrees

Kelvin and ¢ , ‘8 and b/are the mole fractions of

the trivalent cations.

The main sources of error in this geothermometer are
uncertainties in the free energy dafa, in the
assumption of ideal Fe2+— Mg mixing in the mineral
phases and difficulties in determining the Fe>'/Fe>"
ratios of spinel froﬁ microprobe analyses. The un-
cértainty for values of T obtained from equation

(c) is of the order of ¥ 300°cC.
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Appendix 8

"The Stroh Geobarometer for coexisting Olivine,

Orthopyroxene and Spinel

Stroh (1976) has developed a geobarometer based on
the equilibrium between olivine, orthopyroxene and

spinel given by thé equation:-~

Mg,Si0, + MgAl,SiOc = MgAl,0, + Mg,Si O, (a)

Olivine Opx Spinel Opx

SS Ss

using the experimental data of MacGregor (1974) for

the system Mg0O - Al - SiOz. Pressures are cal-

203
culated from the equation:-

(XMg.,)SP_(XAl)z SP(XMng Jopx

(ng)2 oL (xfi)opx

P=1 + (9116-5,065T_ ) - RT;1n (b)

ve - i,

(ve - , ,
MgAl, O Mg, Si0, + V, . -V . )
274 2777, MgAl,8i0, Mg,Si,0¢

where P is the pressure in bars; To, which is known,

is the temperature in degrees Kelvin; v® and V are
the standard and partial molar volumes respectively
"and are given in calories. bar™ ' and R, the gas

" constant, is equal to 1,9872 cals deg-l mole-l.
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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:

- . .
-0,5H,0)— 2(Fe jA1,8Si,0,,) +

3(Fe,A1,5i;0,4 31”1395
Fe-cordierite , almandine
4(A125105) + 5(5102) + 1.5(H20) (1)

sillimanite quartz

7 . — .
3(Mg2A14515018.0,5320),_.2(Mg3A12513012) +
Mg-cordierite Pyrope

4‘Alzsios) + 5(5102) + 1.5(H29)' (2)

Sillimanite quartz

.. —
3(Fe2A;4515018.o 5H O)+2(Mg3Al 513012) —
Fe-cordierite pyrope
3(Mg2A14515018.0 5H O)+2(Fe3Al 5130 ) (3)

Mg-cordierite almandine

The water content of the cordierite is taken to be
0,5 moles per formula unit (based on natural 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

A GY =31360-42T-4,0061(P-1)+6RT1n(*Fe /., cordierite)+
! Fe

1,5RT1an20 . , (i)

where R=1,9872 cals deg;_1 mole ! and fq o is the
: 50
fugacity of water as tabulated by Burnham et al

(1969).
As expression for the exchange reaction 3:

Z&Gg p=-33428+12,09T-0,1814(P-1) +

garnet cordierite
6RT1n(X /. cordierite. Mg/ _garnet ). (iii)
Fe XFe : XMg .

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 AG; T = 0 at equilibrium,
1

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:

garnet

XHAO:exp Z(—31360+42T+4,0061(P—1))/1,5R?§ —41n(xFe/X cordierit
2 v I'e

o —

f .
H2°’P,T (iv)

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

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

f

HZO

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

calculated from equation (i) and the lower term

tables by Burnham et al., 1969).
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Note:

Onvpages 189 and 191 it ﬁas assumed that cofﬁiprite did not undergo

.aﬁy significant change in coﬁpositiéﬁ cdmpéred tc garnét under new meta-
morphic onditions since it was modally greatly in excess. Thus garnet
core compositions and "matrix" cofdierite were assuwned ﬁovapproximate
equilibrium gonditions. |

"~ To test this) assumption, pelitic hornfels sample Ti9 containing
10% garnet and 60% cordierite was used (Table 9). If the core garnet
composition, taken as the original garnet compositioni(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 0,1/ moles of Mg must be
removed and 0,06 moles of Fe2+ must be added. Therefore, for a rock
containing 10% garnet aﬁd.éd% cordierite, per mole of cordierite, 06
moles of Mg will be added and QZQQ moles of Fe2+ 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

0,596 - 0,020 = 0,576
0,379 + 0,010 = 0,389

Mg
Fe

H

2+

‘This is a meximum estimate since it is assumed that all ionic‘exchange

is between garnet and cordierite. By comparing the calculated "original®

cordierite composition with that used in calculations (Analysis 1, p. 182,
Table 43) it can be seen that the assumption made on pages 189 and 191 K
‘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. 660°C compared with 650°C.
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Appendix 10

Plagioclase-Garnet-AlzsiOS—Quartz Qeobaromefer

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

the reaction:

' . - . . .
3(CaA1251208)¢_ Ca3A12513012 + Z(Alzslos) + 810, (1)

anorthite grossular sillimanite quartz

may be used to estimate pressure of metamorphism
pfovided the temperature is accurately known. Under
equilibrium conditions and with sillimanite as the
aluminosilicate phase;vthevabove reaction can be

represented as:

garnet 3/garnet '
3 1n xgross //Xplag e gross ‘//B/plag (i)

anorthite anorthite

= 5809 - 16,69 + 0,6566 (P-1)
T ' o T

data for AH As, AV : D Waters (pers comm.)

v : ' Ca
garnet _ +Mg+Fe 2™ 1M plag = Ca + Na
where xgross Ca /(ca+Mg +Mn), Xanorthite Ca + Na

X/garnet - egp (1 - xgarnet)z

W s W=950 cal mol'_1
gross gross /RT v

(Schmid and Wood 1976)



_33_

R = 1,9872, T = temperature in degrees Kelvin

x plagioclase

anorthite = 1,276 (Orville 1972).

The maximum error in equilibrium pressure at any

temperature is & 1,19 kb (Schmid and Wood 1976).
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Figure 2

Portion of ERTS image No 1055 - 08053,
September, 1972 showing the extént 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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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,

Tv225 Tantalite Valley orthopyroxene-bearing
hornfels. Relatively éoarse-grained, phlogo-
pite-poor, cordierite-rich, orthopyroxene-
bearing areas set in a finer-grained, mineralo-
gically identical matrix. pp light.

1l cm = 3,71 mm,

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,
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Figure 35

A: Tv280 Olivine gabbronorite - Tantalite Valley,
Orthocumulate texture'with cumulus olivine and
plagioclase and intercumulus pyroxenes, Al-
though this rock-type is coarser grained thaﬁ
the Kumkum gabbronorite (see B) it is tex-
turally and miﬁeralogically 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.

1l cm = 1,37 mm,

C: AM204 - Eselruh gabbronorite - Kumkum area.
Cumulus clinopyroxene (euhedral) showing hour-
glass zoning defined by opaque mineral exsolu-
tion, Note bronzite-hornblende/spinel coronas
which have pseudomorphed olivine. pﬁ light.

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

AM204 - Eselruh gabbronorite - Kumkum area.
Cumulus clinopyroxene showing hourglass zoning

on '{100 « Pp light,

1 cm - 0,20 mm, |

TV275 - Mottled me tagabbro - west of Tantalite
Valley Complex., Texture of mottled metagabbro,
showing the relationship between plagioclase
megacrysts and the groundmass of hornblende

and plagioclase., pp light.

AM125 - Metagabbro - Tantalite Valley satellite
body. Hornblende exsolved parallel to {,101-}
and { 100 in cummingtonite., pp light.

l cm = 0,20 mm,

AM123A - Gabbronorite- - Tantalite Valley
satellite body. The rock consists predomi-
nantly.ofvortho-ahd clino-pyroxene and inter-
stitial plagioclase. pp light.

1 cm = 2,86 mm,
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Figure 36

A

KKX3 - Contaminated gabbronorite - Kumkum area,
Typical equigranular interlobate texture.
pp light.

1 cm = 1,37 mm,

K58 - Kumkum granolite.

Typical equigranular interlobate texture.

‘Hornblende (dark grey) rims pyroxenes (light

gréy). Colourless material is plagioclase anﬂ
Quartz. pp light.

1 cm = 1,37 mm,

TV8 173 - Norite - Tantalite Valley.
Mesocumulate fexture with euhedral bronzite
being cumulus and plagioclase intercumulus.
pp light.

1 cm = 2,14 mm,

T32 - Troctolite - Tantalite Valley.

Mesocumulate texture with cumulus olivine and

‘euhedral chromite? and intercumulus plagio-

clase, pp light.

1l cm = 3,00 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.

F: K81 - Black Gneiss -~ Kumkum area,
Cordierite rims formed as a result of garnet
breakdown. pp light.

l 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.

l cm - 0,20 mm,

H: AM157 - Metasomatic hornblendite-Tantalite Valley.
The rock is made ﬁp of decussate laths of horn-
blende, phlogopite and accessory amounts of
scheelite. pp light.

l cm = 2 mm,



Fig 37

P in Kb.

15

10

- 69 -

- ~

e L

o Aal-— -1

e 1b)’ -
Qe

500

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

la
1b
lc

2

Reaction Mg-01+P1-> Op+Cp+Sp (Green and Ringwood, 1967b)
Same reaction (Irving & Green 1970)
Same reaction but Fo-An system (Kushiro & Yoder 1966)

Op+Cp+Sp#P1-> Cp+Ga. Fo-An system (Kushiro &
Yoder 1966)

Appearance of garnet attributed to the reaction
Op+P1l (xsp) > GaxCpxQz (Green and Ringwood 1967b)

Disappearance of plagioclase in quartz-tholeiite
(Green & Ringwood 1967b); position is very dependent on
bulk composition
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CRYSTALLIZATION
- OR
:* NUCLEATION ZONE

COMPLETE
SEPARATION

TOP OF CRYSTAL PILE

Fig 40 After Goode (1976). Crystallization model showing development

Fig 41

of crystallization or nucleation zone (stippled) of
thickness d at a distance of L above top of crystal pile.
Lc represents critical distance below nucleation zone

at which complete separation of pyroxene/011v1ne and
plagloclase occurs,

40 T T T Y Y T 1 T T
" -
//
a s 30 - P -
@ 5 . 7
-— [-3 = 00/ -
o 7
\¢ 20 1 -
:z‘ﬁb/
v 7
c - Pre . -
T ool 200> 4
( "‘/ —
93 -
0 1 1 { | 1 ! 1 1
0 0,2 04 06 08 10
Plot of 1n Kp ;; Fp2+ versus (after Evans and Frost 1975,

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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8 " GRANITE SOLIDUS

Pao= Pror

_ i
4 S 6 7 8

T ¢c x100)

Fig 42 P-T diagram showing the results of garnet-cordierite geothere
thometry-geobarometry for Black Gneiss samples

1 AS . 5 K66B

-2, A3 : 6 K35 Porphyroblast Core
3 KK7 7 K35 Porphyroblast Rim
4 KI19A : , 8 K35 Groundmass Rim

Shaded areas give the results for Tantalite Valley Hornfels
sample T19. 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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Flg 43 Part of the pyroxene quadrilateral Di-Hd-En-Fs show1ng 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 11nk1ng coexisting pyroxene
and olivine pairs :

Key:-

1
(2)

)
@)
5)
6
(_7)

C(8)

(9)

(10)
(11)
(12)

(13)

TV49 = Troctolite

(24)-(2B)-(2C) TV6 129 - Norite - where 2A and 2B
are discrete phases and 2 and 2C are exsolved phases

j: Eselfuh gabbronorite
AMI23A - T.V. Satellite Body
TV 233 = Gabbronorite

TV263 - Gabbronorite

AM21C - Gabbronorite

AM41 - Gabbronorite

- TV187 - Gabbronorite

K37A - Kumkum gabbronorite
K45A - Contaminated gabbronorite
KK6 - Black Gneiss

K58 -~ Granolite

(3) - (13) are discrete'phases
Field of clinopyroxenes from SE Alaskan type
ultramafic rocks :

Skaergaard trend
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Fig 44 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
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Fig 45 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-tscherﬁakite + Ca =~ tschermakite
versus Ferrosilite for orthopyroxenes from
the study area. Symbols as for Fig 44

Plot of clinopyroxenes from some mafic and ultramafic
rocks of the study area on part of a triangular diagram
in terms of (Ca + Na + K): Mg: (Fe2+ + Fe?t + Mn)
atomic percent. After Le Bas (1962)

Field I clinopyroxenes from per—alkaline
rocks
Field II clinopyroxenes from normal-alkaliné 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 (weiﬁht 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 mafic and metabasite rocks of the
Tantalite Valley and Kumkum areas after Leake's
(1968) classification ’

Key Tantalite Valley

(A) Amphibolites
(a) Mottled Metagabbro
(o) Metagabbro
Satellite Body
(®) Ultramafic rocks
(&) Metasomatic hornblendite
(x) Metabasite hornfels

Kumkum

Granolite
(0) Kumkum gabbronorite
®) Eselruh gabbronorite

Fig 51 Plot of Si against (Ca + Na + K) for calcic amphiboles,
with Atomic proportions based on 23 oxygens. Scheme after
Miyashiro (1973). Symbols as for Fig 50.
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Fig 52 Relation between A1VI 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).

Fig 53 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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Fig 54

Fig 55

Distribution of Mg, total Fe
hornblende and cummingtonite

blank circles - Metabasite

opadue circles - Metagabbro
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and Ca between coexisting

hornfels

from satellite body

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

()
(®
(o)
(@)

Mottled metagabbro
Troctolite

Kumkum gabbronorite
Black gneiss
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Fig 56

100Cr/Cr +Al
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Correlation between 100 Cr/(Cr + Al) and Xy

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)
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Fig 57 Plot of TiO, against FeO (total)/Mg0 for biotites

2
Key:- Tantalite Valley

Mottled metagabbro

Pelitic hornfels
Cordierite~anthophyllite hornfels
® Orthopyroxene-bearing hornfels

n Gabbronorite

6#9 Satellite Body

(®) Ultramafic Rock

(&) Metasomatic hornblendite

L Xom)
TEEXC

Kumkum

(8) Black Gneiss

&)  Granolite

(K) Kumkum gabbronorite
(E) Eselruh gabbronorite

~ field of biotites from Black Gneiss
~ field of biotites from Pelitic hornfels
«e*”® field of metamorphic biotite in the Hait basaltic andesites
. (Reid 1977) |
—~*7 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

Fig 58 Al-Mg-Fe (atom 7) plot for metamorphic chlorites from
Tantalite Valley

(0) Pelitic hornfels

(o) Metagabbro

(a) 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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Fig 59 AFM diagram with projection through biotite for hornfelses
from Tantalite Valley. ‘
Analyses of minerals are plotted as circles and whole
rocks are plotted using square symbols., '
Numbers next to the symbols refer to samples as follows.
'C' and 'R' refer to analyses of core and rim zones of
~ garnets ‘

1 Pelitic hornfels. TV276
1A As above but corrected for 137 chlorite

2 Pelitic hornfels TV4.

3 Pelitic hornfels TV13/165.

4  Pelitic hornfels T19.

'S  Cordierite~anthophyllite hornfels. TV170.

6 Orthopyroxene-bearing hornfels TV226



- 90 -

X (024HoBwW)~ loBW)

ALINVWITUIS ‘
ol

\"Siv)

0's 8'0 9'0 p'o z0
ﬁ0m<<y X X — " T T T 7 7 7
. 9
ilizZNoug ﬂ 3LITTAHdOHLNY
oy .N.o
uz} o |
g 7 1GNVIWV
c/ uv
t'0
sH .
3114310409 LR
9 S i
T8 9'0
9 ) )
_+ : /u/.,.-:..— .
" Ainounvis
8‘0
111S0IVANY\



- 91 =~

INTENSITY

30}1m

i .
> i I
sipe ) .
- (.",' ) ' :
L 3\ 1
o ]
{\7,' i
oz " . az az M PLAG
’
Fig 60 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
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Fig 61

" (1969), labelled "RGB".

of the pelitic hornfels T19 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
alumino-silicate polymorphs after Holdaway (1971)
labelled '"H" and of Richardson, Gilbert and Bell

The position of the saturated
granite solidus is also shown (Turner 1968).

(Apg)



Fig 62
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PRESSURE —

TEMPERATURE —

Schreinemakers' bundle after Robinson and Jaffe

(1969, Fig 16A). Sectors A and B are explained

in the text. The slope of the reaction (Gd) is taken
from Robinson and Jaffe for the sillimanite zone (Si)

. but is probably too steep because they. assumed

anhydrous cordierite and the most water-rich

staurolite for their calculations (Robinson and Jaffe
1969, Table 7). The slope of the reaction ( Gd )

in the andalusite zone (Ad) is calculated using the Case
I (PHy0=Pgo,1id) formula of Robinson and Jaffe, an assumed

- molar volume of 51,5 cc for andalusite and S equal to

544 J/deg per mole of dehydration of water, plus 60 J/deg
per atom of Al changing from V1 to IV co-ordination.
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AFM diagram for Black Gneiss samples projected through
K-feldspar. Mineral compositions are represented

by opaque circles and rock compositions by hollow
circles. :

(1) KK?
(2) K19A
(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 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) KKé6
(2) Kiol
(2A) K101 Garnet core

(3) A5
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Fig 65 YPHZO = 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.



“Fig 66

- 99 -

® T10 co COQ,
-0,6 2 1
TV 217°%TV205A K 59A
-3 Y . -3 o
[ ] P .
me .
. =
X OQ o ..' Iy A ad - © .dbo OK63A
I ' 4 1 2 2 l-{l O [ 4 2 1 ' iy [ Hl O+
2Y | 2
«TV277 i
St )
* ! -~ A L q 'y :EO * 2 .. g% ol 3 g63lA
ATVL4LS _ ’
A 125 Fe,0.:Fed Fe,0.:FeO
[ ©GBW 376 e A | 203 F
AM88A
gewaao
T10 - ,
oT7 0.2 K65 0.2
FOGBW 37, “ t '
©K59A oK80
0@08 Q'-'r -—%—-'-—-4—-'{—* ------ Saf = # 4 O5 O =~ 0~= = =1
0 10 20 30 o 10 20 30
DI DI

Plots of COp, H)0

and Fe,O,:

FeO against D.I.

(Differentiation Index) f0r Tanmtalite Valley Rocks

and Kumkum Rocks (right).

Key: Tantalite Valley

A Ine?uigranular granite
gneiss

(A) Mottled metagabbro

(®) Metagabbro

(w) Gabbronorite

() Satellite body

(®) Ultramafic rocks

Some symbols used in
this and proceeding diagrams are

Kumkum area

(o)
(®)
()
(E)
)
&
4)
w)

Kumkum gabbronorite

Eselruh gabbronorite
Contaminated gabbronorite
Einsiedler gabbronorite (GBW7)
Verloorkoppe gabbronorite (GBW
Granolite

‘Inequigranular granite gneiss

Warmbad granite (Beukes 1973)



Al

- 100 -

Fe

TV3061Av

TV126
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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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Alk

'Fig 68 Alk (Na,0 + K O) Fe (Total Fe as Fe0) = M (MgO) dlagram.
All ox1§e comp051t10ns on a volatile free basis

~—+~——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)
G 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 comm)
TV Field covered by gabbronorite, metagabbro and ultramafic rocks
of Tantalite Valley
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Fig 69 Plot of (Na,0 + K,0) against Si0O, for 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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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,



- 104 -

Na.0 4-AM125 K,0

BJwWvVB25
TV275A
3. I A 1 'Y 3 1 i 1 2 A ]
0 10 0 30 40 10 20 30 40
DI DI

Fig 70 Plot of major oxides against D,I. (continued)
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Alk

Fig 71 Alk (Na,0 + K, 0) - Fe (Total Fe as FeO)
~ r Mg (Mg0) plot for rocks from the Kumkum area,
Symbols as in Fig 66. The field covered by
~ gabbronorite, metagabbro and ultramafic rocks
of Tantalite Valley is included
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Fig 72

50 _ 60 70

Plot of (Nazo + KZO)_againét Si02 for‘Kumkum
samples, o

Symbols as in Fig 66 and Fig 69. TFields are those
defined for the Japanese arc by Kuno (1968).
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Detection limit. Symbols as in Fig 66.
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Fig 78 Plots of major elements against MgQ (weight 7%,
- volatile free) for Tantalite Valley samples

Key: (®) Bulk rock analysis
(0) Plagioclase
(®) Orthopyroxene
(A) Clinopyroxene
(X) Olivine
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Pearce (1968, 1969) m = slope



n 0 AM 125
OAM1IS?
e3
3 v2
é\ @ x40
y A
100 | £
o
=]
- S
N
pm— “
E T A
a NC
o A=
—~— o p
) o “
Z S
10}
-
1 1 1 [ 1
(o]

- 117 -

20 40

‘loomg

Fig 82 Plot of Ni against 100 Niggli mg after Van de Kamp (1969)
~ for amphibolites from the Tantalite Valley and Kumkum areas.
The shaded area shows the field and trend of shale~
carbonate rocks.
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(@3)

Amphibolites .
Metasomatic hornblendite
Satellite body metagabbro

Av mottled metagabbro

Av metagabbro

Av orthoamphibolite (Moore 1977)
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Fig 88 Plot of K20 vs Na.0 (wt %s volatile free) for
- granitic Tocks from the study area.

- Warmbad granite

- 8o called granodiorite and tonalite
of Tantalite Valley
GBW 744, TV 306, K49 = Inequlgranular granite gneiss

A chemical
classification used by Harpum (1963) and others
- based on the K20/Na20 ratio is shown.

GBW 458, 608
TV 305, 299
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Fig 89 Compositions of granitic rocks from the Tantalite
. Yalley - Kumkum area, plotted in .terms of Ab, Or and Q
-(weight 7). The plus signs indicate the minima for 500,
1 000, 2 000 and 3 000 bars PH,0 and the full circles
.represent eutectic points for 5 000 and 10 000 bars
Pﬂzo(after Luth, Jahns and Tuttle 1964)

el

Y field of 837 of the world's granites
(Winkler and Von Platen 1961)
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ADDENDIUM

The chemical compositions of various metamorphic rocks from
the Kumkum~Tantalite Valley area plotted on ACF and A'FK dia-

grams after Winkler (1974, Fig. 5 - 7)

Clays and shales either free of carbonate or containing up
to 35% carbonate; between arrows: marls containing 35-65%

carbonate

Greywackes

Pltrabasic rocks

Basaltic and andesitic rocks

Metabasite hornfels _ ,
Amphibolite

Pelitic hornfels

Granolite

Black gneiss

Pyroxene hornfels

Cordierite-anthophyllite hornfels
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TABLE 1 i}
AREAL EXTENT AND  AGE  RELATIONSHIPS OF  THE
INTRUSIVES OF THE TANTALITE VALLEY BQOY.
2 »
ROCK-TYPE AREA IN KM YOUNGEST
POST - T.V.C.
PEGMATITES . NOT DETERMINED
T
A MAF IC~-ULTRAMAFIC
N - ROCK 0,%0 ‘
T
A
L c
1 (o}
T M
E P GABBRONCRITE 30,38
L
v E
A X TONALITE/GRANO-
L DICRITE 0,29
L . -
g (T.v.c.) METAGABERO 15,06 \%
Y .
PRE-T.V.C. MOTTLED META- 2,40
GABBRO (M.M)
OLDEST
TOTAL INCL. M.M, 49,03
- TOTAL EXCL M.M. 46,34
* Arcas determined by Fixed-arm planimeter from Map 1
. 2 2 ' 2
£ Main plug = 0,58 km“, North-ecast plug « 0,18 km“, Rest = 0,14 km™,
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TASBLE 2.

‘E:;‘)TINATED MODES  (IN VOLUME ¥) CF SQUE_ROCK _TYFPLCS FOUND AS PART O THE GREY_CNEiSS S GUINCE.

OPA~

SAMPLE Qz KF PL AN‘. GA CD Bl ushk SI* CH HB QUES OTHIEIRS
AM154 45 15 19 (20) 10 10 1

AM134 40 15 <0,5 18 5 5 15 1 ep(1), zc, sn
AM17 65 39 ' 10 20 1 <0,5 ap

AMG7 19 20 13 (30) 20 25 1 {o,5 £0,5 ep{2), clay
AM25 60 20 10 7 3 '

AMS55 45 ) 32 22 rutile, op
AM288A 60 9 (20) 1 30

AM288B 13 25 50 5 5 2

AM122LX 56 20 (20) 3 20 1

AM122Mt 74 15 10 0,5 1

AM222 40 35 5 (20) 20 <0,5 - ze, sn
KKS5A 33 60 ) 5 2 ap, 2c

K96 30 44 5 7 0,5 10 3 {0,5 z¢
TVv338 38 2 30 10 15 5 <O.5 2c

TV331 <0,5<0,5 ‘ ‘ 15 {o,5 30 €o0,5 ap, zc
TV336 15 54 " (64) 20 10 0,5 «cz, sn, ep
K2A : 33 40 25 2 2¢

AM270 20 10 5 65
- K1Z6A 73 0,5 5 0,5 20 rutile, myrmekite,

' . ' ‘ haematite, zc

GGTVA 20 <o0,5 3 5 35 17 {0,5 z2¢

GGTVE 33 2° 1 3 35 25 _ zc, op
K175 92 <0,5 1 (31?) 2 -3 1 v 0,5 pr

AM154 - TV338 Grey Gneiss including muscovite-rich varieties

Tv331 - TV336 Hornblende-bearing Grey Gneiss

K2A - AM270 Aluminium~rich Grey Gneiss

K176A - GGTVB Sillimanite knots in Grey Gneiss

K175 ' Metaquartzite

*  jincludes fibrolitic sillimanite

4 includes primary and secondary muscovite

¢ perthitic K-feldspar

X leucoband ’

* melanocratic band

chlorite Y- ﬁ green X very pale grecn
-F) dark green o . yellow grecn

first ‘gonorotion biotite X © B dark brown X pale yellow or pale brown
second generation X - {4 olive green X pale orunge

hornblande X blue green > green X yelloh green
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" TABLE 3

MINERAL  ASSEMBLAGES OF  CALC-SILICATE

A. Scupolifo + sphaha ' v
plus (1) Diopside + garnet + calcite + plaaioclase {: muscovite}b “(GWB269, 259)
(2) Diopside + garnet + colcite + microclino'{ + muscovite f (cBW 265)
(3)  Diopside + garnet (cBw 264)
(a) Dicpside + garnet + calcite +{Tuscovite} +. quortz (GBw 268)
(5) Diopside + tremolite + plagioclase + Quartz + caolcite (DT 1358)
' (6) Garnet + plagioclase + hernblende + quartz (K 2084A)

8. Diopside + hornblence + quaortz + plogioclase

plus (1) + microcline + sphene + epidote (DT 109, 83A, AM260A, K126
GoW 597, 371, 350, 49)

(2) sphe ne (0T 1683A, 1636, 77A, 1303)

1+

C. Diopside + garnet + plagioclose

plus (1) Quartz + microcline + sphéne + epidote + tremolite (GBw 354, 83)
(2)  Sphene + epidote + biotite (eBW 255, AM 25C)
(3) Microcline (DT 14554)
(4) Quortz + sphene + hornblende /. (oT 99A)
(5) Quartz + epidote (K1)

D. Plagioclase~diopside

plus (1) Quartz + sphene + epidote + tremolite (GBwW 134, 646, 483, TV 108)
(2) Quartz + sphene + epidote + microcline (GBwW 645)
(3)  Quartz + sphene (DT 170A, 1271A)

(4) Sphene + microcline (0T 1308)

E. ... Plagiocluse~garnet-hornblende

plus (1) epidote minerals + sphene + biotite (AM 213, K 122)
(2) epidote minerals + sphene + quartz (K 208)
F. Plagioclase-Calcic Amphibole (either hornblende or tremolite-acfinolite)
plus (1) Quartz + epidote + sphene (RUNWAY, OT 171A, GDW 23, 424)
(2) Spinel (13)
(3) Quartz + epidote + sphene + K-feldspar:- + biotite (Tv 335)

(4) Quartz + sphene + K-feldspar (DT 1304)

{ } secondary minarals
GBW - samples f{rom Beukes (1973)
o7 - samples from Toogood (1976)

AM, K, TV and others - samples from this work.



TABLE 4
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FREQUENCY DISTRIBUTION OF CALC-SILICATE SAMPLES

NUMBER OF SAMPLES

% OFZ FOR EACH CLASS

CLASS
w
A 1 2
2 1
3 1
4 1 15,91
5 1
6 1 L
B 1 8
27,27
2 4
c 1 2 )
2 2
3 1 f 15,91
4 1
S 1 J
b 1 4 )
: ; f
3 ) 18,18
4 1 o
E 1 2
5 . 6,82
F o1l 4
2 1
15,91
3 1
4 1
TOTAL 24 (2) 100,00
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TJABLE 5

MINERAL ASSENMBLAGES IN  MARBLE

A. Olivine + Calcite (5 sampleﬁ i.e. 50% of totai)

plus
(1) {muscovite} + chondrodite + spinel (eBwW 262, 263, 257) ,
(2) phlogopite + brucite + humite (AM 2608, 262/2)

8. Calcite + diopside (4 samples i.e. d40% of total)

"plus
(1) microcline + garnet + chondrodite (GBwW 272)
(2) microcline + garnet + quortz + {lnuscovite} (GBwW 273)
(3) microcline + graphite + spinel (cBw 588)
(4) hornblende + plagioclase + humite (AM 290/2)
c. Calcite + tremolite (1 sample i.e. 10% of total)
‘plus
(1) sphene (cBw 288)

{ } secondary minerals

GBW -~ samples from Beukes (1973)
AM - samples from this work
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ESTIMATED MODES (1K VOLUME %) OF CALC-SILICATES

SAMPLE PL AN GA HB DI QZ OPMUES EP C€Z 20 SN OTHERS
AM25C 45  (45) 25 18 o,5 {0,5 bi(1), allonite,
zZCc

AM213 €8 (65) 20 5 1 4 2
Kl 50 (46) 7 37,5 2 £0,5 30,5
K122 31 (63) 5 2 <o0,5 mt 0,5 60 1 ¢h, bi, pr
K208 s1 (75) 35 <0O,5 10 2 1 1
K208A 63 (68) 20 3 10 2 mt €0,5 0,5 1 ch, scopolite
Runway 71 (56) 3 7 3 mt 15 1 haematite
AM260A " 5 (80) 25 20 40 5 3 ms, zc, allanite -
T3 70 (60) sp,.tremolite (z5)
TV108 20 (63) 53 20 2 £0,5 tremolite (5)
K126 29 (41) 15 20 35 1 microcline 40,5)
TV33s 50 (36) 1 25 0,5 mt 4 1 microline(3),

-7 myrmekite, bi(15)

' ap, 2c
TABLE 7
ESTIMATED MODES (1IN VOLUME %) OF MARBLES
SAMPLE O.L CC D! PL HB BRUCITE HUMITE PH CH AP
AM290/3 75 10 8 2
AM260B 2 80 10 3 1 1
AM262/2 20 75 1 1
Hornblende' Y greyish olive-green greenish grey X pale brownish yellow
X_deep blue green 14 yellow-grcen o pale olive-green
Epidote yellow-green X 1light green
Chlorite green o pale brown
. \

Biotite Y-ﬂ dark brown X pale yellow-brown
Phlogopite Z/-ﬂ orange~brown <X neutral ’
Humite X neutral o yellow
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TABLE 8

MINERAL _ASSEMBIAGES OF THE HORNFELS

PELITIC HORNFELS GROUP

A .all contain andalusite + sillimanite + quartr and biotite
Al + stourolite + plogioclase
A2 + staurolite + plagioclase + cordierite
A3 + plagioclose + almandine
B " al contain cordierite + staurolite + quartz ond biotite
B1 4+ olmandine + sillimonite
B2 + almandine + plagioclase
B3 + oalmandine + kyanite :
c all contain cordierite + biotite + quartz
Cl + andalusite + plagioclase
‘ce + sillimanite + plogioclase
Cc3 + plagiaclose
D* andalusite, biatite, quartz, plagiaclase with or withaut almandine

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

PYROXENE-BEARING HORNFELS GROUP

E . all contain orthopyroxene and mica
El + .cordierite + plagioclase
E2 + - Clinopyroxene + hornblende + plagioclase

CORDIERITE-ANTHOPHYLLITE HORNFELS GROUP

F all contain cordierite + oanthophyllite 4+ quartz
F1 . + phlagopite ) )
F2 + phlogopite + almandine + K-feldspar + plagioclase

Beukcs.(1973)

METABASITE HORNFELS GROUP

G . all contain amphibole + plagioclase
Gl + garnet + quartz + biotite
G2 4+ garnet + quartz + HK-feldspar + biotite

PSAMMITIC HORNFELS CRCUP

H all contain plagioclase and quartz
Hl + K-feldspar + primary muscovite + gornet
H2 4+ K-feldspor 4 biotite + garnet

H3 + biotite 41 oanthophyllite
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TABLE 9

ESTIMATED MODES (IN VOLUME %) -OF PELITIC HORNFELS.

SAMPLES Qz PL AN GA Bl CH CD ST S1 AD OPAQUES OTHERS GROULP
TV3l2 - 24 10 (39) 15 3 3 1 37 .4 ’ ms(1) ep A
TV276 f 20 13 13 25 6 9 12 2 (ma) zc A
AM31A ' 55 10 (38) 10 5 3. 1 1 6 2 ms(7) zc, A
ep
AM104 20 10 20 5 10 20 3 ep (2) A
AM272 10 | 10 s 38 2 30 2 (ox) ms(3) . zc B
TV308 4 A 20 1 73 1 0,5 ze B
T19 1 (44) 10 6 3 sS9 3 10 2 (il) tourmaline B
. (4), ms(2)
TV104G 10 7 (40) 2 3 0,5 73 3 1 (ox) ms B
Tv4 <{o,5 . .10 25 15 4 6 2 (cep) ky, cc, B

{py ) sp(l)
(po ) white mica
(37), chlo~
. ritoid
TV13 1654 30 20 (45) 5 8 3 32 {0,5 2 (i1) tourmaline C
: ap, ep, sn,
e

TV230 10 5 1 83 ' 1 (i1)  ze c

AM170A% s 25 10 30 3 25 2 (ox) ep B

* interbedded with cordierite
¢ average of three or more thin sections
Biotite Ygreenish brown, reddish brown, blue green
CK yellow, pole brown, pale yellowish green
Staurolite X yellow X pale yellow, neutral

Chlorite X-(Q pale green A neutral

muscovite, chlorite, epidote, chloritoid and calcite are secondary
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TABLE 10
ESTIMATED MODES (IN VOLUME %) OF CCRDIERITE-ANTHOPHYLLITE HORNFELS

SAMPLE co AT PH CH Qz IL GA GROUP

TV102 36 40 15 5 3. 1 {o,5 F 2
AM170 27 26 35 10 1 - F1

Small amounts of zircen, apatite, talc, calcite and tourmaline may also be present,

Anthophyllite 8/= F pale green, neutral ol pale yellow

Phlogopite X =(; greenish brown « pale yellow
Chlorite = ﬁ green c( pale green, pink.
TABLE 11

ESTIMATED MODES (IN VOLUME %) OF METABASITE HORNFELS

SAMPLE Qz PL AN GA Bl CH MS CM HB ACT OPAQUES OTHERS GROUP
TV9 219.8 20 60 (40~ 1 5 €0,5. 1 8 - 1 _ kt{4), up, G 2
45) . ep
TV9 240,12 15 65 (55) 3 5 1 10 1 (py) op G 1
TV12 207,95 15 60 (54) 15 4 1 at(3), zc, G1
o ’ _ ep (1)
AM35 15 20 (40) 0,5 . 10 55 0,5 sn G
TV13 198,9 10 {Boi 2 10 5 30 10 30 1 (ma) ep(l), sn G
T3(TV1-202) 69 (55) 1 2 2 25 1 (ox) G
TV103 12 (a3) 1 1 <o, 3 79 .sn(4), ep G 1
AM31D . 49* (50) 20 - 30 _ G
AM31C s0* (35~ 5 3 20 20 1 ap, ep G 1
AM31B <o0,5 60 (593 {o,5 3 110 20 2 (ma) ep.(5), ap G
TV9 215,3 29 (60) <o,5€0,5 - 40 15 104 (s) rutile, sn G 1
. kf-qz-ep
i veins (5)
TV9 212,5 40 ' £0,5 40 15 5 (s) G
TV13 98 70 (42) 6 .10 5 2 (po,)rutile,op(l) G-
_ R ' {cep)sn(3), ep(3)
TV13 149 60 (55) 5 2 15 15 ' 3 (po,) ep, ap G1
(ecp)
TV13 151 45 (63) 10 5 35 3 . 2% (s) ep, ap G1

g f original amount of mineral found
Hornblende olive green F yellow green X pale yellow green
X deep blue grecn p olive-green X pale brownish yellow
Actinolite 8, = f green X pale green, neutral
Biotite e g reddish brown, pale orange, greenish brown ol pale brown, neutral

(

$ includes pyrrhotite {6%), chalcopyrite (3%), pentlondite {0,5%) and pyrite (O,5%)

*

antiperthitic
includes chalcopyrite, pyrite, pyrrhotite and pentlandite

»ox’

sulphide minerals
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TABLE 12

ESTIMATED MODES (IN VOLUME %) OF PYROXENE-BEARING HORNFELS

SAMPLE GROUP OP PL AN PH CD HB

OTHERS
TV225 El 20 30 (32) 18 30 - 2(ox)
TV226 €l 49 - 10 40 . - 1(ox,
‘ : hc, s)
TV195 £2 43 14 (55) 1 - .39 3(cp.
ox)
Orthopyroxene Y green X pink
Hornblende }(olive green ’5' green i yellow green
Phlogopite orange brown A yellow _
hc : hercynite s : undifferentioted sulphides
TABLE 13
ESTIMATED MODES (IN VOLUME %) OF PSAMMITIC HORNFELS
SAMFPLE Qz PL AN KF OFAQUES R GA MS B1 CH AT - 7. OTHERS
TV13 182 32 20 (26) <0 0,5 (py, ma) 1 54 1 1 cc, ep
TV13 165,85 20 10 (45) 50 1 (py, ma) 1 1 15 2 1 (ep)
AM102 10 72 (30) - 1 (ox) 15 1 1 (z¢c, sn)
AM30A * 40 40 (42) 0,5 (ox) ' 2 2 15 0,5 (ep)
* AM30A shows partial melt textures 4 primary muscovite

Biotite y- ﬁ brownish yellow®{ pale yellow
Chlorite X:F green ! grey
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TABLE 14

MINCRAL ASSCMBLAGES OF THE BLACK GNEISS (INCLUDING HORNFELSIC AND FELDSPATHIC VARIFTIES)

A, Garnot + cordierite + hyporsthene + biotite

plus
(1) quartz + K-feldspor + sillimanite + plogioclase (K237)
(2) plagioclase + spinel + sapphirine + corundum (GBW 590)

B. Cordierite + hypersthene + biotite

plus
' (1) sapphirine + spinel (cBwW 51)
(2) quartz + sillimanite + plagioclose (kK 6)

C. Cordierite + garnet + biotite + anthophyllite/gedrite

plus
(1) bplagioclase + quartz + K-feldspar (GBW 292)
(2) plagioclase + quartz + sillimanite + spinel {K101)

D. Garnet + cordierite + sillimanite

plus

(1) quartz + biotite + plagioclase + K-feldspor + spinel (GBW 25, 33, 48, 198, 301
302, 345, 382, AM 202, 201, 203, K 54, 57, 62, 66B, 35, 67, 79, B1, 2, 19A, 222,
236A, KK 7, 100, 4a, AS, 3, DJT 1464, 1649, 1509, 845, 838, B837A, 1§92, 2567,
835, 56A, 890.)

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

(3) quortz+biotite (GBW 98, DJT 914, 1427, 1403A, 832A, K12)

(4) K-feldspar + quartz (DJT 1004) ‘

(5) biotite + plagioclose + K-feldspor + spinel (AM 223)

E. Garnet + sillimanite

plus
(1) biotite + quartz + plogioclase + K-feldspar + spinel (GBW 241, GBW 284)
(2) quartz + biotite (oJT 815, 36) :
(3) quartz + biotite + K-feldspar (DJT 757, 20204)
(4) quartz + biotite + plagioclase : (DJf\1460F, A2)

F. Cordierite + biotite + sillimanite

plus .
(1) vK-feldspor + plagioclase + quartz (DJT 2204, 2011, 2202, AM 214, K 36)
(2) spinel + corundum (GBW 54) -

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

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

G, Sillimanite + biotite

.plus
' (1) quartz + k-feldspar . + plagioclase (0JT 1479, GBW 418)

H. Garnet + biotite

S

plus
(1) quartz + plagioclase + K-feldspar (K 216, 183, 235AB)

1. Cordierite + biotite

plus _
(1) quartz + plogioclase (K 158, 185)
(2) quartz + K-feldspar (K 66C)

Not included in the ohove are somples GAW240 Plagisclase + quartz + garnnt + K-teldspar +

sphene 4 hornblende and -GBW 186 Cuartz « garnet + opaque mineruls + diopside + plagiocluwe

GBW - samples from Beutes (1973) DJV -~ samples from Toogowo (1976)

AM, K, KK and A -~ somples from this work.
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TABLE 15 .

FREQUENCY DISTRIBUTICN OF BLACK GNEISS S/\MPLES.

CLASS NUMBER OF SAMPLES % OF TOTAL FOR EACH CLASS
A 1
2,44
2 1
B 1 1
2,44
2 1 :
c1 1
2,44
2 1 2
D1 39
2 2
, )
3 6 59,76
4 1
5 1 | J
E 2
2 2 q
3 > 9,76
4 2 J
5
F 5
2 1 >
3 N 13,41
4 4 J
G 1 _ 2 2,44
H1 _ : ' 3 : 3,66
11 2
3,66
2 1 :
JOTAL 82 _ 100,01
i
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ESTIMATED MODES (IN VOLUME %) OF BLACK GNEISS; INCLUDING FELDSPATHIC AND HORNFELSIC

VARIETIES. .
SAMPLE @z SI GA "CD Bl PL AN' KF OPAQUE ERTo zC OTHERS
AM223 23 10 25 10 0,5 30 1,5 (ma) 0,5,
AM202 33 5 5 20 10 20 (45) 5 1,5 (ma) 0,5 <o0,5
AM201 34 10 5 10 5 15 15 1 (mo) <o,5 <0,5
AM214 15 45 10 1 10 3,5 (ma) 0,5 ms(5)
AM203 33 10 5 25 5 5 15 1,5 (ma) O,5
AM203A 62 15 20 1 0,5 ms(2)
KS4 20 7 20 28 7 5 10 3 (ma, <0,5 <0,5
: il1)
K87 30 5 15 20 3 6 20 1 (i1) <o,5
K62 10 40 30 5 3 10 2 (i1)
K66B 22 4 5 25. 10 3 (22) .30 1 (il)
K67 7 3 5 50 6 26 (36) 3 (ma) <o,s <0,5
K79 5 7 20 30 10 20 (53)<0,5 3 {(ma)<0,5 < 0,5 myrmekite
K81 78 4 <0,5. 6 4 5 (31)<0,5 2 (ma, <0,5 myrmekite,
_ » il) haematite
K2 30 2 3 25 4 28 (49) 7 2 (ma, £ 0,5
. ~ ' | . S Y
KK6 56 2 30 3 1 (15) <£0,5 (ma} <o0,5 :ypersthene(7).
. , b
KK7 10 7 20 29 3 3 (12) 25 3 (qml:i <o,5 £0,5
. 1
K12 17 12 30 30 10 : 1 (i1) <o,5 <o0,5
K19A 22. 30 3 1 5 15 (31) 20 4 (i1, 0,5
. ma
K222 15 10 30 10 4 25 (s50)<o,5 4 (i15<0.5 haematite, ap
mo
K206 69 7 3 10 7 ' 3 (i1, <0,5 <0,5 ap, limonite
K101 7 €0, 30 20 15 10 (27) 2 (Ti? 0,5 <0,5 hacmatite, op,
ma) - ad(15}, picotits
' K237 40 2 4 22 2 3 25 1 (i1) <0,5 hypersthene (O,*
K236A ? 10 55 7 10 (s0) 3 3 (i1) Z 0,5 myrmekite
K144 45 26 1 26 0,5 ({1)<0,5 < 0,5
KK 10D 10 0,5 35 25 1 2 25 2 (i1)<o,5 <0,5
A3 30 2 20 20 3 24 (38)<0,5 1 (ma,
. ' il)
AS 30 10 20 5 15 19,5 (38) '
A2 20 €0,5 20 25 32 (52) 3 {(ma)
K158 3 60 35 0,5 1 (i1) < 0,5 c¢h
K216 50 1 5 2 41 <0,5 (il1) < 0,5 ap
K66C 30 , 20 7 43 £o0,5 (i1) < 0,5
K183 65 1 0,5 3 30 <0,5 (i1) <0,5 pr, ch
K185 41 50 4 4 0,5 {(ma) < 0,5 hazmatito
K236AB 39 2 3 50 5 1 (i1) £0,5 ap
KK4A 10 7 10 30 5 30 (40) 7 1 (i1)
K35 10 7 30 25 3 17 (35) 5 3 (i1)
K36 26 20 15 2 s 30 2 (ma)<0,5
K38 10 20 30 3 3 3 (m)<o,5 <0,5

Block Gneisss
Biotite 2{

=
+

‘Hypersthene
Hornblende
Chlorite
Gedrite

P
Al

/
k aqreyish-grecn

(Samples AlM223 to K158)

pale brown o orunge-yellow

olive-brown, recddish-brown X yellow, pole orangs

green ©O{ pink
brownish-greon 'F green X yellow-green

blue-green X pale pink

ﬁ brownish-grey e  pale yellow
{

continucd/ ... ..
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TABLE 16 - continued

Foldspathic Rlack Gneiss: (Samples K216 to K236AB)

Bictite 32 ﬁ deep orange~-brown o pale yellow-brown

= 12 dark brown I pole brown
X= fg dark olive-brown ©X pale brown
Chlorite turqQuoise-green A pale green

«
.

Hornfelsic Black Gneiss from contoct with the main body of Kumkum gabbrongorite: .
(Samples KK4A to K38)

Biotite X:(;deep brown X yellow
Note Beukes (1973) olso reported the assembloge hypersthene + cordierite + andesine

odjocent to the Kumkum body.

TABLE 17
ESTIMATED MODES (IN VOLUME %) OF TANTALITE VALLEY AND KUMKUM AMBHIBOLITE

(INCLUDING HORNBLENDITE).

" SAMPLE HB PL AN Bl OP CP SN QZ EP OPAQUE CC CH OTHERS
AM262 . a5 30 (50) 10 0,5 15 . 0.5 o
AM260C 30 48 (40) 3 _ 3 10 1 <o,5 . 5  _.ap, allanite
AM120 40 35 (s50) : 24 1 .- ap
AM113 75 <0,5 3 20 2 <o,s
AM109 29 60 (40) 1 4 0,5<0,5 5 pr. op
AM10O5 60 20 (25) 10 0,5 5 2 1 2
AM77 60 17 (82) , 3 20 _
AM76 ' 35 55 (95) ' 4 4 2 (ma) op
AM58B . 45 54 (30) , 1 <o0,5 0,5 (ma)€0,5 cancrinite
AM588/2 50 49 (40) 1  <o,5 0,5 <o,5<0,5
AMS7A 70 25 (38) 2 £o,s ) {o,5 op, zc
AMS7A/2 54 30 1 ' ‘s <0o,5 A 5  op, zc
TV334 56 40 {(54) 1 2 1 zc
TVil3g 81 1 . 17 40,5 0,5 L0,5 microcline
TV337A 83 5 10 1
Tv31ls 40 25 (28~ 7 2 20 0,5 3 cz, zo,

- 38) ) myrmekite
TV319 40 40 (63) 3 0,5 8 3 N " rutile, zo,

cz,grunerite
or tremolite(5,5

AM105A 99

S116 99 1

s12 83 5 {o,5 2 10 <o,5<0,5

_AM234 70 20 0,5 <o,5 3 <o0,5 4,5 opr

K50 50 49 (69) . £0,5<0,5 1 <o,5 {o,5 pr

K264 40 34 (65) 25 <o0,5 0,5 cz

K263 40 48 (45- 5 5 1 '<0,5 <0,5 haematite
o 60) )

K94 s0 44 (73) <0,5 5 " 0,5 Lo,5 0,5 bpr

K61 91 ) 4 <o,5 za(2)

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

K157 35 47 (62) 7 10 ] - ze, op

Samples AM262 to S12 from Tantolite Valley
Saomples AM234 to K157 from Kumkum

centinuaed/ ...,
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TABLE 17 -~ continved

Hornblende xblue-greun ;‘;olive-green K yollow-green
olive-yroan {? pale blue-green s pale yellow-green

X grass-green (; olive-green ¢ yellow-green

Actinolitic hornblende Y"f} green o pale green

/!
Biotite b‘.ﬁ brown O(yellow
=-('2 yellow-brown o yellow

Chlorite Y - (2 green o pink

Epidote Yhoney yellow (;’ brown > neutral
=f3yellow-green o pale yellow-grecn

Hypersthene Xgreen X pink

TABLE 18

ESTIMATED MODES (IN VOLUME %) OF KUMKUM GRANOLITE

SAMPLE Qz PL AN oP cFP HB Bl OPAQUES AP RUTILE CH ZC OTHERS

AM209 10 55 (60) 20 10 4 1 (ms) 0,5 haematite
Ks8 1 49 (53) 3 20 25 2 (i1) <0,5 '
K13 . a8 (64) 15 35 2 (ma) <0,5

Kls 53 (48) 10 30 5 2 (ma) }

K21 15 27 (%4) 7 5 -45 £0,5 1 (i1) <o,5 sulphide
KS3A 12 43 (69) 2 40 1 2 (ma)

K151 .26 27 (70) 30 6 10 <o,5 (i1)<o0,5 <o,5(o.5 haemctite
K248 10 37 (51) 25 5 15 6 2 (mo) - )

Hypersthene Ygreen = pink
Hornblende Y olive-green green X yellow-green
Biotite :Fdark brown X' pale orange ’



- 138 -

TASLE 19
ESTIMATED MOOES (IN VCLUME %) CF MOTTLED METAGABBRO

SAMPLE PL AN HB EP CH BI QZ SN OPAQUES AP PR
AM149/2 54,5 (79- 40 2 1 1 1 0.5
20) ' '
AM149/3 50 30 14 4 1 1 Lo,s <o,s
AM149/4 46 40 10 3 o,5 <o,5 £0,5
AM149/5 36 (36) 55 0,5 05 1 5,5 1 0,5 '
AM149/6 44 (50) 40 1 5 2 4,5 2 1,5 {0,5
AM166 55 (55) 44 {o,5 0,5 1
TV294 46 (36) 40 2 10 1 1 0,5
Tv288 48 (43) 40 0,5 2 0,5 7 1 1
TV275 60 (78- 33 0,5 4 1 1,5 " Lo,5
72) . S
TV296 a6 (48) so <o,5 1 1 1 1
TV298 : 36 (60) 60 <0,5¢0,5 3 <0,5 0,5 1 £o,s5
TV275A 55 (44) 38 2 05 2 <05 1 1. <0,5£0,5
Tv270C 45 (56) 45 6 <o,5 4 ’
AM256 15 (40~ 13 69 2 1
v 25)

le

Other minerals include zoisite, clinozoisite and K-feldspar (in cross-cutting veins,
i.e. AM149/6) and zircon (Tv288)

Hornblende X/blue-green (? green <X yellow-green
Biotite 1' orange-brown X pale orange, pale brown
Chlorite k/= pale green 4 pink

TABLE 20
ESTIMATED MODES (IN VOLUME %) OF INEQUIGRANULAR GRANITE GNEISS (ORTHOGNEISS)
FROM TANTALITE VALLEY AND KUMKUM AREAS.

SAMPLE Qz KF PL AN Bl HB SN OPAQUES EP ! AP GA OTHERS

_AM290 32 45 5 10 5 2 <o,5 <o,5 0,5 - allanite (0,5)
AM280 ‘30 30 25 (24) 10 . 3 <o.5 2 0,5 allanite
AM256 30 40 (40) 15 - 2 1 . 10 0,5 ch(1)
AM1a4 38 15 25 (40) 15 2 _ | 1 ms, ch(3)
AM7. 60 20 s (20) 5 , £o0,5 1 <o,5 zc, ms(2),
- .myrmekite (5)
KKIA 30 ' $3 (35) 10 ' A 7  zc, myrmekite
K203 50 " 39 (33) 7 _ 1,5 (ma) 2 ch, 2c, pr,
: myrmekite
AM150 25 .20 40 (10) 5 £0,5 ) myrmokite, ms(10)
. ' : . : allanite
AM255A* 60 15 20 (20) 3 . 2 myrmekite, ch
Ka9(kBH) 52 15 25 5 <o0,5 £0,5 0,5 0,5 allanite, ms, ch(1)’
myrmekite
TV306 25 42 (46) 25 0,5 1 2 (ma) 3 0,5 ch(0,5), zc

* Leucocratic phase of the Inequigranular granite gneiss

Bi Kc-ﬁ dark greenish-brown © pale olive-green
- ch} brown X pale orange
: ) -
Hornblende 'h deep grecn 6 blue-green ™ olive- to yellow-graen

. 4 .
Chlorite 0 = ﬁ turqueoise green o pule brown, neutral
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ESTIMATED MODES (IN VOLUME %) OF TANTALITE VALLEY MITAGABBRO

SAMPLE

Pl. AN HB CM _AT fs‘1/‘/,H CH QzZ OFAQUES EP SN OTHERS
TV217 42 (64) 49 0,5 2 (il) 3 cc(3), cp(1)
TV265 30 (46) 25 36 5 3 <o,5 {o,5 0,5 opr
Tva2 45 (60) 35 0,5 20 0,5 0,5 0,5 opr
TV8 61 (s57) 35 1 2 0,5 (ma) 0,5 cc, zofl)
TV126 88 (70) 10 0,5 0,5 2 1 z0(0,5), ap
TV77 48 (76) 50 1,5 0,5 {0,5 0,5 pr
TV182 50 (49) 50 1 0,5 ' <0,5 0,5
TV277 74 15 10 1 (i1) 1 op
TV209 59 (41) 40 1 0,5 (py, 0,5 cc
TV16 49 (49) 5O 0.5 o5 ™ 31 <o,5 pr, rutile
TV22A 60 (55) 10 30 0,5<0,5 . <0,5 (i1)£0,5<0,5 cc
TV2708B 35 (56) 53 4 <o,5 1 1 <o,s pr, sp, zo, tourmali
TV202 86 (s54) 8 5 0,5 20, cz
TV204 69 (49) . 20 10 0,5 0,5
TV75 60 (51) 40 £o,s £0,5 0,5 €0,5 (il) ,
TVv253 60 (73) 9 2 26 <o,5 (i1) 1 0,5 pr, ap(2), zo
TV255 70 (62) 20 17 1 (ma) <o0,5 pr, 20, cz
- Tv242 79 (59) 20 0,5 0,5 0,5 <o,s zo, cz
Tv243 65 (a8) 11 15 2 7 ) limonite, hercynite,
haematite
Tv251 69 (62) 18 7 4 1 0,5 ap, z¢
AM103 53 45 1 o,5 £0,5 0,5 oap, kf-veins
AM92 60 (50- 30 5 5 £0,5 pr, rutile
72)
AM149/1 60 (48- 35 1 0,5 1 (i1, 2 1 pr, ap
80) ' ma)
AM149/7 50 (60~ 30 2 10 1 5 2 allonite
67)
AM32 60 (60) 35 0,5 5 {0,5 {o0,5 rutile, haematite,
leucoxenc
AM33 74 (45- 25 1 <o,s {0,5
- . 75)
AM30C 50 . (55) 45 0,5 baryte vein
AM30OD 50 (70) 46 0,5 1 rutile, baryte veir,
AM19 45 55 1 4 £o0,5 o
AN20 63 (30- 35 1 £0,5
45) v ‘
AMBYA 59,5(71) 40 0,5 <o,5 <o.s rutile
AMSSE 80 (40) .20 <0,5 £ 0,5
AM90 78 (57) 20 1 0,5 0,5 <o0,5
AM3. 60 40 . (38- SO 0,5 3 3 ap
55)
AM1 454 75 (44- 20 2 €0,5 {py) 2 cc
65) ,
TV9 198,1 60 (65) 30 <0,5 .4 (ccp, -5 ap, rutile
) (=)
1%
TV9 202,6 68 (65) 20 1 1 (py) 2
TV12122,06 60 (54) 2 30 5 1 2 (py)
TV12122,4 60 (54) 30 0,5 2 (py,
mao
TV12139,53 60 (54) 33 5 £0,5 2 tourmaline-qz veins
T1/TV1/25 53 (55) 45 1 1
T2/Tv1/173 20 (55- 30 5 40 4 (ccp ce
60) - po
T22 59 (30- 40 0,5 1
. 60)
T24 46 (25- 50 2 0,5 ce(2)
50)
T29 54 (60) 4% 0,5 ce(l)

continered, W,
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© TABLE 21 - continued

Hornblende 5, blue-green ﬁ green 5{ yeliow-green
Actinoilitic hornblende pole green K neutrol
Biotite X orange-brown c_ pole brown, pale orange
Chlorite X green ¢<_ pink

TABLE 22 :
ESTIMATED MODES (IN VOLUME %) OF METAGARBRO (METADOLERITE) DYKES

SAMPLE PL AN HB TREXCT 81 CH OPAQUES  OTHERS

AM1038 49 (40) 40 C 10 1 pr, kf-qz
. ) veins

TV12A . 39 (41) 60 <o,5

TV166 © 55 (55) 44 \ 1 sn, ep

Hornblende B/bluc-green 6 green O< yellow-green
Biotite =[5 orange-brown { pale orange

TABLE 23 v
'ESTIMATED MODES  (IN VOLUME %) OF TONALITE AND GRANODIORITE

SAMPLE PL AN HB Qz KF EP SN Bl CH OPAQUES OTHERS
AM183 60 (40) ) . 3 1
AM181iC : 40 (26- ©o32 5 2 15 5 1
48)
AM273(TV299) 20 (30) 40 15 ' 15 0,5 ms(5)
AM2558 30 50 17 0,5 0,5 1 ms(2)
TV305 58 (20) 25 10 0,5 0,5 5 <0,5 ‘ zc, hercynite,

rutile, ms

Biotite B/ - f? deep olive-green X pole olive-green
Hornblende 2( grass green (; blue-green <4 pale yellow
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TABLE .24
ESTIMATED HMODES  {IN VOLUME %) OF TANTALITE VALLEY GABBRONORITE

SAMPLE PL AN CP OP HB AT Bl/pH CH oL QZ OPAQUES €P  OTHERS
V210 60 (43) 10 20 ~a 1 3 1 (ma) 1 ap
Tv282 48 (64) 38 2 2 7 2 (ma) ap
TV205A 65 (59) 5 15 3 10 2 (ma) <O,5 hercynite
TV170 50 (s58) 35 3 1 5 2 (ma) . ee(l)
TV199 61 (s53) 2 30 3 .1 0,5 1 1 £0,5 sa(1), ap
TV206 81 (s54) 14 1 ) 1 1 .20, cz
AM21C 54 (42) 20 10 10 5 0,5 ) 1 <0,5
AM34A 60 (38) 20 15 5 <o,5¢0,5 : €o,5 - <o0,5
AM37A 70 (45- 15 14 0,5 0,5 0,5
55
TV263 45 (s54) 4 16 1 1,5 30 2 < 0,5 hercynite, cc
V280 54 (52) 15 S ' 2 20 2 <0,5 hercynite, zo,
) cc, ap
TvV222 60 (63) 28 7 1 0,5 . 3 0,5 £0,5 sr :
Tv233 50 (43- 2 30 0,5 15 2,5 | hercynite, sr
49) v
TV187 68 (46) 26 4 1 0,5 - 0,5 zo
TV171 62 (66) 20 15 1,5 0,5 1 £0,5
TvV221 59 (44) 8 18 1 12 - {0,5 sr, hercynite
TV153 66 (60) 18 12° 0,5 1,5 2 . ap, zo0, cz
AM298A 74 (48- 5 20 <0,5 . 0,5 (m) €0,5
60)
. AM296 67 (45- 15 10 3 2 2 0,5 (i1)
. 58) .
. AM294 . 65 (55- 10 1 3 19 2 (ma) ' sr
62) :
AM293 50 (55- 20 20 5 3 , 2 0,5
’ 64) ' .
TV179 .38 (51- 6 20. 2 1,5 30 1,5 ap(1)
64) - :
T39 .71 (s5) 10 15 1 1 1 1
AM2 492 65 (50- 5 25 2 1 : 0,5 0,5 0,5
62) '
T15 (Tv4/ 79 (70) 15 5 3 2 . 0,5
244,50) .
Ti6 (Tv4/ 85 (65) 3 10 1 0,5 <0,5 0,5
253,30) ' :
T17 (Tv4a/ 66 (60) 2 30 S ' 1 1
254,35) _
T28 42 (s5- 5 25 s . 7 2 10 .3 sr(l)
- 60) - :
T35 40 (65) 8 40 1 10 1
T36 79 (55- 10 10 <o0,5 1
137 76 (83) s 15 3 <o,s 1
T38 87 (65) 6 3 1 1 1 1
AM42 75 (60- 10 15 , ' 0,5
. 66)
AM41 55 (405 17 25 3 <o0,s - <0,5 (m)
: 50

Biotitp X/ dark brown, fox red, yeilow brown, grecnish brown O( pale brown, yellow

Chlorite \( brown, oliva green ™ neutral, green

(Secondory) Hornblende X? blue green, olive grecon (; green X yellow grecn
(Primory} Horablende X—: P brownish ©{ neutrol

(Secondary) Actinolitic hornblende ‘; h  greern 0 neutrcl
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TABLE 25
ESTIMATED MODES  {IN VOLUME %) OF GADBRCHNORITE DYKES
SAMPLE PL AN HB op ce BY OPAQUES AP
AM40 55 (40-45) 36 2 5 1
AM34B 53 (65) 25 20 2 0,5
AM29BA 65 (50-65) 20 15 4
All samples intride gabbronorite
Biotite [= (2 reddish brown o4 yellow
Hornblende Xolive green {l green X yellow green
TABLE 26
ESTIMATED MODES (IN VOLUME %) OF TANTALITE VALLEY
SATELLITE BODY AND RELATED ROCKS.
Bl TREM OPA~ i
sAMfls PL AN OP cCP /l:,H CH HB _,cp CM  QZ o OTHERS
AM123A 20 (58) 25 30 5 3 9 7 £0,5 sericite/cancrinite(l)
AM123B £ 2 (30- 10 80 5 2 1 ap, rutile, ep
45) .
AM123C £ 20 75 5 zc
AM125 15 (47) 9 45 30 1 rutile, sn
5151 15 (207) 79 5 1 op, zc
S150A * 3 80 15 2

$ AM1238 and AM123C are from near the contact of the Satellite Body with Grey Gneiss

*  occurs as a xenolith in ultramafic rock sample S150

/
b green K pink

Xpole agrey-green ‘ﬂ dark groy-green X yellow-green

Bronzite
Hornblende
dark blue-green pale green

F olive-green >
X pale green X

Actinolite-tremolite neutral

Phlogopite . X = {e dark brown O( yellow-brown
X-i 'Q tan-brown X yellow !
Biotite X - {4 doep brownish-oronge oK pale orange
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TABLE 27

ESTIMATED MODES  (IN . VOLUME %) Y GOLIVINE--RICH j>/ 204)  MAFTC-ULTRAMAF IC

ROCKS _QF ~ TANTALITE VALLEY AND  VICINITY.

.
SAMPLE OL+SR PL AN oP cP PH CH (@} H/B.ER_ OPAQUES OTHERS
ACTIN
TV45S 45 15 17 15 5 3 cr, mo
TV43 76 16 1 2 0,5 2 3 cr, mo
TV36 50 25 72 15 8 0,5 €0,5 3 c¢r, ma cc, ap
© TV49 40 - 30 20 7 1 5 1 cr, ma
TV18 60 {o,s 27 10 3
AMBS8A 46 22 15 3 cr,ma haematite talc 2,
: ’ brucite 2
AM89B 55 7 . 64 10 15 1 1 4 er, ma brucite 5, cc,
(60) (8) (20) (10) (2) pr 2
-T18 - 50 <£o0,5 10 35 5 cr, mo
T14 (Tva/ 36 45 60 7 3 55 0,5 3 cr, ma
177) :
T13 (TV3/ 41 33 50 10 1 5 {6,5 5 cr, m picotite, hercyn-
: 189) i : ite, cc, sefcan-
crinite 5
T12 (TV3/ 50 25 60 6 3 s "2 85 er,ma  hercynite, cc,
186) - . se/cancrinite 4
110(Tv3/176) 83 100 1 1 .5 po,pt,ma
121 70 18 60 2 .,5 1 4 crma. selcancrinite 5
(23) - b
T23 40 2 55 - 2 3 8 : - 3 cr,ma - .cc 2, sefcan~
(55) (42) : crinite 40
125 25 54 55 0,5 1 3 1 2 2 cancrinite 10,
(64) : cc 2
T32 57 33 60 5 1 1 3 cancrinite
120 30 (29) (20) 25 5 25 4 cc 1, cancrinite It
. (40) : .
Pl 44 30 2 3 21
AM174/2 - 40 40 5 11 1 - cc 1, brucite
TV157A 45 : . 7 46 2 ma
S75 30 : 25 40 3 ma talc 2, haematite
\
u1s 40 10 48 2 ma . haematite
ul4 45 {o,5 5 48 2 ma hacmatite
pt = pentlandite cr & chromite
* Hornblende includes mogmatic ond secondary varicties
Numbers in brockets refer to original omount of minerols found.
Phlogopite Y- orange-trown, reddish-brown °pala brown, palc orangn

Chlorite e blue-green ™ yellow-brown
Primiry horntblende X dark brown (2 brown oL olive-brown

/ .
Secondary hornblenda ) blue-gt een (9 qQreen X yesilow~girecn
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TABLE 28

ESTIMATED MODES (IN  VOLUME %)  OF " MAFIC-ULTRAMAFIC RCCKS
OF TANTALITE VALLEY WITH <30% OLIVINE

SAMPLE PL AN OP CP PH CH OL+ CM H‘;*RCM OPAQUES  OTHERS
SR -ACT

TVI117 ' 50 50 £0,5 cr

TV30 : £o,5 2 50 47 <0,5

TV1igl 38 60 0,5 c¢r sn, hercynite 1,

tourmaline 1

TV14 . 32 » 65 3 ma hoematite, limonite

Tv4l 3 , 52 ~ ‘45 0,5 cr

TV270A 12 3 35 a9 £o,5 zc, ap

T5(TVv3/41) 41 58 30 5 5 11 4 2

T6(TV3/54) . 1 59 ° 4 35 1 ma

T7(TV3/61) <o,5 60 11 25 3 ma bowlingite 1

T8(TV3/64) 3 45 2 49 1 mo

T9(Tv3/73) 2 35 5 15 2 23 5 10 3 cr,ma picotite, hercynite
(50) (10) (25)

T11(Tv3/184) 6 73 75 4 2 10 <0,5 1 ma se 2, rutile,
(8) sulphide

TV3 _ 17,5 62° 3 0,5 15 0,5 1,5 ap

T26 (15) 10 4 20 65 1

' (80) (s)

127 (95) 2 95 2 1 ma haematite

731 . 24 30 40 1 ma talc S

T33 o 68 30 2

AMBBB : ' 15 20 38 2 talc 20, brucite 5

AM172 ' - - <0,5 30 70 <0,5 '

AM173 5 . <0,5 25 60

T34 ' 62 60~ 5 3 2 23 1 1 1 se/cancrinite 2

TV26 se 81 4 10 25 3 mo

P18 25,5 50 54 1 3 15 1 cr,mo ap

Pw2B 10 50 85 3 0,5 0,5 <o,5 0,5<0,5

AM1/50 25 65 1,5 0,5 1,5 6 0,5 cc

PW3(270,45) 65 54 30,5 3 0,5 1 <o,s

TVG6/129 20 73 72 1,5 1 0,5 4,5 0,5 cc

TV6/268 15,5 82 1 0,5 0,5 0,5 0,5

Tv8/173 25 48 65 3 0,5 5 1 0,5 ma ep

TV10/160,13 1 . 76 3 3 15 2

TV10/235,10 25 60 1,5 5 6,5 2

TV10/123,15 25 49 66 1 7 5 c¢r hercynite 0,5

TV1o/88 15 8 35 41 0,5 cr sn

Pw3/224 - (21) 58 «\ 2 0,5 15 2 py,ccp hercynite, cc

T30 s a5 1 1 17 14 8 2 ma cc 1, hercynite 1,
(10) ' cancrinite 5

S34 15 25 58 2 ma haematite

s11/25 24 - 5 70 1 scheelite 7

. §150 25 20 15 20 14 3 ma ap 3, hosmaotite

§52 ' : 20 5 2 70 3

U1l A . 35 63 2

v12 : o 20 2 77 1

$1408 10 60 30 <o0,5

$106 v <0,5 1 10 87 2

Numbers in brackets refer to original amount of mineral prescnt.

.

contired/ oo,
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TABILE 28 -~ continued

' , ,
Chlorite ‘5//=v F deep grecn X\ pale qreen

o f pcle green X neutral, pole pink
Ph]ogopite_ X wP pale bro?'n, 6ronge~brown 17,4 neutrol, pole orange

Tourmaline l(grey-bluex “pale blue X neutral

Secondury hornblende’ blue-green > green > yellow-green
' olive-greeh S green X pole olive-green
‘ Tremclite~uctinolite = (} green X pale green, neutral

TABLE 29
ESTIMATED - MODES (IN  VOLUME %) OF KUMKUM GABBRONORITE

sampLe op P oL az B we gsﬁ;TE PL AN OPAQUES 2C AP  OTHERS

K28 7 21 35 3 4 <o0,5 30 (48)<0,5 (ma)

K28A ’ 2 3 45 49 (42) 1

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

K65 20 8 10 2 10 <0,5 50 (66)<0,5 (mo)

K74 7 33 5 2 a4 £o0,5 48 (40) 0,5 £o,5

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

K22 5 25 2 7 o (31 1 <o,s

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

ka2 <o,s <o0,5 £0,5 43 50 (36) 1 em(5)

K4ac 12 5 2.3  so (68) 1 k
K29A 10 2 Zo,5 40 <o,s 47 (s4) 1 .

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,s

K213 15 5 25 .5 6 1 a6 (42) 2

K258 30 15 0,5 4 5 44 (6Q) 1,5

K240 30 20 2 43 (60) 1,5 (ma) <0,5

K30 37 2 40 20 1

K44D 14 3 30 1 s 0,5 45 (61) 1 {ma) picotite (1)
K152 30 11,5 10 ‘2 4 0,5 40 2 (ma)

Einsied- 4 16 13 1 4 £o0,5 50 (58) 1- ¢h(<0,5) picotite
ler . (< On5)
K273A 40 .25 0,5 2 10 1 20 (44) 1 4 £0,5

K253 8 20 3 4 0,5 60 (54) 3 (me) . 1 sn (< o0,5)
AM242 2 5 40 -52 (45- 1 (ma)

65)

Hornblende (secondary) Y alive-green F green X yellow-green
Hornblende (p/rimory) Xorange-—brown Y brown X pale brown
Biotite ;Qfox red, orange-~brown o< pale orange

Hyporsthene green o Pink



TABLE 30

CSTIMATED MCDRES
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(IN NVOLUNS %) CONTAMIMATED  GABSRCHORITE

HER-

K275A 5 15

64 (sl) <0,5 15

(pO, <Ov5
ma)

(i1)

SAMPLE OP CP PL AN Bl H8 OPMIES AP ZC Q2  (onTre KF OTHERS
K168 8 30 50 (40) S 5' 2 <o0,5

K162 7 23 50 (56) 10 5 3 4 -o,5<o,5 1

K200 18 15 60 (54) 2 1 3 (ma) Lo0,5<0,5 1

K153 10 32 SO (64) 3 3 2 (mo)

K142 55 57,5 (68) 2* s 0,5

Keaz 20 10 59 (38) 3 1 2 (m)<0,5<0,5 5

K39 15 10 S5 (66) 0,5 2 2 <o,5<0,5 15

KK 15 15 60 (39) 2 7 1 (o.5'<o,5

KK2A 33 7 44 (70) 3 12 1 <o,s

KKIOA 22 ‘10 63 (65) 2 2 1 <o,s

KK10B 10 25 61 (54) 2 1 1 Lo,5

KK11 23 7 60 (s57) 2 5 3 (ma) <o,5<0,5<0,5

K41 0 1 36 (34- 10 35 0,5 0,5 7 sn<o,5

X . ‘ 44)

K4sA 30 7 50 (49) 4 2 (ma) 7

K46 s 2 23 (36) 3 <0,5 1 (ma)<0,5 5 60 myrmekite < 0,5
K63A 20 20 S0 (a5) 3 <o,5 2 (i1)<o,s5 5 ep<0,5

K69 31 5 60 (54) 2 1 1 (ma)

K71 25 7 60 (s6) 3 a4 1 (i1)<o,.5

K75 20 S5 58 (59) 3 3 1 (ma) <0,5
K76 7 30 55 (s0) 4 3 1 (m)<o0,5

K80 ‘10 15 32 (66) 2 35 3 (me) 0,5 3

Kda 7,512,5 33 (48) 6 35 0,5 (i1) £0,5<0,5 5

KK3 18 7 65 (sa) 7 o,5 3 <o0,5<0,5

KK5 20 10 63 (s4) s 1 oL 1 myrmakite <O,5
K33 20 21 50 (42) 5 -2 (i1) 2 myrmekite <0,5
K34 33 .7 50 (57) 3 3 2 (ma) 2 myrmexite <O,5
K34A 33 7 43 (s1) oO,5 s 1 (i1)<o,s ‘10

K52 6 30 55 (s?) 0,5 5 3 (ma) <0,5

K273 10 30 52 (60) 3 3. 2

* phlogopite

Biotitn X fox red, dark brown X pale orangs, yellow

Hornblende Y oliva-green ﬂ green O( pale grean, yellaw-graon

Hypersthene X green X pink
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TABLE 31

ESTIMATED MODES  {IN_ VOLUME %) OF ESCLRUH  GABBROMORITE

oP cP PL AN HB - OPAQUES OL PH cM AT CcC OTHERS

AM 204 30 5 42 (50- 15 £0,5 (ma) 2 5

K51 21 50 2 63) 25 2

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

K262 77 15 7 1 (ma) £0,5 ch {<o,5)

K257 15 38 20 . 5 2 (mo) 15 4 harcynite, .
: picotite (0,5)

K207 2 91 7 £o,5

K59A 5 35 5 (88) 36 1 (ma) 15 0,5 2

K174 72 20 2,5 (ma) 3 ) zc, brucite,

ch, ms

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 <o0,5 (m) 0,5<0,5 10

Bronzite X pale green X pink

Phlogopite orange /0< pale oronge, neutral

Hornblende (primary) :ﬁ yellow-brown L pale brown

Hornblende (secondary) olive-green {; green o yellow-green

TABLE 32

ESTIMATED MODES (IN VOLUME %) OF METASOMATIC HORNBLENDITE

SAMPLE HBA PL AN BI/p” CM Qz EP OPAQUES SCH AP 2C SN

AM157 37 60 ' 3 <o,5

AM155A/8 45 40 15

s107 / 99 <o,5 <o,s

s95 25 31% (20) 25 on £o0,5 5 £0,5<0,5

* Found in 2 cm thick vein.

/ .
£ cA X = 23° overage )
SCH =~ Scheolite

/
Bi/phlogopite k reddish brown, tan brown '7’\ pole yellow, neutra)

’

Hornblende dark blue-gresn {Q grass green X yellowish grecen
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1ABLE 33

TEMPERATURE DATA  ON_ CO-EXTISTING  ORTHO- AND CLINO- PYROXECNE

SAMPLE x2OPX aCP% . aoP% anA T,° T,° F
NO Fe Mg,Si,0, Mg,5i,0¢ (c) (c)
1 0,223 0,119 0,528 ~1,490 1068 1069
2 ‘0,217 0,127 0,530 -1,429 1086 1108
3 0,224 0,087 0,547 -1,839 1009 1006
4 0,306 0,086 0,449 -1,653 966 1003
5 0,209 0,056 0,560 ~-2,303 952 917
6 0,229 0,072 0,555 ~2,042 973 960
7 6,220 0,072 0,566 -2,062 978 960
8 0,196 0,074 0,573 -2,047 1003 975
9 0,301 0,104 0,452 -1,469 997 1046
10 0,175 0,100 0,583 -1,763 1073 1051
11 0,242 0,100 0,526 -1,660 1021 1037
12 0,175 0,090 0,583 -1,868 1054 1026
13 0,448 0,051 0,289 -2,927 864 776
14 0,542 0,027 0,198 -3,158 789 762
15 0,293 0,025 0,474 ~1,735 808 914
16 0,237 0,023 0,541 -1,992 818 828

* Equation (27), Wood and Bupno (1973), oll results + 60°¢

¢ Equation (5),

A Equation (3),

Samples 1 -~ 12 from Tantalite Valley,

Sample
-Somple
Sample
Sample
Sample
‘Somp]e
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Somplo

Sample

1
2
3

v

o w

10:
11:
12:
13:
14
15:

16:

TV263 - discrete op-cp grains in olivine gabbronorite.
3+

TV263 -

vells (1977),

ditto,

Wells (1977)

all results + 70°C

calculation includes

13-16 from Kumkum.

TV187 -~ discretec op-cp grains in gabbronorite.

AM41 -~ discrete op-cp grains in gabbronorite.

AM123A - discrete op-cp grains in gobbronorite satellite body.
TV233 - bronzite lamellce in augite in olivine gabbronorite.

TV233 - discrete op-cp groins in olivine gobbronorite.

TVv233 - ditto,

calculation includes Fe

3+

AM21C - discrete op-cp grains in gabbrcnorite.

TV6 129 - discrete op-cp grains in orthopyroxenite (norite).

TV6 129 - op lumelloe in cp in orthopyroxenite (norite).

TV6 129 - ¢p blebs in ob in orthopyroxenite (norite).

KA4SA - discrecte op-cp groins in Contominated gabbronorite.

K58 ~ discrete op-cp grains in gronolite sensu_stricto.

K37A « discretc op~-cp groins in Kumkum uchbronorite.

K4 - discrete op-cp grainn in Eselruh gobbronnrite,
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TABILE 35 -~ continued

xed . Mo ) x€d “ Fod*

Mg ’ Fe 24

Mg + Fe?* & Mn Mg + Fe“  + Mn

Xgmrnet - Fe2+ xgarnet Mg

Fe Mg + F02+ + Mn + Ca Mg Ma + Fe2+ + Mn + Ca

. 2+

KB Mo «Bi Fe

Mg Mg + Mn + Fe?t + Ti + Aa1V? fe Mg + Mn + Fe2+ + Ti + am1V?

Rim. compositions are used unless otherwise stated

L Ti = calculations using Low-Ti biotite

H Ti ~ calculations using High-Ti biotite

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

1 - Temperatures from Thompson (19?6b), Fig lA with the low.temperoture end of
Thompson's curve increased by 30° following the suggestion of Holdaway & Lee (1977).

2 - Tpmbercturés from Thémpson (1976 b), Fig 1B. |

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 - X estimated on a plot of P versus XH 0 . (assuming a constant temperature)
2" 7 ’

H20
for equation (iv) (Appendix 9). and using an independently determined pressure

from equation (1) (Appendix 10).
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Table 36: Plagioclase = garnet “.Alzsios,v quartz geobarometery using

Pelitic Gneiss Samples

SAMPLE Xlgioss gzoss ﬁi >< ii 3§;S) P(bars) Source of T data
A3 1,6904 0,0322 1,276 0,3884 580 4225  av.ga-cd,ga-bi
AS 1,6935 0,0420 1,276 0,3850 560 4971 ga-cd

A5 1,6257 0,0420 1,276 0,3850 630 5967 ga-bi

KI9A 1,7212  0,0273 1,276 0,3167 560 4139 ga-éd

K19A 1,6156 0,0273 1,276 0,3167 670 5579 ga-bi

K101 1,7297 0,0288 1,276 0,2710 550 4787  av.ga-cd,ga-bi
K10l & 1,6333 0,0242 1,276 0,2710 655 5544  av.ga-cd,ga-bi
- KK7 1,7123 0,0090 1,276 0,1232 600 4078 ga-cd

KK7 1,5755 0,0090 1,276 0,1232 760 6064 ga-bi

K668 - 1,6583 0,0253 1,276 0,2246 625 6101 av.ga-cd,ga-bi
K35P % 11,7744  0,0340 1,276 0,3498 505 3814 ga—cd

K35P # 1,6481 0,0340 1,276 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 1,276 0,3498 610 4686 ga-cd

K356 1,5532  0,0294 1,276 0,3498 750 6505 ga-bi

T19 % 1,6355 0,036l 1,276 0,4378 630 4836 av.ga-cd,ga-bi
T19 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 - A5 Black Gneiss, Sandfontein 131.

K19A - KK7 Black Gneiss, Kumkum area.

K66B - K35G Hornfelsic Black Gneiss, Kumkum area.
K35P Porphyroblasts, K35G - groundmass.

T19 Pelitic Hornfels, Tantalite Valley.



Table 37 Temparatures obtained from coexisting plagioclase and K-feldspar

- 153 -

using the geothermometer of Stormer (1975)

Na

Na e Y
SAMPLE X KE X P1 P assumed (kb) T ( C) T (C)
K19A 0,18 0,68 5 600 560-670
A3 0,15 0,60 5 600 580
K66B 0,15 0,77 5 550 610~640
K35 0,12 0,65 5 550 505-750
» Temp. obtained from coexisting ga-cd and ga-bi using Thompson (1976-b)

Fig 1A & Fig 1B.

Na
Pl

Na
Kf

»

Na

Na + Ca

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

13.

]4.

15.

16.

17.

K58 Granolite

K4

K4

Eselruh gabbronorite discrete

Eselruh gabbronorite op. in ol-pl. coronas

K37A Kumkum gabbronorite discrete

K37A Kumkum gabbronorite op. in ol-pl. coronas

K45A Contaminated gabbronorite

KK6 Black Gneiss

AMI123A Tantalite Valley Satellite Body

AM&1  T.V.
AM21C  T.V.
TV233  T.V.
TV233  T.V.
V187  T.V.
TV263  T.V.
TV 49  T.V.
TV6 129 T.V.

V6129 T.V,

gabbronorite

gabbronorite

gabbroporite, lamellae in cp.A
gabbronorite, discrete
gabbronorite

gabbronorite

troctolite

norite, discrete

norite, lamellae in pyroxene
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Table 41: . Distribition coefficients for coexisting pyroxenes

SAMPLE LOCATION K M REMARKS
p Mg - Fe
TV187 0,86 discrete op + cp
TV263 GABBRONORITE 0,70 discrete op + cp
AM4 1 0,67 discrete op + cp
AM21C (T.VALLEY) 0,64 discrete op + cp
TV233 0,96 op lamellae in cp
TV233 1,04 discrete op + cp
TV6 129 ULTRAMAFIC 0,61 discrete op + cp
V6 129A AND ' 0,38 0.61 op lamellae in cp
TV6 129B RELATED ROCKS 0,843 ~ cp blebs in op
, AM123A (T.VALLEY) 0,78 discrete op + cp
Eastern Bushveld THOL, 0,67 average, Atkins (1969)
Skaergaard ROCKS 0,73 average, Brown (1957)
Stillwater (GENERAL) 0,72 average, Hess (1960)
‘Palisades 0,78 average*, Walker ét. al.(1973)
K58 KUM- 0,47 discrete op + cp
K4 KUM 0,38 discrete op + cp
K37A ROCKS 0,40 discrete op + ¢cp
K45A 0,48 discrete op + cp
s70" 0,57
) cp
op — ¢ _ 1 - x. .
KD g - Fg = Mg . Mg (Kretz, 1961, 1963)
- x OP x EP
Mg Mg

op Mg
where X s

Mg Mg + Fe“+

X fxp Mg_
8 Mg + Fel*t

% 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 Cummingtonite

Bb Cm Hb - Cm Hb (atoms per formulé

No. of pair X Mg X Mg Kp Mg - Fe Al unit) Na + K P1.
1 0,659 0,661 0,99 1,868 0,396 An47
2 0,663 0,669 0,98 1,876 0,372 An47
3 0,602 0,637 0,86 2,365 0,422 An62
4 0,601 0,646 - 0,83 2,279 0,423 An62
5 0,576 0,622 0,83 2,404 0,412 An74
Hb .
X Mg = Mg /(Mg + Fe) in hornblende
Cm . . .
X Mg Mg /(Mg + Fe) in cummingtonite
K Hb - Cm  _ (Mg / Fe) Hb
D Mg ~ Fe (Mg / Fe) Cm
Pair 1  Hb./cm. 125/G/125/W satellite body
Pair 2 Hb./cm, 125PG/125PW metagabbro
Pair 3 Hb./cm. 31C/G/31C/W .
Pair 4 Hb./cm, 31CPG/31CPW 5 :zf;‘?:i;te
Pair 5 Hb./cm, 31D/G/31D/W
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Table 43: Mineral Analyses — Samples from Tantalite Valley

and Kumkum
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1 2 3 4 5
sio, 39,05 39,30 38,22 38,53 38,97
Tio, 0,02 0,03 0,02 0,03 N.D.
A1,0, 0,01 N.D. N.D. 0,02 N.D.
Cr, 0, 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
MgO 43,13 42,03 38,86 39,47 41,39
ca0 0,06 0,05 0,04 0,03 0,06
Na,0 N.D. N.A. N.A. N.A. N.A.
Nio 0,38 0,35 0,17 0,16 N.A.
Total 99,26 100, 80 99,80 100,73 100,66
- %% Atomic Proportions based on selected number of oxygens *%
Oxygen 4 4 4 4 4
Si 0,997 0,998 0,997 0,995 0,995
Ti 0,000 0,001 0,000 0,001 0,000
Al 0,000 ' 0,001 0,000
Cr - '
R 0,350 0,397 0,483 0,478 0,425
Mn 0,004 0,007 0,007 0,007 0,007
Mg 1,642 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 24,24 23,95 21,20

k%% Sample Directory ***

1  Chrysolite, Troctolite, TV49 (AV of 3 Analyses).

2 Chrysolite, surrounded by Plagioclase, OL Gabbronorite, TV233,

3 Chrysolite, surrounded by Clinopyroxene, OL. Gabbrouorite, TV203,
4  Chrysolite, surrounded by Plagioclase, OL. Cabbronorite, TV263.

5 Chrysolite, Troctolite, S75.

*% N.D, = Not Detected **

N.A. = Not Analysed.
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Orthopyroxenes From Gabbronorites and Ultramafic Rocks

of Tantalite Valley

-

1 2 3 k 5
530, 53,23 53,52 53,22 52,75 53,87
TiO, 0,07 0,21 0,20 0,17 0,22
A1203 1,12 1,02 1,62 2,15 1,74
Cr203 0,14 0,03 0,08 0,09 " 0,06
Fe203 L, 00 _ 0,25 N.D, 1,71 1,67
FeO 13,09 19,21 19,06 13,01 12,77
MnO 0,45 0,41 0,35 0,32 0,27
MgQ 27,89 24 47 24,46 27,53 27,78
Ca0 0,32 0,74 0,38 0,61 1,60
Nazo N.D. N.D. .N;D; N.D; N.D.
K,0 N.D. N.D. N.D. N.D. N.D,
Total 100,33 99,88 99,40 38, 36 100,00
**+ Atomic Proportions Based on Sfelected No, of Oxygens **
Oxygen 6 6 6 6 6
Si 1,916 1,968 1,961 1,923 1,933
Ti o,obz 0,006 0,006 0,005 0,006
INY 0,048 0,04k 0,070 0,092 0,076k
Cr 0,004 0,001 0,002 0,003 0,002
Fe 2 0,114 0,007 0,049 0,047
Fe? 0,394 0,591 0,587 0,397 ‘0,383
Mn 0,014 .01013 0,011 n,010 0,008
Mg 1,496 1,34 1,343 1,496 1,485
Ca 0,012 0,029 0,013 0,024 0,062
wO 0,65 WO 1,49 WO 0,77 WO 1,24 WO 3,19
EN 78,64 EN 68,39 |EN 69,04 EN 78,06 |EN 76,96
FS 20,71 s 30,13 [FS 30,19 FS 20,70 |Fs 19,85
1 Bronzite, G-N Satcllite AMY23A
2 Hypersthene, G-N,AMAL
3 Hypersthene, G-N,AM21C
I Bronzite Lamellac in Augite, 0-G-N,TV233
5 DBronzite, G-N, TV1ijy7 :
6 Bronzite (Discrete), 0-G-N, TV233
7 Bronzite, 0-G-N, 1V263 ‘
8 DBronzite (Discrete), OPXT, TVG 129
9 DBronzite, Troctolite, TV49
10 Bronzite Lamellae in Augito, OPXT, TV6 129
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i~ Orthopyroxenes From Gabbronorites and Ultramafic Rocks

of Tantalite Valley (cont.)

6 7 8 9 10
5i0, 53,38 54,37 54,49 54,30 53,33
Tio, 0,21 0,29 0,11 ‘ 0,17 0,31
A1203 1,97 1,67 2,21 2,54 2,27
Cr203 0,16 0,08 0,43 0,44 0,4
Fe203 2,14 0,51 2,04 1,23 1,89
FeO 12,25 13,48 9,20 11,16 13,82
MnO 0,30 | 0,29 0,19 0,28 0,27
MgO 28,23 27,25 29,28 29,62 27,21
Ca0 0,89 2,26 2,86 0,65 0,90
Na,0 | N.D. N.D. N.D. N.D. 0,05
K,0 N.D. N.D. N.D. N.D. 0,02
Total 99,55 100,22 100,83 100, 41 100,48

¥** Atomic Proportions Based on Selected No. of Oxygens **

Oxygens 6 ‘ 6 . 6 1 6 6
Si 1,920 1,949 1,917 1,919} 1,913
Ti 0,006 0,008 0,003 0,005" 0,008
Al 0,084 0,071 0,092 0,100 0,096
Cr 0,005 0,002 0,012 0,012 0,012
Fe 0,061] . 0,01k 0,057 0,034 0,054
Fe 2 0,368 0,404 0,271 0,330 0,415
Mn 0,009 . 0,009 0,006 0,000 0,008
Mg 1,513 1,456 . 1,535 1,560 1,455
Ca 0,034 " 0,087 0,108 0,025 0,035
Na _ : 0,003
K A ' ' 0,001
Wo 1,79 |wo 4,46 | wo 5,63 | wo 1,29 [WO 1,82
EN 78.98 [EN 74,78 | EN 80,22 { EN 81,49 |EN 76,41
FS 19,23 {FS 20,76 FS 14,14 FS 17,23 1rs 21,78
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Clinopyroxenes From Gabbronorites and Ultramafic
‘Rocks of Tantalite Valley.

***  Sample Directory ***

1 Augite, 0-G-N, 1TV263

2 Augite, 0-G-N, TvV233

3 Augite, G-N, 1Tv187

4 Diopside, G-N Satellite AM123A
Augite, G-N, AM4l

Augite, G-N, AMZlC

Endiopside Bleb, OPXTE, TV6 129 °

Augite, Low Fe Area, OPXTE, TV6 129

O [« TN | L2 BN IS

Diopside, Lowest Fe Area, OPXTE, TVG6 129
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Calciec Amphibole Analyses:

Samples from Tantalite Valley

“,

1 2 3 4 5 6 7 8
SiO2 53,04 34,26 51,33 55,04 47,58 42,43 47,62 47,19
A1,0, 6,38 | 27,50 6,04 2,66 7,47 | 12,23 8,15 11,30
TiO2 0,27 0,03 0,46 0,13 0,33 0,55 0,10 0,48
Cr203 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 0.04
Mgo 19,64 | 16,87 | 17,02 1| 22,95 | 14,19 | 11,15 15,47 15,95
Ca0 12,61 9,63 12,43 12,08 12,43 12,37 12,00 12,07
Na,0 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 C,49 0,49 0,08
Total 98,99 97,19 97,52 97,51 96,62 97,79 97,85 98,61
#*% Atomic Proportions Based on Selected number of Oxygens *%
Oxygens 23 23 23 23 23 23 23 23
Si 7,326 4,921 7,319 7,624 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 0,011 0,051
Cr 0,003 0,032 0,004 0,044 0,074
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 0,008 0,005
Mg 4,043 | 3,612 | 3,617 | 4,737 | 3,125 | 2,494 | 3,353 | 2,377
Ca 1,867 | 1,482 | 1,899 | 1,792 | 1,968 | 1,989 1,870 | 1,837
Na 0,144 0,072 0,082 0,121 0,241 0,448 0,499 0,375
K 0,007 0,011 0,029 0,016 0,090 | 0,094 0,091 0,014
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Caleic Amphibole Analyses:

Samples from Tantalite Valley contd

»

9

10 11 12 13 14 15 16
SiO2 47,65 52,34 47,36 46,94 42,81 44,26 44,61 44,61
A1203 10,71 4,07 9,00 11,52 13,63 13,72 13,26 10,54
Tio2 0,49 0,10 0,40 0,40 0,40 0,46 0,47 0,32
Cr203 0,65 0,18 0,38 0,70 0,03 0,04 0,08 0,03
FeO* 9,39 *9,09 11,17 9,66 15,06 14,33 14,43 14,64
MnO 0,05 0,08 0,09 0,05 0,27 0,18 0,14 0,18
MgO 16,54 19,24 14,02 15,83 11,49 12,16 12,22 13,14
Ca0 11;93 12,60 12,45 12,13 11,25 11,26 11,62 11,90
Na,0 1,23 0,48 1,15 1,42 1,31 1,35 1,39 1,c1
K20 0,09 0,04 0,08 0,10 0,17 0,21 0,16 0,30
Total 98,73 | 98,22 | 96,16 | 98,75 | 96,42 | 97,97 | 98,38 | 96,67
#% Atomic Proportions Based on Selected number of Oxygens *%
Oxygens 23 23 23 - 23 23 23 23 23
si 6,752 | 7,405 | 6,955| 6,671 | 6,405| 6,472 | 6,504 | 6,651
Al 1,789 0,679 1,568 1,930 2,404 2,365 2,279 1,852
Ti 0,052 0,011 0,044 0,043 0,045 0,051 0,052 0,036
Cr 0,073 0,020 0,044 0,079 0,004 0,005 . 0,009 0,004
Fe??* 1,113 | 1,076 | 1,372| 1,148 | 1,884 1,753 | 1,759 | 1,825
Mn 0,006 | 0,010 0,011] 0,006 | 0,034| 0,022 0,017 0,023
Mg 3,493 4,057 3,069 3,353 2,562 2,650 2,655 2,920
Ca 1,811 1,910 1,959 1,847 1,803 1,764 1,815 1,9C1
Na 0,338 0,132 0,327 0,391 0,380 0,383 0,393 0,242
K 0,016 0,007 0,015 0,018 0,032 0,639 c,030 0,057




- 168 -

Calcic Amphibole Analyses:

21

17 18 19 20 22 23 24
sio, 53,06 | 44,96 | 46,14 | 48,46 | 51,53 | 53,55 | 50,36 | 52.42
A1,0, 2,71 | 10,62 | 10,88 9,09 6,12 4,24 6,07 5,55
Tio, 0,12 0,58 0,62 1,08 0,17 0,30 0,25 0,52
Cr203 0,14 - 0,25 0,19 1,03 N.D. 0,19 N.D. 0,08
FeO* 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
Ca0 11,95 11,04 | 11,25 | 12,29 | 11,62 | 12,00 | 12,34 12,39
Na,0 0,29 1,25 1,20 1,11 0,78 0,51 | 0,57 0,11
K,0 0,02 0,18 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 23 23 23
si 7,616 | 6,709 | 6,750| 6,875 7,293| 7,509| 7,289 | 7,418
Al 0,459 1,868 1,876 v 1,520 1,021 0,701 ©1,036 0,926
Ti 0,013 0,065 | o0,068] 0,115 o0,018] 0,032| 0,027 | 0,055
Ccr 0,016 0,029 0,022 0,116 0,021 0,009
et 1,231 1,576 1,531] 0,935 1,009| 0,843 1,328 1,076
Mn 0,026 0,023 0,024 0,011 0,017 0,014 0,026 0,012
Mg 3,893 | 3,044 | 3,013| 3,552] 3,926] 4,088 3,449 | 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 0,030
K 0,004 0,034 0,032 0,096 0,047 0,038 0,030 0,040




Calcic Amphibole Analyses: Samples

- 169 -

frem Tantalite Valley contd

25 26 27 28
50, 52,65 46,46 43,19 43,16
AL,0, 6,02 8,46 11,97 13,61
Ti0, 0,57 1,55 0,45 0,42
Cr,0, 0,06 0,17 0,08 0,93
FeO* 5,87 13,08 16,70 16,59
MnO 0,12 0,13 0,27 0,21
Mg0 17,64 13,91 10,32 9,42
Ca0 11,32 12,36 11,67 12,16
Na,0 0,10 0,10 1,23 1,34
K,0 0,20 0,89 0,41 0,46
Total 97,55 97,11 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
i 0,060 0,172 0,051 0,047
cr 0,007 0,020 0,010 0,109
relt 1,047 1,612 | 2,115 2,061
¥n 0,014 0,016 0,035 0,026
Mg 3,709 3,054 2,330 2,085
Ca 1,711 1,951 1,894 1,936
Ne 0,027 0,029 0,361 0,386
K 0,036 0,167 0,079 0,087
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Calcic Awmphibole Analyses:  Samples from Tdntalite Valley

Actinolitic Hornblende, Metagabbro, AM83E

Calcic Amphibole from Symplectite part of OL;Plag, Corona, Troct.
MG-Hornblende, Metagabbro, AMGOA

Tremolite, Troctolite, 5§75

MC-Uornblende, Amphibolite, AM77

VE-Pargasitic Hornblende, Amphibolite, AM76, (AV of 2 analyses)
MG~llornblende, Metasomatic llornblendite, AM157 (AV of 2 analyses)
MG-Hornblende, Core, Metagabbro, AM32 (AV of 2 analyses)
MG-Hornblende, Rim, Mctagabbro, AM32

Actinolitic Hornblende, Fibrous, Metagabbro, AM32

MG-Hornblende, Rim-New Arca, Metagabbro, AM32

MG-Hornblende, Cross—cutting lath, Mctagabbro, AM32
Tshermakitic~HB, Mctabasite Hornfels, AM31D/G

Tshermakitic-IB, Metabasite Hornfels, AM31C/G

Tshcrnakltlc—HB, Metabasite Hornfels, AM31C PG

MG-Hornblende, Margin, Metagabbro, AMI0

Actinolite, Core, Metagabbro, AM90

MG~Hornblende, Metagabbro from Satellite Body, AM125/G
MG-Hornblende, Metagabbro from Satellite Body, AM125 PG
MG-Hornblende Cabbronorite Satellite Body, AM123A

“Actinolitic Hornblende, Gabbronorite Satellite Body, AM123A

Actinolite, Gabbronorite Satellite Body, AMI23A
Actiuolitic Hornblende, Gabbronorite, AMZIC
Actinolitic Hornblende, around OPX, Gabbronorite, AM41
Actinolitic Hornblende, New Area, Gabbronorite, AM41
MG~Hornblende, Primary?, Gabbronorite, AM41
MC~Hornblende, Mottled Metagabbro, AM149/2

MG-Horublende, Mottled Metagabbro, TV275

N.D. = ©Not Detccted **
N.A. = Not Analysed

FeO® Total Iroun as FeO

TV49



- 171 -

Cuinmipngtonite Analyses: Samples from Tantalite Vh]lqy

1 2 3 4 5 6 7 8

sio, 54,93 | 54,21) 52,25 | 54,71 | 54,77 | 52,94 | 54,52 | 52,54
Tio, 0,05 0,01 0,05 0,03} 0,03 0,07 0,07 0,08
A1,0, 1,58 1,26 1,23 | 0,87 1,46 1,29 1,18 2,29
Cr,0, N.A. N.A. N.D. N.D. N.D. 0,02 0,03 | N.D.
FeO* 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 | 19,431 19,51 | 20,141 20,46 { 21,08 | 20,69 | 20,88
Ca0 1. 0,46 0,59 0,64 0,70 | 0,88 1,16 0,9 5,71
Na,0 0,11 0,19 0,12 0,14 0,14 0,20 0,13 0,07
K,0 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 |
k% Atomic Proportions based on selected number of oxygens **

Oxygens | 23° 23 23 23 23 23 23 23

si 7,934 7,841{ 7,752 7,892\ 7,832 7,721| 7,890| 7,619
Al 0,270| 0,214| 0,215 0,148] 0,246 0,222 0,201 0,391
Ti 0,005{ 0,001| 0,006| 0,003 0,003| 0,008{ 0,008| ©,002
Cr 0,002{ 0,003

re2* 2,210 2,507| 2,622} 2,468 2,386 2,355! 2,212{ 1,659
. Mn v 0,050 0,177{ 0,104/ 0,059 0,057{ 0,058 0,059 0,049
Mg ‘ 4,370 4,189| 4,314) 4,330} 4,360 4,582| 4,462{ 4,512
Ca 0,071| 0,092 o0,102! o0,108] 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} o0,000| o0,000| 0,600} 0,000{ 0,078

**% Sapple Directory *%#%

Metabasite Hornfels, TV13 151.
Metabasite Hornfels, AM31B.

Metabasite Hornfels, AM3ID.

Metabasite Hornfels, AM31C/W

Metabasite Horufels, AM31C/PW°
Metagabbro from satellite body, AM125/W
Metagabbro from satellite body, AM125/PW
Gsbbronovite, AM21C

N.D. = Not dctected #*%*
N.A. .= Not analysed

ONOWN L WN -~
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Plagioclase Analyses: Samples From Tantalite Valley

**4  Sample Directory ***

1 Anorthite, Amphibolite AM76 ' ¢
2 Bytownite, Amphibolite AM7?7
3 Labradorite, Gabbronorite AM21C
L Labradorite Core, Gabbronorite AM4l
5 Labradorite Rim, Gabbronorite AMA41
6 Labradorite (Av), Gabbronorite AMA41
7 Labradorite, Olivine Gabbronorite TV263
8 Bytownite, Olivine Gabbronorite TV233
9 Bytownite, Gabbronorite TV187
10 Bytownite, Troctolite TV49
11 .Labradorite, Orthopyroxenite (Norite), TV6 129
12 Bytownitc, Metagabbro AM32
13 Labradorite, Metabasite Hornfels AM31C
14 Bytownite, Metabasite Hornfels AM31D
15 Bytownite, Metagabbro AM88E
16 Bytownite, Mottled Metagabbro AM149/2
17 Bytownite Core, Mottled Metagabbro, TV275
18 Eytownite Margin, Mottled Metagabbro, TV275
19 DBytownite New Area 1, Mottled Metagabbro TV275
20 Bytownite New Area 2, Mottled Metagabbro, TV275
21 Andesine, Metagabbro Sample AM125, Satellite Body

N
N

Labradorite, Gabbronorite Sample AM123A, Satellitc

Body ' '

23 Bytownite, Metagabbro AM89A

24 Andesine, Young Peg. Intr. Metasomatic Hornblendite
Sample 595 ' '

25 Andesine, Psammitic Hornfels, AM30A

26 Labradorite, Metabasite Hornfels, TV13 151

27 Bytownite, Metabasite Hornfels, AM31B

28 Andesine, Pelitic Hornfels, T19

** N,D. = Not Detected **
.. N,A. = Not Analysed



Brown Mica Analyses ¢
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Mafic and Ultramafic Rocks

of Tantalite Valley

510, 36,96 | 37,93 | 37,27 | 35,95 | 36,70 | 40,41 | 40,16 | 38,09
Tio, 2,54 | 4,12 | 1,83 1,95 | 4,28} 2,811 0,72 197
A1,04 15,87 | 15,44 | 16,87 | 17,10 | 16,02 | 16,21 | 14,54 16,23
Cr,0, 0,11 | 0,87 [ 0,35 1,15 | 0,19 | 0,46 ) N.A. N'ﬁ°
Feo 13,16 | 10,80 | 18,03 | 17,2k | 9,99 | 7,89 | 9,89 | 12,00
MnO 0,05 | 0,05 | o0,k | 0,11} 0,00| 0,03 0,16 0,02
MgO 16,87 | 17,50 | 12,15 | 12,58 | 18,36 | 20,72 | 19,45 | 17,77
Ca0 0,14 N.D. 0,15 0,09 0,0k N.D. 0,0k 0,06
Na,0 N.D. 0,16 0,27 0,09 0,12 0,18 0,26 0,25
K,0 9,32 | 9,41 8,53 8,69 8,97 8,98 | 8,39 7,15
Total | 95,02 | 96,28 | 95,59 | 94,95 | 94,71 | 97,69 | 93,59 | 93,93
** Atomic Proportions Based on Selected No, of Oxyggns‘**

Oxygens 22 .22 22 22 .22 22 22 .22
Si 5,486 5,501 | 5,589 | 5,439] 5,382 5,639 5,885 5,603
Al 2,777 2,639 2,982 3,049 2,769 2,666 2,512 2,814,
| Ti 0,284 0,449 0,206 0,222 0,472 0,295 0,078 0,218
Cr 0,013 0,100 0,041 0,138 0,022 0,051 ‘

e 2t 1,634 1 1,310} 2,261 2,181 1,225] 0,921 1,212 1,525
Mn , 0,006 0,006 0,018 0,014 0, 005 0,004 0,020 0,003
Mg 3,732 3,782 | 2,715 2,836 | 4,013 4,309 4,248 3,894
Ca - 0,022 0,924 0,015 0,006 0,006 0,009
Na 0,045 { 0,079 0,026 0,034 0,049 ! 0,074 0,072
K 1,765 | 1,741} 1,632 | 1,677 | 1,678} 1,599 ] 1,568 [\‘1,342
Sum 15,718 | 15,573 | 15,548 | 15,598 i5,607 15,533 | 15,602 15,480

1. Phlogepite,
2. Phlogopite,

34 Biotite,

Sample Directory #***

Gabbronorlte, AM41
Gabbronorite Satellite Body, AM123A.

4, Biotite, Mottled metagabbro, TV
5. Phlogepite,

" 6., DPhlogopite

7. Phlogopite,
8. Phlogopite,

N.D,
N.A.

- Not

- Not

Gabbronorite,
y Pyroxenite

Mottled metagabbro, AM1h9/2,

275.

TV233.
(Norite),

V6

Mctasomatic Hornblendite,
Mc tagabbro from Satellite Body, AM125.

Dotected
Analysed

L

1

129,
S95.
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Chlorite Analyses: Samples From Tantalite Valley

2.
3.
b4,
5.
6.
7.
8.
9.

10,

*+*  Sample Directory ***

Ripidolite, Mottled Metagabbro, AM 149/2

Ripidolite, Metagabbro, AM90 )

Ripidolite, Metagabbro, AMB9A

Ripidolite, Pelitic lHornfels, Tk

Ripidolite, Cordierite—Aﬁthophyllite Hornfels, TV170

Ripidolite, Pelitic Hornfels, TV276

Clinochlore, Troctolite, 575

Pycnochlorite, Metabasite Hornfels, AM30A

Pycnochlorite, Metabasite Hornfels, AM31B

Sheridanite, Metabasite Hornfels, TV13 151

** N.,D, = Not Detected **
" N,A. = Not Analysed



- Spinel Analyses:
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Samples from Tantalite Valley

# OOV WD

1 2 3 4 5 6 7 8
§i0, | N.D 0,02 (N.D. 0,02f{ 0,04iN.D, N.D. 0,12
A1203 k2,16 36,8263, 36 5,19 4,32 27,501 54,41 2,00
TioO,, 0,03 0,04 |N.D. 2,52 2,40 0,44 | N.D, 0,33
Cr,0 18,89 23,54 0,12 20,80] 19,18] 28,22 0,49 22,00
Fe203 6,85 7,21 4,24 37,84 40,86 12,36 0,00 43,65
FeO 22,76 24,25113,83 31,30| 31,62 24,481 29,09 31,90
MnoO 0,39 0,51 0,10 0,65 0,60 0,66 | N.D, 0,33
MgO 10,46 8,80118,33f 1,76{ 1,50| 7,81 3,91 |N.D,
Total | 101,55 |101,22(99,98 | 100,08{100,52(101,47 ;| 87,90 100,33
** Atomic Proportions Based on Selected No. of Oxygens **
Oxygens | 4 4 4 h 4 4 4 4
S i 0,000 0,001 {0,000 | 0,001 {0,001 {0,000 0,000 0,005
Al 1,419 1,281 {1,913} 0,218 {0,182 {0,997 2,021 {0,083
Ti 0,001 0,001 }0,000 | 0,068 {0,065 |0,010 | 0,000 |0,009
Cr 0,426 0,549 {0,002 0,587 |0,542 {0,686 0,012 (0,652
Fe* 0,155 | 0,169 |0,086 | 1,071 |1,158 {0,301 | 0,000 1,251
re?t 0,543 | 0,598 |0,296 ] 0,935 {0,946 0,629 | 0,767 1,000
Mn 0,009 0,013 lo,002{ 0,020 {0,018 [0,017 0,000 (0,010
Mg 0,445 0,387 |0,700 | 0,094 (0,080 |0,358 0,184 0,000
t*rt Sample Directory ***
Brown Picotite, Troctolite, TVA9
Picotite, included in green Spinel, Troctolite, TVA9
Green Spinel-lHercynite, Troctolite, TV49
Ferritchromite included in Picotite,Troctolite, TV49
Ferritchromite included in Picotite,new area, Troctelite, TVA9
Picotite, new area, Troctolite, TV#h ;
Zincian Spinel, Pelitic Hornfels, Tk
Ferritchromite ,mottled metagabbro, TV275
* N.D, = Not Detected **
o+

accurate electron microprobe determinations of zinc is not

possible at the University of Cape Town, but it wau quanti--
Zn0 level

tatively detected and is present at about the 1

ol
279




Miscellaneous Analyses @
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Samples TFrom Tantalite Valley

1 2 3 A 5
sio, 52,72 53,29 52,76 41,30 64,18
Tio,, 0,23 0,07 0,08 0,03 N.D.
_A1203 4,38 3,92 2,49 24 2 20,19
Cr203 0,19 0,02 N.A. 0,61 N.D.
Fe 0, 0,00 - - - -
Fe0 13,62 19,97* 21,62+% 0,66* 0,03%
Mno 0,22 0,40 0,77 N.D. N.D.
Mg 27,59 20,27 18,54 0,14 0,03
CaO 0,17 0,40 0,64 26,28 N.D.
Na,O N.D. 0,k2 0,34 0,02 0,34
K,0 N.D. 0,01 N.D. N.D. 15,61
Total 99,12 98,77 97,24 93,25 100, 38
|¥* Atouwic Proportions Based on Selected No. of Oxygens **
.Oxygens 6 23 23 23 8
Isi 1,898 7,580 7,709 6,125 2,945
Al 0,186 0,658 0,429 4,231 1,090
Ti 0,006 0,007 0,008 0,003 0,000
Cr 0,005 0,002 0,072 0,000
Fe "t 0,000 v
Fe2t 0,410 2,376 2,641 0,082 0,003,
Mn 0,007 0,048 0,096 0,000
Mg 1,481 4,298 4,036 0,031 0,001
Ca 0,007 0,061 0,101 L ,176 0,000
Na 0,000 0,115 0,096 0,005 0,030
K 0,000 0,001 0,000 0,000 0,913
100 Mg/Mg+Fe®"’ 28, 34 64,40 60, 45 27 43 _
o Wo 0,35 Ca 0,000
 En 78,04 Na 0,031
Fs 21,62 K 0,969

L

Sample Directory

* %%

1. DBronzite, Pyroxene-Bearing Hornfels, TV226

2. Anthopyllite, Cordierite-Anthophyllite lornfels, TV170 (AV of 3 Analyses

3. Anthephyllite, Psammitic llornfels, AM30A

4, Prehnite, Mottled Metagabbro, AM 149/2 (Av of 2 Analyses)

5. K-feldspar vein intruding Metagabbro sample AM181E

hid N.Do =
N.A.

Not Detected **
= Not Analysed
= Total Iron as JeO



Cordierite Analyses from Tantalite Valley Hornfaelses

182 -

o Isi

1 2 3 4 5

510, 47,47 48,47 48,55 4o, 24 48,20
TiO, 0,02 0,03 §:D-l 0,02 N.D.
AL,04 33,09 33,15 33,29 33,87 33,83
FeO* 8,70 8,00 4,58 2,00 6,23 .
MnO 0,12 0,42 0,08 0,04 N.D.
MeO 7,68 7,18 10,25 11,82 10,00
Ca0 0,03 0,02 N.D. 0,06 0,01
Na,0 0,16 0,67 0,17 0,09 N.D..
K,0 0,26 0,02 0,01 0,02 N.D.
Total 97,53 97,96 96,93 97,16 98,27
** Atomic Proportions Based on Selected No., of Oxygens **
Oxygens 9 9 9 9 9

2,474 2,507 2,492 2,491 2,460
Al 2,033 2,021 2,014 2,020 2,036
Ti 0,001 0,001 0,000 0,001 . 0,000
re2* 0,379 0,346 0,197 0,085 0,266
Mn 0,006 0,018 0,003 0,002 0,000
Mg 0,596 0,553 0,784 0,891 0,761
Ca 0,002 0,001 0,000 0,003 0,001
Na 0,016 0,067 0,017 0,009 0,000
K 0,017 - 0,001 0,000 0,001 0,000 _
100 Mg/Mg+F62+ 61,13 61,56 79,92 91,29 74,10

*** Sample Directory

* %%

1. Pelitic Hornfels, 119 (AV. of 3 Analyses)
2, Pelitie Hornfels, TV2756
3. Cordierite-Anthophyllite Hornfels, TV170
L. Pyroxene-bearing Horniels, TV226

5. Pelitic Hornfels, TV13 165 (AV., of 3 Analyses)

** N,D. = Not Detected **
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Analyses of Garnet from Tantalite Valley Pelitic Hornfels Samples

1C 1R 2c 2R 3R
$io0,, 36,96 36,48 36,97 37,16 37,69
Ti0, 0,05 0,04 0,06 0,07 0,07
A1203 21,53 21,23 21,34 21,70 21,42
Cr203 0,01 0,05 0,05 0,04 N.A.
FeO* 34,54 35,02 35,28 34, 31 32,10
MnoO 1,94 2,19 0,59 0,206 3,73
Mg 3,61 2,43 3,26 4,43 3,14
CaO 1,25 2,07 3.13 2,04 2,37
Total 99,89 99,51 100,68 100,01 100,51
** Atomic Proportions Based on Selected No., of Oxygens **
Oxygens 12 12 12 12 1z
Si 2,970 2,966 2,957 2,962 3,004
Al 2,039 2,034 2,012 2,039 2,012
Ti 0,003 0,002 " 0,004 0,004 0,00k
Cr 0,004 0,003 0,003
Fe2? 2,321 2,381 2,360 2,288 2,139
Mn 0,132 0,151 0,040 0,018 0,252
Mg 0,432 0,294 0,389 0,526 0,373
Ca 0,108 0,180 0,268 0,174 0,202
100 Mg/Mg+Fe2+ 15,72 11,00 14,12 18,71 14,85
** Garnet End-Vembers+'**
Pyrope 14,11 9,64 12,83 21,h9 12,59
Almandine 78,07 79,53 76,81 69,417 72,11
Spessartine 4,31 .94 1,3% 0,74 8,47
Grossular 3,50 5,70 8,87 8,24 6,83
Uvarovite 0,01 0,19 0,14 0,06 - '

**+* Sample Directory ***

1C: Core Zone, Garnet Porphyroblast, T19
1R: Rim of above Garnet (AV, of 3 Analyses)
2C: Core Zone, Garnet Porphyroblast, T4
2R: Rim of Above Garnet (AV., of 2 Analyscs)
3R: Rim of Garnet Porphroblast, TV13 105

** N,A. = Not Analysgd » u

+ cCalculated following Rickwood (1963)




Brown Mica Analyses -§
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. Hornfelses from Tantalite Valley

1 2 3 4 5 6

510, 35,08 34,82 34,87 41,60 38,18 35,68
Ti0, 1,h2 1,86 1,50 1,07 1,34 1,18
AJ.zo3 19,82 19,93 20,00 15,69 17,21 19.18
FoO* 16,82 19,18 21,03 4,23 11,59 15,36
MnoO 0,02 0,04 10,14 N.D. 0,05 0,05
MgO 11,71 9,16 8,95 2h, 34 16,47 13,34
CaO N.D. 0,01 0,02 0,05 0,03 0,19
Na,0 0,11 0,33 0,27 0,69 0,26 0,11
X,0 8,57 8,18 8,80 8,59 8,04 7,22
Total 93,55 93,51 95,58 96,26 93,17 92,31
** Atomic Proportions Based on Selected No, of Oxygens *¥*

Oxygens’ 22 22 22 22 22 22
Si 5,343 5,359 5,316 5,772 5,656 5,423
Al 3,558 3,615 3,594 2,566 3,005 3,437
Ti 0,163 0,215 0,172 0,112 0,149 0,135
Fe 2% 2,142 2,469 2,681 0,491 1,436 1,952
Mn 0,003 0,005 0,018 0,000 0,006 0,007
Mg 2,658 2,101 2,034 5,033 3,636 3,021
Ca 0,000 0,001 0,003 0,007 0,005 0,031
Na 0,032 0,098 0,080 0,186 0,075 0,033
X 1,665 1,606 1,712 1,521 1,520 1,h00
Sum 15,564 15,469 15,610 15,688 15,488 15,439
100Mg/Mg+Fe 55,37 k5,97 43,13 91,11 71,69 60,75

LR B 2

exe Sample Directory

1. Biotite, Pelitic lornfels, T&

2. DBiotite, Pelitic Hornfels, T19 (Av. of 4 Analyses)
3. Biotite, Pelitic Hornfels, TV276
4, Phlogopite, Pyroxene-Bearing Hornfels, TV226

5. DPhlogopite,

6. Diotite, Pelitic Hornfels, TVL3 165
** N.D. - Not Detected **

Cordierite-Anthophyllite Hornfels, TV170
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Analyses of Staurolite From Tantalite Valley Pelitic Hornfels

1 2 3 N

5i0, 26,72 26,61 26,70 27,04
Tio, 0,44 0,43 0,65 0,40
A1203 54,64 54,25 54,13 54,36
Cr,0, 0,19 0,19 N.D. 0,06
Fe0* 13,12 13,62 13,98 13,68
MnoO N.D. 0,13 0,15 0,38
MgO 2,15 2,26 1,54 1,35
Ca0 N.D. 0,02 N.D. N.D,
Total 97,26 97,51 97,15 97,27
** Atomic Proportions Based on Selected No., of Oxygens

Oxygens 23 23 23 23.
Si 3,721 3,712 3,740 3,777
Al 8,970 8,919 8,937 8,951
Ti 0,046 0,045 0,068 0,0h2
Cr 0,021 0,021 0,000 0,007
Fe2t 1,528 1,589 1,638 1,598
Mn 0,000 0,015 0,018 0,045
Mg 0,446 0,470 0,321 0,281
Ca 0,000 0,003 0,000 0,000
100 Mg/Mg+Fe2* 22,59 22,84 16,39 14,91

¥#* Sample Directory' il

1. Rounded Inclusions in Cordierite, Th

2. Separated grains in Grain Mount, T4

3. T19
k, TV276

** N_D. - Not Detected **
FeO* - Total Iron as FeO




Olivine Analyses ;
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Samples From the Kumkum Area

.1 2 .3
5i0, 36,75 36,58 37,50
A1203 N.D. N.D. 0,78
Tio, - N.D, * N.D. N.D.
MgO 33,23 33,31 36,76
{FeO 30,10 30,08 25,20
MnO 0,43 0,38 0,34
Ca0 0,02 0,05 0,07
Total 100,53 100,41 100,65

¥* Atomic Proportions Based

on Selected NQ. of Oxygensg **

|Oxygens 4 4 4
Si 0,989 0,986 0,983
Ti 6,000 0,000 0,000
Al 0,000 0,000 0,024

|re 0,678 0,678 0,552

" Mn 0,010 0,009 0,008

Mg 1,333 1,339 1,436
Ca 0,001 0,002 0,002
Sum 3,011 3,014 3,005
FO 0,663 0,663 0,722
FA 0,336 0,336 0,277

*** Sample Directory ***

) S
1. Hyalosiderite, Kunmkum Gabbronorite, K37A Dgcrete, Incl in PX

2. Hyalosiderite, Kumkum Gabbronorite, K37A, Ol-Plag Corona

, 3. Chrysolite, Eselruh Gabbronorite, Ki

¢* N_.D., = Not Detected **
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e x

* x

N.D.
N.A.

Not Dctccted
Not Analysed

i

Orthopyroxeno Analyses: Samples From the Kumkum Area
1 2 3 4 5 6 7
3102 50,14 53,99 54,59 53,40 53,26 51,61 b7, 34
TiO, 0,08 0,14 N.D. 0,27 0,02 0,28 0,10
A1,0, 0,60 | 1,86 1,14 1,67 2,05 0,77 5,66
F0203 1,31 1,03 1,30 1,76 2,12 1,33 3,62
FeO 31,02 14,26 13,73 17,32 16,20 26,39 27,50
MnO 0,75 0,24 0,32 0,37 0,30 0,58 0,57
MgO 15,27 (27,50 28,08 25,62 26,08 19,09 15,62
CaO 0,66 0,90 0,92 0,42 0,31 0,53 0,06
Na,0 0,04 N.D, N.A. 0,04 0,04 0,05 0,15
Total 99,86 (99,92 (100,35 [100,88 1100,28 100,64 [100,62
*¥ Atomic Proportions Based on Selected No. of Oxygens **
Oxygens 6 6 6 6 6 6 6
Si 1,966] 1,943] 1,953( 1,934| 1,928| 1,958| 1,822
|Ti 0,002| 0,004| 0,000{ 0,007 0,001 0,008 0,003
Al 0,028} 0,079 0,059 0,071 0,088 0,034 0,257
Felt 0,039| 0,028 0,035| o,048| 0,058} 0,038| 0,105
Are2* 1,017| 0,429 | o,411| o,525] o0,492] 0,837] 0,885
Mn 0,025{ 0,007| 0,010| 0,011] 0,009 0,019| 0,019
Mg 0,893| 1,475} 1,497 | 1,384] 1,430 0,080{ 0,896
Ca 0,028 0,035 0,035 0,016 0,012 0,022 0,002
Na 0,003{ 0,000| 0,000} 0,003] 0,003| 0,004 0,011
Sum &,obo 4,000| 4,000| 4,000{ 4,000} 4,000 1,000
Wo 1,4 1,8 1,8 0,8 0,6 1,1 0,1
En 46,1 76,1 77,05 | 71,9 73,7 55,7 50,2
Fs 52,5 22,1 21,13 27,3 25,7 L3,2 L9 ,6
Mg/Mg+Fe Fe=Fetot 0,458} 0,763 0,771 0,707 0,720 0,552 0,475
Mg/Mg+Fe Fe2tonly | ©0,467] 0,775 0,785 0,725 o,742| 0,563|. 0,503
** Sample Dircctory ** »
1. Ferrohypersthene, Granolite K58 (Av of 2 Analyses)
2. Dronzite, Eselruh Gabbronorite K&, Discrete
3. DBronzite, Eselruh Gabbronorite, K4, 01-Plag. Corona
4. Dronzite, Kumkum GablLrounorite, K37A, Discrete
5. Dronzite, Kumkum Gabbronorite, K37A, 0Ol-Plag. Corona
"6, lUypersthene, Contaminated Gabbhronorite, Ki5A
7. Terrohypersthenc, Black Gnoiss, KK6 (Av of 2 Analyses)
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Clinopyroxocne Anaiysos: Samples From the Kumkum Arca

1 2 3 4
$i0, 51,81 53,36 51,36 51,78
TiO, 0,12 0,07 0,93 0,15
A1,04 0,98 1,14 3,19 1,25
Fe,0, 2,12 1,60‘ 2,22 3,14
FeO 11,10 3,11 3,92 8,96
MnO 0,28 0,12 0,13 0,27
MgO 11,76 15,94 14,67 13,55
Cal 22,07 23,63 23,13 21,00
Na,0 0,31 0,42 - 0,52 0,38
Total 100,55 . 99,66 100,07 100,47
** Atomic Proportions Based on Selected No. of Oxygens **
Oxygens 6 6 6 6
Si 1,956 1,960 1,893 1,938
Ti 0,003 0,002 0,026 0,004
Al 0,04l 0,061 0,139 0,055
re-* 0,060 0,044 0,062 0,088
Fe2* 0,350 0,096 0,121 0,280
Mn 0,009 0,004 - 0,004 0,009
Mg 0,662 0,873 0,806 0,756
Ca 0,893' 0,930 0,913 0,842
Na 0,023 0,030 0,037 0,028
Sum 4,000 4,000 4,000 4,000
"Wo 46,9 49,0 49,6 hh, 8
En 34,7 46,0 43,8 40,2
Fs 18,4 5,0 6,6 14,9
Mg/Mg+Fe Fe=Fe tot 0,617 0,862 0,815 0,672
Mg/MgiFe Fe2 only 0,654 0,901 0,870 10,730

7

Salite, Granolite, K58 (Av of 2 Analyses)

*** Sample Directory ***

1.

2. Diopside, Eselruh Gabbronorite, Ki
3.

b,

Diopside, Kumkum Gabbronorite, K37A
Avgite, Contaminated Gabbronorite, KAS5A
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Amphibole Analyses : Samples From the Kumkum Arca
1 2 3 ' 5 ’ 6
5i0, 41,77 43,54 43,00 40,39 41,10 39,90
Ti0, 1,88 2,64 0,31 2,57 0,18 0,31
A1203 11,49 12,22 14,60 14,48 16, 21 18,48
FeO 19,89 8,38 7,78 12,64 9,89 21,79
MnO 0,19 0,09 0,10 0,11 0,10 0,33
MgO 8,63 15,33 15,84 11,86 14,75 13,05
Ca0 11,61 11,81 12,14 11,57 11,75 0,30
Na,0 1,30 2,75 2,95 2,76 2,85 2,29
K,0 1,27 0,97 0,50 1,36 1,09 0,04
Total 98,02 97,73 97,22 97,74 97,92 - 96,49
** Atomic Proportions Based on Selected No. of Oxygens **
Oxygens 23 23 23 23 23 23
Si 6,369 6,317 6,234 6,011 6,001 5,980
i 0,215 0,288 0,034 0,288 0,019 0,035
Al 2,065 2,090 2,404 2,541 2,791 3,265
re 2t 2,536 1,016 0,944 1,574 1,208 2,731
Mn 0,024 0,011 0,013 0,013 0,012 0,042
Mg 1,960 3,314 3,421 2,631 3,209 2,915
Ca 1,897 1,836 1,886 1,845 1,839 0,048
Na 0,386 0,773 0,828 0,797 0,807 0,666
K 0,247 0,180 0,093 0,258 0,204 0,008
M
Mg+tc 0,44 0,77 0,78 0,63 0,73 0,5
Ca+Na+K 2,530 2,789 2,807 2,900 2,850 ,722

*** Sample Directory ***

1. Mg-Hastingsitic IIB., Granolite, K58

2. Pargasitic UB., Eselruh Gabbronorite, K%, Discrete

3. Pargasite, Eselruh Gabbronorite, Ki, 0l-Plag Corona

4, TFe-Pargasite, Kumkum Gabbronorite, K37A, Discrete

5. Fe-Pargasitc, Kumkum Gabbronorite, K37A, Ol-Plag Corona

6. Gedrite, Black Gneiss, K101 (Av of 2 Analyscs)
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Plagioclase Analyses : Samples From the Kumlkum Area
1 2 3 4 5 6 7 8

§io, 46,81 49,87 | 48,83 | 56,85 56,05 55,32 65,72 61,87
’l‘iO2 0,01 0,04 0,07 0,02 0,03 0,01 |N.D, 0,01
A1203 34,40 32,50 32,62 27,79 28,47 23,83 22,47 25,12
FeO* 0,24 0,08 0,27 0,10 0,16 0,13 0,03 0,03
MgO 0,07 0,01 0,31 N.D. N.D. 0,01 N.D. N.D.
CaO 17,72 15,10 | 15,96 9,93 10,27 11,13 2,63 5,78
Na,0 1,72 3,22 2,59 5,78 5,73 5,33 10,39 8,59
Kzo 0,03 0,06 0,04 0,42 0,23 0,23 0,10 0,05
Total 100,98 [100,88 (100,69 100,88 100,94 {100,99 (101,3% (101,45
** Atomic Proportions Based on Selected No. of Oxygens **

Oxygens 32 32 32 32 32 32 32 32
Si 8,538 9,031 8,889 10,137 10,002 9,890 11,420} 10,832
Al 7,398 6,939 7,000 5,841 5,988 6,076 4,604 5,184
Ti 0,000] 0,010 0,010 0,002 0,004 0,002

Fez+ 0,036] 0,011 0,041 0,015 0,024 0,0201 0,004 0,004
Mg 0,018] 0,003 0,085 0,002

Ca 3,463 2,930 3,113 1,897 1,964 2,131 0,492 1,084
Na 0,607 1,132 0,913 1,998 ) 1,983 1,847 3,500 2,916
X 0,006} 0,014 0,010 0,095 0,052 0,052 | 0,024 0,012
An 84,96 171,88 77,13 47,54 k9,11 52,88 (12,25 27,02
Ab 14,89 (27,77 22,62 |50,08 49,59 | 45,83 (87,15 72,68
Ox 0,15 0, 34 0,25 2,38 1,30 1,29 0,60 0,30
*** Sample Directory ex

1 Bytownite, Eselruh Gabbronorite, Ki

2 Bytownite, Groundmass, Kumkum Gabbronorite, K37A

3 Bytownite, Phenocryst, Kumkum Gabbronorite, K37A

4 Andesine, Megacryst, Contaminated Gabbronorite, KA45A

5 Andesine, Groundmass, Contaminated Gabbronorite, K#45A

6 Labradorite, Granolite, K58

7 Oligoclase, Black Gneiss, KK7 (Av of 2 Analyses)

8 Oligoclase, Black Gneiss, K101

9 Andesine, Black Gneiss, K19A

10 Andcesine, Black Gneiss, A3

11 Andesine, Black Gneiss, A5

12 Andesine, Black Gneiss, K35

13 Oligoclase, Black Gneiss, K(G6B

14 Oligoclase, Black Gneiss, KKG

“e - *

N.D. = Not Determincd
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Plagioclase Analyses ! Samples From the Kumkum Area

9 10 11 12 13 14
$i0, 60,09 58,75 58,85 59,19 62,35 64,61
Tio, 0,02 N.D, N.D. N.D. N.D. N.D.
A1203 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.
Ca0 6,55 7,92 7,90 7,43 4,81 3,37
Na,0 7,80 6,88 6,96 7,63 9,18 10,26
K,0 0,20 0,19 0,11 0,13 0,14 N.D.
Total 100,50 100,78 100,69 100,43 100, 25 100,93
*+ Atomic Proportions Based on Sclected No., of Oxygens **
Oxygens 32 - 32 32 32 ‘32 32
Si . 10,660 10,416 10,436 10,528 11,032 11, 304
Al 5,352 5,624 5,604 5,460 4,956 4,676
Ti 0,004 '
Fe 0,032 0,016 0,012 0,004 0,004
Mg 0,008 0,004 )
Ca 1,244 1,504 1,500 1,416 0,912 0,632
Na 2,684 2,368 2,396 2,632 3,148 3,480
K 0,044 0,044 0,024 0,028 0,032 0,000
An 31;32 38,41 38,27 34,74 22,29 15,37
Ab 67,57 - 60,47 61,12 64,57 76,93 84,63
Or 1,11 1,12 0,61 0,69 0,78 0,00
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Rocks IFrom

the Kumkum Area

h

. 2 3 bl s G 7 e |
510, 35,17 136,86 {34,88 | 36,12 {34,48 |34,84 '36,5& 34,46 i
Tio, 6,05 5,53 | 6,06 | 7,28 4 55 3,43 2,34 4,29
A1,0 16,21 15,89 {14,70 | 14,36 18,62 [19,15 17,54 (17,86 |
Feo 13,80 | 9,58 |22,14 17,56 (19,66 [18,41 {14,75 {19,30 !
MnO 0,03 { o,02 | 0,08 | 0,07 | N.A. | 0,03 | 0,02 | 0,06
MgO 14,40 (17,80 9,49 (12,01 9,08 |10,00 [15,22 9,85
Ca0 - 0,02 0,05 0,03 0,09 0,05 0,02 N.D. 0,04
Na,0 0,35 | 0,40 | 0,07 | N.p. | 0,02 | N.p. | 0,54 | 0,24
KéO 9,23 9,48 9,20 9,79 9,51 9,82 8,31 8,77
Total 95,26 195,60 196,63 {97,27 (95,97 |95,70 |95,20 94,85:
** Atomic Proportions Based on Selected No. of Oxygens ¥*
Oxygens 22 22 22 22 22 22 22 22 %
Si 5,250| 5,364 | 5,345| 5,385| 5,238| 5,275] 5,414 5,276 |
Ti 0,679| 0,605 0,698] 0,816 0,520| 0,391 0,261 | 0,494
AL 2,852 2,726 2,655| 2,523| 3,3341 3,417 3,003 3,223
re=* 1,7231 1,166} 2,838] 2,189 | 2,498} 2,331] 1,828 2,471
Mn 0,004| 0,002} 0,010 0,009 ' 0,004{ 0,003} 0,008
Mg 3,204) 3,860} 2,167 2,668 2,055 2,256} 3,361} 2,248
Ca 0,003{ 0,008 0,005{ 0,014 { 0,007 | 0,003 0,007
Na 0,101| 0,113} 0,021 0,006 0,000 0,155 0,071
K 1,758 11,7601 1,799 1,862 1,843 1,897| 1,5711 1,713 1
Sum 15,57 115,60 I35 54 15,47 5,50 |15,57 115,66 15,51
100 Mg/Mg+Fe=t! 65,03 | 76,80143,30 |5%,93 [15,14 49,18 (64,77 47,64‘1
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1 Biotite,

2 Phlogopite,

3 Biotite,
3

- Biotite,
5 Biotite,
6 Diotite,
7 Biotite,
8 Biotite,
9 Biotite,

10 Biotite,

11 Biotite,

12 Biotite,

13 Biotite,

14 Biotite,

15 Diotite,

**+  NLA.

NQD.

Sample Dircctory

Brown Mica Analyses . t Rocks From the Kumium Area {(cont.)
9 10 11 12 13 14 15
510, 34,73 | 34,92 35,30 | 34,65 34,97 | 35,19 35,91
TiO, 3,17 3,81 3,09 3,73 ,45 h, 41 3,34
A1'203 18,23 18,18 18,50 17,08 |17,13 16,26 | 16,30
FeO 18,23 | 16,81 {17,124 | 18,57 |18,11 | 17,52 15,36
MnO 0,06 N.A. 0,02 | N.D 0,03 0,03| 0,07
MgO 10,30 10,90 | 10,82 10,34 ]10,27 11,351¢ 13,70
Ca0 0,03 0,02]| 0,03 0,03 | 0,01 0,05| 0,01
Na,0 0,15 0,02 | N.D 0,16 0,15 0,04 0,24
) K20 9,45 9,75 2,51 9,73 9,33 9,20 9,18
Total 94,135 94,40 | 94,40 94,28 194,44 94,05 94,10
** Atomic Proportions Based on Selected No. of Oxygens **
Oxygens 22 22 22 22 22 22 22
Si 5,331 5,325 5,373 5,352 5,361 5,402 5,446
Ti 0,366/ 0,437 | 0,354 0,433| o0,513| 0,509} 0,381
Al 3,299 3,268 | 3,319 3,109| 3,096} 2,942[ 2,913
Fe>" 2,340 2,144 2,182 2,399 2,322 2,250 1,948
Mn 0,008 0,003 0,003 | 0,004 0,009
Mg 2,356] 2,477 | 2,455| 2,380| 2,347 ] 2,597 3,095
Ca 0,005/ 0,003 | 0,005| 0,005/ 0,001 0,007/ 0,001
Na 0,045/ 0,006 0,048] 0,046 0,013} 0,070
1,851 1,897 | 1,84%7| 1,917 1,824} 1,802 1,775
Sum 15,60 | 15,56 15,54 15,64 115,51 | 15,5231 15,639
100'Mg/Mg+Fe2+ 50,17 |53,60 (52,94 | 49,80 |50,27 | 53,58 [61,37
x % %k *xx

Kumkum Gabbronorite, K37A
Eselruh Gabbronorite,
Granolite, K58 _
Contaminated Gabbronorite, K&5A o
High Titanium, Black Gneiss,KK7(Av of 2 Analyses)
Low Titanium, Black Gneiss, KK7

Black Gneiss, K101l

High Titanium, Black Gneiss, X19A

Low Titanium, Black Gneiss, K19A

High Titanium, Black Gneiss, A3

Low Titanium, Black Gneiss, A3

Black Gneiss, AS

Black Gueiss, KG66D

Black Gneiss, K35

Black Gneiss, KKG6

= Not Analysed **

= Not Dotcected

Kb



Spinellid And Ilmenite Analyses $
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" Rocks From The Kumkum Arca

N.D,
N.A.

Not Detected
Not Analysed

*x

1 2 3 4 5 6
Si02 0,04 N.D. N.D. 0,03 0,03 - N.D.
TiO, N.D. 0,03 0,58 N.D. 7,0k 49,49
A1203 N.D. 60,89 0,19 58,92 | 60,61 0,12
Cr203 N.D. N.D. N.D. N.D, |N.D. N.D.
F0203 68,55 3,02 T+77 4,05 0,00 6,48
FeO 30,92 25,84 31,62 29,96 25,90 44,48
MnoO N.D. 0,05 0,03 0,05 0,03 N.D.
MgoO N.D. 10,34 N.D. 7,52 5,95 N.D.
Ca0 N.D. N.D. 0,03 N.A. N.D,. 0,02
Na ,0 . N.A. N.A. N.A. N.A. N.A. N.A.
K,0 N.A. N.A. : N.A. N.A. N.A. N.A.
Total 99,52 100,17 ' 100,23 100,54 99,58 100,59
** Atomic Proportions Based on Sglectcd No. of Oxygens **
Oxygens I Sy I A A 3
Si 0,002 0,001 0,001
Al 1,937 0,009 1,914 | 1,926 0,004
Ti 0,001 0,017 0,143 0,937
Cr | o
pe* 1,997 | 0,061 1,957 0,084 0,123
Fe 2t 1,001 | 0,583 1,015 0,691 | 0,584 0,936
Mn 0,001 0,001 0,001 0,001
Mg 0,416 0,309 0,239
Ca 0,001 0,001
Na '
K’ _
Sum 3,000 3,000 3,000 3,000 | 2,893 2,000
Us 0,00 us 1,68 11, 93,85
MT 100,00 MT 98,32 GK 0,00
HM 6,15
c%** Sample Directory **
1 Magnetite, Black Gneiss, K19A
2 Hercynite-Spine), Kumkum Gabbronorite, K37A
3 Magnetite, Black Gneiss, K101
4 Hercynite-Spinel, Black Gneiss, K101
5 Hercynite-Ulvospinel-Spinel, Black Gneiss, K101
6 Ilmcnite, Black Gneiss, KK7
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Mol % US = 1i** X100 : Mol % MT = 100 0,5 ro3* )
T e
Fe3* + itt : it pe3t
/y )
0 hr 2+ o 2+
Mol % IL = (Ti - Mc“7)100 : Mol % GK = 100 Mg
1
1t 4 pedt T+ Fodt
2 ' 2
Mol % HM = 100 X _Fe3?t

Fed* + 2(titt - Mg2t)

Where US = Ulvéspinel, MI' = Magnetite, IL = Ilmenite,

GK Geikelite, HM Haematite
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K-Feldspar Analyses: Samples

IF'rom the Kumkum Area

1 2 3 ¢ 4
$i0, 64,11 65,02 64,55 64,02
A1203 19,14 " 19,39 18,77 18,88
Ti0, 0,03 N.D, 0,12 0,09
MgO 0,01 N.D. 0,03 - 0,01
FeO* 0,06 0,04 0,11 0,09
MnoO N.D. N.D. . N.A. N.A.
CaO 0,04 0,22 0,04 0,04
Na,0 1,98 1,72 1,65 1,36
K,0 13,86 14,17 14,24 14,58
Total 99,23 100,56 99,52 99,07
** Atomic Proportions Based on Selected No. of Oxygens **
Oxy gens 8 8 8 8
Si 2,965 2,967 2,979 2,972
Ti 0,001 0,000 0,004 0,003
Al 1,043 1,043 1,021 1,033
Fe 0,002 0,001 0,004 0,00k
Mn 0,000 0,000 - -
Mg 0,000 0,000 0,002 0,001
Ca 0,002 0,011 0,002 0,002
Na 0,178 0,152 0,148 0,122
K 0,818 0,825 0,839 0,864
Sum 5,010 5,000 5,000 5,001
Ca 0,002 0,010 - 0,002 0,002
Na 0,178 0,154 0,149 0,123
K 0,820 0,834 0,848 0,87A
¥4+ Sample Dircctory ***
1. Microcline, Black Gneiss, KI19A
2. Microcline, Black Gneiss, A3
3. Microcline, Black Gneiss, K66
4, Microcline, Black Gneiss, K35

s+ N.A,
N.D.

-~ Not Analysed

- Not Detected

* ¥
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Cordierite Analysos 3 ' Rocks From the Kumkum Area

&%  Sample Directory ***
Rim, Black Gneiss, A3 (Av of 3 Analyses)
Rim, Discrete Grain, Black Gneiss, A3}

Rim, Breakdown Product of Garnet, Black Gneiss, A5 (Av of 3 Analyses)

¥

Rim, Black Gneiss, K35
Rim, Black Gneiss, KK7 (Av of 3 Analyses)
Rim, Black Gneiss, K66B (Av of 2 Analyses)
Rim, Breakdown product of Garnet, Black Gneiss, K19A
(Av of 2 Ana1yses)
Rim, Black Gneiss, KK6 (Av of 2 Analyses)

9 Rim, Black Gneiss, K101
" ** N.D. = Not Detected **

FeO* Total Iron as FeO

N AN WD =
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Garnet Analyses:
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Samples From the Kumkum Area (cont. )

«

9 10 11
510, 36,99 38,06 37,63
A1203 21,73 22,22 22,14
Ti0, 0,06 0,04 0,03
MgO 4,85 7,92 6,11
FeO* 35,52 30,94 33,14
MnO 0,34 1,05 1,42
Ca0 0,89 0,89 1,05
Total. 100,37 101,11 101,52

** Atomic Proport

ions Based on

Selected No., of Oxygens

* %

Oxygens 12 12 12
184 2,946 2,947 2,940
Al 2,041 2,028 2,039
Ti 0,004 0,002 - 0,0C2
Fe 2t 2,366 2,004 2,165
Mn 0,023 0,069 0,094
Mg 0,576 0,913 0,711
Ca 0,076 0,074 0,088
100 Mg/Mg+Fe 2" 19,58 31,30 24,72
** Garnet End-Members? ==
Pyrope 19,54 31,03 24,20
Almandine 77,10 64,14 69,62
"Spessartine 0,78 2,32 3,21
Grossular 2,58 2,51 2,97
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Garnet Analyses + Hocks From the Xumkum Area

*t* Sample Directory ***

1 Rim, Black Gneiss, A3 (Av of 3 Analyses)
Core, Black Gneiss, A3 _

Rim, Black Gneiss, A5 (Av of 3 Analyses)
4 Rim, Black Gneiss, KK?7 (Av of 3 Analyses)

W

Rim, Groundmass, Black Gneiss, X35

Core, Porphyroblast, Black Gneiss, K35
~Rim, Porphyroblast, Black Gneiss, K35

Rim, Black Gneiss, K19A, (Av of 2 Analyses)
Rim, Black Gneiss, K66B (Av of 2 Analyses)
10 Core, Black Gneiss, K101
11 Rim, Black Gneiss, K10L (Av of 2 Analyses)

NV o N O\

** FeO* = Total Iron as FeO **

1 Calculated using the method of Rickwood (1968)

R -
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Table 44: Major (in WtZ) and trace element (in p.p.m.) analyses

of rocks from the Tantalite valley and Kumkum areas
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i ¢

AMPUI BOL1TES
ANT6 A7 AMIT3 AMIST K94 K40 3Q¥Ho gi;A
5105 40,33 54,03 51,24 41,67 47,97 42,43 54,02 47,32
Ti0, 2,00 0,62 1,13 0,26 1,11 1,02 0,67 0,56
A1,04 22,95 9,73 " 6,98 1,21 4,79 17,66 15,13 24,29
Fe,0, 5,79 2,73 4336 1,76 2,67 5,48 0,90 1,79
Fe0 4,72 6,33 10,63 8,05 7,91 8,16 6,75 4,33
Mn0 0,20 0,21 0,20 0,34 0,32 0,14 0,25 0,10
. Mgo 4,50 10,95 10,45 18,19 7,94 8,21 9,53 4,24
Ca0 17,34 12,07 10,93 4,68 1,12 12,16 10,62 13,91
Na,0 0,61 0,70 1,46 0,72 1,16 1,34 0,69 2,01
K50 0,16 0,36 0,69 5,20 0,38 0,99 0,17 1,11
P05 0,42 0,10 0,10 0,07 0,1t 0,07 0,28 0,06
s 0,00)  (0,02)  (0,02)  (0,03) '
€0 0,08 0,08
u20+ 1,16 1,77
10" 0,73 1,23 0,08 0,13 0,13 0,200 0,08 0,05
LOI 0,57 0,80 2,12 4,57 0,50 1,36
Sum 100,32 99,86 100,37 96,65t 96,85 99,71 99,59 101,13
Ba 30 17
sr 1759 140 54 42 19 606 302 230
Rb <s 4 9 990 7 27 6 66
52 41 34 42 18 14
Zr 341 29 57 20 92 42
Nb 27 <s <s 26 7 3 T
Zn 97 93 148 633 133 69 210 44
Cu b.d.1. 79 40 b.d.l.. b.d.l. 738 11 2
Ni 130 53 24 270 62 134 240 38
Co 32 50 73 75 29 73 42 28
Cr 84 812 31 1448 252 90 519 150
v 226 246 535 87 175 400 168 130
v.\vo3+ 3,51%
Fe,03/Fe0 1,23 0,43 0,41 0,22 0,34 0,67
K/Rb > 266 768 646 47 451 311
Nb/Y 0,519 <o0,122 <0,147 0,619
2r/P,0, 0,081 0,029 0,057 0,025
Y/%b 1;926 8,200 . 6800 1,615
Rb/sr  <0,003 0,029 0,167 23,571 0,059 0,045
AZ 34,27 14,47 9,72 7,70 7,48 24,71
c 51,04 31,63 28,86 11,63 35,70 30,32
F, 24,69 53,89 61,42 80,67 . 56,82 44,97
A X 46,59 13,97 9,70 13,64 4,51 30,62
K 0,50 0,89 1,58 7,65 1,21 2,21
F 52,91 85,14 88,72 78,71 94,28 67,17
Fig 90  mart Basaltic Basaltic Ultra- marl Basaltic
with rocks rocks basic with rocks
s 35-65% 35-657
carbonate carbonate

NAMORTHO - averape of 8 orthoamphibolite analyses from the Namiesberg, Bushmanland (Meore 1977)

D86 PARA - Lower amphibolite (para-) from the Namiesberg (Moore 1977)

Cbudll. =

below detection limit
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METABASITE HORNFELS FROM TANTALITE VALLEY

~

TV9 212 TVI3 98 TVI3 149 TVI3 151

$i0 35,18 50,71 45,76 43,93

> I o T

Tioi 0,20 2,22 0,13 0,19
 AL,0, 13,29 21,06 15,69 18,10
Fe,0, 20,10 1,57 4,96 7,73
FeO | 7,88 3,20 7,82 6,43
MnO ' 0,26 0,08 0,19 - 0,14
Mg0 7,14 5,09 11,32 8,05
' Ca0 | 5,38 9,66 8,28 7,43
Na,0 0,81 3,48 0,81 1,46
K,0 - 0,65 0,23 0,28 0,37
P,0, 0,02 0,74 0,01 0,05
L.0.I. 1,88 |
co, 0,32 0,13 0,16
nzo+ : 4,64 2,52 2,22
H,0” 0,12 0,05 0,67 0,91
Sum | 95,99 99,97 98,57 97,17
S(%) 2,72 0,20 1,13 1,91
Zn 63 38 92 74
Cu 2106 766 1733 . 3330
Ni 10041 255 1750 2795
Co 239 65 133 170
cr 253 57 396 295
v 112 70 . 50 60
Fe203/FeO 2,55 0,49 0,63 1,20
z 37,97 32,57 23,84 31,97
15,36 31,99 20,79 21,13,
. 46,67 35,44 55,37 46,90
A”Z 44,96 48,35 28,58 40,44
K 1,28 0,71 0,54 0,79
F | 53,77 50,93 70,88 58,77
Fig 90} = greywacke marls greywacke greywacke
I with
it 35-65%
: .carbonate

Niggli mg 0,61 0,73 0,72 - 0,69
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Pelitic hornfels (TV276, TV4, TVI3 165, T19) orthopyroxene~bearing hornfels
(TV226) andcordierite-anthophyllite hornfels (TVI70) from Tantalite Valley

TV276 TV4  TVI3 165 TI9  TV226  TVIZ0 A B

$i0 52,79 39,12 54,65 42,29 45,99 48,64 59,93 63,51
Ti0 0,87 1,63 1,06 1,74 0,71 0,42 0,85 0,79

AL,0, 23,49 26,44 21,62 28,20 16,29 28,52 16,62 17,35

Fe,0, 5,13 1,40 4,28 4,14 2,00 0,81 3,03 2,00
FeO 8,29 12,77 6,22 12,83 8,98 4,98 3,18 4,71
MnO 0,17 0,28 0,10 - 0,71 0,17 0,08 - - -

MgO 4,40 5,43 5,61 5,20 22,97 10,67 2,63 2,31
Ca0 0,24 5,80 2,77 1,03 0,73 0,16 21,8 1,24
Na,0 0,39 0,76 1,70 0,61 0,33 0,58 1,73 1,96
K,0 1,10 2,31 0,66 0,55 0,34 0,84 3,54 3,35
P,0, 0,03 0,03 0,03 0,01 0,30 0,01 - -

H20+ 2,90 2,52 2,42 2,07 0,77 3,39 4,34 2,42
H,0~ 0,11 0,22 0,22 0,25 0,13 0,12 - -

co, 0,15 0,11 n.a. 0,09 0,11 0,10 2,31 0,22

Sum 100,06 98,82 100,34 99,72 99,82 99,32 100,34 99,86

S(%) 0,16 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 75 170 375 15

Nb 8 10 6 30 4 7

Zr 280 105 330 - 320 95 620

Y 15 10 20 85 10 25

Rb 75 55 20 30 15 25

St 35 390 290 70 10 25

Co 35 50 35 35 50 10

Cr 230 310 200 430 1040 20

vV 150 230 160 200 135 30

Ba 195 1185 ' 535 " 165

Sc 20 28 25 10

A = Worldwide average of clays, shales and slates : 85 analyses (except

COZ,'43 analyses) Shaw (1956)

B = Worldwide average of pelitic phyllites, shists and gneisses : 70
analyses (except co,, 19 analyses). Shaw (1956)

n.a.’ = not analysed : .

A 5104 36,92 HH 4l 4( 03 8 ¢0 4500 -

C - 15,38 i 3,17 116 .-

F, ka4 476 4444 SOT) 80,23 5500

A 47,83 #3,00 52,27 48,4l 19,77 46,03

K 2,47 3¢5 279 ISt - /, 59

F SN an T4 4g4g <o 00 KN 93 0 38
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BLACK GNEISS

K35  KK7 K101 GBW302 GBW98  GBW241
810, 53,18 62,37 39,05 45,60 43,70 57,07
110, 1,50 1,03 0,97 2,49 1,35 1,41
A1,0, 22,66 17,86 23,66 28,76 30,14  20,5i
Fe,0, 0,94 3,29 5,21 1,00 3,75 0,6
FeO 10,93 7,34 13,69 9,10 11,14 9,06
MO 0,23 0,15 0,26 0,21 0,39 0,18
Mg0 4,12 2,92 10,67 7,29 6,23 3,29
Ca0 0,96 0,20 0,68 1,30 0,5 1,01
Na,0 1,26 1,04 0,57 0,91 0,44 1,52
K0 2,58 2,35 2,34 1,44 0,50 4,47
P,0, 0,06 0,02 0,29 0,06 0,05 0,11
Cr,0, - - - 0,06 0,07 0,04
L.0.1. - - - 1327 1,37 1,16
co, 0,18 0,12 0,10 - - -
H20+ 0,57 1,38 2,10 - - -
H,0” 0,14 0,18 0333 0,10 0,10 0,07
Sum 99,31 100,25 99,92 99,59 99,77 100,51
AT 38 38 33 44 49 37
c 3 I I 4 2 5
F 59 61 66 52 49 58
A7 42 42 35 42 48 31
K 5 6 3 3 1 13
F 52 52 61 55 51 56
Ay 0,42 0,41 - - - 0,43
M 0,38 0,34 - - - 0,39
A - - 0,39 0,53 0,50 -
M - - 0,54 0,63 0,50 -
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BLACK GNEISS

K35 KK7 K101  Average Shale®
Co 36 35 44 20
Cr 158 160 107 100
v 215 120 177 130
Ni 78 62 12 70°
30 22 b.d.1. . 50
Zn 127 154 160 100
Rb 79 -39 116 140
Sr 99 78 16 300
Ba 1094 1160 o 700
Sc 31 2 15
Zr 236 332 ' - 160
Y 47 8 .25
Nb 21 <h o

& Turekian and Wedepohl (1961) and Taylor (1965)
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TANTALITE VALLEY MOTTLED METAGABBRO

TV294 TV288 TV275A TV298 JWVB46

sio, 49,66 50,96 ' 48,81 50,28 58,20
Tio, 1,00 0,90 0,87 0,77 1,23
A1,0, 16,58 16,23 20,13 16,56 15,42
Fe, 05 2,31 1,86 2,67 2,81 1,19
FeO 8,50 8,04 6,78 6,78 6,99
MnO 0,24 0,18 0,07 0,17 0,18
MgO 5,98 6,56 4,88 6,64 4,06
Ca0 10,09 8,88 11,34 9,88 8,21
Na20v 2,04 2,51 1,79 2,90 2,10
K,0 0,98 1,22 0,78 0,53 0,14
P,0, - 0,25 0,21 0,23 0,14 0,25
Cry0, (0,03)
LOI 1,11
co, 0,18 0,13 0,15 0,11
H20+ 1,82 1,82 1,90 1,74

H0” 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 74 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 231 196 131 374
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TV277  TV42  TVI82  TV8 TVI7  TV265  TVI26  TVZI7  GDW193  JUVR20 JWVB22  JWVB24
sio, 47,09 4B,78 50,12 49,14 © 48,27 48,92 48,33 50,33 49,05 50,59 50,51 50,72
Ti0, 0,41 0,20  0;27 0,19 0,15 0,42 0,24 0,29 0,27 0,20 0,29 0,26
AL0, 19,85 20,79 19,06 23,26 19,61 15,89 29,28 17,04 23,52 19,89 18,9 17,27
Fe,0, 2,25 0,75 1,43 1,25 1,10 2,39 0,01 0,45 1,02 0,27 0,78 1,18
Feo 6,10 5,25 4,38 3,30 5,00 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;07 0,11 0,13 0,13
Mgo ' 8,09 7,50 7,56 5,47 10,56 11,9 1,03 8,19 5,30 7,78 10,18 9,37
a0 10,12 13,55 13,20 14,04 10,87 8,21 15,10 13,93 13,63 13,12 10,44 13,10
Fa,0 1,36 1,39 1,52 1,80 0,85 . 0,43 2,21 1,61 2,06 1,40 1,08 1,01
X,0 0,79 0,16 0,17 0,18 0,23 0,50 0,15 0,22 0,03 0,16 0,10 0,09
»,0, 0,11 0,06 0,08 0,06  .0,04 0,10 0,13 0,06 0,05 0,01 0,06 - 0,02
Cry0, (0,05)  (0,06) (0,10) (0,05)
101 1,51 1,66 1,71 1,60
co, 0,16 0,10 0,13 0,26 0,23 0,14 0,11 0,49
10" 3,58 1,46 1,30 1,39 1,92 2,87 0,78 1,62
"0 0,00 0,26 0,24 0,08 0,00 0,00 0,25 0,21 0,15 0,11  0,i5 0,05
Sum 100,06 100,33 99,51 100,44 98,93 100,26 99,33 59,77 99,92 100,20 100,41 100,77
Sr 391 440 263 471 333 261 572 424
Rb 34 6 <4 < 4 5 21 < <4
Y 13 6 8 7 6 10 7 10
Zr 34 1% 17 12 1 27 23 13
Nb <s L4 < <4 L4 <s ') <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 51 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 D353 374 398 202 D311 D477
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K/Rb

TV210 TV205A TV282 TVI70 TVI99 T36  GBWI95 JWVB25 JWVB26

sio, 50,39 47,73 48,26 48,18 47,63 50,86 51,77 50,83 50,83
Ti0, 0,32 0,43 0,26 0,25 0,29 0,21 0,15 0,43 0,25
AL,0, 22,16 20,31 21,35 20,94 27,17 17,63 20,71 21,11 17,89
Fe,0, 1,62 2,39 1,09 0,31 0,9 1,50 0,5 1,09 0,78
Fe0 3,96 6,80 3,34 5,88 2,74 5,71 4,40 4,45 5,45
MnO 0,03 0,12 0,07 0,07 0,06 0,15 0,08 0,09 0,12
g0 5,53 9,61 5,86 7,95 3,44 9,58 7,47 6,35 9,46
Ca0 12,16 9,97 15,93 13,31 13,58 11,69 12,18 11,58 13,25
Na,0 2,15 1,79 1,63 1,63 1,92 1,95 1,30 2,23 1,50
K,0 0,33 0,35 0,19 0,24 0,27 0,24 0,24 0,46 0,13
P,0s 0,10 0,07 0,08 0,08 0,02 0,13 0,01 0,08 0,0l
Cr,0, (0,24) (0,05) (0,06)
LOI 0,68 0,00 1,16 0,71
co, 0,38 0,50 0,18 0,27 0,30
H20+ 0,76 0,74 0,65 0,76 0,83 ,
H,0” 0,21 0,17 0,19 0,24 0,14 0,01 0,15 0,12 0,08
Sum 100,10 100,98 99,26 100,11 99,33 100,34 99,02 100,01 100,52
Ba 123
Sr 446 409 406 424 483 307
Rb <o <o <boo<s 6 <4
Y 8 9 9 8 6 9
Zr 21 22 15 17 16 10

" Nb <6 <5 <4 <4 K4 <4

Zn 35 65 25 39 29 75
Cu 101 73 137 161 78 171
Ni 60 433 113 168 64 163
Co 33 72 29 50 23 52
Cr 125 106 1125 370 150 435 1642 342 411
v 8 90 89 71 71 93
Sc 13

D685 726 394 >498 387 498
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ULTRAMAFIC ROCKS FROM TANTALITE VALLEY AREA™, .7 s

AM88BA AM89B T5 T6 T7 T10 T1l GBW376 GBW374

§i0, 42,12 37,62 47,32 47,45 39,51 34,38 52,39 38,77 44,63
Tio0, 0,260 0,11 0,19 0,29 0,19 0,16 0,29 0,07 0,20
AlL,0, 3,32 4,56 6,03 6,07 5,81 1,95 4,65 6,69 3,78
Fe,0, 6,96 9,05 2,70 1,68 5,33 7,97 1,60 8,94 4,32
FeO 5,62 2;90 8,12 8,28 7,64 7,57 8,20 5,62 8,42
MnO 0,18 0,17 0,17 0,09 0,14 0,14 0,18 -0,17 0,20
MgO 29,81 30,16 27,54 26,03 30,51 33,16 25,90 27,39 28,99
Ca0 2,33 3,31 3,24 3,25 2,94 0,89 2,58 3,15 2,82
Na,0 0,02 0,04 0,28 0,09 0,08 0,10 0,38 0,28 0,16
K,0 0,01 0,02 0,19 0,29 0,03 0,28 0,45 0,02 0,03
P,0s 0,03 0,01 0,06 0,09 0,05 0,02 0,11 0,00 0,07
Cr,0, 1(0,36) (0,90)
LOI 8,02 10,18 3,90 6,05 7,33 2,23 8,56 6,17
002 0,70
H26+ 9,07
H,0© 0,25 0,37 0,13 0,17 0,21 0,28 0,23 0,29 0,15
Sum 98,87 98,50 99,85 99,83 99,77 96,67 99,19 99,95 99,94
Ba
Sr 21 51 85 15 18 31 48
Rb <4 <4 8 86 6 9 17
Y 5 <3 5 8 s <4 8

ZIr 21 6 17 46 15 16 37
Nb Lo L Kb <4 o <b <La <4
Zn - 88 84 75 102 83 23 54
Cu 41 16 50 86 115 4091 3050
Ni 1417 2231 957 1116 1995 9495 3364
Co 146 146 129 114 169 250 124
Cr 2728 4433 3514 3510 3698 302" 2478 2463 6158
' 67 63 75 84 63 20 89
Sc '
S(%) 0,05 0,04 0,03 0,11 1,08 0,35

'K/Rb 220,75 41,5 207,5 29,92 41,5 295,11 229,47
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ULTRAMAFIC ROCKS FROM TANTALITE VALLEY AREA ' CONTD.

TV45 TV30 V117  TVI57A  GBW421 GBW380

si0, 39,89 52,69 42,80 43,84 44,41 45,74
10, 0,13 0,26 0,11 0,16 0,52 0,10
AL,O, 5,77 6,08 14,33 1,86 9,55 1,15
Fe,0, -~ 9,93 2,41 1,74 2,00 2,50 6,83
FeO 3,20 8,10 8,00 10,24 8,82 5,65
MnO 0,15 0,18 0,13 0,22 0,17 0,21
Mg0 28,68 23,08 21,10 29,56 23,17 31,38
Ca0 2,75 3,93 6,54 5,31 6,62 2,55
Na,0 0,10 0,45 0,42 0,11 1,03 0,22
K,0 0,08 0,16 0,12 0,03 0,05 0,03
P,0, 0,06 0,06 0,04 0,0l 0,05 0,00
Cr 0, (0,47) (0,45)
Lol 2,41 5,66
co, 0,16 0,14 0,15 0,16

H20+ 8,85 1,93 4,98 5,74

H 0™ 0,00 0,00 0,00 0,16 0,09 0,19

Sum 99,75 99,45 100,46 99,45 99,39 99,71

Ba _ 23
St 47 27 47 35
Rb < 4 <o <uoo <Ly
Y < 4 8 4 7
zr 8 17 5 13
Nb <4 <4 La Ly
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 3079
v b 104 36 54
Sc ' 29
¢4

K/Rb >186,75 >332 )269,75 125 - -
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KUMKUM GRANOLITE (K!5), TANTALITE VALLEY SATELLITE BODY (AMI123A, AM125),
VERLOORKOPPE GABBRONORITE (GBW!) and EINSIEDLER GABBRONORITE (GBW7)

K15 AMI123A  AM125  GBWI GBW7
5i0, 48,40 55,63 50,05 50,05 46,73
Ti0, 1,86 0,38 0,79 0,9 0,35
A1,0, 14,37 5,21 10,48 14,32 18,41
Fe,0, 3,46 1,54 2,50 1,54 0,48
FeO 9,41 8,49 9,98 10,06 7,63
MnO 0,21 0,22 0,24 0,18 0,13
MgO 6,66 19,23 14,47 7,84 12,35
Ca0 11,46 6,89 6,25 11,43 11,56
Na,0 2,47 0,54 1,18 2,27 1,33
K,0 0,23 0,67 1,31 0,08 0,04
P, 0, 0,20 0,04 0,35 0,06 0,02
Cr,0, - (0,05)  (0,09)
LOI , 1,11 2,71 0,46 0,47
co, 0,13 | ’
H20+ 0,44
H,0” 0,14 0,09 0,12 0,09 0,11
Sum 99,84 100,04 100,43 99,32 99,61
Ba 93 _
Sr 190 86 329
Rb 4 34 43
Y 32 23 18
Zr 124 53 53
Nb <5 < 4 <s
Zn - 135 108 152
Cu 76 4 70
Ni 67 . 442 321
Co 54 83 68
cr 222 1469 957 342 616
v 328 121 221 |
Sc 49 .
K/Rb 447 166 259
+ KI5 - A% 19,44 A%7 25,24
c 32,26 K 0,59

F 48,30 F 74,17
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ESELRUH GABBRONORITE

si0, 45,37 51,01 48,15
Tio, 0,27 0,52 0,23
AL, 12,21 6,62 11,39
Fe,0, 2,68 1,46 1,29
FeO 6,31 9,56 7,85
‘MnO 0,16 0,22 0,18
MgO 16,85 18,73 17,17
Ca0 13,63 7,91 10,0l
Na,0 0,46 0,75 1,10
K,0 0,51 0,92 0,41
P,0, 0,04 0,08 0,03
co, 0,42 0,32 0,17
H20+ 1,69 1,42 0;86
H,0 0,17 0,14 0,10

Sum 100,76 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 1 8
Ni 276 466 861
Co 78 8 84
Cr 1145 1436 2257
v . 120 177 146
Sc 49 43 33

K/Rb 154 166 183



KUMKUM GABBRONCRITE
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K28 K22  K30A K37A K65  GBW225 GBW439
si0, 45,37 50,10 47,98 47,43 47,31 49,20 49,48
Ti0, 0,74 0,75 0,80 0,48 0,46 0,23 0,67
A1,0, 10,42 17,55 13,12 19,30 17,95 19,90 14,17
Fe,0, 1,07 1,67 1,22 1,17 3,59 0,87 1,37
FeO 11,32 8,00 9,31 7,2 5,41 6,20 8,44
MnO 0,19 0,16 0,17 0,14 0,14 0,09 0,16
MgO 20,91 8,38 14,41 10,28 11,95 10,10 12,00
Ca0 7,02 10,09 9,51 10,88 9,88 9,97 10,48
Na,0 1,34 2,05 0,80 1,86 2,31 1,85 0,92
K,0 0,30 0,44 0,59 0,23 0,40 0,18 0,89
P,0¢ 0,1t 0,13 0,15 0,06 0,06 0,04 0,12
Cr,0, (0,22) (0,18)
LOI _ 0,76 0,21
co, 0,26 0,10 0,29 0,29 0,18
uzo+ 0,79 0,46 0,79 0,54 0,53
H,0” 0,13 0,14 0,07 0,11 0,15 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 11
Y 19 18 22 11 14
Zr 77 66 89 . 31 51
Nb <5 K5 K5 L4 <
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
vV 156 174 215 128 104
Sc 25 31 37 23 19
K/Rb 415 406 237 477 302
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CONTAMINATED GABBRONORITE '

K44 K80 K34A K63A K39

sio 50,60 50,70 53,51 54,01 51,93

Tioi 0,80 0,98 1,11 1,13 1,07
ALO, 15,31 15,61 16,13 16,05 16,46
Fe,0, 1,51 3,10 1,41 1,68 1,34
Fe0 8,44 8,21 9,66 8,45 9,82
MnO 0,17 0,18 0,18 0,16 0,19
Mg0 7,70 7,69 6,69 6,06 7,47
Ca0 10,89 9,71 8,9 8,20 9,42
Na,0 1,68 1,69 1,46 2,05 1,56
K,0 0,91 0,60 0,28 0,86 0,26
P,0s 0,12 0,17 0,18 0,24 0,18
Cr203 - - - - -
NiO - - - - -
co, 0,20 0,19 0,19 0,14 0,18
H,0% 0,73 0,78 0,35 0,43 0,30
H,0" 0,18 0,24 0,22 0,17 0,22
Sum 99,34 99,85 100,31 99,60 100,40
Ba 260 248 518 884 228
Sr | 128 239 210 217 212
Rb 38 18 7 17 1
Y 28 22 20 34 29
Zr 97 85 89 172 122
Nb <5 <5 <K& g <s
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 Y 42 36 30 35

K/Rb 203 281 332 425 204
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GRANITIC ROCKS '

K49 TV306  GBW744  TV299 TV305 GBW458  GBW60S

si0, 71,69 62,34 68,41 69,21 67,76 73,97 72,54
Ti0, 0,3 0,82 0,98 0,43 0,19 0,19 0,25

AL,0, 13,57 16,50 14,40 14,50 17,53 13,47 13,62

Fe,0, 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 1,33 1,77 0,71 0,19 0,16
Ca0 1,22 4,36 2,20 2,24 . 2,54 1,04 0,92
Na,0 2,38 3,42 1,86 1,80 6,39 2,34 2,64
K,0 4,89 1,95 4,46 4,33 1,78 6,49 6,13
P,0, 0,12 0,20 0,10 0,05 0,08 0,06 0,05
LOI 1,19 0,47 - 0,78
co, 0,23 0,08 0,09 0,09

H,0* 1,19 1,15 1,07 0,46 |

H,0© 0,25 0,22 0,06 0,16 0,07 0,13 0,01

Sum 99,53 99,26 99,93 99,82 99,29 99,66 99,41

Ba 1459 1178

Sr 133 407 135 639
Rb 159 64 115 33
Y - 20 4
2 253 108
Nb 8 b.d.1.
Zn 35 72 128 32
Cu 10 63 14

Ni 7 ! o 11

Co 2 12 ' 8

Cr 2 28 21 15
' 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 7) 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

Min - Max S X n
510, 48,81 - 58,20 3,786 51,58 5
Ti0, 0,77 - 1,23 0,17 0,95 5
A1,0, 15,42 - 20,13 1,82 16,98 5
Fe,0, 1,19 - 2,81 0,66 2,17 5
FeO 6,78 — 8,50 0,80 7,42 5
Mn0 0,07 - 0,24 0,06 0,17 5
Mg0 4,06 - 6,68 1,12 5,62 5
Ca0 8,21 = 11,34 1,20 9,68 5
Na,0 1,79 - 2,90 0,44 2,21 5
K,0 0,14 = 1,22 0,42 0,73 5
P05 0,14 - 0,25 0,05 0,22 5
co, 0,11 - 0,18 0,03 0,14 &
n20+ 1,74 = 1,90 0,06 1,82 4
Hy0" 0,05 - 0,42 0,16 0,16 5
Tatal 99,91
TANTALITE VALLEY MOTTLED METAGABBRO : TRACES

Range _

Min - Max S X n
Zn 7% - 120 18,86 97 4
Cn 6 - 138 54,66 80 4
Ni 64 - 151 43,05 96 4
Co 40 - 55 7,16 48 4
Cr 66 - 205 57,66 168 5
v 173 - 233 26,84 - 195 4
Sr 313 - 366 21,85 337 4
Rb 12 - 53 18,70 38 4
Y 22 - 3] 4,65 27 4
Zr 66 - 10l 16,75 80 4
Nb s - 7 - <4 4
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TANTALITE VALLEY METAGABBRO : MAJORS

Min RailgeMax 5 X n
510, 47,09 - 50,72 1,14 49,32 12
Tio, 0,15 - 0,42 0,08 0,27 12
AL,0, 15,89 - 29,28 3,6l 20,36 12
' Fe,0, 0,01 - 2,39 0,72 1,07 12
FeO 1,70 - 8330 1,69 4,98 12
MnO 0,01 - 0,15 0,04 0,09 12
MgO 1,03 - 11,94 2,87 7,75 12
Ca0 8,21 - 15,10 2,04 12,44 12
Na,0 0,43 - 2,21 0,5] 1,39 12
K,0 0,03 - 0,79 0,21 0,23 12
P,0¢ 0,01 - 0,13 0,04 0,06 12
co, 0,10 - 0,49 0,13 0,20 8
H20+ 0,78 - 3,58 0792 1,87 8
H,0" 0,00 - 0,26 0,10 0,13 12
Total 100,16
I\ .
TANTALITE VALLEY METAGABBRO : TRACES

Min Range Max S X n
Zn 9 - 86 22,63 45 8
Cu 39 - 145 49,88 101 8
Ni 17 - 374 128,08 186 8
Co 6 - 83 22,26 43 8
Cr 91 - 936 261,15 422 12
\' 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 1 - 34 8,31 19 8
Nb <5 - < 4 8
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" Co

TANTALITE VALLEY GABBRONORITE : MAJORS

Min Range Max S X n
510, 47,63 - 51,77 1,63 49,61 9
Tio, 0,15 - 0,43 ~ 0,09 0,29 9
A1,0, 17,63 - 27,17 2,76 21,03 9
Fe,0, 0,31 - 2,39 0,62 1,14 9
FeO 2,76 - 6,80 1,31 4,75 9
MnO 0,03 - 0,15 0,04 0,09 9
¥gO 3,44 - 9,61 2,14 7,25 9
Ca0 9,97 - 15,93 1,66 12,63 9
Na,0 1,30 - 2,23 0,30 1,79 9
K,0 0,13 - 0,44 0,09 0,27 9
P,0, 0,01 - 0,13 0,06 0,06 9
co, 0,18 - 0,50 0312 0,33 5
H,0* 0,65 - 0,83 0,06 0,75 5
H,0~ 0,01 - 0,26 0,07 0,15 9
Total 100,14
TANTALITE VALLEY GABBRONORITE : TRACES

| Range -

Min - Max S X n
Zn 25 - 175 20,45 45 6
Cu 73 - 171 42,20 120 6
Ni 60 - 433 138,38 167 6

23 - 72 18,26 43 6
Cr 106 - 1642 519,91 523 9
v 71 - 93 9,74 83 6
St 307 -~ 483 59,01 413 6
Rb L4 - 6 - < b 6
Y 6 - 9 1,17 8 6
- Zr 10 - 22 4,36 17 6

Nb <5 - < 4 6
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TANTALITE VALLEY ULTRAMAFIC ROCKS : MAJORS

Min - Max S X : n
sio, 34,38 - 52,69 5,16 43,57 15
Tio, 0,07 - 0,52 0,11 0,20 15
A1,0, 1,15 - 14,33 3,28 5,44 15
Fe,0, 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
Mg0 21,10 - 33,16 3,37 27,76 15
Ca0 0,89 - 6,62 1,56 3,48 15
Na,0 0,02 - 1,03 0,26 0,25 15
R,0 0,01 - 0,45 0,13 0,12 15
P,0c 0,00 - 0,11 0,03 0,04 15
LOI 2,23 - 10,18 2,61 6,05 10
H20+ 1,93 - 9,07 2,96 6,11 5
H,0” 0,00 - 0,37 0,11 0,17 15
Total 99,27

TANTALITE VALLEY ULTRAMAFIC ROCKS : TRACES

vin Ran§esMax S X n

Zn 23 - 104 22,58 76 11
Cu 1 - 584 - 181,4 109 9
Ni 735 - 2231 584 1348 9
Co 92 - 248 42,05 141 1
Cr 302 - 6158 1389 2900 15
' 20 - 104 24,44 64 11
Sr 15 - 85 20,08 39 11
Rb < 4 - 86 25,34 11 11
Y <3 - 8 3,24 5 11
Zr 6 - 46 12,67 18 il
“Nb <4 - < 4 11

x  Excluding TI0 and TII
$# Including TIO
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ESELRUH CABBRONORITE : MAJORS (n = 3)

Min - Max § X
sio, 45,37 - 51,01 2,82 48,18
Tio, 0,23 - 0,52 0,16 0,34
AL,0, 6,62 - 12,21 3,02 10,07
Fe,0, . 1,29 - 2,68 0,76 1,81
FeO 6,31 - 9,56 1,63 7,91
MnO 0,16. = 0,22 0,03 0,19
© Mg0 16,85 - 18,73 1,01 17,58
Ca0 7,91 - 13,63 2,89 10,52
Na,0 0,46 -~ 1,10 0,32 0,77
K,0 0,41 - 0,92 0,27 0,61
P,0¢ 0,03 -~ 0,08 0,03 0,05
co, - 0,17 - 0,42 0,13 0,30
nzo+ 0,86 - 1,69 0,42 1,32
H,0” 0,10 - 0,17 0,06 0,14
Total 99,79

ESELRUH GABBRONORITE

¢+ TRACES (n = 3)

Range

Min - Max s X

Zn 58 - 104 25,24 75
Cu <2 - 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 <5 - < s
Ba 114 - 328 118,45 192
33 - 49 8,08 42

Sc
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KUMKUM GABBRCNORITE : MAJORS

Min Rar-lgeMax S X n
si0,, 45,37 - 50,10 1,62 48,12 7
Tio, 0,23 - 0,80 0,21 0,59 7
A1,0, 10,42 - 19,90 3,54 16,06 7
Fe,0, 0,87 - 3,59 0,93 1,57 7
FeO 5,41 - 11,32 1,98 7,99 7
MnO 0,09 - 0,19 0,03 0,15 7
MgO 8,38 - 20,91 4,13 12,58 7
Ca0 7,02 - 10,88 1,26 9,69 7
Na0 0,80 - 2,31 0,58 1,59 7
K0 0,18 - 0,89 0,24 0,43 7
P,0s 0,04 - 0,15 0,06 0,10 7
co, 0,10 - 0,29 0,08 0,22 5
H20+ 0,46 - 0,79 0,16 0,62 5
H,0” 0,04 - 0,15 0,06 0,10 7
Total 99,81
KUMKUM GABBRONORITE : TRACES

Min Ranﬁe Max S X n
Zn 58 - 92 13,51 7% 5
Cu 66 - 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 106 - 215 42,69 155 5
Sr 105 - 257 67,65 179 5
Rb 4 - 21 6,6l 10 5
Y 1o o- 22 4,32 17 5
Zr 31 - 89 22,63 63 5
Nb <5 _ - <5 5
Ba 109 - 208 39,55 155 5
Sc 19 - 37 7,07 27 5
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: MAJCRS (n

CONTAMINATED GABBRONORITE = 5)
Min Ranﬁe Max § X
80, 50,60 - 54,01 1,57 52,15
Ti0, 0,89 - 1,13 0,10 1,04
A1,0, 15,31 =~ 16,46 0,45 15,91
Fe,0, 1,34 ~ 3,10 0,73 1,81
FeO 8,21 - 9,82 0,76 8,92
MnO 0,16 -, 0,19 0,01 0,18
Mg0 . 6,06 - 7,70 0,73 7,12
Ca0 8,20 - 10,89 1,00 9,43
Na,0 1,46 - 2,05 0,22 1,69
K,0 0,26 - 0,91 0,31 0,58
P,0; 0,12 - 0,24 0,04 0,18
Co, 0,14 - 0,20 0,02 0,18
H20+ 0,30 - 0,78 0,22 0,52
H,0” 0,17 - 0,24 0,03 0,21
Total 99,92
CONTAMINATED GABBRONORITE : TRACES (n = 5)
Min Rar-lgeMax S X
Zn 83 - 102 7,12 93
Cu 52 - 75 9,19 60
Ni 83 -~ 146 24,60 114
Co 51 - 57 2,30 54
Cr 125 - 266 55,90 182
' 219 - 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 250 - 884 284,47 424
Sc 30 - 44 5,64 37
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Table 46: Some average analyses of gabbroic and basaltic rocks

0.G. G A.T. T

si0, 46,83 48,36 49,34 50,83
Ti0, 6,97 1,32, 1,49 2,03
AL,0, 17,38 16,84 17,04 - 14,07
Fe,0, 1,99 2,88
FeO 10,08% 10,21%* 6,82 9,06
MnO 0,14 0,18 0,17 0,18
Mg0 10,03 8,06 7,19 6,34
Ca0 11,36 11,07 11,72 10,42
Na,0 2,03 2,26 2,73 2,23
K,0 0,40 0,56 0,16 0,82
P,0, | | 0,16 0,23
H20+ 0,91
Total 99,22 98,86 98,81 100,00

¥ Total iron as FeO

0.G. = Average olivine gabbro (Nockolds, 1954, p1020)
G - Average gabbro (Nockolds, 1954, pl1020)
A.T. =~ Average Abyssal tholeiite (Engel et al, 1965)

T -~ Average tholeiite (Nockdlds, 1954, pl021)
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TABLE 47: C.I.P.W. NORMS, CALCULATED VOLATILE FREE, Fe, 0, : Fe0 = 0,2

273
FOR ROCKS FROM THE KUMKUM- TANTALITE VALLEY AREA



" AMPHIBOLITES
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AM76 AM77 AM113 AM157 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 45,59
(AB) 6,09 12,61 11,51 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
(W0) 9,00 15,76 18,34 4,88 23,31 8,81
(EN) 4,43 10,24 10,17 3,42 13,31 4,65
(FS) 4,60 4,44 7,47 1,05 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 0,19 0,31 0,17
iy | ,

Wt%Z 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 52,27 33,14 53,63 39,79 34,44
DI Wtz 3,58 17,72 18,79 31,36 24,21 14,72
M. 1. 70,0 45,3 58,9 35,0 57,1 62,4



METABASITE HORNFELS - TANTALITE VALLEY

- 229 -

TV9 212 TVI3 98 TVI3 149 TVi3 51

Qz
co
OR
PL
(AB)
(AN)
LC
NE
DI
(Wo)
(EN)
(FS)

(EN)
(FS)
OL
(FO)
(FA)
MT
CM
IL
HM
SP
AP
cc

Wt7Z ALK
FE

MG

DI WtZ
M.I.

0,05

4,16
75,45
20,39
11,73
79,7

2,49

1,36
72,03
30,04

42,00

1,57
0,82
0,60
0,14
15,26
12,32
2,94

1,78

27,47
34,81
37,72
33,88
48,4

1,71
47,46
7,19
40,27

0,02

4,36
50,19
45,45

8,91

53,0

2,03
2,30
52,12
13,20
38,91

31,92
16,43
15,49
7,03
3,45
3,58
3,51

0,38

7,79
57,95
34,25
15,50
63,8
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TANTALITE VALLEY MOTTLED METAGABBRO

TV294 TV288 TV275A TV298 JWVB46

Qz 1,28 0,65 1,39 - 20,02
co

OR 5,91 7,39 4,67 3,19 0,83
PL 51,68 51,92 60,75 56,60 51,04
(AB) 17,68 21,75 15,40 - 25,22 18,11
(AN) 34,00 30,18 45,35 31,39 32,93
LC

NE ,

DI 12,83 11,10 8,55 14,75 5,74
(W0) 6,49 5,65 4,32 7,52 2,90
(EN) 3,29 3,08 2,15 4,16 1,45
" (FS) 3,05 2,37 2,08 3,07 1,39
HY 23,04 24,20 20,02 18,12 17,38
(EN) 11,97 13,66 10,20 10,42 8,86
(FS) 11,07 10,54 9,82 7,70 8,51
oL : 3,02

(FO) | 1,67

(FA) _ 1,36

MT 2,67 2,45 2,29 02,35 2,02
cM

IL 1,94 1,75 1,67 1,50 2,39
"

SP .

AP 0,62 0,52 0,54 0,33 0,62
cc

WtZ ALK 15,27 18,48 15,30 17,56 15,43
FE 54,45 49,01 55,63 48,45 56,56
MG 30,29 32,51 29,07 33,98 28,01
DI WtZ 24,87 29,78 21,45 28,41 38,96

M.I. 64,4 60, 1 65,9 59,1 66,8



 TANTALITE VALLEY METAGABBRO

- 231 -

JWWB  JWVL  JWVB

V277 IV42  TVI82 V8 ™v77 TV265 TVi26 TV2i7  GRWI93 20 22 24
Q 2,26 0,32 0,7! 2,97 1,45 1,28 0,12 2,56 3,27 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 £9,86 53,60 73,58 60,18 56,62 51,32
(AB) 14,93 11,93 13,12 15,40 7,45 3,72 19,04 13,96 17,77 12,02 9,31 8,63
(AN) 47,49 50,77 45,64 55,53 50,62 41,10 70,82 39,64 55,81 48,16 47,21 42,69
LC
NE .
1) 4 3,20 13,76 16,72 11,80 3,87 0,09 3,80 24,80 io,zz 14,28 4,07 18,35
(W0) 1,64 7,12 8,67 6,11 2,02 0,05 1,93 12,89 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 1,43 6,23
(FS) 0,55 2,03 2,34 1,75 0,45 0,01 0,83 3,26 1,47 1,91 0,53 2,6l
HY 25,12 20,48 19,07 14,21 34,03 45,33 2,86 16,87 14,20 20,37 33,25 24,55
(EN) 16,19 14,22 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
(F0) 2,61 0,08
(FA) 1,59 0,04
MT 2,07 1,48 1,42 1,10 1,52 2,64 0,43 1,44 1,04 1,33 1,68 1,74
o
1L 0,82 6,38 0,53 0,36 0,28 0,82 0,46 0,57 0,51 0,38 0,55 0,49
i/
SP
AP 0,26 0,14 0,19 0,14 0,09 0,24 0,31 0,14 0,12 0,02 0,09 0,05
cc ' ) '
Wt% ALK 11,61 10,26 11,21 16,53 6,11 3,93 45,89 11,60 17,99 10,53 6,49 6,25
FE 44,66 40,00 38,40 37,69 34,37 45,24 34,03 36,54 36,40 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 55,54 53,18
DI WtX 16,78 . 12,88 16,38 16,78 9,57 9,71 21,38 16,60 18,06 15,52 13,17 12,13
M.1. 50,8 44,4 43,5 45,4 36,6 47,2 62,4 41,1 44,7 40,9 40,2 43,3
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TANTALITYE VALLEY GABBRONORITE

TV210 TV205A  TV282  TVIJ0 V199 736 CBWI95  JWVR25  JWVB26
Qz 1,47 5,29 1,18 0,47
co
OR 1,95 2,07 1,12 1,42 1,65 1,42 1,42 2,66 0,77
FL 68,92 61,78  65,Ah 63,67 82,57 55,35 61,66 656,01 54,55
(AB) 18,45 15,23 14,05 13,96 16,58 16,58 11,08 19,12 12,69
(an) 50,47 46,55 51,39 49,70 65,98 38,76 50,57 46,89 41,86
LC
NE
Dl 8,06 2,15 23,10 13,38 2,11 14,97 8,42 8,70 19,27
(w0) 4,15 1,10 11,99 6,93 1,08 7,76 4,38 4,50 10,02
(EW) 2,57 0,69 7,95 4,52 0,66 5,09 2,96 2,90 6,79
(¥s) 1,3 0,35 3,16 1,93 0,36 2,12 1,09 1,31 2,46
KY 17,33 18,84 5,48 12,42 11,13 23,47 21,71 19,04 22,93
(EX) 11,38 12,43 3,92 8,7 7,19 16,57 15,87 . 13,12 16,84
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 2,1 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
o
iL 0,61 0,82 0,51 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 0,3 0,02 0,19 0,02
cc
WeX 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 43,65 54,54
DI WeZ 21,87 17,30 15,17 15,38 18,24 18,00 17,80 22,97 . 13,9
K.1. 50,2 48,9 43,1 43,8 51,7 42,9 39,9 46,6 39,7
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TANTALITE VALLEY ULTRAMAFIC ROCKS

- LC

AMBSA  AMS9R 15 T6 17 T10 Ti1
QzZ
co ' 0,44
OR 0,06 0,12 1,18 1,83 0,18 1,89 2,78
PL 10,04 14,27 17,72 17,16 16,26 5,67 13,29
(AB) 0,17 0,42 2,45 0,8 0,76 1,02 3,30
(AN) 9,87 13,85 15,27 16,32 15,50 4,66 9,99
DI 2,14 3,76 0,98 0,19 - 0,26 2,02
(w0) 1,12 1,98 0,52 0,10 © 0,14 1,06
(EN) 0,83 1,47 0,38 0,08 9,10 0,79
(FS) 0,19 0,3t 0,08 0,02 0,02 0,17
HY ' 43,53 18,30 52,33 61,95 22,81 5,74 76,05
(EN) 35,48 15,13 42,89 51,24 18,53 4,58 62,87
(FS) 8,05 3,17 9,34 10,71 4,28 1,16 13,18
oL 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 11,15 4,76 2,90 11,39 17,70 0,45
MT 3,22 3,09 2,71 2,57 3,32 4,18 2,45
o
IL 0,42 0,25 0,38 0,59 0,40 0,34 0,57
K
SP
AP 0,07 ¢,02 0,05 0,24 0,12 0,05 0,26
cc _
Wel ALK 0,60 0,15 1,21 1,06 0,26 0,79 ‘2;28
FE 28,83 27,10 27,70 27,36 29,24 30,88 26,84
MG .. . 71,100 72,76 71,09 71,58 70,50 68,33 70,88
DI WeX 0,23 0,54 3,66 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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. Kl

TAKTALITE VALLEY ULTRAMAYIC ROCKS CONTD.
V45 V30 ™I17 TVIS7TA  GBWAZ]  CBWISO  GBW376  GBW374
Qz 1,34
o 0,74 1,79 ‘ 0,52 X
OR 0,53 0,9 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
(AB) 0,93 3,89 3,72 1,02 8,97 1,95 2,62 1,44
(ANY 14,57 14,49 33,77 4,80 22,00 2,24 17,17 10,17
Ic ‘
NE
p1 4,22 18,58 9,22 8,9 3,43
(w0) 2,21 9,75 4,83 4,70 1,80
(EX) 1,60 7,15 3,42 3,49 1,31
(FS) 0,40 1,68 0,91 0,76 0,32
HY 30,82 71,85 26,41 30,40 17,10 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 29,850 28,46 41,00 26,53
(ra) 10,05 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
o
1L 0,27 0,51 0,23 0,32 1,03 0,21 0,15 0,40
BM '
sp
AP 0,17 0,09 0,09 0,02 0,12 0,17
cc:
WtZ ALK 0,44 1,77 1,73 0,33 3,03 0,56 0,72 0,45
FY 29,95 30,61 31,00 29,27 31,7 27,50 33,41 30,02
MG 69,61 67,62 67,26 70,40 65,26 71,94 65,87 69,53
DI Wil 1,46 6,18 4,49 1,19 9,26 2,12 2,74 1,62
31,4 31,3 31,6 29,4 32,8 28,5 34,7 30,5
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KUMKUM GRANOLITE (K15), TANTALITE VALLEY SATELLITE BODY (AMI123A, AMI25)
VERLOORKOPPE GABBRONORITE (GBWI) and EINSIEDLER GABBRONORITE (GBW7)

K15 AM123A AM125 GEW1 GBW7
Qz 5,57
co
OR 1,36 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 11,34
(an) 27,71 9,50 19,92 29,00 44,59 o
1C
NE
DI 23,37 19,50 7,66 22,97 10,58
(WO) 11,83 10,19 3,96 11,69 5,50
(EN) 6,05 7,23 2,54 6,38 3,73
(FS) 5,49 2,08 1,16 4,90 1,34
HY 16,04 53,10 45,32 22,42 13,81
(EN) 8,41 41,24 31,10 12,68 10,15
(FS) 7,63 11,86 14,21 9,74 3,66
oL © 3,19 3,47 0,92 16,81
(70) 1,60 | 2,31 0,50 12,03
(FA) i,60 1,16 0,42 4,78
MT 3,10 2,45 3,07 2,84 2,00
o o |
IL 3,57 0,72 1,54 1,80 0,66
HM
Sp |
AP 0,47 0,09 0,85 0,14 0,05
cc |
WtZ ALK 12,20 3,99 8,47 10,77 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. WeZ 22,43 14,25 18,16 19,93 - 11,58

. M.I. 65,9 34,3 46,3 59,7 39,6



ESELRUH GABBRONCRITE

- 236 - .

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 1,26 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
o ;
IL 0,51 1,01 0,46
HM
SP
AP 0,09 0,19 0,07
cC
wtZ ALK 3,65 5,32 5,41
FE 33,21 -~ 35,13 32,92
MG 63,14 59,56 61,67
D.I.WtZ 7,05 12,07 11,96
M.I. 34,8 37,0 34,7
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KUMKUM GABBRONORITE

K28 . K22  K30A  K37A K65  GBW225  GBW439

QZ

co

OR 1,77 2,60 3,55 1,36 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

(W0) 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) 1,18 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

(]S) = 3,19 10,31 9,00 3,80 1,02 7,2l 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 1,75

(FA) 9,54 0,40 ,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

M '

IL 1,42 1,44 1,56 0,91 0,87 0,46 1,29

HM

SP

AP 0,26 0,31 0,3 0,14 0,14 0,09 0,28

CcC

WeZ ALK 4,68 12,09 5,28 10,04 11,54 10,56 7,64

FE 35,65 47,07 40,10 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. WtZ 13,28 20,03 10,48 17,27 21,99 16,97 13,19

M.I. 37,2 53,6 42,2 45,1 43,0 41,2 45,0
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CONTAMINATED GAEBRONORITE

Ké4 K80 ‘K344 K63A K39
Qz 1,73 3,31 10,41 . 8,83 6,45
co |
OR 5,50 3,60 1,65 5,14 1,54
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 32,42 137,28
Lc '
NE
DI ' 18,09 11,46 5,43 5,87 6,91
(W0) 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 11,37 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 A
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. WtZ 21,78 21,38 24,51 31,49 21,18
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

oL

Qz 3,76 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 1,10
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 10,41 10,93 12,23 4,82 4,29
LC
NE
DI
(W0)
(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 2,10 1,56 2,77
(FO)
(FA)

- MT 0,67 1,54 1,20 0,96 0,41 0,32 0754
M
1L 0,66 1,60 1,88 0,84 0,36 0,36 0,47
HM
SP
AP 0,28 0,47 0,24 0,12 0,19 0,14 0,12
cc
WeZ 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 1,42
D.I. WeZ 84,87 61,91 74,76 74,80 82,25 91,48 90,25

M.I. 75,1 77,3 78,6 69,1 - 70,0 _87,2 93,4
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Table 48: NIGGLI VALUES OF AMPHIBOLITES

AM76 AM77 AM113 AM157 K94 K40
fo 31,64 54,85 61,21 67,75 56,27 47,88
alk 1,44 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 0,18 0,33
mg 0,44 0,68 0,56 0,79 - 0,57 0,53
si 84,02 124,28 112,36 . 79,22 130,25 87,17
qz -21,74 15,92 - 3,92 -51,46 15,43  -36,69
ti 3,13 1,07 1,86 0,37 2,27 1,58
P 0,37 - 0,10 0,09 0,06 0,13 0,06
100 (0.R.) 52,49 27,84 26,96 16,42 23,28 37,67
g 1,146 0,907 0,756 0,372 0,415 1,426

. . . 2 Fe, 0 .
0.R. (Oxidation Ration) = ‘ 273 : using molec. prop.
2 Fe203 + Fe0

g = mg x O.R. where g is the garnet formation parameter of
MnO (wtZ) Leake (1972)
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Tungsten analyses of samples from some scheelite prospects

Table 49:
of Tantalite Valley (Map 3) quoted as wo3 in parts per million
unless otherwise indicated.
BDL. = 1less than 40 ppm
Deposit S
Sample WO3
22 57 : coarse-grained hornblendite
25 497 mica-rich hornblendite
26 BDL mica-rich hornblendite
40 182 ol-tremolite rock
41A BDL micaceous inclusion within pegmatite
50 BDL mylonite pegmatite (older pegmatite)
56 68 . hornblendite with quartz veins
56A BDL hornblendite
62 130 hornblendite
77 418 partly metasomatised hornblendite (average)
88 0,207 mica-hornblendite with quartz veins
90 107 ol-tremolite rock v
95 2,187 metasomatised hornblendite with quartz veins
117 0,137Z micaceous hornblendite
121 70 phlogopite-rich zone near pegmatite
121A 110 -tremolite-olivine rock
125 68 ol-tremolite rock near contact
125 Peg 95 younger pegmatite near contact
157 a/b 0,487 / 2,97 mica-hornblendite (2 samples)
157 peg 57 younger pegmatite
Deposit T
T2 0,207 mica~hornblendite pods in gneiss, near shear
TS 0,65% mica-hornblendite within shear zone
T6 723 quartz~rich vein (along strike with shear)
Deposit U
U2 136 pegmatite-tremolite rock contact
U4 86 veins of hornblende with mica margins
U8 220 altered mafic rocks with quartz veins
U8A 109 pegmatite
Deposit W-X-Y
WIA 44 pegmatite
W1B 176 ol-tremolite rock
wic 77 hornblende-mica rock
Wwib BDL amphibole-rich rock with mica disseminations
W3A BDL pegmatite
X1 BDL mica shist
X2 0,637 mica-hornblendite
X3 107 amphibole-rich rock; mica dissemination
X4 BDL "pegmatite" sthist

Analyses by Mineral Services (Pty) Ltd
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