
sample, .'A5A, wa3 found to be discordant nd was not included 

in the calculation of the isochron. This sample is discussed 

separately.

The isochron calculations yield an age of 2.55 b.y.

0.09 and 1 ° of These 

results are in iccordance with the hypothesis advanced by 

Anhaousser et al (1967) that the Mpageni is a pootorogonic 

granite, unrelated to the mi -aatite.

Geochemical data on the Nelspruit migmatite are not 

available but assuming an average Hb content of 36 ppm. f-nd 

a Sr content of 36 ppm. (a3 shown by X-ray fluorescence and 

isotope dilution analyses from the present investigation) 

the S r ^ / S r ^ 1 ratio in the Nelspruit material during a period 

of time equal to approximately 450 m.y. would increase to 

roughly 0.712 which is much higher than the initial ratio 

found for the Mpageni granite. It is therefore possible that 

the Mpageni derived from the migmatite if Sr with a low 

Sr^/Sr""6 ratio was introduced in the postorogenio^hase.

If it is assuned that the Sr with low Sr 7/ or ratio 

;as supplied by differentiation of the mantle and that this 

ratio was close to .701 (the lowest terrestrial 3r / Sr 

recorded - Allsopp, 1965; MoKlhinny, 1966) it io estimated 

that more than half the Sr containod in the Mpageni granite 

would be of mantle origin and that therefore the Sr content 

in the granite should be hi,;her than that in the xaisnatite. 

However, from the samples analyzer* it seems that uhe average 

Sr content in the granite is lower than that in the migmatite 

contrary to tho hypothesis that the Mpageni derives from 

the same source as the mi.'cmatite, unless tho granite was 

generated by a process of partial fusion.

The above reasoning io o v e r s i m p l i f i e d  but it could 

approximate real conditions in a thin and more primitive 

carth'B crust such a3 the ono exi;.Hin g .'500 - 3000 m.y.



The apparent minoral a~oa:
A raw separated mineral fractions from the Upagani samples 

were analyzed. The apparent ages obtained are in every oase 

lower than the total rock ages, probably indicating lose of 

radiogenic 3r from the phases analysed (see table 11 and 

figure 19).

This might imply a post-fcpageni metamorphiu event; the 

existence of a youn ,or event was also suggested by the Iiel- 

spruit separated mineral a ;^o bu: the origin and the extent 

of this are not loiown 3.ince .10 mt'.jor post-Lpageni granite 

emplacement has been identifiea in this region.

Dykes of various ages have been doecribed (Visser et 
al., 1956; Anhaeusser ot aL, 1967). It is possible that one 
or more of these dyke intrusions promoted redistribution 
of radiogenic Sr in^the area. However, all the mineral ages 
calculated using Sr 7/Sr 6 initial ratio of 0.706 differ 

from the Kpageni age by less than 200 m.y. Kurloy ot al.
(1963) have suggested that discordant mineral ages might 

in some instances be due to the cooling history of the rock 
and that probably solid diffusion of radiogenic or can con­
tinue for a period of time varying between a 100 and 200 
million years after t! 3 emplacement  the rock; thus it 

ie  possible that the discordant mineral 0 ;es obtained for 
tha Kpageni granite mi, jit. be due to a prolonged cooling time.

Discussion of discordant point AA5A:

Camp} u AA3A does not lie cn the I.pageni isochron although 

its mineralogical composition is close to '-hat ol the I.lpagen 

This aampl9 was collected about a hundred ioot a.vay fro.a the

Kpagani-migmatite oontact.

Fion tho total rock ana3.ysis (table 1̂  ■ it wa3 ^oun^ 

that the deviation of this samplo from the oorresponam0 
Sr37/Sr86 ratio of tho Kpageni isochron was 18 times tho 

avera., i;v.ation of the other sanplos (table 10). and 

etatistioa. ground it is permissible to assume that 0

topic oonpoaltion o f  th ie  eonnle ie  th ia  point
from that of normal I.ipageni granite ana t 
from the calculation of tho kpageni isochron.



Tho position of tho discordant, poinc above tho iaochron 

is suggestive of the incorporation of older material, that 

ie a partially assimilated xenolith; however, the results 

obtained from separated minerals of tho AA5A (table lf^ do 

ot seem to confirm this assumption.

The chloritioed biotite apparent age, calculated U3ing

0.706 as initial ratio, ie approximately 2.95 b.y. But the 

K-felspar and plagioclase apparent age3 are both low at 

2.03 and 2.45 b.y. respectively and as the biouite (Lenphere 

et al., 1963; T.oorbath, 1963; Hart, 1964) usually loses 

,'adiogenic Sr more readily than the f*lnpars, the signifi­

cance of this finding i-s unclear. Possibly the anomaly in 

the sample was generated by  very localised phenomenon 

(dyke emplacement or hydrothermal activity?) after emplace­

ment o  the granite.

Tore detailed work on a larger numbs, of samples com­

bined with detailed mapping of the area coulu possibly 

explain this discordance.

. SUMMARY AND CONCLUSIONS

Absolute ages of 2.55 + J.09 b.y. and 2.99 + 0.07 b.y. 

W6re obtained for the I.Ipageni granite and the Nelspruit mig- 

matite respectively utin*; the Rb-br total rock mothod. A 

few separated mineral apparent ages wore calculated and 

found to be discordant. For the Nelspruit migmrti'e * pre­

liminary investigation of tho "oc.tact phase , "basic oehinds 

and two pegmatites was carried out. The anomalous sample AA5A 

of a rook phase in the Mpageni granite wa3 btU'Ued in dooaii.

From xhe above work it was found that the , el spruit 

migmatite, although a chemically heterogeneous rock, contains 

isotopically homogeneous strontium over a distance of at 

least 15 miles, and it is proposed that this is  result of 

deep burial of the original rooks under uniform conditions. 

Tho initial Sre’7/Sr66 ratio of 0.7052 4. 0.001 of tho migma­

tite indloates that the strontium in the oarth crust was 

already differentiated from that contained in tho mantle 3 

billion years ago.



It was also found that the age of the Nolspruit mig-

matite coincides with the age of j.O b.y. found by Allsopp 

et al. (1967) for the deposition of Fi* Tree shales in tha 

outer portion of the metamorphic aureole of the migmatite, 

and it is proposed that the homogeniaation of the strontium 

in the shales was caused by the same re ;ional event that 

formed the mi,;,matite, or by contact metumorphism.

Furthermore, the apparent separated mineral ages pro­

bably reflect a period of met amor; hi 3m at the time of em­

placement of the I.'.pageni gianlte. At least some of the peg­

matites were formed at the same time as the migmatite al- 

tbou ;h a later date of pegmatite intrusion is possible.

A difference in iib/Sr composition between the contact 

phase and the :r.i.;matite, possibly related to the difference 

in composition of '/no felsvars as found by Anhaeusser (1965), 

was found.

The investigation of the "basic lunds" showed diffe­

rences in apparent :i,*es between the fe^aic, mafic and 

biotite-enriched portions. This might be due to migration 

of radiogenic strontium from the basic rim towards the 

mafic portions of the rock.

The findin ; that the Mpageni granite has remained a

closed chemical jyntem 3ince 2*55 jfc • 1 »J* aS° 

initial Sr87/3r86 ratio of 0.706!, + 0.0016, supports the 

classification of the Mpageni as a postorogenic intrusive, 

unrelated to migmatite emplacement, .’he initial ratio oi 

the Mpageni granite suggests that it. does not derive from 

total fusion of terials.

The separated ninarais apparent a ;es of the Mpageni 

granite may indicate the action of a younger metamorphic 

event; however; they .i ;ht also be caused by a long

cooling period of the granite.

Sample AA5A shows anomalous or composition wxth both 

total rock and ohloritised biotite apparent, ages hi^hei 

Mpageni age, and K-felspar and oligoclase lower than the 

corresponding apparent ages from minerals of othei samj.

The reason for this is unclear.



In the near future natural strontium samples will be 

measured on a more precise mass spectrometer. The expec­

ted greater precision of results may bring out more subtle

differences between samples and yield interesting results. 

The regressions will then be calculated and errors will be 

estimated with York's method (1966) by means of a computer.



Ci 1 Fit* K A i\i D AMEND 

TABLE - 2

STh NDARD

(a) B.P.I. Results:

DATE 3rd7 /Srd“ 

norma 1 i ̂ ed

Srd’/S . 86
measured

Sr88/Srat>
measured

BY

May 19o5 0.7067 0.7130 8.476 HLA

Aug 196b 0.7093 0.7227 8.692 ADG

Nov 19ob 0 .708b 0.7134 8.48? RD

Apr 1967 0.7075 0.7143 8.536 HLA

(b) Means of Measure.-.ic-nts from Investigations in Different 

Laboratories:

REFERENCE

, 37 . do 

or /Sr means

normalized

DESCRIPTION OF INSTRUMENTS

B.P.I. 0 .708^2

Manton (196?) u.708„ >
(unpub. Ph.D. thesis)

McDougall & Comp:;ton 0.7082

(1965)

Powell & Delong 0.?0?3

(1966) ♦ .00035

Moorbath & Walker 0.70?b

(1965) ♦ .0010

Moorbath & Bell 0.7092

(!9o5) ♦ .0009

See description - Chap.Ill

12” 68° triple filament 
magnetic switching - 10 
analyses.

b" 90° voltage switching 

mass spectrometer.

6" 90° double filament 
source - 8 analyses

0M 90° AEJ MS2 single Pa 

filament - 8 analyses

12" 90° EEI MS5 single Tt» 

filament - 11 analyses



EIMER AND AMEND 

TABLE - 2

STANDARD

(a) B.P.I. Results:

DATE

8?/c J6 

iir /i>r

normaliz^d

Sr87/Sr86
measured

Sr88/Sr86
measured

BY

May 19o5 0 .7087 0 .7 1 J0 8.476 HLA

Aug 19oo 0.7093 0.722?
8.692 ADG

Nov 19&b 0 .?08b 0.7134 8.437 RD

npr 19g 7 0.7075 0.7143 8.536 HLA

(b) Means of Measure.'an2s 1'rora Inves2iga2ions in Differen2 

Labora2ories:

REFERENCE S r ^ / S r '30 means DESCRIPTION OF INSTRUMENTS 

normalized

B.P.I. 0.70852

Manton (196?) 0 .70335

(unpub. Ph.L. thesis)

McDougall & CompBton 0.7082 

(1905)

Powell & Delong 0.7078

(1966) ♦ .00035

Moor bath & Wa.lk«r 0.7076

(1965) ♦ .0010

Moorbath & Bell 0.7092

(19t>5) ♦ .0009

See description - Chap.Ill

12" 68° triple filament 
magnetic switching - 10 

analyses.

b" 90° voltage switching 
naoo spectrometer.

b " 90° double filament 
source - 3 analyses

o" 90° AEI MS2 single Ta 

filament - <3 analyses

12" 90° E!'I MS5 single Ta 

filamen2 - 11 analyses
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KELSm. ligka^ite - ?able 3

SAMPLE Rb^Conc, Sr Cone.
Rb ^/Sr~^Atomic

r 6 
Sr 3* Atomic

KPLWR « 32.898 30 430
1.068

0.754

KFLWR |& 33.436 30.781
1.07 +

0.751

1

KP6WR d 26.598 33.-' >7
0.739

0.742

KPBWR* 26.290 33.830
0.768

0.737

2

v w r  a 31.231 34.790
0.387

0.744

VCWR £ 31.850 35.541
0.885 0.741

3

OG38AWR i 38. 535 2?.140
1.405

0.759

OG38AWRI 38.561 2o .339
1.419

0.763

og3£:mrs
42.351 38.512 1 .08?

0.749

OG33CWRI 42.240
33.311 1.090

0.749

5

0G33D«S$ 32.550 39.070 0.311
0.739 r

0G33DWR# 32.901 39.333 0.326 0.740

D

N¥r>«R •< 37.448 75.^18
0.491 0.721

a*5WR £ 37.291 77.363 0,476 0.726

7

B13‘+DWS«<
56.799 44.720

1.255 0.757
Q

B134DWR(S
53.157 44.459

1.293
0.760

O

B134I «x
20.073 4 2 .700 0.464 0.726 9

AA7«R «c
37.025 16.270 2.248 0.804

1C

AA7*R g
39.892 17.340 2 .210 0.304

AA13IWR^
72.672 18.278

3-929
0.368 11

AAi jlMWRy

27.713 88.>30 0.3100 0.715 12
‘13M*r £

27.913 3b.7^5 0.3180 0.718

AA19WR^
54.327 14.ioi 3.342 0.369 13

AA1^FWRo<
30.8^5 20.610 1.479

0.770
14

AAljGWRa/
49.231 

50 .119
31.077

30.910

1.537 

1.602

0.773

0.777

15



NELSPRUIT MIGMATITE 

DIFFERENCES BETWEEN MEASURED AND CALCULATED 

Srd '7Sr8D RATIOS

TABLE - 4

SAhPLE MEASURED CALCULATED DIFFERENCE

KPL
0.7525 0.750664

0.001336

KPB
0.7395 0.738243 0.001257

VC
0.7426 0.?428ll 0.000211

OG33A
0.7629 0.764660 0.001760

OG38C 0,7^92 0.751398 0.002198

OG38D
0.7393 0.739949 0.000649

NW5 0.7226
0.725731 0.003131

B13AD
0.7585 0.759281 0.000731

B134L 0.7260 0.724397 0.001103

AA7
0.8040 0.799321 0.004179

A A13 G 0.7770 0.773205 0.003795

AAi3I 0.36 SO 0.871986 0.003986

AA13M
0.7165 0.713529 0.002029

AA19 0,3b90 0.363�9 0.00071

AA15F 0.7700 0.767984 0.00201b



T'lE CONTACT PHASE - TABLE 5

SAMPLE Rb°^Conc.

36-

3r Cone. Rbd7/Sr8b 
(atomic)

Sr87/Sr86
(atomic)

Appro: 

Billi, 

(in .ri

AAlOWRa 90 .011 3. 102 109.80 5.236
2.92

A* 10W R dd.469 7.730
112.37 5.410

2.97

AA11WR ̂ 71.db2 3.569 3.237
1.051 2.94

AA11WR (3 72.5436 3.638
8.253 1.069 3.00

AA12WR * 52.024 5 . 9b6 8 .6 16 1.074 3.02

AA12W R & 50.316 5.369 8.471 1.081 3 .1 2

NELSPRUIT MIGMATITE SEPARATED MINERALS - TABLE • »

SAMPLE Rb°VConc.

. 36- 

*r Cone. R b ^ / S r 36
(atomic)

Sr87/Sr:*  

(atom:c)

Appar<

Billi'

KPLKF or 

30,o J Ui'8
37.376 35.131 �.458 0.800 2.77

KPLKF 0 

90%  pure
37.314 36.800 �.345 0.790 2.60

KPL Bio* I4t..270 11.540 12.523
1 .16 6 2.64

KPBKFk  

90% pure

75.000
33.997 2 .18 0 0.769

2.48

KPBKFp 

93% pure

73.058 34.044 2.144 0.780 2.51

Biooi
18>.923 u.c3? 27.470 1.755

£.74

VCKF * 

30;* pure

71.323 41.510 1.698 0.773
2.87

VCKFg 

90/.’ pure
70.32? 41.270 1.696 0.776

2.99

Hi ot3 te-total rock join KPL apparnt.ag* 2.55 S r^ / S r  ̂ initial ratio 

Biolite-totui rock Join VC apparnt.age 2.68 Sr87/Sr36 initial ratio 0.709
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iEGMATlTES INTRUDING THE NELSPRUIT MIGMATITE

TARL2 - 7

SAMFLE
Hb87Conc. Sr ̂ C o n c 8b87/Sr86 

(atomic)

Sr87/Sr86 
(atomic)

AppLrtnt a/'es 

Billicn years 

(in.ratio 0.705)

AA13WK <* 73.33^ 4.709 16.447
1.365 2.831

AA13PWR *
79.039 4.708 16.588

1.367 2.815

OG38BWR «f ? 4.027 6.466 11.312
1.133 2.630

OG38BWR9 72.243
6.322 11.293 1.123 2.634

0G3dG«R €> 7o.350 4.2311
17.623 1.458 3 .0 11

OG33G1R I 73.4c; 4.173 17.333 1.430 2.941

OG38F«R « 50.643
3.745 13.362 1.264 2.958

0G 3BFWR^ 50.32l 3.325 13.130 1.256 2.949

T;iE MSASIC BEHIND" - T/-BLE 8

SAMFLE

37

Rb Cone. or 3Conc . RbJ V S r :VJ 

(atomic)

Sr87/Sr86
atomic)

Apparent ages 

Billion years

AA9?
25.'*13 44.18 1 0.563 0.729

2.94

AA9K 3^.509 46.280 0.737 0.737
3 .12

AA96B 49.510 50.592 0.967
0.744 2.84

MPAGENI GRANITE WHOLE ROCK
SaMFLES - TABLE 9

SAMPLE

8?
Rb Cone.

HA

SrL Cone. Rba7/Sr86 
(atomic)

Sr87/Sr86
(atomic)

B136WR (!
72.800 14.244 5 .0 1 6 0.38?

B136WR ^
73.8c , 14. 334 5.083 0.888

AA2WR <*
43.^01

20.331 . . 357 0.791

AAAAWRo^
45.324

71.373 0.634
0.730

AA4AWR (3

45.033 72.266 0. bib 0.729

AA4B*R 06.220 30.462 2 . 150
0.734

AA5BVJR o/
73.690 12.480 5.335

0.922

AA5BWR p
72.920 12.360 5.830 0.918
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MPAGENI GRANITE - DIFFERENCES BETWEEN MEASURED 

AND CALCULATED Srd?/Sr86 RATIOS

TABLE - 10

SAMPLE MEASURED CALCULATED DIFFERENCE

B13b c.8875 C.88909 0.00159

AA2 0.7910 0.791687 0.00068?

AA4A 0.7290 0.729089 0.000089

AA^-B 0.7840 0.784133 0.000133

AA5B 0.9200 0.917316 0.002684

AA5A 0.8350 0.82578 0.00922



SAMPLE

3? 36

Hb Cone. Sr Cone. Rb /Srd7/Sr86 S r87A r 86 a 

, . '  \  f  /Sr\ Apparent ages

(atomic) (atomic) Billion years

Bi;oKF«

AA4A 

Plag o(

AA4*hF at

AA4A 

Bio o(

156.450

25.250

o9« ̂ 3o2 

205.75*

19.^73

67.0£4

31.joO 

12.154

7-9^0

0.M7

0.342 

16.723

0.330

0.719

0.735

1.2665

2.47

2.38

2.39 

2.37

MPAGENI A;-5A AND SEPARATED MINERALS - TABLE 12

SAMPLE RbdVConc,

H7 36 APParent aSes

Sr Cone. Rba?/Sr86 Srd7/Srdto Billion years

(atomic) (in.ratio 0.705)

AA5AW3 4 7^.239

AA5A <R p 7 3 .1 9 7

AA5AKF »  165.53b

AA5AP1 <* 112. 3^1

AA5APi(3 112.092

*A5A 97.670

Chlor.bioer

AA5A 37.7200

Chlor. bio(3

22.149 

21.950 

29.090 

26.394 

2b.135 

13.143

15.241

(atomic) 

3.300 

3.295

5.o24

4.202

4.693

5.319

5.637

0.33o

0.334

0.901

0.35o 

0.352 

0 .92o

0.940

2.79

2.76

2.03

2.51

2. �̂

2.93

2.92
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