
Restricted until after publit"'ntion. 
ManuscriEt submitted for puolicatioll 
to~r ~·~ ~. 

DEPARTMENT OF 
MINERALS AND ENERGY 

BUREAU OF MINERAL RESOURCES, 
GEOLOGY AND GEOPHYSICS 

SMR 
Record 
1974179 

c.4 

RECORD 1974/ 79 

RUBIDIUM-STRONTIUM DATES & EXCESS ARGON 

IN THE ARLTUNGA NAPPE COMPLEX, NORTHERN TERRITORY 

by 

R.L. ARMSTRONG & A.J. STEWART 

The information contained in this report has been obtained by the Department of Minerals and Energy 
as part of the policy of the Australian Government to assist in the exploration and development of 
mineral resources. It may not be published in any form or used in a company prospectus or statement 
withoutthe permission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics. 



1--- ··· . 
I 
I 
I 
I · 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 

.:. "..,.. _._.i~ 

mx;ORD 1974/79 

. RUDIDIUM-STRONTIUM DATES &. EXCESS ARGON 

m THE ARLTUNGA NAPPE CmlPLEX., NORTHERN TERRITORY 

by 

RoL. AID'lSTRONG &. A.J. STEiiART 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1-

Rubidium-strontium dates and excess argon 

in the Arltunga Nappe Complex, Northern Territory 

By R.L. Armstrong & A.J. Stewart 

(with 2 Tables and 8 Text-Figures) 

(Received ) 

Abstract 

Seven samples of metamorphic rocks from the Arunta basement of the 

Arl tunga Nappe Complex gave a "Thole-rock Rb-Sr isochron date of 1723 ± 23 

m.y. and a low initial ratio: of 0.7051 (Rb decay constant = 1.39 x 10~11 

yr-1). Some of the rocks are retrogressively metamorphosed, and three 

micas from two gave Rb-Sr dates of 342 m.y. (whole rock-biotite isochron) 

and 320 m.yo (whole rock-muscovite~biotite ieochron), compared to con­

ventionally computed K-Ar dates of 889,431, and 548 m.y., respectively, 

from the same micas. Thus, comparison of both Rb-Sr and K-Ar dates 

indicates the presence of considerable excess 40Ar in the micas from the 

retrograded rocks. The dates show that initial differentiation or intense 

progressive regional metamorphism of the Arunta rocks occurred in Early 

Carpentarian time, and 'Has followed by retrogressive metamorphism in 

Early to J.1iddle CarboniferoUD time, during the Alice Springs Orogeny. 
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Fig .. 1 

Fig. 2 

Fig.. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Explanations of text.-figures 

\festarn part of Arltul1ga Nappe Complex, showing locations of 

analysed samples. Geological boul1daries modified from Alice 

Springs 1:250 000 Geological Sheet (1st Ed., 1968). Inset map 

8ho"'8 location of area on northeastern margin of Amadeus Ba.sin 

(outlined) .. 

Initial argon diagram (40 AI' vs K) for muscovite (t.r) from 

Heavitree Quartzite and loThole rock sample (HR) from Bitter 

Springs Formation, Arltunga Nappe Complex. Numbers beside 

data points in this and succeeding figures are sample numbers 

from Table I of Stewart (1971b) and Tables I and II of this 

paper. Solid circles represent single argon determinations; 

open circles represent means of cluplicate argon determinations~ 

Isochroll diagram (40Ar/36Ar VB 40K/36Ar) for muscovite from 

Heavitree Quartzite and whole rock sample from Bitter Springs 

Formation, Arl t"lmga Nappe Complex. 

Initial argon diagram for muscovite (N) and biotite (B) from 

Arunta basement rocks in northern part of l'Illite Range Nappe. 

Arltunga Nappe Complexo 

Isochron diagram (40Ar/36Ar vs 40K/36,A,r) for muscovite and 

biotite from Arunta basement rocks in northern part of Hhite 

Range Nappe, Arltunga Nappe Complex. 

Rubidium-strontium isochron diagram (87Sr/86Sr vs 87Rb/86Sr) 

for whole-rock sa.11lples from autochthon· (95, 96, 97) and 

northern pa.rt (39, 40, 200, 350) of \'1hi te Hange Nappe, Ar 1 tunga 

Nappe COI:aplex .. 

Rubidium-strontium 180chro11 diagram for all 1'lhole-rock samples 

from Arltunga Nappe Complex, showing samples 82, 115, and 144 

from southern part of White Range Nappe displaced below isochron 

for samples from autochthon and northern part of White Range Nappe, 
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Rubidium-strontium ~'ihole-rock-mica isochrons for , au.'.tochthoD. 

(96vlR-96B) and northern pa.rt of 'rlliite Range Nappe (391m-39B; 

40iVR-4m,'I-40B; 350\o[R-350B), Ad tunga Nappe Complexo 10- errors 

for the mica da.tes are approximately 5~o Solid circles 

represent \'Thole-rock determinations. 
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Introduction 

The Arltunga Nappe Complex is situated in the southern part of 

the Northern Territory of Australia, on the 'northeastern margin of the 

Amadeus Basin (Fig. 1). Its general features ~1ere originally described 

by Forman, ~li1lignn, & r'1cCarthy (1967), and a later description and 

synthesis were presented by Fo~n (1971). Detailed studies of the nappe 

complex have been made by Shaw et alo (1971), Stewart (1971a, 1971b), 

Khan (1972), and Duff (1972). The nappe complex comprises several nappes 

of different si~es, the largest of which is known as the 'White Range Nappe'. 

The nappes cons~.st of cores of crystalline basement rocks of the Precambrian 

Arunta Complex, and envelopes of Upper Proterozoic sedimentary cover rocks, 

the Heavitree Quartzite and Bitter Springs Formation, l"1hich are the tlol'O 

low'est units of the Amadeus Basin sedimentary sequence to the south of the 

Arunta Complex. ' All the nappes root to the north in a zone of retro­

gressively metamorphosed basement rocks, and front to the south against 

unmetamorphosed sediments of the Ainadeus Basin. 

The nappes were originally envisaged as giant recumbent folds 

wi th intact lower, middle, and upper limbs. However, later l'lork has shown 

that they are essentially large thrust sheets with no inverted middle limbs. 

Inverted rocks do occur in places, but they appear to have formed mainly by 

drag adjacent to thrust faults, or by rotation at the fronts of the nappes. 

Penet~ative deformation is also limited)and is important only in the root 

zone along the. northern side of the nappe complexo 

The tectonic movements that accompanied the formation of the 

Arltunga Nappe Complex have been called the 'Alice Springs Orogeny' (Forman 

et al., 1967), and the duration of the movements is bracketed on stratigraphie 

evidence between Late Devonian and Late Permian; thick synorogenic sandstone 

and conglomerate of the Pertnjara Group at the top of the Amadeus Basin 
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sequence are underlain by siltstone which contains Middle to Late Devonian 

fossils (Gilbert-Tomlinson, 1968; Hodgson, 1968), and the Arunta Complex 

is unconformably overlain by flat-lying Upper Permian sediments (Stage 5 

of Evans, 1969; unpublished data of Evans, conclusions in \'lells et 9,10 

1970, p. 113). The younger stratigraphic time limit could possibly be put 

back to latest Carboniferous, as the Crown Point Formation, which uncon­

formably overlies the Finke Group (equivalent to and interfingering with 

the Pertnjara Group) in the southeastern part of the Amadeus Basin, contains 

Late Carboniferous spores (Stage 1/2 of Evans, 1969) in its lower part, and 

Early Permian spores (Stages 2 and 3) in its upper part (Evans, 1964, and 

unpublished data in Amerada Petroleum Corp., 1965, summarized in Wells 

et alo 1970, p. 113), and thus straddles the Carboniferous-Permian bounda~-. 

* The position of the Carboniferous-Permian boundary in Australia is still 
controversial (Black at ale 1972; Evans & "'hite, 1972; Balme, 1973), 
and until this is settled 'l-1e accept Evans I .original determination (in . 
Amerada Petroleum Corp., 1965) of the age of the Crown Point Formation 
as Carboniferous to Permian. 

ROliever, the nearest outcrop of CrO\ffi Point Formation to the Arltunga Nappe 

Complex is 140 km south-southeast of Arltungao 

The data presented in this report are complementary to the K-/~ 

study by Stewart (1971 b), '-Tho determined 31 K-Ar dates on mica and hornblende 

from the basement and cover rocks of the Arltunga Nappe Complexo The mica 

dates fell into three groups: 

1. Six micas from the basement rocks in the southern part of the 

White Range Nappe gave dates ranging from 1532 to 1368 moY., and one 

hornblende gave 1660 m.y., indicating the time of metamorphism in these 

rocks as Late Carpentarian or earlier. 

2. ~ielve muscovites from basement and cover rocks in the northern 

part of the White Range Nappe gave dates ranging from 431 to 322 m.y., 

indicating an age older than Late Carboniferous for the Alice Springs Orogeny; 

one muscovite from a lens of basement quartzite gave 1077 m.y. 

" 
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3. Seven biotites from basement rocks in the northern part of 

. the 'Vhi te Range Nappe, and two bioti tes from the authochthonous basement 

west of the nappe, gave dates spread from 1775 to 370 m.y., with no 

particular concentration evident, and two possible explanations for the 

spread of dates "lere suggested, namely: 

(i) Complete recrystallization of biotite during Devonian-Carboniferous 

time, accompanied by absorption of various amounts of excess argon, or 

(ii) Partial recrystallization of biotite during Devonian-Carboniferous 

time, with concomitant retention of various amount of radiogenic argon 

originating from the earlier (Precambrian) time of crystallization. 

4. Two hornblendes from the northern part of the Hhite Range 

Nappe gave K-Ar dates of 2132 and 1639 m.y., and at least one, if not both. 

"las suspected of containing excess argon. 

This paper presents (1) the results of a graphical analysis of 

Stewart's 1971 K-Ar data, involving the computation and interpretation of 

K-Ar initial argon and isochron diagrams, and (2) nel'l Rb-Sr dates (determined 

by Armstrong) on some of the rocks and minerals used in the K-Ar study. 

Both sets of results indicate the presence of excess argon in biotite 

from retrograded basement rocks in the northern part of the nappe complex, 

whereas in non-retrograded or only slightly retrograded basement rocks, 

partial argon loss has occurred. 

GRAPHICAL ANALYSIS OF K-AR DATA 

Two types of isochrons can be co~puted from the data gathered in 

the conventional determination of K-Ar dates. The first involves the 

plotting of percent K (or 40K) against 4°Ar for each sample; a plot called 

the 'initial argon diagram' by Roddick & Farrar (1971). Data points in 

this diagram always lie on a straight line if it is simply a matter of 

mixing of hlO separate phases (e.g., Hayatsu &Carmichael, 1970; Roddick & oj 

Farrar, 1971; Harper ~t al., 1973), but are scattered in other cases (e.g., 
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McDougall et al., 1969; Wilson, 1972; this paper, Fig. 4). The second 

type of isochron is analogous to n Rb-Sr isochron, and involves the 

calculation and plotting of the total 40Ar/36Ar ratio and the 40K/36Ar 

ratio for each sample. This plot, called an 'isochron diagram' by Roddick 

&: Farrar, may under rare circumstances give a straight line even where the 

data points are scattered on the initial argon diagram. This plot enables 

us to calculate a date and initial 40Ar/36Ar ratio, exactly as in the 

Rb-Sr method. The theory of both types of isochron plot is fully described 

by HcDougaU ,ft ale (1969), Hayatsu &: Carmichael (1970), and Roddick & 

Far'rar (1971). In the present study, we have followed l-IcDougall ~o 

in plotting duplicate analyses separately in both the initial argon and 

isochron diagrams, but have used only the means of these when regressing 

the isochrons. The isochrons Ii·ere computed using the method of f.1cIntyre 

et a10 (1966); we have obtained only Hodel I isochrons, in which a value 

of more than unity for the mean square of freighted deviates (r-1Si'lD) indicates 

that the scatter is of geological origin, and not caused by experimental 

error. 

The values of percent K and radiogenic 40Ar in STP cm3/g were 

taken directly from Stewart (1971b) and used in preparing the initial argon 

diagrams discussed below. The coefficients of Variation used in the 
. . L 

regressions for these diagrams ,.,ere set at 105% for K, and 105% for 40Aro 

For the isochron diagrams, the total 40Ar/36Ar ratios and 40K/36Ar ratios 

were calculated from the same 1971 data, and the results are set out in 

Table 1; the coefficients of variation here "Tere set at 2.0% for 40K/36Ar , 

and 005% for 40Ar/36Ar• 

K-Ar isochrons for coyer rocks 

The four muscovite samples from the Heavitree Quartzite and the 

schist sample from the Bitter Springs Formation lie neariaochrons in both 

the initial argon diagram (Fig. 2) and the isochron diagram (Fig. 3). In 

the initial argon diagram, the isochron passes close to the origin 

(y-intercept = 8.7 ± 6.7 x 10-6 STP cm3/g), and its slope gives a date of 

___ t~ ._:.: 
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-------------------~ TABLE I 

nple No o * 

3ement RoCkg~ northern part of napne 

1(30) 0.985 

B( 17) 10735 
t-r( 5) 50910 
~1(23) 1.285 
B(8) 3.695 
H light(2) 14.771 
r1 heavy(6) 4.929 
B( 14) 2.111 

7N(19) 1.555 
711( 7) 40219 
7B(4) 70392 
8l\1(9) 3.284 . 

8B(14) 2.109· 
111(21) 1.401 
HI( 19) 1.555 

K-Ar data for isochron dia!n"~rns. western part of 

Arlt\L~ga Nanue Complex 

2.795 

5.712 

21.337 

30802 

5.112 

51.099 
20.481 

4.882 

5,,618 

17.984 

80545 

3.514 

7.574 

40464 

4.961 

~Ar 

Date** 

380 

388 

403 

399 
889 

431 

352 

548 

349 

340 

1058 

1077 

370 

384 

390 

, Sample No.* . (4°Ar/36Ar~ total 
x 10 

336~I( 13) 2.273 

336B( 10) 2.955 

350B(4) 7.380 

350B( 12) 2.463 

Eeevi!~~~ Qygrtzi!~ 

36M(2S) 1.056 

36f1( 7) 4.228 
206N(2) 14.756 

247N(15) 1.969 
250N(S) 3.688 

Bittel: Spring§ Form~.j;;io!! 

279HR(33) 0.895 

With percent air correction in parentheses 

7 .. 608 

1.541 

120469 

3.855 

30631 

17.887 

70.238 

7.521 

14.695 

2.843 

Conventionally computed ~Ar date in moY., from Stewart ( 1971 b) ; means of duplicate dates not shown. 

K-Ar 
Date** 

399 

1775 

783 

776 

327 

343 
322 

346 

358 . 

330 
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298 ± 38 m.y. The mean square of weighted deviated is 1.08. The result 

is strongly controlled by the single point 206H. In the isochron diagram 

(Fig. 3) the isochron gives a date of 343 ± 16 moY., and has an initial 

40Ar/3
6Ar ratio of 278 ± 54. The mean square of weighted deviates is 6.36 i 

which indicates that the scatter of the poi~ts is too great to be explained 

by experimental error aloneo The initial ratio COincides, within experimental 

error, '-Tith the present-day ratio of atmospheric argono Hence, the 

individual K-Ar dates computed in the conventional maImer for these five 

samples are as good as or better than the isochrondates, and nothing is 

gained by using the latter. 

K-Ar iSQchrons for basement ro~~s. northern ~art of na~o 

The initial argon diagram for the seven biotite and eight 

muscovite samples from the basement rocks in the northern IRrt of the nappe 

is shown in Figure 4. Seven of the muscovites plot near the bottom of the 

field of pOints, and anisochron regressed through six of them (38!·I, 39I"I, 

4011 (heavy), 287M, 3311of, and 336M), plus n·TQ concordant bioti tea (18B a.nd 

318B), gives a date of 371 ± 12 m.y., with a y-intercept = 1.2 ± 106 x ;0-6 

STP cm3/g, which is indistinguishable from zero; the mean squa.re of weighted 

deviates is 9.250 The other five biotite and bro muscovite points (40H (light) p 

431 m.y., and the basement muscovite (318H) that gave 1077 moYo) are scattered 

about the diagram above the isochron in seemingly random fashion. In the 

isochron diagram for all 15 micas (Fig. 5), an isochron passing through the 

same six musoovites and bTO biotites gives a date of 372 ± 14 m.y. and an 

initial ratio of 326 ± 450 The mean square of lfeighted deviates is 11.06, 

indicating that the scatter is geological, not experimental. The initial 

ratio is not significantly higher than 295.5, indication virtually no 

anomalous initial 40Ar/36Ar in the samples. The poor fit ~f the samples to 

the isochron suggests slightly different ages or initial ratios. Thus the 

conventionally computer K-Ar dates on the eight micas on the isochron are 

just as meaningful as the isochron dnte; the isochron merely provides an 

unusual fTeighted-mean date for the suite of samples regressed. 
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RB-SR RESULTS 

The locations of the samples used are shot-ill in Figure 1, and the 

results of the rubidium and strontium analyses are set out in Table II. 

Five isochrons have been calculated from the data, and are discussed in 

turno 

\'Thole-rock isochron for Arunta basement rocks 

Seven whole-rock samples, comprising four from the northern part 

of the White Range Nappe (samples 39, 40, 200, and 350) and three from the 

autochthon west of the White Range Nappe (samples 95, 96, and 97), define 

an isochron tThich gives a date of 1625 ± 22 (1723 ± 23) m.y. (Fig. 6). 

The initial ratio is low (0.7051), which suggests that the isochron has 

not been lowered by 87Sr redistribution. Thus, 1723 ill.Y. appears to be 

the time of commencement of retention of radiogenic 87Sr by the Arunta 

basement rocks in this area, and can probably be taken as the age of 

differentiation or of the first and only regional metamorphism of these 

rocks. The date agrees 'l'Tithin experimental error 1'1i th the whole rock 

isochron date of about 1710 moY. given by four sa.mples of basement rock 

from the Giles Creek Synform, in the southernmost part of the nappe 

complex p south and southeast of the area of the present study (R. Bennett, 

pers, comm. in Cooper ~., 1971). 

All seven samples on the isochron have Rb/Sr ratios lees than 3. 

In contrast, three mica-rich whole-rock samples from the southern part of 

the White Range Nappe have Rb-Sr ratios greater than 12, and lie below the 

isochron (Fig. 7), indicating that the 878r in these samples has been 

remobilized on a modest scale, allo .. 1ing Sr isotopic exchange or 87Sr loss, 

or Sr loss, or, less likely, Rb enrichment of the already Rb-rich materials. 

Rb-Sr, JIlice. dates from apnaxentlYune.l tered to slightly retrogr£!~runta 

·basement rocks 

Two of the sampes (nos. 96 and 350) gave \'lhole-rock-bioti te 

is.ochron dates that are comparable to, although slightly t,Teater than, the 

K-Ar dates determined on the same biotite concentrates. Sample 96, from 
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TABLE II 

.§.runple data end Rb/S~nalytic.Al d-9.ta 00. 
basement rocks aug, minerals from 

the western PArt of the Arltunga Nappe, 
Complex:* _I 

~------------------------------------------------------------------------------------------
Sample I No. 

Material dated Rb 
ppm 

Sr 
ppm 

Rb/Sr 87Rb/86Sr 

i~ole rocks 

Netatonalite 81 307 .264 .764 .7203 

40 Hetatonalite 50 437 .114 0331 07127 

12 Biotite-muscovite 
schist 227 11 20.6 59.6 1.8608 

,: Granodiorite gneiss 174 254 .685 1098 07544 
-

Gneissic granite 258 891 .289 08:56 ,,7261 

1~5 
Gneissic granite 374 141 2.65 7068 .8854 

Coarse biotite mass 
2706 204395 in amphibolite 348 13 7909 

l44 
00 

Biotite gneiss 176 14 12.5 3603 · 101455 

Amphibolite 26 131 .196 .567 .. 7210 

i:~;S;:Iil.J§ 
Garnet-biotite gneiss 107 52 2005 5.94 08(90 

I~ 
Biotite 380 35 10.9 31.6 08672 

Muscovite 't < 209) 168 100 1.68 4.85 07380 

40 Biotite 378 102 3.73 10 .. 79 ~ 7534· 

16 Biotite 396 194 2004 5.91 .. 8057 

350 Biotite 380 41 9.3 2702 101148 

I 
* Rb and Sr concentrations and ratios \'lere measured by X-ray fluorescence using U.S. 

I Geological Survey rock stande.rds to establish \-lorking curves. Estimated 10"' errors 
for concentration are 1 ppm or 5% (whichever is larger)p and for Rb/Sr ratio 3'%, if 

I 
I 
I 
I 
I 
I 

ratios lie between 0.1 and 100 Sr isotopic compositions were measured on a 600 

sector 12-inch-radius solid-source mass spectrometer of modified U.S. National Bureau 
of Standards design, constructed by H. Faulo The data were obtained on a strip chart 
recorder \'lith expanded scale and have 10' el'~'ors of approximately 0.0003. 8711 ~6sults 
are normalized, and adjusted so that the Eimer &: Amend standard Sr gives Sri · Sr =: 

007080. 

All dates "Tere calculated using the 87Rb §7cay constant = 1047 x 10-11 yr-:-;. 
HO~lver, the convention in Australia is to use the Rb decay constant::: 1.39 x 10-1 

I 

yr , and the corresponding dates using this value are shmm in parent~ne9. 'rhe 
correct value probably lies between these extremes, close to 1.43 x 10 (Armstrong, 
in prep.). Brief petrographic descriptions of the rock samples are given in the 
Appendix. 
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the autochthon, gave a Rb-Sr date of 1060 (1124) m.y., compared to a K-Ar 

date of 997 m.y., and sample 350 from the northern part of the Hhite Range 

Nappe gave aRb -Sr date of 850 (901) m.y .. , compared to a corresponding- K-Ar 

date of 780 m.y. (Fig. 8). Sample 96 shows only slight retrogressive 

. metamorphic effects (which are indistinguishable from deuteric alteration; 

see Appendix), and sample 350 shows no apparent retrogression. Thus, it 

seems that these dates result from different degrees of Sr and Ar loss 

(Ar more than Sr). This is identical with the loss pattern observed by 

Hart et ale (1968) anc Aldrich et al. · (1965)0 The losses probably 

occurred during the Alice Springs Orogeny, as this was the only event 

accompanied by significant warming that affected the area after the regional 

metamorphism at nbout 1700m.y. ago. 

Rb-Sr mica dates frgm retrograded b~sem~nt rocks 

Sample 39 gives a \1hole-rock-biotite isochron of 323 (342) m.y. 

(Early Carboniferous) (Fig. 8)9 indicating that the biotite crystallized 

(or completely recrystallized) during the Alice Springs Orogeny. The same 

biotite gave a conventional K-Ar date of 889 moY. The large discordance 

with Rb-Sr date« ~r date indicates the existence of a considerable amount 

of excess 40Ar in the biotite of sample 39. 

Sample 40 gave a whole-rock-muscovite-biotite isochron of 302 

(320) m.y. (Hiddle Carboniferous) (Fig. 8), and so, as in sample 39, 

complete (re)crystallization of the biotite during !he Alice Springs 

Orogeny is indicated. The biotite (40B) gave a conventional K-Ar date of 

548 m.y., and lies distiQctly above the K-Ar isochror~ of Figures 4 and 5. 

The muscovite (40M(light» gave a conventional K-Ar date of 431 m.y. 
40 

Evidently, both micas contain a moderate emotmt of excess Ar. 

Samples 39 and 40 come from the s ~!me deformed and retrogressively 

metamorphosed body of tonalite on the northern side of the White Range 

(Fig. 1). Neither thin-section examination of the rocks nor the Rb-Sr 

dates given by the biotites, tells us whether the biotite is an old 

(Precambrian) . miner~l that was completely recrystallized during the later 
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(Carboniferous) retrogressive metamorphism, or a new mineral that formed a 

for the first time during the retrogressive metamorphism. The tonalite is 

thoroughly retrograded, and the alteration includes brecciation of andesine 

and its conversion to albite + epidote + white mica (muscovite and paragonite), 

and the recrystallization of quartz (see Appendix)o Nevertheless, in spite 

of the alteration the tonalite parentage of the rock is still easily seen, 

and so the rock presumably contained biotite as a normal and essential 

original constituent. Thus, the biotite now present in the samples is 

probably an old mineral that was completely recrystallized under middle 

greenschist facies conditions during the Alice Springs Orogeny, and contains 

excess argon in amounts that differ from place to place • 

DISCUSSION 

The K-Ar isochron diagrams for basement rocks of the Arltunga 

area suggest excess 40Ar in the biotite and muscovite samples that scattered 

above the calculated isochrons, and this has been confirmed by Rb-Sr dating. 

The micas containing excess Ar come from rocks that undenTent extensive 

retrograde metamorphism 1400 m.y. after their initial crystallization. 

Thus considerable radiogenic Ar would have been available for incorporation 

into nel-Tly formed minerals or to inhibit diffusion loss of J...r from old 

minerals. Sr on the other hand was free to exchange behreen mineral phases 

even though not removed or redistributed on a large scale. By analyses of 

whole-rock-mineral pairs we can correct for anomalous initial Sr in new or 

reconstituted minerals. This is simply not possible in the case of Ar, as 

we can assume neither a constant level of excess Ar in qifferent minerals 

nor a constant 40Ar/36Ar ratio in rock systems undergoing metamorphism. In 

fact, most of the 36Ar comes from atmospheric contamination which is quite 

independent of the geological history of an analysed specimen. Thus, much 

of the scatter on the 40Ar/36Ar isochron diagram is meaningless (as is sholm 

by the spread of results for 3911). This criticism does not apply to the 

Ar/1oK diagram. 
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The mineral most susceptible to excess 40Ar incorporation in the 

Arltunga area is biotite, but muscovite is not immune. Excess 40Ar did not 

appear in progressively metamorphosed cover rocks • . In relatively young and 

"Tet sediments undergci"ing heating, the fluid phase is probably predominantly 

H
2

0; the mole fraction of Ar, even if it were quantitatively retained 

within the rocks during metamorphism (and it probably is not) would be 

exceedingly low, and thus unlikely to be incorporated into minerals. 

Conversely, in old basement rocks little water and relatively large amounts 

of Ar 1-Till be available for interstitial fluidso 

If excess argon is suspected, the only really significant line 

that can be drs.wn on the K-Ar isochron diagram is the lOllIer-bound isochron 

drawn to pass through the origin (0 Ar, q%K) or through 4°Ar/36Ar = 29505. 

The isochron date thus obtained will have the same significance as any 

conventional K-Ar date, being close to, or even younger than, the age of 

metamorphism of the rocks being studied. 

CONCLUSIONS 

The conclusions can be summarized as follo"Ts: 

1 • The Rb-Sr .. Thole-rock isochron determined on seven samples of 

Arunta basement rock from the autochthonous and root zones of the Arlt~~ga 

Nappe Complex indicates that differentation or intense regional metamorphism 

in these rocks finished about 1723 m.y. ago. 

2. The Rb-Sr whole rock-mica isochrons determined on retrogressively 

metamorphosed basement rocks from the root zone of the Altunga Nappe Complex 

date the time of the Alice Springs Orogeny as Early to Biddle Carboniferous. 

This agrees \-lith K-Ar Im·rer-bound isochron dates from the same rocks, with 

K-Ar dates (isochron or conventional) from the progressively metamorphosed 

Heavi tree Quartzite in the nappe comple± (Steifart, 1971 b), and lTi th the 

stratigraphic evidence. 
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3. The retrogressive metamorphism that accompanied the Alice 

Springs Orogeny was of the middle greenschist facies in the root zone of 

the nappe complex. However, the 1723 m.yo whole rock date and the 1m-/' 

initial ratio indicate that the retrogression was unable to homogenize the 

87Srj86sr ratio throughout the Arunta basement, although it was able to do 

this on the millimetre to centimetre scale. 

4. Comparison of K-Ar and Rb-Sr dates of the micas in the 

basement rocks from the root zone of the nappe complex indicates that the 

spread in the conventionally computed K-Ar dates from the same micas has 

two causes: 

(i) In thoroughly retrograded rocks, it is caused by the presence 

of excess argon in recrystallized (or neli ) biotite. 

(ii) In slightly retrograded or seemingly non-retrograded rocks, it 

is caused by partial loss of argon from old (Precambrian) biotite. 

It thus appears that K-Ar dating of metamorphic rocks, especially 

those in or near a region of retrogressive metamorphism, is likely to give 

equivocal results. Confirmation of these results by Rb-Sr dating is 

desirable, and neces8ary in situations where partial argon loss has occurred, 

or excess Ar is suspected. 
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Appendix I - Descriptions of samples used in Rb-Sr study 

The specimen localities of the samples described below are Sh01ID 

in Figure 1. Hand specimens and thin sections of all the samples are 

stored in the Kline Geology Laboratory, Yale University, Heu Haven, 

Connecticut; thin-section off-cuts are held at the Bureau of Mineral 

Resources, Canberra, A.C.To Volume percentages of minera.ls are visual 

. estimates only. Anorthite (An) percentages of plagioclase are estimated 

from extinction angles of lamellar albite tl'1inning o 

Sample 39: l1etatonalite 

This rock consists of broken fragments of andesine (An
41

) (52%), 

commonly much sericitized, in a medium-grained streaky groundn~ss of quartz 

(35%) with a polygonal mosaic texture, oriented flakes of biotite (5%) and 

muscovite (5%), and cleer anhedral to subhedral grains of epidote (3%)0 

Chlorite is absent, both in thin section and in X-ray diffractograms of the 

biotite concentrateo L-ray diffraction analysis of the white mica concentrE,te 

shovled that it consists of about 75% muscovite and 25% paragonite (by 

comparison of the heights of the 3.3 Rand 3.2 R peaks). The small polygonal 

grains of quartz shot .... undulatory extinction and aeforDl8.tion lamellaeo 

Sample 40: Metatonalit~ 

This rock is similar to sample 39, and consists of broken pieces 

of poikiloblastic albite (An
03

) (46%) conb.ining coarse laths of muscovite, 

in a groundmass of recrystallized quartz (35%) in elongate aggregates of 

small polygonal grains, biotite (2%), muscovite (12% total), epidc..(;e (5%) 

in strings of small grains, and rare sphene and apatite. Some albite 

fragments have small irregular cores of microcline microperthite (less 

than 1% of the total), and the albite filaments of the microperthite are in 

optical ccntinui ty with the host albiteo No chlorite llas detected · in thin 

section nor in X-ray diffractograms of the biotite concentrateo 
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The textures and mineral assemblages of samples 39 ana. 40 

indicate that the albite originated by the breakdol'm of andesine, the 

anorthi te component reacting to form additional albite as follo",S: 

6CaA12Si20S + KAISi
3
0S + 3H20 + Na+ 

anorthite microcline 

= NaA1Si30S + 3Ca2A13(0(OH)Si207.Si04) + KA.12Si:!1010(OH)2 + H+ 

albite epidote muscovite 

A possible source for the water and sodium necessary for the reaction 

could have been the Upper Proterozoic marine sediments below the 'Vhite 

Range Nappe, which uould have lost connate water and water bound in clay 

during their progressive metamorphism to sericitic quartzite and schist. 

Sample S2: Biotite-muscovite sc~ 

This sample in the field appears to be a strongly folicteel, 

schistose granite ",ith no tra.ce of bedding or layering visible. It 

consists of quartz (6016) as small anhedral grains and large lenticular 

grains l'lith numerous deformation lamellae, muscovite (30%) in large 

kinked blades, and biotite (10%) which is also kinked. No feldspar is 

present, but if the rock is a metamorphosed granite (as indicated by the 

field evidence), the reaction 

3KAlSi30a + 2R+ = KA12Sif.1O (OH) 2 + 6Si02 + 2K+ 

microcline muscovite quartz 

could account for the lack of feldspar, and would be consistent ,1'1 th the 

high quartz content. 

Sample 95: Gneissjc granodior~ 

This is a typical medium-grained foliated granodiorite, and 

consists of anhedral elongate grains of quartz (20;~) with undulatory 

extinction, andesine (50%), biotite (15%), microcline (10~~) in large 

anhedral grains with very indistinct tl'1inning, hornblende (5%). and sphene 

(about 1~';) as an abundant accessoryo 
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Sample 96: ~issic lWl,nite 

This rock is a somewhat retrogressively metamorphosed gra.nite, 

and consists of quartz (10%) ld th undulatory extinction, microcline (62%), 

strongly sericitized plagioclase (22%), biotite (3%) substantially altered 

to chlorite, hornblende (2%); sphene (1%), and accessory epidote and 

allanite. 

Sample 97: ~issic granite 

This rock is a fine-grained leucocratic granite .. ,ith 0. xenobla.stic 

texture, and is composed of large grains of quartz (30%) with prominent 

prismatic kink bands, together with numerous small anhedral que.rtz grains, 

microcline (60%) i'li th patchy uneven twinning and undulatory extinction, 

sericitized oligoclase (5%), and biotite (5%). 

Sample 115: BiQjite...rQck 

This rock forms a tabular dyke-like mass of coarse mica ,dth 

garnet porphyroblasts up to 10 em across, cutting through an outcrop of 

garnet-bearing amphibolite. In thin section, the garnet-free part of the 

rock is found to consist solely of green biotite with uneven extinction. 

Sample 144: Biotite gneiss 

The rock is a specimen of the medium to coarse-grained quartz-rich 

biotite gneiss that makes up much of the basement rock of the western part 

of the i'lhi te Range Nappe. It is composed of qllartz (65%) iii th strong 

undulatory extinction, oligoclase (28%) which is strongly sericitized, 

biotite (5%), and muscovite (2%); both micas are markedly bent and kinked~ 

Sample 200: Amphibolite 

This sample is typical of the pods of amphibolite in the basement 

rock of the \vhite Range Nappe, and consists of green hornblende " (85%), 

andesine (15%) substantially altered to sericite + epidote + calcite, 

and accessory ilmenite rimmed with spheneo 



I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

· --.. _-'. ~- .. - ..... ,.' " ..... ~ .... ,.~ 

- 17 -

Sample 350: Ga.rnet-biotite gneiss 

This is a fine-grained garnet-bearing variant of the quartz-rich 

biotite gneiss, and is composed of q\J.art~ (40%) with undulatory extinction9 

oligoclase (40%) 10fhich is markedly fractured p biotite (15%), garnet (2%) s 

opaque iron oxide (2%), and microcline (1%). 
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