et mh i a ey S s 4 b e o s

bes e e e ottt ¢ s

O

The Australian Mineral Development Laboratones Vo A o Outning Epan Aiemen, 75

Flemington Street, Frewville, South Australia 5063 * Pilot Plant: Osman Place, Thebarion, Sth. Aust.- .

Phone Adelaide 79 1662, telex AA 82520 Phone Adelaide 43 8053

Branch Offices: Perth and Sydney
Associated with: Professional Consultanto Auslralla Pty Lid
‘Please address all correspondence: 1o Frewvnlle .

Inreply quote: AC 1/1/220

) | 11.07.0517"
The Director-General, ' 27 September 1978
Department of Mines & Energy ' A
P O Box 151,

EASTWOOD 5063

GEOCHRONOLOGY. OF THE OFFICER BASIN

PROGRESS REPORT NO. 1 -
- by
A. W. Webb

Geochronology by Dr A. W. Webb

D, K. Rowley
-~ Manager
' Analy‘tlcal Chemlstry D1v151on

-k

- for Norton Jackson |
Managlng Director



* GEOCHRONOLOGY -OF .THE OFFICER BASIN - - --

1. REVIEW .OF PROGRESS

A familiarisation trip to the northeastern part of the Officer Basin,
on which Amdel's Pro;ect Officer accampanied geologists of the. . _
'S. A. Department of Mines § Energy, was held during late April - early<;f o
- May 1978. During this trip, rock samples were collected from several _1 _
outcropplng units in the Chambers Bluff reglon, the units sampled :f "1‘
including both the sediments of the (?) Cambro-Ordovician Officer Ba51n -
and folded sediments associated with the tillites and volcanlcs of the.
Adelaide System which forms the basement to the Officer Basin in thlS o
reglon -
~ Petrographic descrlptlons of one specimen from each of the rock unlts ~:.‘
- sampled were given in Amdel Report GS 4084/78 and from this examlnatlon _
it was decided to carry.out Rb-Sr total rock dating on two of these unlts.“
This work had a two-fold obJectlve '
"1 By dating the Adelaidean sediment (P694/78 2.5 km SW of Chambers
. Bluff) it was hoped to determine the age of the folding movement that _ :
" had affected the basement in this region; e.g. was it a Precambrian event' g'.'-\niT
_ or thé Delamerian orogeny (c.f. Williams, 1975)? Thls[aate would g g%_/] _:e'i- el
. 1 @maximun _age for the depositionmef the ove overly1ng~sedlmentS'of‘th ’j? o 3
- (officer Basin. )} If the folding was of Delamerian age, the overlylng J:’.:"f‘
- sediments must be younger than middle Ordovician and could not be as 1f~,'3*5‘:

/s

old as Cambrian. -

2 A silty shale, apparently conformable beneath the Mt Chandler _
Sandstone and largely obscured by boulders. of the sandstone on the scree
slope, was cqrrelated, tentatively, with the Observatory Hill Beds. A |
~date on this bed, therefore, would give a minimum age for the commencement .
of deposition in the Officer Basin. This sample, in Report GS 4084/78,0A”‘ fk}j"
was also. labelled P694/78.  Since the P-system of'numberino has been S Y
- discontinued, no official number has ‘been allocated, but the samples in the \
l-present Report will be referred to as P2000/78 with- subsamples A to “F. 2_Q ;.2}/;
After campletion of this 1n1t1al work, 1t was planned to analyse samples ¥
~of the Indulkana Shale (P696/78) ' 2



2. GEOCHRONOLOGY - -

Six subsamples, A to F, from both P694/78 and P2000/78 weredanalysed
The analyses are listed in Tables 1 and 2 and are shown on the 87Rb/“Sr
- °’Sr/®°Sr correlation diagram (Fig. 1).

, 2 1 _(?) Observatory Hill Beds N A
These samples showed a wide variation in Rb/Sr ratios, which assists.'“-:_
in the production of a prec1se isochron. Linear regression of the data j
indicated a significant scatter, in excess of experhnental error, of the'
p01nts about the 1sochron (MSWD = 19.6). A Model 2 isochron was favoured ‘
by the regre551on w1th an age ofEEZf:::éﬁ_MaJand anflnltlaI—B’Sr/BSSr raggz? ‘
of=0-7197"+ 000417 - - :
 The age of the Precambrlan - Cambrlan boundary is very unprec1se1y known
Rb-Sr dates of 594 + 11 Ma for a late Precambrian granite and 560 = 20 . -
for igneous rocks within the Lower Cambrian (Lambert 1971) suggest that the | X
- age obtained for the Observatory Hill Beds must be very close to the base of :
" the Cambrian. :

2.2 Adelaldean Shales Underlying The Wantapella Volcanlcs s
From Plg 1 it can be seen that the Rb/Sr ratlos of these samples do not
have the same range as those for the Observatory Hill Beds. In addition,
the samples appear to plot close to the isochron for the Observatory Hill .
Beds. Regression of the data produced a Model 4 isochron (MSWD = 14 l)
of 651+ 87 Marwith an—initial—®"Sr/*°S¥ Tatic 6f 0 71057¥7070103. -
This result appears to be too young for the age of deposition of a *
sediment associated with Sturtian tillites (which might be expected to: \

be =750 Ma). The date therefore, probably indicates the time of
folding of these sediments and if this is so,. the event recorded is not P
~  the Delamerian Orogeny.  The conclusion that the Delamerian Orogeny did 0
a . not affect this part of South Australia is supported also by the results for /> 4

the Observatory H111 Beds dlscussed 1n sectlon 2 1.



3.l CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER WORK

1 There is no evidence from the two sedimentary rock units stﬁdie&.te
suggest that the effects of the Delamerian Orogeny extended to the
northern region of South Australia. The Ordovician dates reported by

- Williams (1975) from Poonarunna No. 1 and Mokari No. 1 are from a

region at least 350 km to the east of the Chambers Bluff locality. ‘ .
2 The Adelaidean sediment, of Sturtian age, had its Rb-Sr 1sotop1c system o
resét in the late Precambrian. Resetting often occurs in fine gralned ‘ ‘
sediments under very mild metamorphic conditions and in the present case,
the date probably reflects the time of folding of this sediment. Thc o
mildness of this event is also indicated by the absence of resetting of thc
K-Ar' mineral systems 13 the gneissic basement rocks of the Everard Ranges

on the northern margin of the Officer Basin, where K-Ar mineral dateS fall
~in the 1100 - 1000 Ma age range (see Progress Reports for Pro;ect 11. 07 0355,.f;

1/1/123). ~ : : : L
3 The present data are insufficient to distinguish statistically between

the two isochrons in Fig. 1. To overcome this problem, more samples of

the Adelaidean shale should be collected.in an attempt to obtain a wider . -

o dispersion of Rb/Sr ratios. Until an age difference is conflrmed, the f

possibility that P2000/78 is part'of the Adelaidean basement cannot be
dismissed. However, if.the difference is shown to be real, the result

. would indicate that sedimentation in the Officer Basin commenced in very -

early Cambrlan times.. Rb-Sr datlng of the Indulkana Shale may - also be
useful in determlnlng the period of deposition of thlS sequence. T
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TABLE 1
Rb-Sr Anaiyses of (?) Observatory Hill Beds -
Sample No. A Rb/Sr o é’Rb/“SIf__ “ - #”Sr/e"“‘Sr»- L
P2000/78 A . 2.418 ©7.0287 . 0.7759
B 1679 48731 07602
C 5.519  16.1664 - 0.8551
D 4.061 . 11.8493" . 0.8148
E 4943 14.4528 0.8362
F 5.193 - 15.1978 °  0.8458
Kk
TABLE 2
Rb-Sr Analyses of Sturtian Shales near Chambers Bluff
 Sample No. Rb/St ~ °’Rb/°°Sr . - #%7Sp/®Ssr .
P694/78 A . 3705 - - - 10.8051 . 0.8095
B, . 3.255 ©9.4782  0.8000
C 2,579 . 7.4988 . - 0.7787
D . 2.359 6.8570 . . - 0.7755
E 2.317 6.7326 . 0.7720 .
F 2.969 8.6438 0.7918.
# Ratios normalised to °°Sr/°°Sr =  8.3752
Constants used: ®Rb/®7Rb =  2.600
: — k“f’Rb : = 1,42 x 10°%% y=*
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" GEOCHRONOLOGY .OF .THE OFFICER BASIN

1 REVIEW OF PROGRESS

o A recanmendation made in Progress Report No. 1 was that extra Samples
~ - from the same locality as the Adelaidean Shale (P694/78) be collected' S
- and analysed in an attempt to increase the span in Rb/Sr ratios in thlS'.:_.:;f:_
- suite of samples. One sample, 5543 RS 130 was submitted and from -
. this, two subsamples were taken. = These subsamples extended. the range
o _ in Rb/Sr ratio and were therefore analysed to determme thelr Rb a.nd Sr"» '_:.':
. isotopic campositions. _ L LT
" ppproximate Rb/Sr ratios of 12 samples of the Indulkana Shale, £ran 2
< closely spaced localities about 2 km ENE of Chambers Bluff, were made
" .and 6 samples. were selected for complete isotopic analysis. . o
.+ 7. - The analyses of the Adelaidean shale and the Inch.llkana Shale are
: :.,".‘,‘-.“‘1 ‘._‘-_-dlscussed in- the followmg Sectlons R .

2. ._'GEOCHRONOLOGY'_W‘

- The analyses of the 8 samples are llsted in Table l and the Indulkana
“-- _ Shale data are also plotted in Fig. 1. ' t ; 7(;' i
c . A ne /o4°°é‘ |

2.1 Adelaldean Shale -~ ""W‘x .
The analyses of 5543 RS 130 A and B do not plot on the 1sochron for sample T
_ _""‘P694/78 (see Fig. 1 Progress Report No. 1) both:fall above the 1sochron
Tiiat a distance far greater than the normal exper:mental error. It ig, o
e j..'AuncertaJ.n whether these samples were taken. from exactly the same locallty S
as P694/78 and it appears that 5543 RS 130 had a- dlfferent 1n1t1a1 I PRIV S
' Sr/ Sr ratio. . PR ‘

S : 2.2 @Indulkana*Shale) : S
. The six analyses produced a Model 3 isochron off460"‘15‘Ma w1th an .
o mltlal‘**Sr/ Osr-ratio-of-0-7128"£0:00225 jThe MSWD of 3.78 is’ low and L
- L 1nd1¢ates that. there is little residual variance beyond that due to. - i j _f_'~‘
o "_-.experlmental error. This age corresponds toLjdle Ordoviciai™ (Aren1g1an’f AL
o Caradoc1an) and can be mterpreted as mdlcatmg“the t1me of dep051t10n L
of“the shale ; e B . Sl




- problenm.

The initial ratio of 0. 713 is low in the range found for sednnentary rocks .
,-.. .and SUggests that the shale was derived from a relatively young = SR

‘ provenance.  The Musgrave Block, which would have had rocks with R
. relatively low Rb/Sr ratios and ranging in age from 1000 to. 500 Ma at the S
- time of deposition of the Indulkana Shale, is a likely source area although_:_; “.':;:.'
o ‘thlS hypothe51s would need to be tested by palaeogeographlc and R I : l
"-'._ - sedmentologlcal studles._. - ST _

3. - CONCLUSIONS

‘1 The uncertainty in the age of P694/78 still remains and it app'ears' that
. ‘'samples from the exact locahty as P694/78 will be needed to resolve this - e

o 2 . The Indulkana Shale is of Middle 0rdov1c1an age, over 100 m11110n years
- younger than the last folding phase of the Adelaidean sediments that form '
‘the basement to the Officer Basin. Cormencement of deposition in the _

s ._'Offlcer Basin must have occurred during this mterval and 1t is ant1c1pated’:"‘

e that Rb-Sr dating of fme gramed sediments from W11kmson No. 1 w111 help
L ~in placmg a more accurate age on thlS event. N ‘ L T R A '3":£~'
| 4 ‘ ik
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¥ Ratios nomnalised fo-885r/895r ';=Ri.813752»fﬁT'

TABLE 1

- Rb-Sr Analyses

. Sample No. _ Rb/Sr }.. - 87Rb/865r —_— . ‘#87Sr/§§Srf

Adelaidean Shale near Chambers Bluff o A
. SS43RSI30A - 2.418 - C7.0353 . o 0.7855 0 .
... 'S543 RS 130B - - 3.899 . - - 11.3917 . 707 °10.8285

. Indulkand Shale 2 km ENE of Chambers BIuff _ | _
U P696/TBA i 5.266 1:,';} ;f'.“5f1s,3§44~}";] a;f“ ]3§§¢;314iﬂk£ff*f:’1~*f
g 4,947 1 44230 08072
S 2.8 T maose T ougers R
"f;”'1.754 . ;t"‘f3;5.0843.' |
2060 - 59767

3.977. 11:557T1

T

- constants Used: 1 S/ =

U MR e e x a0ty

]
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&
S
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. Ten samplés 6fAfine grained'Sediment bétween 379.1m and 385. Oom -

from Wilklnson No. 1 were examlned to determlne their su1tab111ty for

1.

- - GEOCHRONOLOGY OF THE OFFICER BASIN - -

EVALUATION OF SEDIMENTS FROM .
'WILKINSON NO.1 FOR Rb-Sr DATING

Rb-Sr. geochronology Rb and Sr concentratlons are given in Table 1

where it can be seen that a11 samples contaln[abno ally high ‘St Sr levels .
d“qf§jtherefore(umsultable for- Rb ST ¢ datiﬁg“ Th1n sectlon examlnatlon '

or X-ray diffraction analysis would be requ1redlto determine the source -

of the Sr in these sémplgs.

TABLE 1

Rb § Sr Concentrafions (by XRF)

Sr (ppm)

" . Depth (m) “Rb (ppm)
379;10j; © 106 ‘iédo |
379.96. 92 1320
380.20 98 - 1810
380.61 95 636
.381.06 90 1330,

| 382.13 90 895

. 383.00 79 1200
383.66. 72 ‘889:* "
384.78 55 1280,
385.00 T 62 |

52190

-
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GEOCHRONOLOGY OF THE OFFICER BASIN

1. REVIEW OF PROGRESS

Nine samples of drill core from between 6.22m and 11.34m depth from
E.O0.B. No. 1Z were submitted for Rb - Sr geochronology After prelnnlnary
examination of Rb/Sr ratios, five of these samples ‘were selected for
isotopic gnalysis and the results of this work are reported in the following

section.

2. GEOCHRONOLOGY -

The isotopic analyses are listed in Table -1 and plotted in Fig. 1.
Also included in Fig. 1 is the 574 Ma isochron prdduced by the samples -
from east:of Chambers Bluff (see Progress Report No. 1) and it can be i-
seen that four of the five samples from E.0.B. No. 12 plot on this line. .
The fifth sample plots slightly above the line and, as it has the

" highest Rb-Sr ratio, tends to control the slope of the isochron for

E.0.B. No. 12.

_LinearAregression of the five analyses produced a Model 1 isochron

of (731 2754"Ma)with an [imitial—®”Sr/°°Sr Tatio of (77121 *.10.0028. |
Further analyses of samples fram E.0.B. No. 12 shﬁuld be made to determine
whether the difference in age ‘between this isochron and that for the
Chambers Bluff samples is real. - If the difference can' be confirmed,
it would suggest'that the event which caused the resetting of the Rb-Sr agesf
near the northern margin of the Officer Basin did not affect rocks
further to the south near Mt. Johns. - Correlation of the 731 Ma date
with results obtained on Adelaidean ‘sediments on the Stuart Shelf '
indicate that these rocks could be approx1mate1y contemporaneous w1th the

W1110chra Subgroup




TABLE 1

Rb-Sr Analyses, E.O.B. No. 12

- # ®7Sr/®°Sr.

SAMPLE DEPTH (m) Rb/ST S7Rb/°°Sr

NO. | | o
5543 RS 189 6.22m 1.673 4.8570 0.7629
5543 RS 191 7.18m 1.254  3.6360 0.7499
5543 RS 194 9.20m 1.166 3.3799 0.7470
5543 RS 196 10.45m - 1.038 3.0079 - 0.7439
5543RS 197 0.7447

11.30m 1.082 - 3.,1357

# Ratios normalised to °°Sr/°°Sr = 8.3752

' Constants used: | ®3Rb/®7Rb = 2.600

A °7Rb = 1.42 X 10%** y-*
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THE GEOCHRONOLOGY OF THE OFFICER BASIN

1. REVIEW OF PROGRESS

Ten samples of shale from Byilkaoora No. 1, from depths between 157,13 m
and 177.88 m were submitted for evaluation for Rb-Sr geochronology on 6 August,
1979. After examination of thin sections of the samples, twé were regarded
as unsuitable for dating and from the remainder, six were selected for analysis.
Petrographic descriptions of two samples and the evaluation of the analytical

data are given in the following sections.
- 2, PETROGRAPHY

Sample: A 3047 TS: 42041

Location: Byilkaoora No. 1 157.13-157.2 m 5 é: e un 7—0/2(/
Rock Name: Ferruginous siltstone Pa‘aﬁ AL (N AH W BR_ R o
Thin Section: (1t~ FOR M ;%7/ oA,

In plane polarised light the rock is a deep red colour as a result of the
abundance of finely dispersed iron oxides/hydroxides, Within this material
are crystals of silicates - mainly quartz and muscovite and there are silt-
grade grains not more than 0.05 mm in size. Overall, the ferruginous
material comprises 6Q—707é'of the siltstone but bedding is shown by variations

in the amount of this material on a scale of 1 to 8 mm.

.The clearer beds contain about 60% of quartz and minor muscovite, clays,

biotite and opaques. The detrital grains have been well sorted but they now
tend to form a granular mosaic and there is no evidence of the extent of
rdunding of the quartz grains. Biotite and muscovite flakes are generally
of the order of 0.1 mm in length and have a parallel alignment of the

axés; the biotite is fresh and pleochroic in shades of green. Carbonate is
present as ragged, indefinite patches but this mineral is a minor component
only. The sample is a micaceous, ferruginous siltstone showing fine, laminar

bedding. The rock is suitable for 'Rb-Sr whole rock geochronology.

Sample: A 3056 TS: 42050

Location: Byilkaoora No. 7. 177.78-177.88 m

Rock Name: Ferruginous siltstone odLﬂfINﬁl/Q MmEmBEL, O BSEL VATORY
Thin Section: Hrol Fogrma 710N,

In overall mineralogy and texture .the rock_, is similar to that from 157.13-157.2m.



There tend to be fewer clear beds in this sample and, even in relatively
pale beds, quartz and micas show red staining. Such beds appear to be

less micaceous than in the other sample but this is probably a result of
their being obscured by iron oxides/hydroxides. As far as can be determined

the sample contains little or no carbonate.

The core sample generally has parallel, laminar bedding, but this has been
disturbed in one place: here an iron-free silty bed appears to have been
intruded upwards into, and through, adjacent beds causing only very local
disruptions. This is probably a feature which developed when the sediments

were still soft.
The rock is suitable for whole-rock Rb-Sr geochronology.

Other samples: A 3048-A3055 TS: 42042—42049

Each of these samples was briefly examined té evaluate suiltability for
geochronology. All are fine-grained sedimentary rocks containing varying
amounts of iron oxide/hydroxide'material. Two samples, A3053 and A3054
contain sufficient dispersed carbonate to indicate that they should not be

used for whole-rock Rb-Sr geochronology.
3. GEOCHRONOLOGY

The Rb-Sr isotopic analyses of six samples of shale are listed in Table 1
and plotted in Fig. 1. The analyses do not define a simple straight line
and several subjective selections of groups of analyses can be made which give

different results. Two of these groupings are discussed below.

(1) A maximum age of the sediments can be obtained by rejecting sample

A 3048. This regression still has a significantly large residual variance,
possibly due to the failure of the shale to reach isotopic equilibrium during
deposition, and therefore has a relatively high error. An isochron of

617 * 138 Ma, with an initial ®7Sr/®°Sr of 0.7145 * 0.0184 is obtained from

these 5 samples.

.. /b
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(2) 1f two samples (A3050 and A3056) are omitted, an isochron giving the
minimum age is obtained. . This line is a somewhat better fit than the maximum
age isochron and gives an age of 524 * 68 Ma. The initial °7Sr/°®Sr is 0.7244
+ 0.0097. | |

There are no valid reasons for selecting either of these regressions in preference
to the other and it is possible that the true age lies somewhere between the

two dates. The departure from a linear relationship is commonAwith sediments

and is usually attributed to a variation in initial °’Sr/®°Sr between samples.
Thus, the shale is composed of a sequence of layers, each with a different initial
875:/%%Sr and if a criterion could be found to select groups of samples whose
individual members had the same intial ratio, a family of parallel (equal age)
isochrons could be defined. Such an approach would involve the investigation

of large numbers of samples, using X-ray diffraciton to identify the mineralogical

constitution of the sample prior to selection of samples for isotopic analysis.

The six analyses reported here represent a very preliminary age investigation and

provide estimates only of the likely maximum and minimum age limits.
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TABLE 1

Rb-Sr Analyses, Byilkaoora No. 1

‘- -‘ -/

SAMPLE MARK DEPTH (m) Rb/SrA 87Rb/%6Sr #°7Sr/“Sr
A 3047 157.2 2.188 6.3581 0.7726
A 3048 157.8 5.077 14,844 0.8356
A .3050 163.6 3.844 11.216 0.8146
A 3052 167.0 2.882 8.3872 0.7877
A 3055 177.1 3.018 8.7834 0.7883
A 3056 177.8 3.857 11.254 0.8142
# Ratios normalised to  °°Sr/%°Sr = 8,3752

Constants used.  °°Rb/°’Rb = 2.600

A ®7Rb = 1.42 x 10 **y 7°
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GEOCHRONOLOGY OF THE OFFICER BASIN

bl

1. REVIEW OF PROGRESS

An Rb-Sr age 715 * 210 Ma was reported for fine grained sediments from
266.1 m to 281.9 m in Murnaroo'No. 1 in Progréss,Report No. 28 for
ffoject 1/1/126 (11.07.0356). The large error was due méinly to the
restricted range of Rb/Sr ratios in the samples analysed and in an attempt
to extend the range in Rb/Sr ratio, a further 10 samples were taken from
aone and below the original depth interval. RB—Sr isotopic analyses were
made on 3 samples whose Rb/Sr ratios lay outside the range of the previous
6 samples and the results are reported in the following section.

-~

2. GEOCHRONOLOGY

The new Rb-Sr analyses are listed in Table 1. Regression of the 9 analyses
produces a Model 3 isochron of 745 * 87 Ma with an initial °7Sr/°°Sr ratio
of 0.7121 * 0.0102. This result, although not statistically different

from the original determination (715 % 210 Ma), has a significantly reduced

uncertainty and, on this evidence, must be of Proterozoic age.



TABLE 1

a

Rb-St Analyses, Murnaroo No. 1

SAMPLE MARK ' DEPTH (m) Rb/Sr ®7Rb/®6Sr Forgr/oesy
A 3059 - : 260.2 ’3.012 8.7819 O.807Q
A 3060 ©261.2 3.300 9.6283 0.8142
A 3065 296.3 2.535 7.3802 0.7917
# Ratios normalised to °°Sr/®°Sr = 8.3752 ‘

Constants used: é’Rb/p7Rb = 2.600

)\ 87Rb

1.42 x 107*?

y

-1
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