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DEPARTMENT OF MINES AND ENERGY 
SOUTH AUSTRALIA 

Rept.Bk.No. 78/118 
G.S. No. 6083 
D.M. No. 572/77 

BUMBARLOW 1 - WELL 
COMPLETION REPORT 

ABSTRACT 
Bumbarlow 1, situated near the northeastern 

shores of Lake Frome, continuously cored over 300 m 
of flat-lying Proterozoic sediments with interbedded 
lavas. This sequence was intersected below 209 m 
of Mesozoic strata of the Great Artesian Basin and 
192 m of Tertiary to Recent sediments. Rb-Sr whole 
rock dating upon shales interbedded within+a 
sequence of lavas suggests an age of 1360 - 140 Ma 
for the Proterozoic section on the Benagerie Ridge. 

Results from Bumbarlow 1 have reduced the area of 
presumed Cambro-Ordovician strata within the east-
ern Arrowie Basin, but have not reduced the petroleum 
potential of the Cambro-Ordovician sediments expected 
to exist over most of the area north and northeast 
of Lake Frome. 

INTRODUCTION 

Bumbarlow 1 is a stratigraphic well drilled by the 
Fossil Fuels Division during April to June 1978. It was 
designed to test the lithologies and petroleum potential of 
the Cambrian section in the central parts of the eastern 
Arrowie Basin (Fig. 1). This report presents the technical 
details and results of the drilling programme and also introduces 
new concepts regarding the eastern Arrowie Basin. 

WELL HISTORY 
BUMBARLOW 1 

GENERAL 
Well Name 

South Australian Department of'Mines and Energy 
Bumbarlow 1 
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Location 
Latitude : 30° 29' 50" S 
Longitude : 140 05' 15" E 

Map References 
1: 250 000 FROME SH 54-10 
1: 100 000 Pundalpa 

S.A. Department of Mines and Energy Unit Number 
\ 

6937000 SW 00010 
Petroleum Tenement 

' 1 » 

PEL'S 5 .and 6 (Delhi International Oil Corporation and 
Santos Ltd.) 

Elevation 
Rotary Table : 850 mm above ground level Call depths 

are from g.l.) 
Ground Level : 31.146 m a.s.l. 

Total Depth 
720.33 m (driller) 

Drilling Commenced 
13: 45 hours, 4th April 1978 

Drilling Completed 
12: 30 hours, 13th June 1978 

Actual Drilling Time 
43 days (1 shift per day) 

Well Completed 
15th June 197 8 

Rig Released 
15th June 1978 

Status v ' 
Dry and abandoned 

• DRILLING DATA 
Drilling Contractor 

S.A. Department of Mines and Energy 
Mechanical and Drilling Branch 
Dalgleish Street 
Thebarton, S.A. 5031. x 
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Drilling Rig 
Failing 1500 (R.D. 3) 

Hole Sizes 
Sh ins. to 410.00 m 
NQ core from 408.95. to 720.33 m 

Casing and Cementing Details 
6" casing 18.54 m to Sfce. 
3" casing 410.00 m to Sfce. 
3 sacks cement at 45 m 
5 sacks cement at 380 m 

Bit Record 
Tricone rollers: 3 used 
Hawthorn blades: 3 used 
Diamond § Boast NQ diamond: 8 used 
Mindrill NQ diamond: 2 used 

Water Supply 
Drilling and non-drinking camp water supplies were 
obtained from Cootabarlow 3 bore (see Fig. 1 for 
location). ' . 

Formation Sampling 
Ditch Cuttings were taken at 3 m intervals from surface 
to 410 m. 
Cores were cut continuously between 408.95 and 720.33 m; 
averaged recovery was 97.3%. 

The only core loss was between 457.50 and 466.00 m. 
All cores and a set of washed cuttings are stored at the 
Glenside Core Library of the South Australian Department of 
Mines and Energy. 

LOGGING 
Lbgging was carried out by the Department of Mines and Energy's 
3000-foot logging unit. The following logs were run -

.Gamma Ray 0 - 724 m 
Neutron 0 - 724 m 
Density 400 - 724 m 
S.P. 400 - 724 m 
P . R . 400 - 724 m 
Temperature 400 - 724 m 

Resistivity and Cali^r logs were not run, owing to an 
obstruction in the hole at 430 m. 

PREVIOUS EXPLORATION 
Bumbarlow 1 is the first well to be drilled into the 

Arrowie Basin since S.A.D.M. Yalkalpo 2 was completed in 
March 1976. A synthesis of petroleum exploration in the 
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Arrowie Basin up to 1976 was presented in the well completion 
report for Mudguard 1 and Yalkalpo 2 (Youngs, 1977; see also 
Youngs, 1978a). 

REASONS FOR DRILLING 
One of the recommendations to come out of the Mudguard-

Yalkalpo programme of 1975-1976 was that future petroleum 
exploration within the prospective Arrowie Basin should 
concentrate on the northern parts of the basin where deeper 
and more complete sequences of Cambro-Ordovician strata 
may exist (Youngs, 1977; p. 25-26). Possible locations of 
the proposed Bumbarlow 1 had to be chosen with both this , 
recommendation and the limited drilling capacity 
(about 800 m) of the Department's rigs in mind. Bumbarlow 1 
therefore was sited at shotpoint 151 on the line CFK (Crusader, 
1971) to control possible re-interpretation of seismic 
data in the area, at a point where the top of the Cambrian 
was anticipated approximately 380 m below surface and approximately 
420 m of Cambro-Ordovician sediments could thus be cored (See Fig. 
2 for location and Fig. 3 for seismic section of part of line 
CFK). Figure 4 shows the depths to magnetic basement and 
Bouguer Gravity an^nalies in the area. The well was located 
16 km southwest.of Cootabarlow 3 which provided good supplies 

of drilling and camp water (see Ker, 1966, for details). 
/ 

It was anticipated that Bumbarlow 1 would drill 150 m 
. of Tertiary-Quaternary sands and clays overlying 230 m of 
Mesozoic clays and claystones. The underlying Arrowie Basin 
section was anticipated to be Middle to Late Cambrian in age 
and to comprise sediments similar to those of the Lake Frome 
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Group and Wirrealpa Limestone of the Flinders Ranges. 
RESULTS OF DRILLING 

The post-Palaeozoic section in Bumbarlow 1 was slightly-
thicker than anticipated. The base of the Tertiary was at 192 m, 
and the base of the Mesozoic occurred at approximately 401.50 m 
(21.50 m deeper- than prognosis). Lithologies were as expected -
predominantly sticky grey clays, with some sands at the top 
of the section and' in the Eyre Formation (160-192 m) (see 
Composite Log, Figure 7, and Appendix 1). A little over 7 
metres of conglomerate was intersected at the base of the 
Mesozoic. 

The expected pre-Mesozoic sequence was entered at 
401.50 m and a conformable sequence of red and green conglomerates, 
sandstones and siltstone with interbedded volcanics was 
intersected down to a depth of 702.25 m. A sequence of dark 
grey-black shales from 702.25 m to the total depth of 720.33 m 
may be disconformable with the overlying beds. Core descriptions 
of these sediments and lavas are presented'in Appendix 2 and the 
results of detailed thin section petrography are presented in 
Appendix 3. 

In summary, the section from 401.50 m to 702.25 m is a 
sequence of flat-bedded clastics, in which red and brown 
sandstones and conglomerates predominate, and wherein seven 
separate basalt and dacite flows occur between the 
depths of 509.40 m and 675.75 m. Green-grey sandstones and 
mudstones also occur in the sequence but mudstones are present 
in beds generally thinner than those of the coarser lithologies. 
Some crossbedding and rare flaser bedding occur. 

The lavas range from 4.5 to 33.0 metres in thickness. 
They are mainly finegrained but several of the flows exhibit 
vesicular and brecciated textures at the top. The bases are 
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all clearly discernible but only one flow (the lowermost, 
669 m to 673.50 m) has a "baked" zone a few centimetre's 
thick below its base. 

The dark grey-black shales below 702.25 m constitute a 
very different facies from the overlying conglomerates and 
sandstones, with which they are probably disconformable. 
These shales are finely bedded, dolomitic, and in some places 
exhibit a possible cleavage (see•Appendix 2). 

Initial investigations have revealed no fossils in the 
pre-Mesozoic section and it seems unlikely that any, except 
perhaps trace fossils, would be found in these generally 
coarse sediments. 

Shale samples from beds at approximately 645 m have been 
dated by the Rb-Sr whole rock method at AMDEL (Appendix 4) 
and results suggest an age of 1360 - 140 Ma. 

INTERPRETATION OF RESULTS 
(i) Stratigraphy 

The sediments and lavas below 401.50 m in Bumbarlow 1 
are considered to be entirely Proterozoic. 

The isotopic age of 1360 140 Ma for shales at 645 m 
correlates reasonably well with ages of 1160 to 1350 Ma 
for the rhyolite in Mudguard 1 (Appendix 4 this report and 
Appendix 4 in Youngs, 1977). This age in Bumbarlow 1 is 
interpreted as representing the age of deposition of the 
sediments and lavas. The possibly disconformable black 
shales at the base of the hole are older than the "red beds" 
above, but are not interpreted as being significantly older 
and most probably are not Carpentarian. 

The Mesozoic and younger sediments drilled in Bumbarlow 1 
were lithologically as predicted and are interpreted as having 
been deposited in terrestrial to marine environments during 
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the Mesozoic and terrestrial environments during the 
Tertiary and Quaternary (Wopfner, 1969; Callen, 1976). 

The red and green sediments between 401.50 and 702.25 m 
are interpreted as fluvial and represent deposition in 
fluvial fan and upper flood plain environments. The basic 
to intermediate lavas were extruded from a nearby volcanic 
province, the location of which is currently unknown. 

The grey-black shales might be interpreted as having 
been deposited in the deeper parts of a lake - the fine, 
rhythmic bedding of these silty shales is characteristic of 
lacustrine deposition. A quiet marine environment is also a 
possibility, 
(ii) Structure 

The Proterozoic section in Bumbarlow 1 contrasts markedly 
with the Cambrian sections penetrated in wells to the southwest 
(Lake Frome 1, 2 and 3: Delhi Australian Petroleum, 1968), 
where gently folded strata can be correlated with rock 

/ 

sequences in the Flinders Ranges. A sequence reasonably 
similar to those in the ranges also was intersected in 
Yalkalpo 2 to the southeast (Figs. 1 and 5) (Youngs, 1977 5 
1978a). Regional studies suggest that Cambrian sedimentation 
extended across the Benagerie Ridge and its Proterozoic 
sedimentary cover, and that post-Cambrian earth movements, 
possibly associated with the Delamerian Orogeny (Fig. 5), 
resulted in erosion of the Cambrian cover. The earth movements 
may have occurred by faulting along the western and eastern 
margins of the horst-like ridge: a north-south line of mound 
springs near the eastern shores of Lake Frome may be related 
to faulting at depth (Callen, 1976) (Fig. 1), and other faults 
are thought to occur along the eastern ridge margin (Youngs 
1977, 1978a). 
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This concept of a meridionally faulted western margin 
to the Benagerie Ridge also is supported by results from 
seismic surveys, whereby Crusader (1971) identified several north-
south faults and gentle folds in the Lake Frome area. 

The absence of Cambrian strata in Bumbarlow 1 shows that 
the Benagerie Ridge and its cover of Proterozoic sediments 
and lavas extend farther north than was previously suspected 
(Youngs, 1978a, fig. 2); its northern limit remains undefined 
at present (Fig. 1). 

GEOLOGICAL HISTORY 
This brief summary of the interpreted geological history 

of the Bumbarlow area incorporates data from wells within the 
region and the earlier work of Callen (1976, 1977) and Youngs 
(1977). Figure 5 summarizes stratigraphic relationships and 
tectonic events in four wells in the Benagerie Ridge area. 
1. Deposition of dark muds in a possibly lacustrine environment 

during the post-Carpentarian to pre-Adelaidean period. 
2. Relatively short-lived hiatus in which some secondary 

dolomitization of the shales occurred. Minor tectonism 
. * • 

to expose nearby sources of sediments and also possibly 
to erode uppermost portion of the shale sequence. 

3(a) Deposition of coarse sediments in fluvial environments 
approximately 1360 Ma ago. The metamorphic, igneous and* 
sedimentary sources for these sands and conglomerates 
were relatively close and minor local earth movements caused 
episodic rejuvenation, 

(b) Contemporaneous volcanism in adjacent areas resulted in 
the intercalation of seven predominantly basic lava flows 
with the sandy terrigenous sediments. 

< 4. A-period of erosion may have occurred before the onset of 

metamorphism associated with the Musgravian Orogeny (Fig. 5). 

Th is metamorphic event apparently did not cause folding 



in the area. There may have been some movement along 
the north-south faults in the area but the region was 
basically a very stable one: it has been named the 
Curnamona Cratonic Nucleus (Thomson, 1976). 
Deposition of Adelaidean and Cambro-Ordovician 
sediments most probably occurred across this cratonic nucleus 
since results from Lake Frome 1, 2, and 3 (Delhi 
Australian Petroleum, 1968) and Yalkalpo 2 (Youngs, 1977, 
1978, a § b) suggest that Early to Middle Cambrian 
sedimentation was widespread in the eastern Arrowie Basin. 
During the Late Cambrian-Ordovician Delamerian Orogeny 
extensive folding and faulting occurred in the Flinders 
Ranges and about the Lake Frome area, but these events 
are not evident within the Curnamona Cratonic Nucleus. 
Fault movements may have occurred at this time or during 
the later Palaeozoic, and the Benagerie Ridge horst block 
was uplifted, leading to erosion of much of the Adelaidean 
and Cambro-Ordovician cover. 

Probably no further deposition occurred until the Early 
Jurassic when epeirogenic movements led to the formation 
of the Frome Embayment of, the Great Artesian Basin. A 
thin basal conglomerate was deposited in the Bumbarlow 
area and it was overlain by terrestrial sands and clays. 
The Early Cretaceous was a time of marine transgression into 

i 

the Frome Embayment. < 
Terrestrial sedimentation in the Tarkarooloo Basin commenced 
in the Early Paleocene and has continued sporadically 
until the present time (Callen, 1976, 1977). Only relatively 
small earth movements about the horstlike Benagerie 
Ridge have taken place in this area since the Early Jurassic 
and sedimentation has been continuous across the horst block. 
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ARTESIAN WATERS 
Bumbarlow 1 was drilled very close to the southern margin 

of the Frome Embayment of the Great Artesian Basin. Cootabarlow 
3 (approximately 16 km to the northeast, see Figure 1) inter-
sected an artesian aquifer at 383 m and water flowed at 
about 1 million gallons per day (Ker, 1966). It was anticipated 
that a similar flow might occur in Bumbarlow 1 but no 
difficulties were encountered and the driller estimated a very 
small flow of 4 to 6 gallons per hour coming from the basal 
Jurassic sands. 

CONCLUSIONS AND RECOMMENDATIONS 
Results from Bumbarlow 1 have significantly reduced the 

known area of the Arrowie Basin sediments east of ,the Flinders 
t. 

Ranges. Figure 1 shows the assumed margins of the basin before 
drilling. 

The suggested offlap of Cambrian sediments on the ridge 
north and west of Mudguard 1 (Youngs, 1977, 1978a) has not 
been proved and to date only Precambrian sediments and lavas 
are known to cover the crystalline basement of the Benagerie 
Ridge. It is possible, however, that Cambro-Ordovician 
sediments may still drape around the ridge farther to the north 
(Figure 1). 

A suite of previously, undiscovered flat-lying Proterozoic 
sediments and basic lavas was intersected in Bumbarlow 1. 
It is possible that the rhyolite commonly found in the Mudguard -
Black Oak area is at greater depths in Bumbarlow 1 and is 
deepening northwards (Fig. 6). 

Drilling in the eastern Arrowie Basin and on the 
Benagerie Ridge to date suggests that Cambrian, and possibly 
also Early Ordovician, strata were deposited throughout the 
area and the basin may also connect northwards to the Warburton 
Basin (Figure 1). The Bumbarlow 1 drilling programme has 
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helped to identify a northerly extension of the Benagerie 
Ridge and thus has assisted substantially in petroleum 
exploration. The results of Bumbarlow 1 in no way down-
grade the potential of the remaining areas and, in particular, 
the northern parts of the two lobes on either side of the 
Benagerie Ridge are still worthy of more exploration. 

Recommendations for future exploration in the northern 
areas of the eastern Arrowie Basin are as follows:-
1. Initial work should be designed to try and determine 

the boundaries of the Benagerie Ridge in the area north 
of Bumbarlow 1. Low-cost gravity and magnetic work 
might be utilized - lines to be located through 
stratigraphic wells along the ridge and extending into 
the basinal area. 

2. Reprocessing or reshooting of many existing seismic 
lines (see Figure 2 for location of lines) and also 
shooting of new lines to help identify the northern 
margins of the Benagerie Ridge, to determine whether 
younger sediments might be offlapping in the north 
and to identify suitable drilling targets. 

3. At least two deep stratigraphic wells are recommended: 
(i) approximately half way between Bumbarlow 1 and Mt. 

Arrowsmi.th in N.S.W. (Fig. 1) - this would test for Cambrian 
and expected Early Ordovician sediments, which are 
anticipated have a more marine aspect than strata in the 
western parts of the basin. 

(ii) to be located in the area north, of Cootabarlow. 1 (Fig. 1) 
in order to test the possible continuation of sediments 
into the Warburton Basin. 
Any drilling programme undertaken should be designed to 

investigate fully the source and reservoir potential of the Arrowie 
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Basin strata and no well should terminate before Precambrian 
"basement" has been confirmed. 

Bridget C. Youngs 

w 
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BUMBARLOW 1 

Depths are in metres below the ground surface 
EURINILLA FORMATION 

0-3 Sand, medium brown, fine-medium grained, some 
coarse, subangular quartz grains. 

3-6 a.a. 
6-9 Probably a.a. - poor recovery. 
9-12 Clay, medium brown (as sands above), silty, some 

fine - medium quartz grains. 
12-15 Probably a.a. - poor recovery 
15-18 As for 9-12, possibly more quartz grains 
18-21 Clay, medium brown a.a., and subord. Sand. 

Quartz and gypsum, some 1 mm +. 
NAMBA FORMATION 
21-24 Clay, red-brown, and medium brown sticky. 

24-27 . Silt, red-brown and medium brown, tending to be 
red-brown silt and medium brown clay. Gypsum. 

27-30 Clay as for 21-24. 
30-33 Clay, medium olive-brown. Sticky. 
33-36 Clay a.a. but si. darker and with yellow-brown and 

brick-red patches. 
36-39 Clay a.a. but darker, ie. dk. brown-grey. 
39-42 Clay as for 33-36 

42-45 Clay a.a. 
45-48 Clay a.a. with large gypsum crystals (20 mm) 
48-51 Clay a.a. 
51-54 Clay a.a. 
54-108 Clay a.a. 
108-111 Clay a.a. 
111-114 Clay a.a. 
114-117 Clay a.a. 
117-120 Dolomite, white, chalky 
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120- 123 Clay as for 114-117 

123- 126 Clay a. a. 

126- 129 Clay a. a. 

129- 132 Clay a. a. 

132- 135 Clay a. a. 

135- 138 Clay a. a. 

138-•141 Clay a., a. 

141-•144 Clay a. a. 

144--149 Clay a. a. 

147--150 Clay a.a. with grey and red-brown patches 

150 -153 Clay a. a. 

153 -156 Clay medium grey, with white patches 

156 -159 Clay medium grey-brpwn, lignitic 

159 -162 Clay a. a. 

162 -165 Clay medium grey, with white patches, lignitic 

Sand 1-2 mm, qtz.grns, subrd - subangr. Unconsd. 

165-168 Sand a.a. 
168-171 Sand qtz. grains average h-1 mm, rare 4-5 mm, subround-

subangular. Unconsol. 

171-174 Sand a', a. but generally only 1 mm 

174-177 Sand a.a. 

177-180 Sand brown with white ?dolomite streaks, grains 

average h~h mm 

Unconsol. 

180-183 Sand a. a. 
183-186 Sand a.a. but grains.H-1 mm 
186-189 Sand a.a. but grains upto 3-4 mm 
189-192 Sand a.a. but grains h~l mm 
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MARREE FORMATION 
192-195 Clay grey-brown, with white patches. Sticky. 
195-198 Clay a.a. 
198-201 Clay a.a. 
201-204 Clay a.a. 
204-2 07 Clay a.a. 
207-210 Clay a.a. 
10-213 Clay a.a. 

213-216 Clay a.a. 
216-219 Clay a.a. 
219-222 Clay a.a. 
222-225 Clay a.a. 
225-228 Clay a.a. 

it 

228-231 Clay a.a. 
231-234 Clay a.a. 
234-237 Clay a.a. 
237-240 Clay a.a. 
240-243 Clay a.a. 
243-246 Clay a.a. 
246-249 Clay a.a. 
249-252 Clay a.a. 
252-255 Clay a.a. 
2 55-258 Clay a.a. 
258-261 CIaystone medium grey, more indurated and less sticky 

than 192-2 58. 
261-264 Claystone a.a. with subround. quartz pebbles, gypsum 

plates and rare pyrites. 
264-267 Clay grey-brown, sticky. 
267-270 Clay a.a. 
270-273 Clay a.a. 
273-276 Clay a.a. 
276-279 Clay a.a. 
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279-282 Clay a.a. 
282-285 Clay a.a. 
285-288 Clay a.a. 
288-291 Clay a.a. 
291-294 Clay a.a. 
294-297 Clay a.a. 
297-300 Clay a.a. 
300-303 Clay a.a. 
303-306 Clay a.a. but slightly more indurated 
306-309 Clay a.a. 
309-312 Clay a.a. 
312-315 Clay a.a. 
315-318 Clay a.a. 
318-321 Clay gr-brn, generally sticky but some more indurated 

layers. 

321-324 Clay a.a. 
324-327 Clay a.a. 
327-330 Clay a.a. 
330-333 Clay a.a. 
333-336 Clay a.a. 
336-339 Clay a.a. 
339-342 Clay a.a. 
342-345 Clay a.a. 
345-348 Clay a.a. 
348-351 Clay a.a. 
351-354 Clay a.a. 
354-357 Clay a.a. 

357-360 CIaystone/Shale medium grey 
360-363 Claystone/Shale a.a. with rare subround, quartz 

granules and rare red (? Fe-stone) frags, and rare 

white, sst. 
363-366 Claystone medium grey-brown, slightly indurated. 
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366-369 Clay medium grey-brown with white patches. Sticky. 
369-372 Clay a.a. 
372-375 Clay a.a. 
375-378 Clay a.a. 
378-381 Clay a.a. but more indurated in parts 
381-384 Clay a.a. 
384-387 Claystone/Shale medium grey with quartz pebbles/ 

granules, red ?Fe-stone frags. 
387-390 Claystone/Shale a.a. with increased quartz, ?Fe-stone 

and sst. 
390-393 Claystone/Shale a.a. with increased .quartz, ?Fe-stone 

and sst. 

393-396 Claystone/Shale a.a, with increased quartz, ?Fe-stone 

and sst. 
396-399 Conglomerate of yellow, pink, white quartz, minor 

pink, white sst. Claystone medium grey 
399-402 Conglomerate a.a. but with grey and red-pink clays 

and less gravel than above. 
402-405 Clay red-pink and green, sticky. With rare red, 

green and grey Claystone 
405-408 Clay a.a. and Claystone 
408-410 Claystone/Shale medium grain and red and rare green, 

some Clay red and green. 

(Continuous coring was commenced at 408.95 m 
Descriptions of the core recovered from 410 to 
total depth at 720.33 m are presented in 
Appendix II ). 
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APPENDIX 2 

Bumbarlow 1 

i< 

Descriptions of Core - 408.95 to 720.33 m 
(Dwg. Nos. S13630 a to r) 

by 

Bridget C. Youngs 
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-

Dip * 

* <* * » " 

o P o 

c O • ®» p 
-3- o- fr— 

Rotary Coctttngs fescripb'a*s Available Cffce. 4/6 n) 

Continuous lAJirtline. Corm^ Commenced a£ 4og~>9S *n 
Sandst. yrn^gr^ med-cse,} Cuter bedded oct'tk Mudst. ^ ym.-<jr. 
rippled. Become Maroon clMnwds. Jutmfn*l, ** ftCs^ik/. 

eU fare. 

fUudst. -ffr. «» toareon, faruutaUd Hu^Uj bedded, 

Kpptfd <* burrowed. ConqL. bnnck tUrsughmt — rdd, -» 
Subrd. grans, of -gr, caJc. sst. * red-fa*». sttst. 

fliudst. foaroo* (mrt ffrn. sfrraks JPnU. Ms) u>/% 
Sdndst. / (hitst. grn.-yr. (rcut Maroon) urease 

in bcwU J 

S&nclstf m Arson t and /foudst. ^ rhctrat>^} uaM! %*Ctst. 

CORE BARREl. 
CORE BIT . 
TIME-START 

FINISH . 

LOGGED IY 
B.C. 

DATE. 

PETROLEUM GEOLOGY 
SECTION 

SHEET / OF NO. S M 3 0 * 



D E P A R T M E N T OF MINES SOUTH AUSTRAL IA 

WEU BpMWfiLObJ. / 
LOCATION 

IAT. . . . . 
IONG. . . . 

ELEVATION GR 
R.T. 

D A T U M 

CORE DESCRIPTION 
CORE NO. C0A/77*Si4<fUS 
D E P T H . 4 - Z O — FT* 

DATE DRILLED . 

RECOVERY 

F O R M A T I O N . 

m 

D E P T H (METRts) GRAPHIC 
LOG 

D R I L L 
T I M E 
M I N S gui DESCRIPTION 

420 

<5 C,rO"o 

41S 

* * ' a' O o c> 

o O c ® 
O ' o ' o to 

430 -

435 -

4V0 

o o o o o 0 * a a • « a * • 

<> e « # < • • • 

O tf o e 

• « * • 
* » » ® 

e> ̂  o ' 

• * 

Coco , ° o o 
0 o . 

OM)d Crtfl. bzt/inds tkrmyheiJ: — c/aob * «r-*/0*>/>? at trp Is 
20 ih/>7 •+ at base j subrdd.-^ rdd^ Uih.-gr.j nefo-CcJc. 
CcnqL. fraeK, - feco 400 a^r.-p Suhrdd.j fubpanaUeL is 
brig.) whrfr^foanoKj gm.-fv. sst;, grlkst. tr*udst. Mar eon Sst. *<tx. 
Cffy^i. »*>d Cbarse fandsb. a-a. bet pteddXA. 
ivt'M Jt>ntt toairoon btds. BasaL £6o s= fast-h™. v 
Jrajs. (t Sl**™sutrdd. fh Qt*i. Set. Hebe. 

Cond., Angr.t sanely ft#$s hp* Mtmnjjfag 

Slrtdst. } Gvitst* Gnsicjt. u>itk v. ra** ftutoLct. fattens. 
Cycles of gnbst.fCcryigl. sanotst. Seme gm.-fr> at 
kp fat marten- cjr. 4 2 9 - f r * $ s . m 
CffnqL. s» S*bany. -3> Jubrctd.j Uih.j crf»>^J ^ M> 
—y> to mrti. — 9 ex&afnd.* fa* fUudft. Jvagc. 
fratp. cw ptedonuMaMM^ MetfieediM&UCJ vflravu'c f qtttuJg-

CORE BARREL. 
CORE BIT . 
TIME-START 

FINISH 

IOGGED BY 
0, c. yevAJ&s 

DATE. . 
PETROLEUM GEOLOGY 

SECTION 

SHEET Z OF H °nr§; S / 3 a o ( r 





D E P T H 
( M E T R L S ) 

GRAPHIC 
LOG . 

D R I L L 
T I M E 
M I N S 

S 3 

aw DESCRIPT ION 

W E L L 
L O C A T I O N 

I A T . 
LONG. 

E L E V A T I O N GR. 
R.T: 

D E P A R T M E N T OF M I N I S — SOUTH A U S T R A L I A 

CORE DESCRIPTION 
CORE N O COA/77A/^tcfUS 
D E P T H . 

DATE DRILLED . 

RECOVERY 

F O R M A T I O N . D A T U M 

m 

Mo 

46S 

Wo 

-

'<>' 0 <?1aO o 

0 • 0^.00 

» « • oof 0 6 

* ' » 

oH&'.o: 

• fiwti 

4S7- S6 H-66 00 f* Grays* \ ?/st*</s: 

jktodst. j fliaroon^ J6ft. 
C<mfL. cu fa 457 20 m (tut Icb&es Pebbles, Sgtsp^ 
qtofy* pebbles. Itest Sbnc/st. /utv.j jvm' ted gm. fiutdft, 
m4y> Marten fkudstr. 
Jandst., ftMk -fr>j AW. - 09j <flcutr~bdd- fatst., pUJt-qr^ a>e. 

fray. -J CotpC^. f ^ t - f r . Jko cjaak > (0 <*• 
quantity dlcftaae J. J>u£afv*l. Maroon fruACtrt. Cjaotd <* 
fefrafaU. licioto, Graded btoh ohamuUeed (moex. Jhne 
Cttoifls. sU/M tMbnccdriffn of acts, fia^n beds of gm- -f}*-. 
Janafstr. cUr 496 m e> 4i7 

CORE BARREL . . 
CORE BIT . 
TIME-START 

. . LOGGED BY „ „ 

DATE /S;.S:7fr_ 

PETROLEUM GEOLOGY 
SECTION 

FINISH . . . . 
SHEET OF ! ) D

N
Rg S/3 ftodL 



D E P A R T M E N T OF M I N I S - S O U T H A U S T R A L I A 

W E U 
L O C A T I O N 

CORE DESCRIPTION 
j C O R T N O . CbA/77/Jto<n/S 

D E P T H 4frO " S6& / T T 

I A T . • D A T E D R I L L E D 

L O N G . R E C O V E R Y M . X 
E L E V A T I O N G R 

R.T. 

D A T U M F O R M A T I O N 

D E P T H 
( M E T R L S ) 

GRAPHIC 
LOG 

D R I L L 
T I M E 
M I N S a. W 

DESCR IPT ION 

490 > : • . • : • • •« fis afotte 

— 

t> tf-, * 
o O Po * • 

• * • 
« « • • • 
• • * • • • 

* • , * » • • • • 

-

• 

-

At s -

* • • • 

* % • ' 
• • « . : ' • • • 

* 

FL.'O O Q 

• • • : . 

-

fUudsk-.j marettij ne* appear? at 483-90R-
ihCftases dunwctndr. froae*- bfddi^ at 4Woo**.. 

— 

* . . » • 

• . , • • • ~ * — . — • — 
~Gfn. - r 

W 

_ .... 

< -
. • • ' • 

- -

— 

* • • • 

-
flUtcfst.j MdroaH} Imnnd, 

-

-

^ ^ __ 

Sutst. ** Jandst., nnvrc^ Ja<e-Md. li/(A Huk 

-

marten Autcf/t. (atuvu, • <• coe. tfondft^grn.-gr^ ofaan^Ws, 

-

« » • • 

* ' 1 1.* - -
• * 
. •• M • 

-
flu* dSt.j totwontj h fillrst. mOmOU, wJ** Jancbt. _ 
A Ctftvjl'/G»*st. b*ds iHUeaoi+u) cbiun. Ja*etor. U Cmuoe^ 
qrn.-Qr. -trr. a4r -4-36 r*. 6tc<n**s CdnaUnit^eMc 

— 

— - — « 

— ^ -

taseU !0t 

-

— . • — • .— • - -

T O O 

- -

CORE BARREL . 
CORE B I T . 
T I M E - S T A R T 

. . L O G G E D BY 
6. c. ywNGs 

D A T E RI.TS'?*-. 

PETROLEUM GEOLOGY 
SECTION 

F I N I S H 
S H E E T $ O F H 



Wl II 
IOC AT I O N 

IAT. 
LONG. 

ELEVATION GR 
R.T 

i:>i i A1.1MI wl o' MINI;, SOUTH AUSTKAUA 
CORE DESCRIPTIOK 

COR! NO COAs77A/l>fcn/S 
D I P I H 5 0 0 - S H O M 

DATE DRILLED . . . 

RECOVERY M . 

D A T U M F O R M A T I O N . . . . . . 

D E P T H 
( M E T R C S ) 

GRAPHIC 
LOG 

f.S. 
Nos. 

DESCRIPTION 

500: 

4 
5 OS 

5'lo 

o ^ " o 
a o o 

QOff Oo o 
P t> 

fV 

GO?qOo 
'Zqy.Q o 

xOO.o^ 

P&TSSSJ 
rp.Q-.oPo 

fjn 

fiyitsf. *» ((foyi.J rvtasoeh. f lUuetot. efz. 
flu*, tuuebt. l*ds. UiaMHjUUi*<j. 

Cnipt. ; Shkrvi-rvfd. pebble^ cw^t. -S-Id-ZOt So** So^tn 
q- rvutlty > SO Stiff- SUppenZufCj pebbles^ subpa*cUU4 
As bedding. No *ppcuet*b (frnsti* 

cuz f?teol<foAUtaMybUj cfucuJS, ^ cufidacecfu* 
SecUw&ovtj J wtcujfcL'ifauJz. Raw ? ttflca#Uc pfrees. 

575 

SZo 

Iv V V Lpiothir 
-j v \r h v 

V V 
V v 

V v V 
V V 

v v V 
v V 

V V V 
V V 

V V V 
V V 

V V V 
V V 

M V V 
V \A 

V V V 
V V 

V V V 
v \ / 

V V V 
V v 

/90T 

H 

Basic. \JS\c<kua.c. tfotk . [ftfosiKMj cUte-fed avid p&sil&j 

WiMi tfa. LMXyddMoCUsH Off ^vm^mcsuo flnaMrtcd. 

n 

79 

CORE BARREL 
CORF BIT . 
T IMF — S I ART 

F I N I S H 

L O G G E D BY & . C. Y(TVMGS 

DATE 

iz-.snb 

PETROLEUM GEOLOGY 
SECTION 

S H E E T L T O R / 7 D N RG S / 3 * 3 D / 



( 
w m 
lOCAHON . . . 

LAI. . . . 
LONG 

ELEVATION GR 
R.T. 

r.'! i'Ai-1 v.l NT Oi f.'iwis -- SOIHH A U S T k A i I A 

CORE DESCRIPTIOi: 
/ CORI NO. C 0 V 7 7 / J U O V S 

DEPTH - S T E M 

DATE DRILLED . 

RECOVERY M . 

D A T U ^ . F O R M A T I O N . . . . 

D E P T H 
( M E T R L S ) 

GRAPHIC 
LOG AJoS. D E S C R I P T I O N 

TO 

I 

I 
i 

52 S 

V V V 

•.Y v.-

» • « , 

• M l « 

» • 

S'bo 

.plop, 

5 3 5 -

5H-0 

V \s i/ 
\s v 

v v v 
V v 

V V V 
V V 

V V V 
V v 

V V V 
V V 

V V V 
V v 

v v v 
V v 

SiUrstsHe. } maroon. uAtu. nut fa**, ^m. sfrea-ks. fPcoa 
of /wf - fTOMied Sit. smu fhate. 

beds 

(Uudftmsief Cjrn.j soapy muntfk.; 
V. faU. Ms. 

? SbricJi jddontz. 

7SasaAJt} ertettSi toty cUMsert banc Vc/\ca*u'c note. 

VtoicuJlas. fa*) xuxcftifcs i f AqUlacecsuo Jtutcbk^e. 

CwsicUieUne cwutuntr df kccMdeuy 

CORE BARREL . 
CORE BIT . 
T I M E - S T A R T 

FINISH 

L O G G E D BY 
0 .c. YOUAJGS 

D A T E ? 6 • G • 79 

PETROLEUM GEOLOGY 
SECTION 

SHEET 7 OF ' 7 P N Q 



f 

W E L L . S U M Q F L R L O U ) 
L O C A T I O N 

LAT. 
LONG. 

ELEVATION GR. . 
R.T. 

Dl.PAl-'l/.M t i l o i M I N l i — SOUTH AUSU.ALIA 

CORE DESCRIPTIOK . _ . / C 
CORE N O C0AJ77SJC(CUS 
D E P T H 5 4 0 - S i o . M 

DATE DRILLED 

RECOVERY m . 

DAT U M . F O R M A T I O N . . . . . 

D E P T H 
( m e t r l s ) 

GRAPHIC 
LOG 

D R I L L 
T I M E 
M I N S w uJ& 

CL UJ 

DESCRIPTION 

w v v v 
V v 

-

5S6 

SSS -

SCO 

V v V 
V v 

V V V 

v v 
V v V 

V V 
V V V 

V V 
V V V 
v v 

V V v 
V v 

V V V 
V V 

V V v 

• « • o 
°v o« 

o . o . 

CORE BARREL 
CORE BIT . 
T I M E - S T A R T 

F I N I S H 

\ScMd$koHe : faasocm to (foff-j m&mam. Cczuve fectnuuaj 

ooawev avid CMff&wiaiit d&mwcuds. GhurcUUj fttaJt Ixc/dad\ 

Some M$Wed pcUtcJUix. of fylfot* t puJs> * ulu*M/ 

tUiyr. — jLobzuiffr. cecums. fku\ pnanasm ncuckfone aUhj 

jOUuti (6o° k hfi,'jJ. 

LOGGED BY 
s.c- you ajss 

date: 26.6.7* 

PETROLEUM GEOLOGY 
SECTION 

j 

j/Uucbfrotie iMarooM, fare cjt&w tu*fhtb?s. "j 

SaMCbteHe. ^ faff- - piuk btvu/h — x-fadtU*\Cjf UrJA j 

tUMdikrHe beds. di?krted ft. tsusrvwed) 

beds. Occmwal free* °t ^em-^tetj iufrafimnaZbShtiL -

mfakvm clcvb>. fototoo ut SSI-So*. 1 

SHEET * OE P d
n
r§ s n < 3 o k . 



W E L L . 
L O C A T I O N 

I A T . 
L O N G . 

E L E V A T I O N GR. 
R.T. 

D! I'AkT M l r„'T Ol M I N I S — SOUTH AUSTRALIA 

CORE DESCRIPTIOK 
CORi NO LOAJ 77At 140V-S 
DfPTH . S6o - 5fro tu 
DATE DRILLED . . . 

RECOVERY m . 

D A T U M . F O R M A T I O N 

D E P T H 
( M E T R L S ) 

GRAPHIC 
LOG 

N r. s: 
Nn. 

DESCRIPTION 

5Zo~ 

T6S -

3 no -

SIS' 

V V \/ 
V V 

V v V 
V V 

V V v 
V V 

V V V 
V V 

V v V 
V V 

V v v 
V V 

V V V 
V v 

V V V 
V " 

V V v 
v V 

V V V 
V \f 

v v v 
V v 

v V v 
\r v 
v v v 
V V 

v y v 
V V 

V v v 
V V 

V V V 
V V 

V v V 
V v 

Pllf/ft 

a . 

RascvUt - a l t e r * f a - (freuMtd} 

Woiudar evt 

-PtOi'l 7f 

• • • 

-P90 fir 

SoMdskPW-e brnm - okm* (km pi. pun stestotg fa^a&sks), 

tkuvUj bedded UMh Joint y-kds. tyiofcuct OianmiMfd 
] 

CORE B A R R E L . 
CORF BIT . 
T I M E - S T A R T 

L O G G E D BY 
6. C. Yooaj^S 

D A T E 

PETROLEUM GEOLOGY 
SECTION 

F I N I S H . . . . 
SHEET 9 OF O 



40 

W L L L . 
L O C A T I O N 

L A I . 

L O N G . 

E L E V A T I O N GR. 
R.T. 

DH'AklMlNT 01 MINIS, -- SOUTH AUSTRALIA 
CORE DESCRIPTIOK / 

DATUM 

CORE N O CoAJT/AJtfOl/S" 
D E P T H 5 & 0 ~ 6 0 0 TVT 

D A T E DRILLED . 

RECOVERY M . 

F O R M A T I O N 

DEPTH »( met res) GRAPHIC LOG 7. s. 
AJps. 

DESCRIPT ION 

-

1 

1 

1590 

* • 

595 -

V v v 
v v 

v v V 
v V 

V V V 
v V 

V V v 
V v 

V V V 
V V 

V v V 
V V 

v v v 
V v 

v v V 
V V 

v v y 
V V 

V V V 
V v 

v v V 
V v 

V V v 
V V 
V v V 
V \/ 

V V V 
V V 

V V v 
V v 

V V V 
V V 

V v v 
V V 

v v V 
V v 

V V v 
V V 

Sifcs&he Md.^ brtum CfiKe*f 

- jdft'fe UlCjkty cUfafd t 

-PM 

600 

Plllf™ 

J 

Sandstone omd Gutsbtfw?, nd- brn.t qutcufy/ic nut mmcm-. (a**ns. 

CORE BARREL 
CORE BIT . 
T I M E - S T A R T 

F I N I S H 

L O G G E D BY 
c. ycutJGs 

DATE 2 6 . 6 * 7 8 -

PETROLEUM GEOLOGY 
SECTION 

S H E E T tO OF 7 1 D N RG S 



W E L L . 
L O C A T I O N 

LAT. 
LONG. 

ELEVATION GR. 
R.T. 

Dl I'AklMlNl O! MINIS — SOUTH AUST kAl IA 
CORE DESCRIPTION , 

/ CORF N O CofJVAJUWS 
D E P T H . 600 -

D A T E DRILLED 

RECOVERY M . 

DATUM F O R M A T I O N 

D E P T H 
( M E T R C S ) 

GRAPHIC 
LOG 

T - S\ 
A/oS. DESCRIPT ION 

~goo 

605 

610 — 

6'S _ 

6*0 

V V V 
V v 

V v V 
V V 

V V V 
V y/' 

V V V 
V V 

v V V 
V V 

V V v 
V v 

V v v 
v V 

v V V 
V W 

V V V 
v v 

1/ V v 
V v 

v V V 
V V 

V V V 
V V 

1-

-fio3 n 

(kudskoMj wd "q- fatty icmuMoXFtf. 

'QaoaAt , bUQ^ty aAfaedj fUwaMy Ju* - pouted 

flue r<hides. 

I* 

CORE BARREL 
CORE BIT . 
T I M E - S T A R T 

F I N I S H 

L O G G E D BY 
6.C. you ties 

D A T E 2 6 ; I * 

PETROLEUM GEOLOGY 
SECTION 

SHEET / / O F D NO S ' 3^30 



r 
W F L L . 
LOCATION 

IAT 
LONG. 

ELEVATION GR 
R.T. 

DIl'AklMINT Ol MINES — SOUTH AUSTRALIA 
, CORE DESCRIPTIOK 
; CORE NO CotuTfAJUcrvS 

DEPTH . 6 1 0 - C ^ o r * 
DATE DRILLED . 
RECOVERY m 
FORMATION D A T U M 

D E P T H 
( M E T R E S ) 

GRAPHIC 
LOG 

TS. 
A/os.. DESCRIPTION 

V \/ Y 
V V 

V Y • 

y v 

\f v y 
v v 

v vr Y 
V V 

V Y Y 
V/- V 

V V Y 
V V 

V V Y 
V- V 

V V v 
V v/ 
v v v 
V u-
V v V 

V V 

V V V 
V V 

V V- V 
\/ V 

\r y y 
V v 

V V V 

V V 
V V V 

V V 

v V V 
v v 

y y y 
V V 

\J \J V 
V Y 

V V V 
V ^ 

> 

^fVOhjifr 

fa 

J 
I -I 

itfecia&d tmralt - ^rnoduteo uf k !o < fiUf* 

pCMJhj lAMk fuu - ffrtiuift/ faicUk'c cUbus twd 

queuty * Mm\<nr Ccdc,'tem 

OxwffAtic, QMcUaiti 

CORE BARREL . 
CORE BIT . 
T IME-START 

FINISH . 

LOGGED BY 
6 .C.yoUMGS 

D A T E $ 6 I ? S " 

PETROLEUM GEOLOGY 
SECTION 

SHEET a OF A? DnR§ S H M O 



W E U 
I O C A H O N 

LAV 
LONG. 

ELEVATION GR. 
R.T. 

DL I ' A K - L M T N 1 O I M I N I S - S O U T H A U S T R A L I A 

CORE DESCRIPTION . 
/ COR! NO COAJ7?WlAdVS 

D E P T H 6HO - C60 M 

DATE DRILLED 

RFCOVERY . M . 

D A T U M F O R M A T I O N 

D E P T H 
( M E T R E S ) 

GRAPHIC 
LOG 

r.sv 
AJos. 

DESCRIPT ION 

mo 

i 

1 

1 I 

V V V 
V \S 

-_-_r -.fit? 

-PW1J7* 

-fioo 
_ plot 

'7* 

hi 
'7* 
hi 

.ptesJ?* 

6S0 _ 

6sj -

660 

\r \r v 
v v 
v v v 
v v/ 

v w 

\J V 
V V V 

V 
V V V 

V v 
v v V 
V V 

V V V* 

V V 

a$abc>\r* 

ffluc/stpuej (He. cp. - frn. f pKdduutaMjttcj ftviutz. Narrow facets-

sdtstVKe v SQAndobrvte. fkriunr ewMc/uutd suLpUidts 

(ptgr. <t ? chaieoppr.) al&ij fir accuses. lUiradtms. 

JampLes Uoed fir- fr. dating- I21S 

(See. flppwcU* ). 

JlMfabtovLj JeUpaMu'c, (ititicj Ccx+?e. fyrcuhedj piuk. 

P/edeuuMOAdUj quMtj — tLhmdewdr cver^rsMs <* 

prfo. th^ineUUj fufa fifUMtted JftUMt. 

jaaaUb 

CORE BARREL . 
CORE BIT . 
T I M E - S T A R T 

F I N I S H . 

L O G G E D BY 
8 . c VcVAJG? 

DATE . 26 

PETROLEUM GEOLOGY 
SECTION 

SHEET OF / ? D
N

R§ S n c s o * . 



weu 
L O C A T I O N 

I A T . 
L O N G . 

E L E V A T I O N GR. . 
R.T. 

DL L - A R T M L N T OF M I N I S — S O U T H A U S T R A L I A 

CORE DESCRIPTIOK 
/ CORE N O 

D E P T H 

DATE DRILLED . 

RECOVERY 

D A T U M F O R M A T I O N . 

CourifiJ lAcnJ $ 
£>6o — 6frO tu 

m . 

depth 
(met re s ) 

GRAPHIC 
LOG 

T.S. 
•Nos. 

DESCRIPTION 

t>W 

U s 

\/ v v 
v v 
v v v 

v v 
v v v 

v 
V V V 

V V v 

in o -
V V 1/ 
V v 

V V V 
V V 

V v V 
M * 
v v V 

v/ V V 
V/ V 

m -

6fr* 

Si (Anton.g «*• - - /»W. ^rvr. 

jtert-. cot hue. ufiMr latowaAftos. bfio^Xi ti fa^i. 

^OoaUr as cdoow. Sahd a* fa**, Jw e*us. 

Soundstene # fid * <pm abM* 6 i * * 

framed qutoJ}; ua'c* « 9M. fra^s/ graded and 

Crtx-kddLy famjl*outj f * t f w J«*st. v fa Jit,. 

(tftfo forthgk<ftvt. Qrcuner flmd. k ftiht. bthsu 

6cI4~7S'm) Cffh^i- to h*cd S'0 
/ V 

ftkuj IK (tioCtofan 

i j 
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EXAMINATION OF SHALES FROM BUMBARLOW NO. 1 

Sample: P897/78; TS40524 (o ̂  3 7 £ S g g 

Location: 
Bumbarlow No. 1, 642.3 m. 

Rock Name: 
Interbedded shales and siltstones 

Thin Section: 
The sample consists of several interbedded lithologies and- hence it is 
not possible to give meaningful mineral proportions. The most abundant 
lithology is a silty shale and this grades towards more siliceous, very 
fine-grained, argillaceous sandstone and siltstone. In the whole of the 
rock in the "thin section it is unlikely that detrital quartz and feldspars 
comprise more than about 20% of the rock, although there are individual 
beds which contain up to about 50%.of this material. The remainder of 
the rock is either micaceous or clay material. 

The most quartzitic lithologies are siltstone, which contains quartz 
fragments up to about 0.04 mm in size. In some ill-defined beds such 
material comprises possibly as much as 50% of the rock and quartz appears 
to form a framework. Individual grains are equant but angular in shape 
and they appear to be reasonably well sorted. In these siltstones and very 
fine-grained sandstones there is a considerable) amount of extremely fine-
grained clay, much of which has a} moderate birefringence and. hence, it 
is likely to be illitic. Detrital micas are generally confined to 
no more than about 10-15% of the volume pf this part of the rock. As far 
as can be determined, the intergranular.clay is a genuine argillaceous 
matrix deposited with the quartz grains. 

Although it is difficult to give precise details, it appears likely that 
there is a moderate amount of feldspar in these silty beds. Rare microcline 
grains are up to 0.07 mm in size and there are partially altered grains 
which are also interpreted as being feldspars. As far as can be determined, 
the feldspars have a similar size range to adjacent quartz and they also 
show considerable diversity of alteration patterns. 

In the more micaceous and argillaceous lithologies it is difficult to give 
textural details since much of the rock consists of a virtually featureless 
aggregate of fine-grained phyllosilicates. Most of these are more or less 
brown to a dull green colour in bulk, but there are individual flakes of 
green biotite and colourless muscovite. These are interpreted as being 
detrital components and their presence probably precludes successful 
Rb-Sr geochronology. Jt is difficult to estimate the overall proportions 
of these relatively well-defined flakes, but, overall, they may well 
comprise about 10% of the area of material in thin section. For the most 
part the biotite is unusually fresh and shows moderate birefringence 
colours and well-defined pleochroism in shades of green. The bulk of the 
phyllosilicate material in the rock is "clay" with moderate birefringence 
colours and this may well be sericitic or illitic material. It generally 
shows weak or negligible bulk extinction and hence is probably randomly 
oriented. Within these micaceous parts of the rock there are generally 
widely dispersed silt-grade quartz grains which are angular and, possibly, 
partly corroded. • 1 

The rock has an essentially laminar foliation on a scale of less than 1 mm. 
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Sample: P898/78'; TS40525 

Location: 
Bumbarlow No. 1, 643.67 

Rock Name: 
Argillaceous siltstone 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 
Quartz and feldspar. 65-80 
Mica 10-20 
Clay . 5-10 
Opaques Trace 
Tourmaline Trace 

As the mineral proportions indicate, this is a relatively quartz-rich, 
fine-grained sediment and the proportion of detrital quartz and feldspar 
varies in different parts of the thin section from about 65% to 80%. 
Mica has been used to indicate well-defined detrital flakes, whereas clays 
are generally present in the yrock as fine-grained material in intergranular 
patches and networks. The rock shows fairly well-defined bedding which 
is laminar and on a scale of a few millimetres. The bedding is defined 
generally by variations in the relative proportions of detrital material 
and clay. 

In the quartz-rich parts of the rock quartz and feldspar form grains up 
to 0.09 mm in size; these grains are generally well-sorted, but they are 
characterized by their angular shape which is probably largely the result 
of localised pressure solution and deformation. In many places the grains 
. have long and concavo-convex boundaries and tangential contacts appear to 
have been virtually entirely eliminated.: Clays are therefore present in 
this part of the rock, in small, intergranular patches which are extremely 
fine-grained. Detrital muscovite and biotite commonly form contorted flakes 
up to about 0.12 mm in length. These flakes have a common orientation 
parallel to the bedding in the rock. Typical fields of view in this part 
of the sample contain about 75-80% of quartz and approximately 5-10% of 
detrital mica flakes. 

Elsewhere, the rock is somewhat finer-grained and contains both more 
detrital mica and more fine-grained clay material. In other respects, 
however, these parts of the rock are similar to the siltstone just described. 
The clay material in all parts of this section is generally more or less 
colourless and shows low birefringence colours, and therefore appears to be 
rather more kaolinitic than the birefringent illite described in the rock 
above. These identifications would need to be confirmed by X-ray diffraction 
analysis. 

It is difficult to decide whether the .rock is suitable for whole rock Rb-Sr 
geochronology since there is a small amount of detrital mica. This may 
give a somewhat older age than that of the (probably recrystallized) clay 
material. 

^ 3 7 -AS 3C| 

m. 
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Sample: P899/78: TS40526 Q 3 7 S -O 

Location: 
Bumbarlow No. 1, 644.65 m. 

Rock Name: 
Silty shale 

Thin Section: 
This sample is similar to the rock from 642.3 m, but it shows a smaller 
range of variation. As far as can be determined optically, the rock 
contains less than 20% of detrital quartz and feldspar and of the order 
of 20-30% of detrital mica, with the remainder of the rock composed very 
largely of extremely fine-grained clay material. These components are 
closely intergrown and in many parts of the thin section it is not possible 
to give either a detailed mineralogy or texture. 

There are one or two thin (less than 1 mm) beds of siltstone and these 
consist of subequal amounts of detrital quartz, mica and patches of fine-
grained clay. The quartz grains in this part of the rock are generally 
not more than 0.05 mm in size but they appear to have been fairly well 
sorted. Some of the grains have rather irregular outlines, probably due 
to partial resorption by clay material. Detrital biotite is apparently 
more abundant than muscovite in these parts of the rock and it forms 
an almost contiguous network of green pleochroic flakes, commonly as much 
at 0.08 mm in length. These flakes have a well-defined orientation. Clay, 
in contrast, tends to form small, subequant patches of extremely fine--

. grained birefringent material which is probably illitic. These patches 
are irregular and are interpreted as being remnants of a muddy matrix rather 
than, for example, alteration products of feldspar. 

In the bulk of the rock there is much more fine-grained, turbid clay and 
details of the texture are rather difficult to see;. There are silt-grade 
grains of quartz and these are generally equant in shape, whereas detrital 
micas retain a preferred-orientation and subequant shapes. In all parts of 
the rock micas show a preferred orientation parallel to the bedding of the 
rock. Clays generally to not show a bulk extinction and it appears, there-
fore, that the small flakes have a random distribution. The argillaceous 
parts of this sample are probably suitable for geochronology, and it is 
likely that, in the.sample taken as a whole, recrystallized, illitic 
material predominates to such a great extent over detrital biotite and 
muscovite that a reasonable Rb-Sr age could be obtained. 
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Sample: P900/78; TS40527 

Location: 
Bumbarlow No. 1, 644;76 m. 

Rock Name: . 
Silty shale 

Thin Section: 
Apart ,from one bed about 8 mm in width, this is a clay-rich shale which 
is extremely fine-grained. Few textural details can be determined. 
The bed referred to above is somewhat more silty in composition, but even 
so, probably contains no more than about 20% detrital quartz and feldspar. 
There are a few small lenses of similar material, but fully 75% of the 
sample consists of shale. 

The shale is brown in plane polarized light and shows faint bulk extinction. 
There are rare quartz grains up to about 0.02 mm in size, but apart from 
these the sample appears to consist of extremely fine-grained materia], 
which is interpreted as being argillaceous. Detrital micas are possibly 
present but well-formed flakes could not be seen and it seems reasonable to 
suggest that most of the material is recrystallized, argillaceous mud and 
hence would be suitable for Rb-Sr geochronology. The siltier beds contain 
quartz grains up to about 0.05 mm in size and these are equant but rather 
angular "grains which do not >form an efficient framework. There are flakes 
, of detrital biotite and muscovite in this part of the rock, but these do 
not comprise more than about 15% of the sample and the flakes show a poor 
preferred orientation parallel to the overall banding in the rock. 

In brief, therefore, this sample consists very largely of birefringent 
clays (?illite) with well-defined but minor beds of siltier material. The 
sample is suitable for whole rock ,Rb-Sr geochronology since detrital micas 
are present only to a very small extent.: 

<o^7 tec+t 
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Sample: P901/78; TS40528 1 

Location: 
Bumbarlow No. 1, 645.35 m. 

Rock Name: 
Silty shale 

Thin Section: 
This sample contains approximately 5-10% of detrital quartz and the 
remainder consists of birefringent phyllosilicates. The latter are 
generally extremely fine-grained and it is not likely that the sample 
contains more than about 5% of detrital biotite and muscovite. Much of 
the material is probably neoformed illite or a similar phase. 

The bulk of .the sample is pale brown to dull green in plane polarized 
light and consists of extremely fine-grained, birefringent phyllosilicates. 
These show only a very weak bulk extinction and it is likely, therefore, 
that the material has a granular, random structure. In some places, 
specific flakes of phyllosilicates can be seen and these are interpreted 
as being of detrital origin. Most of this material is colourless muscovite 
but there are turbid green and brown biotites also. The latter mineral 
shows pleochroism and" a moderate birefringence and hence is fairly fresh. 
It is likely that the detrital material is not sufficiently abundant to 
prevent Rb-Sr geochronology of the rock. The detrital biotite and muscovite 
appear to be a little more abundant in the relatively quartz-rich beds of 
the rock, but these are not well-defined and the sample has a much weaker 
laminar structure than many other rocks in this collection. 

In general, the grains of quartz are widely distributed throughout the rock 
and in no way form a framework. Most grains are less than.0.06 mm in size 
and are equant but irregularly shaped. There are a few places where quartz 
comprises possibly as much as 30% of the volume of the rock, but these are 
indefinite bands best described as silty shale. 

This is a fairly homogeneous shale consisting very largely.of a turbid, 
birefringent clay, tentatively interpreted as being illitic. As far as can 
be determined, detrital micas are present in accessory amounts only. 
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(f\l7 JlS /f3 

Rock Name: • 
Silty shale 

Thin Section: 
In many respects, this sample is similar to other fine-grained sediments 
in this collection and i't is estimated that about 10-20% of the section 
consists of silty material and the remainder is fine-grained, argillaceous 
shale. 

The abundant phyllosilicates are birefringent and are interpreted as being 
fine-grained, illitic material. This can be distinguished from discrete 
flakes of mica which have probably been deposited together with the small 
amount.of detrital quartz. Biotite is probably about as abundant as 
muscovite, and each mineral comprises approximately 5-10% of the volume of 
the rock. The biotite generally shows pleochroism in shades of brown, but 
some is rather turbid and green and some appears to be altered and partly 
replaced by opaque and semi-opaque material. The-flakes of detrital mica 
show a fairly well-defined orientation parallel to the bedding in the rock. 
The micas are most prominent in the coarser-grained and more quartz-rich 
beds. These are argillaceous siltstones- containing possibly as much as 
50% of detrital quartz. The grains of this mineral are equant and angular 
and are not more than 0.08 mm in size. Where the grains are in cont.act 
there are generally long or concavo-convex boundaries, indicating some 
compaction and pressure solution. More commonly, the quartz grains are 
separated from each other by films or aggregates of fine-grained, illitic 
material. 

In the most argillaceous parts of the rock the sample is dark between 
crossed nicols and shows a faint bulk extinction. This part of the rock 
probably consists essentially of a homogeneous aggregate of extremely 
fine-grained ?illitic material with minor relics of detrital micas and 
a'few small patches and lenses of opaque and semi-opaque material. The 
predominance of this lithology suggests.that the sample is suitable for 
whole rock Rb-Sr geochronology since it is likely that this neoformed 
illite is much more abundant than the detrital mica. 

The sample shows laminar bedding on a scale of less than 1 up to about 3 mm. 
The beds are generally not sharply defined but have small-scale gradational 
contacts. There is a complete range,from beds containing 50% quartz to 
those which are essentially quartz-free. 

Sample: P902/78; TS40529 

Location: 
Bumbarlow No. 1, 645.84 m. 
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Samnle; P903/78: TS40530 (l.^ 

Location: 
Bumbarlow No. 1, 646;1 m. 

Rock Name: 
Shale and silty shale 

Thin m i i a r fcb t h e r o c k g d e s c r i b e d immediately above 
i hpnrp a detailed description will not be given. The. bulk of the 

" c k c o n s i s t s e ^tially oAllitic shale with only trace to accessory 
amounts of detrital quartz and micas. Within this essentially 
homogeneous lithology are laminar but not very well defined beds of 
a s o m e w h a t more silt material. In these beds there are quartz grains 
ud to approximately 0.06 mm in size, but these do not comprise more than 
about 30-40% of any one field of view. The quartz grains appear to have 
been compressed together and are now angular and character.sed by the 
abundance of long contacts. Associated with the quartz xn these sixty 
horizons are patches of fine-grained illitic material opaques an^ semi-
opaques, and a few flakes of detrital muscovite and biotite. There are 
rare grains of tourmaline also. 
For the most part the sample has an essentially laminar structure, but 
in one place there appears to have been localized squeezing of a silty 
i L ^nd i-his has penetrated upwards into the intervening shales. The 

• fpo'pSsis of silty material is about 2 „ in length and 1 - in width: 

• The sample consists very largely of what ^ P - - ^ ^ / ^ ^ / 1 1 6 0 ' 0 ^ ^ 
illite and hence the sample would be suitable for whole rock Rb Sr 
geochronology. 
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PETROGRAPHY OF SEVEN, SAMPLES FROM THE BUMBARLOW NO. 1 WELL 

1.- SUMMARY 

Seven rocks from the Bumbarlow Stratigraphic Well (Lake Frome area) are 
described and given the following rock names: 

Sample and 
TS No. Rock Name 

P799/78 Chloritized basalt 
TS40380 

P800/78 Altered dacite 
TS40381 

P801/78 Altered basalt 
TS40382 

P802/78 ' Altered dacite 
TS40383 

P803/78 Altered igneous rock 
TS40384 

P804/78 Basaltic andesite 
TS40385 

P805/78 
TS40386 

Shale 



2. PETROGRAPHY 

Sample: P799/78; TS40380 ^Q^ • 00 . M*. 

Rock Name: 
Chloritized basalt ' • 

Hand Specimen: 
A dark rock with an irregular, variegated texture. 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 

Chloritic matrix 50 
Quartz , 20 
Chlorite (vesicle fillings) 15 
Carbonate . 10 
Titanium mineral 1 
Opaques and semi-opaques .5 

This sample consists mainly of a pale green, chloritic matrix through 
which ovoid structures considered to represent filled vesicles are 
disseminated. The chloritic matrix has a very fine, weakly fibrous 
character and locally exhibits a vague foliation. The matrix also j 
contains finely divided intergrowths of opaque material which locally 
form granular aggregates up to 0.1 inm in size but elsewhere form finely ! 
divided grains disseminated through the chloritic matrix producing a | 
variety of matrix textures. f 

The vesicles are filled mainly with quartz (.microcrystalline silica) , j 
chlorite and carbonate and these fillings often have a concentrically \ 
zoned character. Most of the vesicles have somewhat round to elongate > 
oval shapes but a few particularly some chlorite-filled vesicles have 
very elongate, lenticular shapes. The chlorite within the vesicles has 
a fibrous, radial structure and many of the larger chlorite-filled vesicles 
consist of several concentric bands of fibrous chlorite. This chlorite 
has a pale green weakly pleochoric colour and low birefringence. The 
quartz forms very fine* cherty aggregates or fibrous chalcedonic aggregates 
while the carbonate generally forms relatively coarse crystals up to 0.5 mm • 
in size.' The vesicles which show mineralogical zoning generally exhibit I 
outer margins of chlorite with quartz cores or a quartz filling with a 
carbonate core. This suggests that the paragenetic sequence of the vesicle ! 
fillings is from early chlorite then to the deposition of quartz and followed 
by the deposition of carbonate. 

Although most of the quartz and carbonate is concentrated as vesicle fillings, 
minor quartz and trace to accessory amounts of carbonate are also intergrown 
with the chloritic matrix. The quartz tends to form polycrystalline aggregates 
which generally exhibit small, prismatic shapes (up to 0.2 mm long) suggesting , 
that they represent silicified feldspar crystals. The carbonate forms ! 
narrow vein fillings and polycrystalline aggregates up to about 1 mm in size. j 
Much of the carbonate intergrown with the matrix has a translucent reddish I 
brown colour due to finely divided inclusions. A similar translucent colour | 
is also present in some of the carbonate vesicle-fillings. | 

A translucent titanium mineral with high briefringence is disseminated ' 
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as prismatic crystals up to 0.2 mm long and turbid polycrystalline 
patches and vein fillings. A few prismatic crystals of this titanium 
mineral also occur intergrown with quartz as vesicle-fillings. In some 
cases this titanium mineral forms small radiating aggregates of prismatic 
crystals. 

A single vesicle was noted containing a narrow rim of intergrown chlorite, 
quartz and carbonate and core filling consisting mainly of opaque to 
translucent, reddish brown iron oxides intergrown with microcrystalline 
silica which-forms small spherulites (below 0.1 mm in diameter) which have 
a well developed radiating character. 

This is a basaltic rock with a well developed remnant vesicular texture 
Sb^ ' 00 which has had its matrix almost completely replaced by chlorite. The 

sample is too highly altered to be suitable for radiometric dating. 
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Sample: P800/78; TS40381 Sfa'nQ 

Rock Name: 
Altered dacite 

Hand Specimen: 
A massive, essentially aphanitic rock with some round vesicular structures 
up to about 3 mm in diameter. A few very elongate, large vesicular 
structures up to 1 cm wide and several centimetres long are filled with 
milky grey quartz. Microchemical tests (staining with sodium cobaltinitrite 
after a hydrofluoric acid etch) indicates the matrix contains abundant 
potash feldspar. 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 

Felsic matrix 80 
Quartz ' 5 
Calcite 5 
Opaques and semi-opaques 10 

This sample consists of a very fine-grained, felsic matrix comprised mainly 
of turbid felsic mineral grains believed to represent potash feldspar inter-
grown with altered feldspar laths considered to represent altered plagioclase 
laths. The turbid potash feldspar grains contain finely divided inclusions, 
which most likely represent iron oxides and tend to occur interstitially 
between the altered plagioclase laths. The altered plagioclase laths exhibit 
random orientation and are up to-0.4 mm long. These laths have been 
largely replaced by finely divided clay or micrystalline silica. 

Several ovoid to round vesicular structures are filled mainly with quc.rtz 
which forms granular aggregates with a typical grain size between 0.1 and 
0.5 mm. The larger vesicle also contains a core of coarsely crystalline 
(typical grain size 2 mm) calcite. Many of the quartz-filled vesicles, 
exhibit concentrations of translucent reddish brown iron oxides around their 
margins and a few vesicles contain moderate amounts of intergrown translucent 
iron oxides. Minor calcite is.also disseminated through the rock mainly as 
finely granular fracture and vein fillings up to 0.2 mm wide. Minor quartz 
is also disseminated through the rock as anhedral grains up to 0.3 mm wide. . 

Abundant opaque translucent reddish-brown iron oxides are intergrown with 
the felsic matrix and locally form somewhat elongate crystals and crystalline 
aggregates up to 0.15 mm in length. 

This is a fine-grained extrusive igneous rock which locally exhibits well 
Jbo.-.IV-en .developed vesicles and appears to have an intermediate to acid composition. 

The sample is too highly altered to be suitable for radiometric dating. 



62. 

Sample: P801/78; TS40382 
\ • 

Rock Name: 
Altered basalt 

Hand Specimen: 
A massive, reddish-brown coloured rock with a few discontinuous dull white 
vein and fracture fillings. Microchemical tests (staining with sodium 
cobal'tinitrite after a hydrofluoric acid etch) indicate the matrix contains 
some intergrown potash feldspar. 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 

Altered plagioclase 
Chlorite 
Potash feldspar 
Carbonate 
Opaques and semi-opaques 

This sample consists mainly pf randomly oriented, altered plagioclase laths 
/ intergrown with interstitial chlorite. The plagioclase laths are up to 

0.5 mm in length and exhibit alteration to finely divided sericite-clay. 

The chlorite has a very pale green colour with very low birefringence and 
forms irregular patches up to 0.8 mm in size. The chlorite' tends to form 
structureless to weakly fibrous masses, some of which exhibit a vague radial 
texture. Some granular potash feldspar is intergrown with the chlorite and 
often has a turbid, reddish-brown colour due to iron-staining. A few > 
irregular chlorite-filled amygdales were also noted locally in the rock. " 

The carbonate is concentrated in veins which would represent the white veins 
noted in hand specimen. These carbonate veins have a granular texture 
consisting of carbonate crystals up to 0.5 mm in size. Minor carbonate 
is also disseminated through the rock as anhedral grains up to 0.2 mm in 
size and very fine granular aggregates, some of which are intergrown with 
altered plagioclase laths. Opaques are disseminated through the rock; as 
anhedral grains and granular.aggregates up to 0.1 mm in size which are-
generally intergrown with the chlorite-rich patches. Opaques are also 
locally concentrated around the margins of some carbonate veins. Much 
of the feldspar and chlorite in this rock has a translucent, reddish-brown\ 
colour due to limonitic iron-staining which would also account for the red 
colour of the reek in hand specimen., , 

• < ~ •. 

This is a relatively fine-grained basalt which has been extensively altered 
but still retains a remnant basaltic texture. The alteration has completely 

^75• LjS W\ replaced the primary mafic minerals by chlorite and has partially replaced 
_tbe plagioclase by finely divided sericite and minor carbonate. xhe sample 
is too highly altered to be suitable for radiometric dating. 

57S> 9*5 k*. 

50 
35 
7 
3 
5 
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Sample: P802/78; TS40383 Sfr0? • CO 

Rock Name: 
Altered daclte 

Hand Specimen: 
This core interval consists of an aphanitic, massive rock with a colour 
ranging from a pale green to a darker reddish-brown. The rock is cut 
by a few randomly oriented fractures but also contains some very straight 
fractures with a parallel orientation,approximately perpendicular to the 
core axis. Microchemical tests show that the pale green portion of the 
rock contains abundant potash feldspar and the reddish coloured part of the 
rock, although still rich in potash feldspar, appears to have a somewhat 
lower amount. Potash feldspar is also concentrated marginal to some 
fractures and veins. ' , 

Thin Section: 
In thin section this rock can be seen to have somewhat variable mineralogy 
due to alteration and replacement of the original minerals mainly by chlorite, 
opaques and quartz but the primary texture is still retained. This texture 
is comprised of small, feldspar microlites which have narrow, elongate shapes 
and a random orientation disseminated through a matrix. The freshest part 
of the rock which would consist of the green portion noted in the hand specimen 

/ has a turbid, reddish-brown matrix comprised mainly of potash feldspar and in 
the more altered portions of :the rock, the potash feldspar has been partially 
or completely replaced by chlorite, quartz and opaque iron oxides. The 
general texture of the matrix is that of a devitrified intermediate to acid 
volcaAic rock and the original rock is believed to have been of approximately 
dacit'ic composition, although the extensive alteration makes such an inter-
pretation somewhat tentative. 

The veins are filled mainly with calcite, chlorite and quartz. The calcite 
tends to occur in the central regions of the larger veins as individual 
grains or polycrystalline aggregates up to 0:5 mm wide. The quartz has a. 
cherty, granular texture and is generally intergrown with veins of. structure-
less to fibrous green chlorite. Chlorite also forms narrow veins below 
0.1 mm wide and irregular patches up to 0.5 mm in size. 

One completely altered prismatic phenocryst approximately 0.5 mm in size 
which appears to represent a mafic phenocryst (probably a pyroxene) is now 
comprised of finely intergrown chlorite and calcite. A few other micro-
phenocrysts completely replaced by chlorite with less well-developed shapes 
were also noted. , 

5\°I-00<U 

This is a highly altered rock believed to be a dacite which shows remnant 
devitrification textures comprised of large feldspar microlites in a slightly 
devitrified potash feldspar-rich matrix. The sample is too highly altered 
to be suitable for radiometric dating. 



7. 

Sample: P803/78; TS4U384 ^ " i S ' D ^ ^ 

Rock Name: 
Altered igneous rock 

Hand Specimen: i 
A variegated rock with a variable range of colours ranging from dark 
grey to black to pale reddish-brown with a few greenish coloured patches. 
Microchemical tests indicated the sample contains no potash feldspar. 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 

Chlorite 55 
Quartz 30 
Carbonate 12 
Zircon trace-1 
Opaques and semi-opaques 3 

This sample is comprised almost completely of secondary quartz and chlorite 
which has replaced the original rock leaving very little evidence of its 
original texture. A few highly altered prismatic crystals which now 
consist of finely intergrown carbonate and chlorite with minor granular 
quartz and could represent remnant phenocrysts from an original volcanic 
rock are the only textural evidence of the original rock type. The 
alteration has been so pronounced that there is very little indication as 
to the mineralogy,of these original phenocrysts although their shapes 
suggests that they could represent altered plagioclase phenocrysts and a 
few could represent altered pyroxene phenocrysts. 

Most of the rock consists of a somewhat structureless very weakly pleochroic 
green chlorite intergrown with granular quartz. Locally the chlorite forms 
ovoid structures up.to several millimetres in diameter which has a radial 
fibrous texture and well developed concentric zoning best seen under crossed-
nicols. Veins comprised of :finely granular, cherty silica as well as some 
carbonate-filled veins transect these chlorite lithophysae and a few also 
exhibit narrow margins of finely granular, cherty quartz. Most of the quartz, 
forms irregular granular patches up to 0.5 mm in size intergrown with the 
structureless chlorite. Besides forming narrow fracture and vein fillings 
the carbonate is concentrated in irregular patches up to 0.5 mm in size 
which are intergrown with the granular quartz and chlorite. Much of this 
carbonate has a translucent reddish-brown colour produced by finely divided 
iron oxides. Opaques are also disseminated through the rock as anhedral 
grains and granular aggregates up to 0.3 mm in size. 
A few euhedral, prismatic zircon crystals up to 0.2 mm in size are disseminated 
through the rock. 

This is a highly altered rock showing little textural evidence as to original 
• 00 i/w rock type although it is most likely a highly altered volcanic rock of inter-

mediate to basic composition. 
\ 

This rock is unsuitable for radiometric dating because of its highly altered 
character.and abundant carbonate content. The well developed prismatic 
zircon crystals could probably be dated by the fission track method and will 
most likely give a minimum age because of the relatively low annealing 
temperature (about 200°) of zircon with a high radiation damage. 
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Sample: P804/78; TS40385 Ha. 

Rock Name: 
Basaltic andesite 

Hand Specimen: 
An aphanitic, reddish-grey coloured rock with round to ovoid black 

, structures some of which have a concentrically zoned character and 
appear to be filled vesicles. Microchemical tests show that the 
matrix contains moderate amounts of potash feldspar. 

Thin Section: ' 
An optical estimate of the constituents gives the following: 

% 
/ 

Plagioclase 
Chlorite 
Potash feldspar 
Quartz 
Carbonate 
Sphene-leucoxene 
Opaques 

45 
30 
10 
5 
5 
5 
2 

This sample is comprised mainly of randomly oriented plagioclase laths 
intergrown with-a green chlorite which generally forms irregular patches. 
The plagioclase laths are up to 0.3 mm long and contain some interstitial 
potash feldspar and granular quartz. Most of the feldspar has a turbid, 
pale reddish-brown colour caused by finely divided iron oxide inclusions. 

The black, ovoid vesicle fillings noted in hand specimen consist mainly 
of chlorite which has a well developed fibrous texture and a weakly 
pleochroic green colour. These chlorite vesicle fillings exhibit well 
developed radial textures and locally have concentrically zoned characters. 
Some of the smaller irregular patches of chlorite intergrown with the 
feldspar-rrich matrix exhibit similar radial fibrous and concentrically 
zoned textures. 

The carbonate is disseminated through the rock as anhedral grains and 
granular aggregates generally, below 0.15 mm in size and rarely as narrow 
fracture and vein fillings below 0.1 mm wide. A finely granular titanium 
mineral (probably sphene and/or leucoxene) also forms aggregates up to 
0.1 mm in size. Some of these granular aggregates have elongate, acicular 
shapes and are intergrown with' opaque material and could represent altered, 
acicular ilmenite crystals. 

This is a fine-grained basic igneous rock which has suffered some alteration 
to completely replace original mafic minerals by chlorite and produce a~ 
finely granular titanium mineral. The rock is unsuitable for radiometric 
dating both because of its somewhat altered character an3~T>ecause of^he 
presence of moderate amounts of carbonate. 



66. 

I 

Sample; P805/78; TS40386 . 1 . 

Rock Name: , 
Shale m ^ O Hn ' 

Hard Specimen: -
A finely laminated rock with a dark, greyish-green colour. Minor 
sulphide (mainly pyrite with possibly some chalcopyrite) occurs along 
fractures. 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 

Sericitic matrix . 9 0 
Quartz 8 
Muscovite 1 
Biotite, chlorite trace 
Zircon, tourmaline, rutile trace 
Opaques 1 

This sample consists mainly of a recrystallized, argillaceous matrix 
/ now comprised mainly of finely divided sericite but it does contain some 

silt to fine sand detrital particles which tend to be concentrated in 
narrow bands defining a lamellar -bedding. The finely divided sericitic 
matrix has a felted, interlocking character with no well developed foliation 
direction oriented parallel to the banding. 

Quartz is the major detrital mineral forming angular grains generally below 
0.1 mm in size although a few detrital quartz grains up to 0.2 mm in size 
are also present. Traces of detrital microcline as well as a few well 
developed flakes of muscovite and biotite which are also believed to be of 
detrital origin were also noted. Biotite shows some alteration tc pleochroic 
green chlorite and a few well developed pleochroic green chlorite flakes were 
also noted which could represent completely chloritized biotite. Detrital 
heavy minerals consist of trace amounts of zircon, pleochroic green tourmaline 
and rutile. 

Opaques are disseminated through the rock as anhedral grains and granular 
aggregates below 0.05 mm in size. 

This is a fine-grained argillaceous sediment with a matrix now consisting 
mainly of finely divided sericite and possibly some chlorite and/or clayT 
The rock is suitable for rubidium-strontium dating altHougH~iT"'doe~^Fontiln 
some detrital potassium minerals such as microcline, musco^ite~and"~bioti te. 



10. 

3-. COMPARISON WITH SAMPLES P217/65 & P218/65 

It was also requested to compare these samples with samples P217/65 
and P218/65 (TS16147-8). Both these samples are immature detrital sediments 
containing abundant angular volcanic rock fragments including some basic 
volcanic rock fragments. They also contain some acidic rock fragments 
including tuffs (igninibrites) with remnant shard structures and a few quartz 
phenocrysts. Neither of these rocks show any affinities with the volcanic 
rocks described in this report. 
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EXAMINATION OF SAMPLES FROM BUMBARLOW NO. 1 

Sample; P9Q4/78; TS40492 , 

Location: 
Bumbarlow No. 1 — hhl'OO /h 

Rock Name: 
Conglomerate 

Hand Specimen: 
The sample is a dark, massive and compact rock which is clearly 
conglomeratic. Most of the fragments are rather dark and are probably 
rich in quartz but there are pale .green and pink varieties also. The 
rock appears, to contain some cavities which are an integral part of the 
sample and one surface of the drill core specimen appears to be a shear 
or fault plane. 

Thin Section: 
An optical estimate of the constituents gives the following: 

Detrital grains: 
Quartz 40-45 
Granitic 20 
Quartzite 10 
Others 5-10 
Chert 2 

Dolomite 5-7 
Opaques 5 
Clay/mica 5 

This is a rather heterogeneous rock, difficult to describe coherently, 
but it consists largely of. detrital grains and, since some of the softer 
ones have been squashed during compaction, intergranular material is not 
abundant. It is, indeed, possible that the dolomite referred to in the 
list above may well be deformed detrital- material, although it now 
superficially appears to be intergranular. 

The most abundant grain type consists of single crystals of quartz and 
these are commonly up to about 1 mm in size, although they range down to 
fine sand grade. Most of the grains are equant, but few are more than 
subangular in shape and there is some evidence of compaction of the grains 
and development of long and irregular margins. Furthermore, the quartz 
grains show fairly well-developed optically continuous overgrowths and 
in some cases these are as much as 0.5 mm in size. Other detrital grain 
types have been described as granitic; this refers to more or less 
granular grains which have a coarse texture. Some of these contain a 
considerable amount of sericitic material, probably derived from the 
alteration of feldspars, and it seems likely that the grains are derived 
from granitic or, possibly gneissic, material. Many of these granitic 
grains are large (more than 3 mm). Quartzite refers to essentially 
monomineralic grains which show a more or less well-developed mortar 
texture. These grains are of distinctly metamorphic. provenance and in 
this rock some show extreme foliation and the development of complex 
sub-grain domains. The quartzite grains are, consequently, generally more 
or less elongate but some of the smaller ones show subround outlines. 



/ 2. 

There is one large grain of fine-grained quartz in the rock and this has 
been referred to in the list above as chert. The average crystal size 
of the quartz is about 0.03 mm and the rodk has a homogeneous and massive 
appearance. Other grains are fairly dark between crossed nicols and one, 
at least, appears to be an altered volcanic rock. The material now 
consists of a mixture of opaques and iron stained argillaceous material, 
but there are elongate, decussate pseudomorphs of clay after ?feldspar and 
the presence of these leads to the suggestion that this fragment, at least, 
may be a basic or intermediate fine-grained volcanic rock. Other fragments 
are generally smaller and more heterogeneous and generally are composed of 
fine-grained aggregates of clays, quartz and opaque material. Some of 
these fragments may be metasediments of some kind; others may be of 
volcanic origin. 

Intergranular material consists of clay/mica in rather heterogeneous, 
irregular aggregates commonly up to about 0.5 mm in size., one or two 
patches of coarse-grained dolomite, and abundant, widely dispersed opaque 
material. It is difficult to assess the extent to which these components 
have been derived from deformed and altered detrital material, and to 
what extent they may have been introduced into the rock. The latter 
interpretation certainly appears to apply to the opaques, but it may not 
to either the dolomite or the phyllosilicate minerals. 

The sample is, therefore, a rather ill-sorted conglomerate and it is 
likely that most of the material has been derived from granitic or 
•gneissic terrains with which some strained quartzites were associated. 
In addition, there is good evidence of the presence of some volcanic clasts. 

I 
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Sample: P907/78; TS40495 ' 

Location: 
Bumbarlow No. 1 — 507'lS rK 

Rock Name: 
Conglomerate 

Hand Specimen: . 
This is a heterogeneous, dark and massive rock which is clearly a 
conglomerate. The largest fragment in the hand specimen is several 
centimetres in size and appears to consist of quartz, whereas other 
large fragments are fine-grained, green or brown lithologies. All these 
fragments occur in a fine-grained, sandy matrix which is dark in colour. 

Thin Section: 
The relative proportions of components depends radically on the sample 
selected for thin section analysis and hence overall proportions cannot 
be given. In the thin section the largest fragments consist of argillaceous 
lithologies which appear to be of sedimentary origin, whereas most of the 
sandy, detrital material in the matrix is quartz with a minor amount of 
metasedimentary argillaceous material. There are one or two fragments 
which may be of volcanic origin. 

The largest fragments intersected in the thin section are generally more 
or less well-rounded and consist of fine-grained argillaceous lithologies, 
and one of these is an argillaceous siltstone containing detrital quartz 
and muscovite fragments embedded in an abundant ?kaolinitic matrix. Other 
fragments appear to be essentially monomineralic and consist of oriented 
flakes of phyllosilicate. In some places biotite flakes can be seen, 
but for the most part this rock probably consists of clay. ' The fragments 
composed of these metasediments have smooth sides and are generally well-
rounded and homogeneous. They comprise fully 50% of the area of the thin 
section. Other large fragments consist of opaque-rich material and other 
dark (iron-stained) components. One or two of these fragments could well 
be of igneous origin, since there are indefinite pseudomorphs after 
?feldspar. Other fragments appear to be iron-rich, argillaceous, fine-
grained sediments. Many of the smaller argillaceous fragments have been 
compressed and distorted during the compaction of the rock. 

The bulk of the matrix (apart from the distorted, argillaceous fragments) 
consists of grains of quartz which range in size commonly from 0.2 to 
0.8 mm. Many of these quartz grains have relatively large overgrowths 
and it appears likely that thfe original grains were subangular to angular 
in outline. The overgrowths give the quartz grains an angular appearance 
and there are numerous long and irregular grain margins. Minor components 
of the finer-grained part of the rock are clays (?matrix) and fine-grained 
opaque material. Carbonate appears to be absent. 

The sample is therefore a conglomerate and the large fragments are either 
quartz (as shown in the hand specimen) or fine-grained, argillaceous, 
sedimentary or metasedimentary lithologies. These occur in a groundmass 
which is essentially an immature sandstone containing numerous, argillaceous, 
lithic clasts. There is some evidence of a few highly altered, large 
volcanic fragments(?). 
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Sample: P907/78; TS40495 ' 

Location: 
Bumbarlow No. 1 - SW'tO n* 

Rock Name: 
Basic volcanic rock 

Hand Specimen: 
This sample is an altered, brown rock which is massive and compact. 
The cut surface has a rather indefinite, speckled appearance. 

Thin Section: 
This is an extremely altered rock consisting largely of opaque and semi-
opaque material and more or less iron-stained clay. Despite this, 
however, there are sufficient pseudomorph textures to indicate that the 
sample was originally some kind of basic volcanic rock. 

Textures can be seen particularly in relatively pale parts of the rock 
where opaques and semi—opaques comprise only about 50% of the sample. 
Here, there are pseudomorphs of clay after laths of plagioclase. These 
laths were clearly generally about 0.1 to 0.2 mm in size and had a 
decussate arrangement typical of basic volcanic rocks. The material 
between these pseudomorphs consists of clays and possibly patches of 
secondary cryptocrystalline silica. In some places there are aggregates 
of a mineral showing fine-grained, radiating textures and.this may well 
be chalcedony. Also present is fairly abundant opaque and semi-opaque 
material and in some cases this forms the whole of the material surrounding 
the pseudomorphs after plagioclase. 

In darker parts of the rock the relict volcanic texture is not as well 
shown, but there are a few places where enough remains to indicate that 
the whole of the rock is volcanic and that it does not consist of, for 
example, a sedimentary rock with a large volcanic fragment. In the darker 
parts of the rock opaques comprise fully 80% of the sample, the remainder 
being iron-stained, birefringent clays. 

• The sample is interpreted, with confidence, as being a basic volcanic rock 
of some kind which has undergone extensive alteration, and possibly the 
introduction of ferruginous material. The sample is too altered for 
geochronological purposes. 
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Sample: P907/78; TS40495 ' 

Location: 
Bumbarlow No. 1 

Rock Name: 
?Volcanic rock 

Hand Specimen: 1 

This sample is a brown to purple coloured rock which is massive and 
compact. There are rather characteristic irregular patches up to about 
3 mm in size. 

Thin Section: 
This is an extensively altered rock consisting of iron-stained quartz and 
clays and rather characteristic, elongate, opaque crystals (?hematite). 
The presence of these crystals, the homogeneity of the rock, and the 
overall amount of iron suggest that it is probably of volcanic origin 
but there is little specific textural evidence of this and the interpretation 
is based as much on the absence of sedimentary features as on any positive 
indications of a volcanic origin. 

The sample is fairly homogeneous and consists of turbid fine-grained 
material, brown to pink in plane polarized light. Much of this material 

( . is probably phyllosilicate of some kind and it is even possible, that there 
is a moderate amount of secondary, fine-grained carbonate. Within this 
are more or less clear patches of quartz extending commonly up to about 
0.2 mm in size. These patches are invariably irregular in shape and 
generally contain crystals not more than 0.1 mm in size. ?Sericitic 
material occurs within these patches and may represent altered crystals of 
a pre-existing feldspar. N 

Opaques occur largely in specific patches which clearly correlate with the 
dark patches described in the hand specimen. These patches are generally 
1-2 mm in diameter and contain about 80% of opaques within which are small 
patches of quartz and ?clay. A minor amount of the opaques in the rock 
occurs as elongate crystals with a notably random distribution and a 
decussate arrangement. Typically, the elongate crystals are about 

• 0.2 to 0.4 mm in length and their habits suggest that they may well be 
hematite. 

A more detailed description of this rock cannot be given from optical 
examination alone because of the extent of iron-staining in the bulk of 
the sample. It is tentatively suggested that the rock is a volcanic 
of some kind. The rock is far too altered for geochronology. 
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Sample: P908/78; TS40496 • 

Location: 
Bumbarlow No. 1 - 52? • SO 

Rock Name: 
Banded argillaceous shale 

Hand Specimen: ' 
The sample is a somewhat fissile rock which consists of alternating 
bands of green and purple shale. The bands are of the order of about 
2 to 10 mm in width. 

Thin Section: 
It is not possible to give an overall mineralogy of this rock since the 
thin section contains numerous bands which vary somewhat from place to 
place. In general; the sample contains abundant clay and 10-50% of 
quartz in different bands. Minor components of the rock are ferruginous 
opaques and small amounts of introduced carbonate. 

Probably the most abundant lithology in the rock is a siltstone which 
contains about 35-40% of quartz, having an average grain size of about 
0.08 mm. The quartz grains are generally equant but angular in shape, 
probably partly due to corrosion by the clay. Other detrital components 
of this rock are potassium feldspar (which is fresh) and flakes of 
muscovite and green biotite. The clay in this lithology is homogeneous 
and has a moderate birefringence and is probably illite or sericite. 
Small patches of dolomite are widely distributed through this siltstone. 

The other abundant lithology is" much finer-grained than that described 
above'and contains abundant clay/mica. . The quartz is similar in size, and 
shape, but feldspar is absent and there is only a small amount of 
identifiable, detrital muscovite. The clays have a moderate birefringence 
and generally show a marked bulk extinction. The bedding in the rock is 
also shown by the presence of thin lenses and blebs of reddish, semi-opaque 
and opaque material which is probably ferruginous rather than carbonaceous. 
In some lithologies this dark material comprises at least 20% of the rock 
and individual blebs are as much as 0.2 mm in length. 

Most lithologies fall between the two extremes described above, but some 
contain a little more carbonate which is partly confined to conformable, 
narrow vein systems. The beds are commonly well defined and have sharp 
bases and tops. The red bands in the hand specimen contain ferruginous 
material, whereas the green bands are generally composed of subequal amounts 
of quartz and ?illitic material. 

i 
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Sample: P907/78; TS40495 ' 

Location: 
Bumbarlow No. 1 — 5 "bH- 0 0 

i Rock Name: 
Altered basaltic rock 

Hand Specimen: 
The sample is a massive and compact brown rock. The cut surface shows 
complex textures defined largely by variations in the amount of 
ferruginous material. There are pale blebs up to about 1 cm in size 
and extremely irregular aggregates characteristically rimmed by 
ferruginous material. In addition, the sample contains numerous,small, 
circular and oval features. 

Thin Section: 
The rock is essentially iron-stained clay with patches of carbonate and 
slightly clearer material: In addition, there is a considerable amount 
of secondary quartz. The rock is almost certainly an extensively altered 
basic igenous rock and this is demonstrated by the presence of both 
equant and characteristically flattened vesicles. These are now 
represented either by aggregates of secondary quartz with titaniferous 
material, or by oval features which have an annular texture and consist 
of dark, ferruginous material. 

The rock has clearly undergone almost complete alteration and it is 
unlikely that any primary minerals remain. The bulk of the sample is 
a distinctive yellow-brown colour in plane polarized light and is generally 
dark between crossed nicols. This is no doubt some kind of clay mineral 
but it is impossible to estimate which from optical examination alone. 
Dolomitic material is associated with this clay, but tends to occur in 
particular areas and veins and is therefore interpreted as having been 
introduced into the rock. In some places in the thin section the 
dolomite also occurs in characteristically rounded areas, which are 
interpreted as vesicles. 

The rock contains a little sedimentary material, generally in specific 
patches. These consist of argillaceous sandstones and it is not clear to 
what extent they represent genuine xenoliths in the rock, or possibly 
material introduced during the alteration of the sample. Certainly, the 
quartz grains have a subrounded appearance and occur in a clay matrix 
which is paler in colour than the abundant clay in the basalt. 

No more information can be given from a petrographic description of this 
rock as a"result of the advanced stage of alteration. Textures are 
sufficiently similar to other rocks described by Amdel to indicate that 
the rock is of volcanic origin and was probably a basalt. The rock does 
contain patches of what appears to be sandstone, and this probably 
represents xenoliths introduced at the edge of a basalt flow. 
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Sample: P912/78; TS40500 

Location: 
Bumbarlow No. 1 — Sity oO 

Rock Name: 
Altered-vesicular basalt 

Hand Specimen: , 
The sample is a dark, massive and compact rock and the cut surface shows 
complex textures. In some places there are equant, sub-round structures 
up to about 5 mm in size, but elsewhere there appears to be introduced 
secondary material in more irregular and larger aggregates. 

Thin Section: 
The rock consists of approximately equal amounts of groundmass altered 
basaltic material and vesicle in-fillings. At one end of the thin section 
the rock contains a mixture of dolomite and secondary quartz which appears 
to represent a relatively large aggregate of introduced material. 

The basaltic material consists of a dark, translucent fine-grained 
aggregate which is black between crossed nicols. In one or two places 
there are shadowy pseudomorphs of elongate crystals and it is likely 
that these were originally plagioclase laths. Apart from this it is 
difficult to give precise details of the nature of this part of the rock 
and it is supposed to be a basalt on its general appearance and the 
presence of a large number of in-filled .vesicles. As far as can be. 
dete rmined, this part of the rock now consists of an extremely fine—grained, 
dark brown to dark green mineral, partly obscured by irregular patches of 
?titaniferous, translucent material. 

The vesicles are relatively large and can readily be seen in the hand 
specimen. Most are filled largely with quartz containing, in some cases, 
central aggregates of coarse-grained, dolomitic material. Many of the 
vesicles show a more or less concentric structure with finer-grained 
material at the margins and equant, granular aggregates of quartz near 
the centre. Other vesicles have more complex textures with several 
radial zones of fine-grained material, some of which is generally dark. 
Some of this dark material appears to be a carbonate, partly obscured by 
ferruginous material, and elsewhere there is a green ?carbonate .('?malachite) . 
Most of the zoned vesicles have central patches of low temperature, 
chalcedonic quartz. One or two vesicles in the thin section contain, in 
addition, a virtually homogeneous central aggregate of a green mineral. 

In one part of the thin section the vesicular basaltic material appears to 
have been invaded on a large scale by an aggregate of approximately equal 
amounts of dolomite and chalcedonic quartz. These minerals are complexly 
intergrown with the chalcedony typically forming equant but irregular 
patches within a contiguous mosaic of slightly iron—stained dolomitic 
material. In most places this aggregate is bordered by a clear rim of 
chalcedony about 0.4 mm in width. 

This is a thoroughly altered rock, but there appears to be sufficient 
textural evidence to suggest that the original sample was a basic volcanic 
rock crowded with vesicles. Most of the host rock is now represented by 
a dark aggregate of ?phyllosilicates and the vesicles contain abundant 
secondary minerals of which quartz, dolomite, and a green carbonate are the 
principal varieties. 
Two patches of green vesicle in-filling were examined by X-ray diffraction; 
they proved to be chlorite. 



9. 

Sample: P907/78; TS40495 ' 

Location: 
Bumbarlow No. 1 — "aOS-00 

Rock Name: 
Altered basalt 

Hand Specimen: 
This is a massive and compact, fine-grained, green rock. Apart from 
irregular cross-cutting veinlets, the sample is featureless. 

Thin Section: 
This is a homogeneous rock which consists essentially of pseudomorphs 
after plagioclase in a dark, secondary groundmass. None of the 
original constituents of the rock appear to have survived alteration. 
The rock is transected by irregular veins of argillaceous material and 
carbonates. 

In a few places in the thin section pseudomorphs after feldspar phenocrysts 
have survived, and these are present as small (up to 0.8 mm) sub-rectangular 
crystals now consisting of secondary calcite and quartz. The remainder of 
,the rock contains pseudomorphs of plagioclase crystals which appear to have 
originally been laths, up to about 0.1 to 0.2 mm in length. Identifiable 
pseudomorphs now comprise no more than about 20% of the volume of the rock 
and they rest in a groundmass of dark brown and green material. Also 
present are smail, indefinite patches of calcite. This material is 
notably homogeneous throughout the area of the thin section and probably 
represents a completely altered, fine-grained mosaic of plagioclase-mafic 
mineral-ilmenite. -

The rock is transected by a wide variety of veinsj most of which contain 
calcite, quartz and a green ?phyllosilicate mineral. The widest veins 
are of the order of 1 mm in width, but these tend to be distinctly 
irregular and narrower veins have a more continuous appearance. 

The sample is a massive, homogeneous, basaltic rock which apparently 
contained a small proportion of plagioclase phenocrysts. The rock has been 
extensively altered but, nevertheless, the igneous texture is well 
preserved. The sample is not suitable for.geochronology. 
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Sample: P912/78; TS40500 

Location: 
Bumbarlow No. 1 - SGQ.'IO 

Rock Name: - * 
Altered vesicular basic igneous rock 

Hand Specimen: 
The sample is a dark brown rock, characteristically containing oval or 
rounded'structures up to about 1 cm in size. These are concentrated 
partly in some zones rather than others, but most parts of the hand 
specimen contain some of these round bodies. The rock contains a large 
number of rather indefinite, narrow veinlets. 

Thin Section: 
The sample appears to be considerably more homogeneous in thin section 
than in the hand specimen, and the rock consists very largely of a dark 
brown, secondary aggregate within which are spherical bodies which appear 
to be vesicle in-fillings. On the basis of these the sample has been 
described as a basic igneous rock, but the bulk of the sample is entirely 
secondary material and it does not show any relict textures. 

The rock is a distinctive brown or orange colour in plane polarized light 
but is densely speckled with semi-opaque material, much of which is 
probably titaniferous. These speckles are generally on a scale of 0.1 to 
0.2 mm and comprise about 30% of the volume of this part of the rock. 

k The remainder is homogeneous and in some places crystals up to about 0.1 mm 
in size can be seen. The intensity of dark speckling is such, however, 
that no specific mineralogical identification can be made. It is possible 
that in some places there is a considerable amount of iron-stained 
carbonate, but this hypothesis would need to be checked by X-ray diffraction 
analysis. 

Approximately 15-20% of the area of the thin section consists of distinctive, 
oval or round bodies which are interpreted as being in-filled'vesicles. 

•Most of these contain abundant calcite,:some of which is unusually coarse-
grained. Others contain secondary quartz densely speckled with inclusions. 
Where' these two secondary minerals occur together, the quartz generally 
occupies the central position within the aggregate of calcite. Most of 
the larger vesicles have a distinctive rim of opaque material separating 
the calcite from the bulk of the basaltic material. Some smaller 
vesicles (up to about 0.5 mm) consist virtually entirely of opaque 
material. 

The sample is interpreted (with some confidence) as being a basic volcanic 
rock, but it has been now completely altered and any distinctive textures 
have been pbliterated. The sample is not suitable for geochronology. 
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Sample: P912/78; TS40500 

Location: 
Bumbarlow No. 1 

Rock Name: 
Altered basalt 

Hand Specimen: 
This rock is green in colour and is compact and extremely fine-grained. 
The rock contains a few small veinlets but is otherwise featureless. 

! 

Thin Section: 
The bulk of the rock consists of an altered basalt which is fine-grained 
and retains considerable evidence of its original texture. There are 
also veinlets and in-filled vesicles. 

/ 

In one place in the thin section there is a patch of material about 0.8 mm 
in size which is interpreted as being a relict of an original olivine 
phenocryst. This now consists of quartz and carbonate, but it has a 
characteristic shape and fracture pattern. Elsewhere there are one or 
two more rectangular pseudomorphs which are interpreted as being relics 
of small and sparse feldspar phenocrysts. Apart from these, the rock , 
is fine-grained and relics ; of plagioclase laths are generally not more 
than about 0.2 mm in length. Identifiable pseudomorphs of plagioclase 
comprise about 15-25% of the rock and they have a characteristic, 
decussate arrangement. Secondary material forms all of the space 
between the feldspar laths and consists of opaques, green clay, and 
calcite (in approximately decreasing order of abundance). The green 
clay is particularly distinctive since it forms clear patches amongst the 
otherwise rather turbid and iron-stained material. Some of these 
patches are as much as 0.2 mm in size and they have an extremely fine-
grained texture commonly with some evidence of radiating arrangements 
of the clay. Calcite and opaques are both extremely fine-grained. 

The proportions of secondary minerals vary somewhat from place to place 
in the rock and there are some places where secondary chalcedony and 
quartz are more abundant than is indicated in the description so far. 
Secondary chalcedonic material appears to be associated particularly with 
the region around the cross-cutting veinlets and near one large patch 
of vesicular material. The vesicles now contain abundant chalcedony 
and secondary megaquartz, generally rimmed by a small amount of green 
clay. Beyond these vesicles there are patches of finely granular quartz/ 
chalcedony up to about 0.3 mm in size and elsewhere in the rock similar 
material is closely intergrown with some patches of green clay. 

Veinlets in the rock generally consist largely of coarse-grained calcite 
rimmed by green clay and finely granular secondary quartz/chalcedony. 

The sample is a fairly homogeneous basalt with apparently contained a 
small proportion of phenocrysts of both olivine and plagioclase. Relics 
of small plagioclase laths are relatively abundant and are surrounded by 
wholly secondary material consisting of opaques, green clay, calcite and 
chalcedonic silica. There are sparse vesicles consisting largely of 

, chalcedony. The sample is not suitable for geochronology. 



12. 
» ' 

Sample: P914/78; TS40502 

Location: 
Bumbarlow No. 1 — (JZO^OVW 

Rock Name: 
Brecciated basic volcanic rock 

Hand Specimen: 
The sample is an aphanitic, dark green rock with a few darker, circular 
specks. The sample has been brecciated and there are fractures up to 
about 1 cm in width. These appear to be filled partly with fine-grained, 
basaltic debris. 

Thin Section: 
The thin section contains homogeneous, basaltic material and fracture 
fillings composed largely of quartz/chalcedony and calcite. 

The basalt is a fine-grained, homogeneous variety, containing sparse 
vesicles. The rock has been extensively altered, but relics of 
plagioclase laths can just be distinguished. These appear to occupy 
about 50% of the rock and the intervening material is a pale green clay 
partly obscured in places by semi-opaque, titaniferous material. The 
plagioclase laths and the aggregates of clay are generally of the order of 
0.05 to 0.08 mm in size. Minor constituents of the basalt are small-
specks of secondary quartz and rare patches of calcite. 

Vesicles are commonly about 0.6 to 1 mm in diameter and are invariably 
smooth-sided and sub-round in outline. . Most have relatively complex 
textures with zoning and contain green clay and/or chalcedony. 

The basalt has been fractured on a fairly large scale and the thin section 
contains a considerable amount of the fracture-filling material. This is 
mainly secondary quartz which forms a granular mosaic with an average 
crystal size of approximately 0.05 mm. In many places the mosaic of 
quartz shows variations in crystal size conformable to the edges of 
, adjacent blocks of basalt. Calcite is a minor secondary component and 
generally forms large crystals in the centre of the aggregates of quartz/ 
chalcedony. QAlthough more than 90% of the basalt in the thin section 
occurs as large fragments, there are small blocks completely embedded in 
the larger aggregates of secondary quartz and these blocks range in size 
from 0.2 to 0.7 mm. 

The sample is, therefore, a homogeneous and completely altered basaltic 
rock which has been brecciated and the cavities formed have been filled 
with abundant secondary quartz and minor calcite. The sample is not 
suitable for geochronology. 



13. 

Sample: P915/78; TS40503 

Location: 
Bumbarlow No 1 - 651 • DO Hx. 

Rock Name: 
Feldspathic lithic sandstone 

Hand Specimen: • 
This is a coarse-rgrained, pink sandstone which is massive and compact. 

\ 

Thin Section: 
An optical estimate of the constituents gives the following: 

% 
Quartz 80 
Lithic fragments ' 15 
Feldspar > 7 

l 

This sandstone has been cemented largely by the development of quartz 
overgrowths and partly by the deformation of lithic fragments, and it 
appears unlikely that there is any genuine intergranular material. 
Quartz is present as angular crystals (as a result of the development 
of overgrowths), whereas feldspar characteristically retains its original 
detrital form. The sample was probably derived from relatively coarse-
grained and immature detrital material containing relatively abundant 
feldspar and lithic material. The sample therefore has affinities.with 
arkosic rocks derived from rapidly uplifted granitic or metamorphic 
terrains and deposited in non-marine environments after only brief 
transport. 

i 
Quartz crystals have a wide size range but there is abundant material, 
coarser than about 0.6 mm. Many of the quartz crystals contain trails 
of semi-opaque materials defining the original round to sub-round grain 
outlines. Overgrowths, however, are fairly large and there are some 
0.2 mm in width. Some of the quartz is filled with inclusions and shows 
markedly undulose extinction, but much is of the common or plutonic 
variety. It appears likely that the original quartz texture was, 
therefore, generally about sub-round but probably not very well sorted. 
The feldspar grains give more indication of the nature of the original 
material since they have clearly not been modified.during diagenesis 
of the rock. The grains are.commonly sub-round in shape and they show 
a similar size range to the quartz crystals. Some of the feldspar shows 
a little alteration and some grains have been fractured. The secondary 
products are opaques and calcite. The feldspar ranges from well-twinned 
microclines to rather turbid and untwinned ?orthocalse. 

Much of the more or less dark material in the rock is interpreted as being 
lithic fragments. One or two of these appear to be silicified igneous , 
rocks, but most are aggregates of quartz, feldspar and sericite more or less 
obscured by abundant opaques and calcite. The last two minerals are 
interpreted as being of secondary origin and have selectively replaced 
the more argillaceous and altered lithic fragments. 

As a result of the deformation of the lithic fragments (by squeezing 
between more rigid quartz crystals) and the development of secondary 
silica, many parts of the rock have a distinctly granular appearance 
with some interlocking quartz crystals, and within this mosaic of quartz. 
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i 
and lithic patches are round to sub-round feldspar crystals. As 
mentioned above, it is unlikely that there is any genuine argillaceous 
matrix in the rock. 

{ 
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Sample; P916/78; TS40504 

Location 
Bumbarlow No. 1 - 667-SO 

Rock Name: 
Dolomitic siltstone' 

Hand Specimen: 

The sample is a grey, aphanitic rock which shows fine, laminar banding. 

Thin Section: 
An optical estimate of the constituents igives the following: 

The proportions given above indicate the range of composition of 
different bands in the rock and are not an attempt to estimate an 
average. The rock contains several different lithologies, generally 
fairly readily distinguished from each other in the thin section. 

The coarser-grained lithologies are those containing relatively large 
amounts of quartz and dolomite. The quartz forms equant, anhedral 
crystals/grains up to 0.08 mm in size and these are intergrown with . 
slightly coarser-grained but more irregular dolomite crystals and patches 
of brown clay. This part of the rock generally contains rather more 
micaceous material than do the more argillaceous lithologies. This 
lithology is therefore a fairly quartz-rich siltstone, partly invaded 
by autliigenic dolomite. 

The other principle lithology is a clay-rich rock within which quartz, 
mica and dolomite are widely dispersed. The quartz grains in this 
part of the rock are generally not more than 0.04 mm in size and many 
appear to have been partly replaced by the clay material. The latter 
is generally dark and turbid in plane polarized light, but it does show, 
a bulk extinction under crossed nicols. The clay has.a moderate 
birefringence but it has been partly stained by ferruginous material and 
it is not possible to estimate the mineralogical nature of the clay. 
There are blebs of opaque and semi-opaque material in this part of the 
rock and it is not clear to what extent these are titaniferous or 
ferruginous, but they do not appear to be carbonaceous. 

There are lithologies intermediate between the two described and these 
generally contain of the order of 35-50% of clay and smaller, subequal 
amounts of dolomite and quartz. 

The sample is, therefore, a laminar-banded succession of alternating, 
silty shales and argillaceous siltstones. These rocks contain 
relatively coarse-grained, authigenic dolomite which has probably been 
introduced. 

% 
Clay 
Quartz 
Dolomite 
Mica 
Opaques 

25-65 
20-40 
5-30 
2-5 

2 
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Sample: P912/78; TS40500 

Location: 
Bumbarlow No. 1 - h0!*-0!0 

Rock Name: 
Lithic sandstone 

Hand Specimen: . 
This is a medium to coarse-grained sandstone which is distinctly pale 
grey in colour. 

Thin Section: 
An optical estimate of the constituents gives the following: 

. % 

Quartz 70 
Clay 12 
Lithic fragments 10 
Feldspar 3 
Dolomite 3 
Opaques 2 
Mica 1 

This sample is similar to P915/78, except that no specifically volcanic 
lithic fragments were identified. In addition, the present, sample 
contains a moderate amount of clay, some of which may well represent 
original argillaceous matrix which has been recrystallized and coarsened. 
This is deduced principally from the homogeneity of this clay. 

Quartz is present as equant but angular and irregular grains/crystals 
which have clearly been extensively modified during the compaction and 
diagenesis of the rock. ,Some crystals show trails of ?clays which 
define original, ?sub-round, detrital outlines, but this is not common 
and most of the quartz forms more or less granular mosaics with some ... 
patches and intergranular smears of clay* In some places the quartz 
crystals are closely interlocked along sutured margins. These sutures 
are not confined to specific zones in the rock but are widely dispersed. 
Feldspars, on the other hand, tend to retain their original detrital 
outline and have sub-round to sub-angular shapes. Much of the feldspar 
is an untwinned variety which shows a moderate amount of alteration and 
fracturing. It seems likely that the feldspar is of a potassic 
variety and may well have been derived from granitic or gneissic rocks. 
Classified under 'quartz* in the list above are a few quartzite grains., 
many of which are more than 1 mm in size and are characterized by 
mortar textures and other evidence of intense shearing. 

Lithic fragments include a few dark, argillaceous aggregates in the rock 
and a few granular mosaics more or less obscured by sericitic material. 
These lithologies are different from the clay ?matrix in the rock which 
is a homogeneous illitic/sericitic mosaic. Whether the latter has been 
derived from original lithic fragments is tather difficult to distinguish 
since the material has been deformed during compaction. It appears 
from the homogeneity of this material that it is somewhat different 
from the altered argillaceous lithic fragments. The nature of the 
latter is rather difficult to determine since they, consist of granular 
aggregates having an average crystal size of about 0.2 mm, and consisting 
of equant, anhedral crystals essentially obscured by sericitic material. 



The rock is probably a metamorphic or altered igneous type of some 
kind (but not volcanic). 

Dolomite occurs in a few places in the rock where it forms distinctly 
irregular crystals which have no doubt been introduced into the sample 
during diagenesis. 

The rock is therefore interpreted in a similar way to P915/78 in that 
it appears to be a coarse-grained, immature sandstone with a moderate 
component of lithic fragments (largely of metamorphic origin, probably) 
and alkali feldspar. This sample may well have contained some 
original argillaceous matrix also. 
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Sample: P912/78; TS40500 

Location: \ 
Bumbarlow No. 1 — 111 - €0 

Rock Name: 
Dolomitic shale 

Hand Specimen: 
This sample is a black, fine-grained rock with almost laminar bedding. 
The beds are generally paler and somewhat browner than the bulk of 
the rock. 

Thin Section: 
This is a banded heterogeneous rock consisting essentially of alternating 
beds of dolomitic material and silty shale. The dolomitic beds are 
clearly the paler and browner lithology in the hand specimen and they . 
range in width up to about 0.6 mm. The wider beds have a notably 
granular texture and consist of equant crystals about 0.03 mm in size. 
This appears to be secondary dolomite, probably introduced along 
preferential zones in the rock. The thicker dolomite beds have a 
notably bulbous appearance iri detail, which may well have been inherited 
from the original lithology replaced by the dolomite. Despite the 
pinching and swelling, the beds are continuous across the thin section. 

The intervening argillaceous layers generally consist of a birefringent 
clay (?ill±te) which shows a notable bulk extinction. The material is 
extremely fine-grained and details of individual flakes cannot be seen. 
In some places the illite forms a virtually monomineralic layer, but elsewhere 
it is intergrown with accessory amounts of detrital quartz and mica. 
Few quartz grains are more than about 0.03 mm in size, and they do hot 
appear to comprise more than 10% of any one bed in the rock. 

The sample contains a moderate amount of opaque and semi-opaque material 
which appears to be ferruginous rather than carbonaceous. This is 
generally confined to specific beds rather than large aggregates of any 
kind. 

The sample is, therefore, a thinly-bedded argillaceous sediment which 
appears to have undergone some dolomitization confined to specific bands. 

The sample contains rather a large amount of dolomite, but is probably 
suitable for geochronology. 
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GEOCHRONOLOGV OF THE EASTERN BASEMENT ROCKS • ' 

Msa®!̂.'- REVIEW OF PROGRESS 

Samples of drill core from Bumbarlow No. ,1 and Mutooroo DEH 14B were: 
• 'submitted for examination arid evaluation of suitability for Rb-Sr :. 
geochronology.- the descriptions of these samples were reported in Aradel 
Report GS 4685/78 (Bumbarlow No. 1) and Progress Report No. 18 for 
Project 11.07.0357 Qiitooroo). Eight samples of the Bumbarlow core arid 
six of the Mutooroo core were selected for dating arid the analytical details 
and interpretation of the results are given in the following sections of the 
present Report. 

" 2 GEOCHRONOLOGY 

2.1 Sediments from Bumbarlow No. 1 
Hie eight samples came from an interval of approximately 4 metres and : -
represent an interbedded sediment between two of the lava flows intersected ; : 
in this hole. The Rb-Sr isotopic analyses are listed in Table 1 and plotted^ 
in Fig. 1. Linear regression of the data indicated aresifoal y^iarice 
excess of the ejected experimental error and produced a Model; 2 isochron. -̂ V";;'; 
of 1360 ± 144 Ma with an initial 87Sr/86Sr ratio of 0.7187 ± 0.0377. A: X;-
Model 2 isochron is usually interpreted as indicating that the. samples aVe: not 
all of the same age, and in the case of these sediments, possibly indicates:^ 
the presence of an inherited (detrital mica) age. ; However, detrital mitrâ  • v- • rj; 
was absent from some of the samples and present in varying amomts in thê 7:̂ ;";rv / 
remainder and the most likely interpretation of the isochron ̂ e/is that it v;/ 
represents the time of deposition of the sediment. The large uncertaintyP 
(±144 Ma) reflects a lack of complete homogenisation between the fine and • ; • • 
coarser fractions of the sediment during deposition. The age. is ccm^ar^lel sVI ̂  
to the older age limit of the acid volcanics in Madguard No. 1 and suggests 
a northwesterly extension of this basement from the Benagerie Ridge.. . 

A significant feature of this result is that there are no signs of updating • -. 
during the Delamerian Orogeny, whereas the Adelaidean sequence to the"-west, • ; ' • 
and the pre-Adelaideari Willyama Complex to the south and southeast frequently • . • 
produce Cambro-Ordovician isotopic dates. ; This supports the hypothesis v V 

/ that the Curnamona Nucleus was indeed a very stable block during the-'.'--':-.-'?-\-. 
Delamerian Orogeny. 

2.2 Augen Gneiss from Mitooroo DEH 14B 
Six samples of the gneiss were analysed; five of these were described as V / 
augen gneiss and the sixth as a leucocratic gneiss. The analyses are; '. 
listed 

in Table 2 .but are not plotted ori an isochron • diagram because of the. • 
lack of a well defined linear relationship. TVro of the analyses (P758/78 
the leucocratic gneiss, and P759/78) are particularly anomalous. > ^T 
The remaining four analyses do suggest a linear relationship, and for an : ^ ::: 

j initial ratio of 0.700 they would have an approximate age of 1700Ma. . However/. .. 
(' because of the poor quality of this alignment, it was not considered worth-; 
| while regressing the data for a more precise result- The date of 1700 Ma ' ; " 

would be a maximum age and corresponds roughly with the age of the Broken. Hili ;. 
f- gneisses but it is obvious that subsequent events have caused these samples 
F to become open systems with respect to Rb and Sr. .',•/ . ' 



TABLE 1 

Rb-Sr Analyses - Bumbarlow No. 1 

2 

Sample No. Depth (m) Rb/Sr 87Rb/86Sr #®vSr/86Sr Vi: 

P 8 0 5 / 7 8 A 

P 8 0 5 / 7 8 B 

P 8 9 7 / 7 8 

P 8 9 8 / 7 8 

P 9 0 0 / 7 8 

P 9 0 1 / 7 8 

P 9 0 2 / 7 8 

P 9 0 3 / 7 8 

. 6 4 2 . 9 0 

6 4 2 . 9 0 

6 4 2 . 3 

6 4 3 . 6 7 

6 4 4 . 7 6 : 

6 4 5 . 3 5 V 

6 4 5 . 8 4 

6 4 6 . 1 

5 . 4 1 8 

6 . 0 8 1 

6.220 

5 . 6 8 0 

6 . 4 7 9 v 

6 . 5 6 0 

6 . 4 4 5 

6 . 5 9 7 

1 6 . 1 4 7 

1 8 . 1 8 5 

1 8 . 6 1 9 

1 6 . 9 4 6 
1 6 . 9 4 6 
1 9 . 4 1 3 

1 9 . 6 7 9 

1 9 . 3 1 2 

1 9 . 7 9 7 

1 , 0 3 5 8 

1 . 0 7 1 9 

1.0826 
1 . 0 4 6 9 : 
1 . 0 4 6 8 
i : 0 9 2 6 

1 - 1 0 4 9 

1 . 0 9 3 1 . 

1 . 1 0 8 7 . 

Ratios normalised to B8Sr/86Sr 
Constants used: 85Rb/87Rb 

8 . 3 7 5 2 v : 

2.600 

1 . 4 2 x 1 0 " " y " ^ 
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