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8• THE BECTIVE UNCONFORMITY 

1. Introduction: 

The Bective Unconformity was formally defined by White (1964c) 
as an angular unconformity between the Baldwin Formation and the overlying 
Keepit Conglomerate. Its existence was first postulated from the 
Somerton-Attunga area, with subsequent recognition in other parts of the 
Tamworth Belt largely through the work of Leslie (1963), McKelvey and 
White (1964) and White (1964a,b,c; 1965,1966). An unconformity recognised 
at the base of the Keepit Conglomerate in the Timor Valley, the Isis 
Unconformity of Manser (1968), has been equated with the Bective 
Unconformity (Manser, 1968; Ellenor, 1971). 

The existence of the Bective Unconformity was based on the 
following evidence: 

1. The Baldwin Formation is distinctly crossfolded, with fold axes at 
an angle of 80° to the trend of the primary fold axis. Cross 

folding in the overlying sediments is only expressed in the formation 
of large scale basins and domes (White, 1964a,c). 

2. Angular discordance between the Keepit Conglomerate and the under-
lying formations (Osborne et at. 1948; Leslie, 1963; McKelvey 
and White, 1964; White, 1964a,c). 

3. In different areas of the Tamworth Belt the Keepit Conglomerate 
overlies the Eungai Mudstone, the Lowana Fomat ion, the Baldwin 
Formation and the Yarrimie Formation (McKelvey and White, 1964; 
White, 1965,1966; McKelvey, 1966; Manser, 1968; Ellenor, 1971). 
This was taken to indicate pronounced erosion on a regional scale 
(McKelvey, 1966, p.1.105). 

4. In the north of the Tamworth Belt no structural discordance has 
been recognised and the Bective Unconformity was considered to be 
a disconformity marked by a sudden prominent lithological change 
with an erosional contact present in some localities (McKelvey, 
1966). 

5. In the Timor Valley the Isis Unconformity separates the Keepit 
Conglomerate from the underlying Middle Devonian Yarrimie Formation. 
Osborne et al. (1948) first proposed this unconformable relationship 



on the basis of scant data of questionable value. Their mapping actually 
placed strata now considered to be the Keepit Conglomerate in the 

sequence below the unconformity. Manser (1968) cited the greater degree 
of induration and quartz veining of the Tamworth Group sediments 
(criteria of Osborne et at. 1948) and the change in sedimentation type 
as evidence for the Tsis Unconformity, adding that "there is only a 
slight structural break across this unconformity... but the style of 
deformation does not appear to differ" (Manser, 1968). Ellenor (1971, 
p.42), on the basis of palaeontological data, assumed the upper horizon 
of the Timor Limestone to be a time plane to demonstrate the existence 
of an erosion surface cut into the Yarrimie Formation, with relief 
in the order of 200 metres. He considered the Keepit Conglomerate to 
be deposited upon this surface. 

The Bective Unconformity has thus been considered as a 
significant Late Devonian hiatus of regional extent (Lesie, 1963; 
White, 1966, p.225) but of variable nature (McKelvey, 1966) throughout 
the Tamworth Belt. Crook (1959a,1961b), however, in his study of the 
area from Tamworth to the Timor Valley, did not record an unconformity 
at the stratigraphic level of the Bective Unconformity. The Bective 
Unconformity is considered to be of appreciable duration by White 
(1964c, p.211) and Ellenor (1972, p.197), although McKelvey (1966, 
p.1.108) points out the disconformity in the far north of the Tamworth 
Belt may represent only a short time gap, its recognition being due to 
the marked contrast in lithologies. 

Subaerial erosion is considered to have occurred by Ellenor 
(1971) for the Timor region, while White (1964c) and McKelvey (1966) 
invoke submarine erosion. The concept of submarine unconformities has 
been discussed by Crook (1959b) who stressed that such unconformities 
need not imply neither subaerial erosion nor tectonic upheavals. 

2. Discussion: 

a. Lithology: 
Probably the most noticeable feature of the Bective Unconformity 

is the sudden change in lithology from mudstone to coarse conglomerate 
(McKelvey, 1966; Manser, 1968), and upon which the existence of the 
unconformity is often unwisely based. This, however, need not indicate 



an unconformable relationship or significant time lapse, as pointed 
out by McKelvey (1966). 

b. Angular Discordance: 

Evidence relating to the angular discordance is dubious. Of 
the three grid references to the unconformable contact given by White 
(1964c) one plots upon his map entirely within the Baldwin Formation, 

•k 
(map ref. 106E, 250N) while another upon field inspection can be seen 

•k 
to be a fault (map ref. 153E, 169N) . This latter situation appears 
to be the instance of "an angular discordance that may be as great as 
90 " (White, 1964a) as shallow dipping Keepit Conglomerate is faulted 
against vertical Baldwin Formation. The exposure of the supposed angular 
discordance cited by Leslie (1963), a road cut on the Oxley Highway, was 
re-examined. No trace could be found of the Keepit Conglomerate and 
hence the nature of any contact was indeterminate. One can only infer 
the quality of the exposure of the unconformity has deteriorated or 
subsequent roadwork has obliterated the contact. The locality cited in 
McKelvey and White (.1964) is MS10 of this study. Close examination of 
the outcrop shows the stratification of the underlying thin bedded and 
laminated sequence of mudstones and sandstones to be parallel to the 
contact with the overlying Keepit Conglomerate sandstones. Some basal 
scouring was observed, but no angular discordance was found. The angular 
discordance reported by Osborne et al. (1948) has not been substantiated 
neither by later workers nor by myself. Thus there is no evidence for 
a strong angular unconformity. 

c. Cross Folding: 

The cross folding reported by White (1964a,c) from the Somerton-
Attunga area as evidence for the Baldwin Formation being deformed prior 
to the deposition of the overlying sediments must be reconsidered in 
view of the probable lack of an angular relationship. Cross folding is 
developed in both the Baldwin Formation and the Keepit Conglomerate 
although in the latter occurs as large scale basins and domes (White, 
1964c, p.211). However, smaller scale cross folding is more likely to 
be detected in outcrops of the argillites of the Baldwin Formation than 
in the poorer quality outcrops of massive conglomerates and sandstones of 

•k 
Map references quoted are from White (1964), page 211. 
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the Keep it Conglomerate. It is felt that the presence of cross folding 

is not conclusive evidence for the existence of the Bective Unconformity. 

d. Stratigraphy: 

That the Keepit Conglomerate overlies the Eungai Mudstone, the 
Lowana Formation and the Baldwin Formation in different parts of the 

Tamworth Belt is of little value as evidence for a regional unconformity 

of the nature proposed. No evidence exists for the upper horizons of 

the Baldwin Formation in the Somcrton-Attunga area being of different 

age to the Eungai Mudstone in the northern part of the belt. The lith-

ological differences between the two units merely represent facies 

variation along strike. In the north of the Tamworth Belt, the Eungai 

Mudstone both thins and becomes sandier from east to west (McKelvey, 

1966; Mute, 1966). I feel that facies variation within the sediments 

underlying the Keepit Conglomerate in this western part of the belt has 

probably contributed to "Eungai-like" Lowana or "Lowana-like" Eungai 

1ithologies, rather than considerable erosion being responsible for the 

Keepit Conglomerate overlying both Eungai Mudstone and Lowana Formation. 

Hill (1973), mapping in this area, chose not to differentiate the two 
lattei formations and treated them as one informal unit. 

e. Absence of the Baldwin Formation: 

Probably the best evidence put forward for the existence of 

the Bective Unconformity as a major erosional feature of some duration 

is the absence of the Baldwin Formation and part of the Yarrimie Formation 

in the Timor Valley. However, an unequivocal exposure of the unconformity 

in this area is yet to be reported. Manser's (1968) comments on the 

similarity of the deformation style above and below the unconformity 

would seem to argue against markedly different deformational histories 

which could be expected in view of the proposed nature and duration of 

the unconformity. The argument for a considerable erosional break rests 

upon the absence of the Baldwin Formation (Manser, 1968) and the erosional 

surface cut into the Yarrimie Formation (Ellenor, 1971, Fig. II.4, p.43). 

this erosional surface is based on a sectional diagram (Ellenor, 

1971, Fig. II.4) showing the thickness of sediment between the top of the 

Timor Limestone, considered to be a horizontal time plane on the basis of 

conodont zonation, and the Keepit Conglomerate (Fig. 2.6). The distance 

covered by this diagram is that from MS33 to MS37 of this study, i.e., the 



Pig. 2.6. 

a. hrosional relief on the Bcctive Unconformity surface. 
(after [-lienor, 1971, Fig. 11.4) 

b. Map of area covered in Fig.TI.4 of Ellenor (after 
Elienor, 1971) 

Note the extensive Tertiary volcanic cover obscuring most 
of the Keepit Conglomerate, faulting at the south and north 
ends of the main limestone mass, and locations of MS33, MS34, 
MS35, MS36, MS37 and MS38. The base of the erosional 
"channel" at the south end is based on two outcrops 
separated by Tertiary volcanic cover and the northern fault 
occurrence, thus can only be thought of as speculative, 
while that at the north end is based on thickness values 
measured from isolated limestone pods considered to be the 
top of the limestone. No erosional contacts are evident. 

c. Alternative interpretation of the coarse horizons as 
lensoidal (extent unknown) bodies of conglomerate and/or 
sandstone in a mudstone sequence. The distance above the 
limestone is assumed to be the same as in a. The scale used, 
as with b, is the same as in a. Note the vertical exaggeration 
is approximately xl5. 
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area on the western limb of the Timor Anticline where the Keepit 

Conglomerate is thin, intermittently exposed from beneath Tertiary* 

basalts, and lacking a readily recognisable basal contact, unconformable 

or not, with the underlying sediments. Ellenor (1971) has, assuming 

an unconformable relationship, joined a limited number of points to 

define the erosional surface. An equally feasible interpretation, and 

supported by the two points below, is the existence of several lenses 

at different stratigraphic levels (Fig. 2.6). 

1. Referring to the Keepit Conglomerate, Ellenor (1971,' p.42) states 

"The inut. between the latter locality and the 'Crawney' turnoff 

is discontinuous, and only restricted conglomerate lenses (9m 

thick) are developed". These localities are MS56 and MS33, 

respectively, of this study. For much of the distance covered by 

{•lienor's diagram, i.e. from MS36 to just north of MS37 of this 

study, the Keepit Conglomerate is unexposed and thus the erosional 

slope shown is conjectural. 

2. The absence of erosional contacts in sections MS33 to MS37, in 

association with the lack of a well defined basal contact, would 

argue against a prominent erosional surface. 

The alternative to Ellenor's erosional surface is the occurrence 

of a number of lenses of coarse sediment upon several different strati-

graphic levels, within a sequence of dominantly mudstone. If such is so, 

the Baldwin Formation could exist in the Timor Valley only as a thin, 

mudstone dominant sequence; the unit is present some 8km to the north, 

on the other side of the Liverpool Range (Offenberg, 1971). The Bective 

Unconformity, as envisaged in the Timor Valley by Manser (1967) and 

Ellenor (1971), would thus be non-existent. Palaeontological data which 

might aid this interpretation is unavailable. 

f . Conclusions: 
It would thus appear that the evidence for the existence of 

the Bective Unconformity as an extensive unconformity of often marked 

angular discordance, implying "major tectonic disturbance as well as 

considerable erosion" (White, 1966, p.222) is unreliable. 

3. Evidence from this Study on the Existence of the Bective Unconformity: 

Of the Keepit Conglomerate sections measured 42% (14 sections) 



have exposed a basal contact with the underlying unit. Two types of non-
faulted basal contacts may be recognised: 

1. Conformable and gradational. 

2. I)isconformable and/or marked by an abrupt lithological change. 

In the first case, best exemplified by MSI and MS2, the under-
lying hungai Mudstone passes up to the Keepit Conglomerate by an increase 
in number and thickness of the sandstone beds. The basal contact is 
taken at the base of the first thick sandstone bed. In this instance the 
contact is clearly conformable (Plate 2.1). 

In the second case coarse sandstone or conglomerate of the 
Keepit Conglomerate sits abruptly upon mudstones of the underlying units. 
Depending on the nature of the outcrop, an erosional contact may be 

recognised (Plate 2.1). The scale of erosion in outcrop is usually in 
the order of a few metres. No significant attitude difference exists 
between the Keepit Conglomerate and the underlying sediments, although it 
is often difficult to obtain reliable dips in the conglomerate. 

Two aspects of the disconformable contact may be recognised. 
In the first, terrestial sediments disconformably overlie marine sediments 
(e.g. Lake Keepit area). The duration of time represented by this hiatus 
can be said to lie within the Famennian (see p. 26). No evidence exists 
as to the geographical extent of probable subaerial erosion. In the 
second situation the disconformity takes the form of submarine erosion 
or scouring at the base of resedimented deposits, as originally conceived 
by White (1964c) and McKelvey (1966). Sections illustrating this type of 
disconformable contact usually lie to the east of those exhibiting the 
first type of disconformity, and to the west of those possessing a 
conformable contact. 

4. Summary: 

The Bective Unconformity is a basin edge disconformity which 
passes basinwards to an erosional contact beneath resedimented strata. 
As such it differs to the original concept of an angular unconformity 
(White, 1964c) based largely on criteria of equivocal value. No evidence 
exists for major tectonic disturbances affecting the depositional basin. 
The extent of subaerial erosion appears to be local, limited to the 
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western margin of the Tamworth Belt (the basin edge); the amount of 
subaerial erosion is unknown. The duration of the hiatus is not easily 
determined, lying within the Famennian and possibly entirely within 
t°IV of this stage (p. 29). The disconformity has no temporal signif-
icance when resulting from erosion beneath resedimented deposits. 
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CHAPTER 3 

PETROGRAPHY OF THE KEEPIT CONGLOMERATE 

A. INTRODUCTION 

Petrographic studies were carried out upon the Keepit Conglomerate 
with the aim of defining the nature and setting of the source rocks. The 
results of this study have shown the source area consisted of andesitic 
volcanics with subordinate dacitic volcanics, acid intrusives and 
volcaniclastic sedimentary rocks. Rhyolitic volcanics were scarce and 
basaltic volcanics appear to have been absent. 

Previous petrographic studies of the Keepit Conglomerate fell 
within the framework of regional stratigraphic studies (McKelvey, 1966; 
White, 1966; Manser, 1967; various unpublished B.Sc. Hons, theses, 
U.N.E.). Ellenor (1971), in his study of the Timor Limestone, briefly 
dealt with the petrography of the associated terrigenous sediments, 
including the Keepit Conglomerate. Petrographic studies relating to the 
Late Devonian sequence, but not specifically to the Keepit Conglomerate, 
include Crook (1960b) and Chappell (1968). Mayer (1972) has dealt with 
the petrography of the Devonian sequence in the Gloucester region in the 
southern part of the Tamworth Belt. Hie conclusions reached in this 
study, namely the intermediate volcanic nature of the source area, are in 
general in agreement with the results of the abovcmentioned workers. 

B. METHODS 

1. Introduction: 

The clasts of the Keepit Conglomerate were examined both in hand 
specimen and in thin section. Clast counts were made at various selected 
localities to determine the general nature of the clast population of the 
Keepit Conglomerate. A suitable outcrop was selected and one hundred 
clasts of small pebble size and larger were counted. The size of the 
area used varied according to the size and concentration of the clasts. 
Hand specimen identification was made with the aid of a hand lens. The 
results of the clast counts have been summarised and presented on a 
triangular diagram (Fig. 3.1b) and as histograms showing the percentages 
of volcanic, intrusive and clastic rocks (Fig. 3.2). A representative 
selection of clasts was collected for more detailed study. A total of 
140 specimens were sectioned and examined. 



Fig- 5.1 

a) (i) Quartz-feldspar-ferromagnesians and (ii) Quartz-

K-feldspar-Plagioclase triangular plots for 

representative intrusive clasts from the Keepit 

Conglomerate. Modes are given in Table 3.2. 

Note the predominance of granodiorites. 

G = granite, A = adamellite, GD = granodiorite, 

T = tonalite. Subdivisions are after Nockolds 

(1954). 

b) Triangular diagram representation of the clast 

count results (see also Fig. 3.2), plotted as 

percentages of volcanic, intrusive and clastic 

lithologies. Note the high percentage of 

volcanics. 

0 = two points , ^ = four points , • = mean. 
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Fig. 3.2 

Distribution of the Keep it Conglomerate showing 

the clast count results as histograms. Where more than 

one count per section occurs, the histograms are in 

order of increasing stratigraphic level from left to right. 

Note the dominantly volcanic nature of the clast 

population throughout the entire region. One notable 

variation is the dacite content, most abundant in MS25, 

MS26, and to a lesser extent, MS27, MS28, MS20 and MS21. 
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The petrography of the sandstones is based upon the study of 

150 thin sections. Staining of selected thin sections with a saturated 
sodium cobalt in itrite solution following etching in concentrated 
hydroflouric acid fumes was used to detect the presence of K-feldspar. 
Thin sections of clasts were also stained by this method. 

Modal analyses of representative thin sections of the 
sandstones and the clasts were performed using a Swift automatic point 
counter. The intervals used were 0.15 mm or 0.3 mm by 0.5 mm or 1 mm, 
depending upon the grain size. More than 2000 points were counted in 

the sandstones, and more than 1000 points in the clasts. 

2. Sandstone Classification: 

The sandstones were classified according to Crook (1960c), 
employing MLQ and QFR ternary diagrams. With respect to the parameters 
Q, F and R quartz and feldspar, when occurring as microphenocrysts 
within volcanic lithic fragments or as crystals within holocrystalline 
lithic fragments, were counted within the R as opposed to the Q and F 
categories. This is in contrast to the proposal of Dickinson (1970, 
Table 1) who did, however, allow such as an option within his scheme. 
The parameters V/L and P/F are used as defined by Dickinson (1970, 

Table 2). 

5. Feldspar Determination: 

The composition of both the detrital plagioclase and those 
plagioclase crystals within the lithic fragments were determined wherever 
possible by extinction angles, using the Michel-Levy method as discussed 
by Ermanovics (1967). Four hundred and sixty-five determinations were 
made, of which 85.2% were detrital feldspar grains and 14.8% were 
feldspars within lithic fragments. The lithic fragment types were almost 
entirely volcanic. The results are given in Table 3.1. Wherever possible, 
those grains with extinction angle values attributable to either albite 
or andesine were checked by use of the Becke Bright Line method. 

"S 
V/L = ratio of volcanic rock fragments (V), with igneous aphanite 
textures, to total unstable aphanite rock fragments (L). 
P/F = ratio of plagioclase (P) to total feldspar (F). 
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Table 3.1 

Plagioclase % in L i t h i c 
Type % Detrital Fragments % Total 

01igoclase 26.2% 5.8% 32% 
01ig./And. 1.7% 0.4% 2.2% 
Andesine 56.8% 8.6% 65.4% 
Labrador!te 0.4% - 0.4% 

85.2% 14.8% 100.0% 

C. CONGLOMERATE CI AST PETROGRAPHY 

1. Clast Counts: 

'Hie results of the clast counts show the clasts to be predom-
inantly of intermediate volcanic origin, with subordinate acid volcanics, 
acid intrusives and clastic rock types also present. The volcanics range 
from 71% to 100%, averaging 89%, of the individual clast counts (Fig. 3.1b, 
Fig. 3.2) and are predominantly andesites. Dacites, fine grained 
nonporphyritic volcanics and siliceous aphanitic volcanics of acidic aspect 
are less common. Thin section examination showed some of the siliceous 
aphanitic volcanics to be vitric tuffs. Crystal tuffs, often unrecogniseable 
as such in hand specimen, were included in the clast counts with the 
volcanics. They are not a significant lithology. Intrusive lithologies 
range from 01 to 27%, averaging 8%, while the clastic lithologies range 
from 0% to 1.2% and average 3%. The clastic category contains mostly coarse 
lithic tuffs with subordinate epiclastic lithologies. 

Fig. 3.2 illustrates the essential homogeneity of the clast 
population throughout the distribution of the Keepit Conglomerate. The 
only significant variation is in the percentage of dacites within the 
volcanic category. The dacites are most common in MS25, MS26, MS27, MS28, 
MS21 and MS20. In the first four instances the dacite content increases 
towards the top of the section, while in the last two sections it decreases. 
Dacites thus appear to have been of local occurrence in the source area. 

2. Thin Section Studies: 

The more common rock types examined in thin section are briefly 
described in the following section. Staining of representative sections 
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with sodium cobaltinitrite indicated the presence of K-feldspar as a 
devitrification product in the groundmass of some of the volcanics, and 
the absence of K-feldspar phenocrysts. Staining showed K-feldspar to 
be present in the intrusive lithologies. The results of modal analyses 
on representative specimens are given in Table 3.2a,b. 

a. Andesites 

The andesites are dominantly porphyrinic, containing pheno-
crysts of plagioclase, augite and hornblende in a mesostasis of feldspar 
microlites, fine grained ferromagnesian minerals, fine opaque oxides 
and now devitrified volcanic glass (Plate 3.1). Pilotaxitic, hyalo-
pilitic and, to a lesser degree, intersertal and vitrophyric textures 
are well developed. Some of the andesites are seriate or fine grained 
nonporphyritic varieties. Amygdales may be present. 

The plagioclase phenocrysts range in composition from oligoclase 
to labradorite (Michel-Levy method). As well as containing fresh augite 
many andesites also contain phenocrysts of a now completely altered 
mineral which often exhibits a characteristic pyroxene habit (Plate 3.1b). 
The alteration products include chlorite, sphene and calcite. Some grains 
are rimmed by unaltered augite. Williams et al. (1954, p.95) state that 
hypersthene in pyroxene andesites is often enclosed by augite. The 
pyroxene form of many of these grains, the presence of unaltered clino-
pyroxene as phenocrysts and as rims to some of these altered grains, and 
the absence of orthopyroxene which is usually present in andesitic rocks 
(Williams et al. 1954) suggests these altered phenocrysts may have 
originally been an orthopyroxene. Iron oxides are ubiquitous as an 
accessory mineral in the andesites. 

On the basis of the augite or hornblende content, some of the 
andesites may be qualified as being pyroxene-andesites or hornblende-
andesites. Of these, the former are the more common. 

b. Dacites: 

The dacites are porphyritic, occasionally seriate rocks possessing 
vitrophyric, felsophyric, hyalopilitic or pilotaxitic textures (Plate 3.1). 
They contain phenocrysts of quartz, plagioclase (oligoclase to andesine 
in composition), hornblende and occasional minor augite. Iron oxides occur 
as an accessory mineral. 
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