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ABSTRACT .

A reconnaissance gravity survey was carried out during
1958 near the Queensland — Northern Territory border between the
Toko,Range and a line from Glenormiston to Linda Downs. It was a
south-westerly extension of the 1957 reconnaissance gravity survey
of the south-eastern portion of the Georgina Basin.

The combined results of the two surveys are now presented
as a four miles to one inch Bouguer anomaly plan, which corresponds
to the Glenormiston sheet of the four mile Military Map of Australia.

The main trend of the Gravity Contours is northwest and
follows in a general way the known geological bocundaries. Near tho
southern margin of the Glenormiston sheet anomaly trends are more
south-southeasterly.

The results of the gravity work reveal significant anomaly
features over an arca of flatly bedded Older Palacozoic beds. Gravity
anomalies appear to be mai~"+ related to lower basement structures and
possibly to Pre-Cambrian fuuiting.

1.  INTRODUCTION

This report describes gravity work which is complementary
to the geological and geophysical surveys which were carried out by the
Bureau of Mineral Resources, Geology and Geophysics in the Georgina
Basin, North-Western Queensland, prior to 1958. This additional
gravity reconnaissance work was requested by the Geological Section
of the Bureau for the main purpose of investigating the nature of
Bouguer anomalies which could be expected in the area of the Toko
Range, which is to the southwest of the area previously investigated.

On the surface the northeastern edge of the Toko Range
forms an expressive landmark of appreciable steepness with deeply eroded
sediments of Ordovician age, including sandstonecs, limestones and sandy
dolomite. These sediments arc flatly bedded and most likely overlie
a sequence of Upper, Middle and Lower Cambrian rocks, which are known
from outcrops further southeast of Glenormiston between Sun Hill and
Squester Creck on the northeastern portion of the adjoining 4-mile
Mount Whelan shect. Further southwest of the Glenormiston sheet
Ordovician beds of the Toko Range area are overlain by sandstones
presumably of Mesozoic age (J.N. Casey, 1958).

More specific aims of the 1958 gravity investigation were:

firstly to shed some light if possiblc, on the subsurface
structure of the Toko Range Syncliney; and

secondly to find some answer rcgarding the thickness of
sediments known from the syncline area as flatly
bedded along the eastern 1imb, in contrast to
steep dipping angles in the beds along the western
margin of the syncline.

2. FIELD WORK

Topographic surveying of thc gravity stations was carried
out mainly prior to thc commencement of gravity rcadings by field parties
supplied by the Commonwcalth Department of the Interior. The survey
includes thirty-eight new gravity stations p%acod at thgec to five mile
int¢rvals approximately between Latitudes 23 00' and 22 30' and Longitudes
138000' and 139000' on traverscs from Glenormiston to Linda Downs homestead
and from Linda Downs back to Glenormiston along the northeastern edge of
the Toko Range. /
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2.

In addition, a traverse fifteen miles long was run south-
westerly following the course of the Wheelaman Gorge through the more
central part of the Toko Range. This line ends at the Robinson's Dry
Bore near the Rabbit-proof Fence.

Where possible; station positions.were identified in the
field on air photographs and later on, controlled by astrofixes established
at Linda Well, Linda Downs homestead, Wheelaman Bore and Robinson's Dry
Bore, and using the 4-mile Military shee+ for topographic detail. All
of the stations occupied along the Glenormiston - Linda Downs track had
to be completely surveyed by topographic traversing, as the scarcity of
topographic details did not allow the accurate fixation of station positions
on air phaotograrhs. For thefinal plotting of the gravity stations,; a
Glenormiston 4-mile compilation shee® suppiied by Royal Ausiralian Survey
Corps, 1957, was also used.

Gravity meter Viorden No. 140 served during the survey for
taking gravity observati.:ns. “me performance of the instrument was
satisfactory,; with no irreguli....iies observ: . in the normal d:ift
curve of' the meter. The partizl vacuum in - e oscillation chamber
of the Worden meter was re-established to a ; »sssure less than eight
millimetres of mercury before the gravity party left for the field.
The scale-value was calibrated against observed gravity values of
base station near Melbourne. A scale factor of 0.11%114 milligal
per division was determined.

Careful handling of the instrumient during the period of
field use and regular check-readings on poaviously occupied stations
secured a relatively small mean error in lccp closi'res, which was
approximatcly three hundredths of one milligal. A sufficient number
of ties were made to the observed gravity values o stationsy, which
were established during the 1957 Georgina Basin Survey. All of the
gravity readings in the field were carried out by J.R.H. Van Son,
Geophysicist.

3., RESULTS.

In reducing the results of the field readings ~ uniform
density of 1.9 was adopted fi. ruiks between stotion site and Sca Level.
This was chosen as being representative of near surfaco MNesozoic, _
Tertiary and Recent beds, while - naturally - a higher density between
2.2 and 2,5 would be more applicable to eliminate the tcpographic effect
of Palaeozoic formation. Variations in elevations of Palaeozoic rocks
are moaerate in the investigated area and any <x»ror, which might occur
in the Bouguer anomalies duc to an incorrect assumpticn of near surface
density will be relatively small and will not effect the general pattern
of the anomalies. As a result of the 1957 Georgina Basin gravity survey,
the observed gravity value at the Bureau's Pendulum Station No. 56 at
Boulia (Queensland) has been adjusted and a value of

$78,793.20 milligals

was used fcr the Boulia station as more correct for the conduct of gravity
tics. For this reason the relative figures of Bouguer anomalies shown

on Plate 1 of this report are approximatcly one milligal higher than those
shovm on the earlier cdition of the Georgina Basin Gravity Contour Plan
(Neumann, 1959). .

The combined results of the 1957/58 Georgina Basin and
Toko Range gravity surveys are shown on Plate 1 as Bouguer Anomaly contours.
The contouring on the western portion of the 4-mile Glenormiston sheet
is preliminary and might include major errors, as there is no control
of the contours betwecen widely dispersed traverses. No gravity data
arc available as yet on that part of the Glencrmiston sheet which is
cast of the course of the Georgina River. This area appears to have
generally high Bouguer anomaly values. Additional gravity work is
planned in order to secure in the near future, a more complete aad
denser gravity coverage over all the area inclmded in the 4 mile Glenormiston
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3.

The over-all pattern of the gravity contours on Plate 1
reveals major anomalies, which are outlined below:-

(a) Lowest Bouguer values (Station No. 14 - 12:

- 20.5 milligals and No. 14 - 113 -19.8 milligals)
were established north of Tobermory near the
northwestern edge of the contour map in an extensive
gravity "Low", which ocours parallel to and mainly
north of Pituri Creek, roughly betwcen Roxburgh
Downs and Tobermory homestead. For convenienccg
this anomaly is referred to as the "Roxburgh Downs -~
Tobermory Low". This "Low" is terminatcd by
northwesterly and west-northwesterly *trends in the
contours and appears 0o widen appreciadly west of
the Linda Downs - Carariotta gravity travcrse.

=]

o

(b) Extending south-southezat from the Roxburgh Downs -

‘ Tobermory Low are iwo ambayments of comparatively low
intensity \.iur" 2 broader foaturc of low anomzly
between Linda v, : and Wheclsrn n Creek and a reiatvively
sharp gravity "Low" ncar Giecu~ ‘iston betwcen Pituri
Creck and the Georgina River.

(c) A distinctive feature in thc anomaly pattern is the
. northwest running ridge of high gravity intensity,

which includes the highest Bcosuer aromaly value
observed on the 4-miic Glenc- iston - .p, cstel:lished
by gravity stations Ho., 9 - 115 + 16.3 milligals and
No. 9 - 10: +15.5 milligels. This maximum occurs
approximately halfway between Roxburch Downs and the
junction of Sandy Creek and Georginc River.

(a) An expressive. gravity "High" also occurs west of
: Glenormistony; which is terminatcd to the cast by

a distinctive and narrow "Low", referred to under
(c). The axis of this "High" appears -to extend
north-northwest from the track which connects
Glenormiston and Whcelaman Bore over a distance
of epprecximately twenty milcs. An extcnsion to
the south of this anomaly into the arca covered
by the adjoining 4-mile Mount Whelan shecet is
likely,; though « closed and somecvihat isolated
maximum of Bouguer anomaly is indicated by gravity
stations No. 11 - 3 (+ 9.4 milligals), No. 11 - 2
(+ 10.0 milligals) and No. 42 - 2 (+ 9.8 milligals)
at approxima®tcly ten miles distance northwest of
Glenormistons,

(e) Two gravity "Highs" of a local type are inrcluded in
the generally northwest trend of contours, which arc
approximately parallel to and mainly east of the
topographic edge of the Toko Range. Thesc anomalies
centor immediately west of the Wheelaman Bore and
northcast of the Toko Gorge. It is also of intcrest
to note that the gravity gradients, which tcrminate
the castern margin of the anomaly near Whecelaman
Bore are distinctly stronger than those further
west on the western scction of the traversc through
Wheelaman Gorge.

coxedd



4.

4. INTERPRETATION OF RESULTS.

In the asscssment of gravity Bouguer anomalies, the
densities of rock formations, which occur in the investigated
arca, must be considerecd first, to explain the geological reasons of
gravity anomalies. Variations in Bouguer anomalies are in principal
produced by the presence of high density rocks at shallow depth below
a gravity "High" in contrast to a thickening in rocks of lesser density
below areas of gravity deficiency.

Larger anomalies, which might be caused by a deeply

subs1d1nm basement under scdiments of unusual thickness need not be
considered within thc limits of this rcport, as anomalies of extremely
large magnltude do not occur in thc referred to area.

‘ In highly folded and intensely faulted formations, it is
found from experiencc, tant doreity variations are generally rapid becausc
of the abrupt changes in the nwource of the racks as a result of an increase
in te ctonlc mobility. Relatively strong g ity gradients terminate -
as a rule - Bouguer anomalies of both positive and negative signs in
areas of tcctonic displaccment,; metamorphism and igneous intrusions.

Density determinations carried out on rock specimerscollected
from outcrops in the surveycd arca show density figures of Cambrian and
Ordovician limestoncs ranging from 2.63 tc :.82 (¥:ummnann, 1959). 1In
contrast a mean density of 2.1 was found -epresexnsative for porous
Ordovician sandstone, which crops out ncar tne Toko Gorge. As the
sequence of Cambrian and Ordovician beds (Ninmaroo Formation, Casey 1958)
is flatly beddcd over wide arcas on the 4-milc Glanormiston map - being
mainly undisturbed and unaltered transgressional deposits - no gravity
anomalies of appreciable magnitude can be expected from a density
contrast betwecen the limestone and sandstone members of these formations.
Naturally variations in thickness at depth, cither of the limestonc or
of the sandstone, would give rise to gravity variations.

1

From the area adjoining the 4-mile Glenormiston map to the
east and northeast mainly betwecen Mount Isa and Cloncurry, highly
folded and intensely metamorphosed rocks of Pre~Cambrian (Archaoozoic)
age are known in faulted ccnjunction with Proterozoic and Cambrian rocks,
which, in the area near Duchess, find an expressicn in relatively distinct
gravity]anomalies and strong gravity gradients.

If the assumption is substantially correct that similar,
though less violent unconformities extend from the east into the Pre-
Cambrian hasement below the sub-horizontal ccver beds of Cambrian and
Ordovicilan age, the gravity anomalies observed in the area of the
Glenormiiston sheet of the 4-mile map can be most likely considered as
expressions of basement faulting, tectonic in origin.

This suggesticn is suppcried by the existence of a ridge
of folded and faulted rocks of Lower Cambrian age, followed to the west
by Middle and Upper Cambrian beds, which was recently described from the
4-mile Mount Whelan sheet (J.N. Casey, 1958). This ridge of clder rocks
appears to be related in some way to the strong gravity anomaly and
expressive gravity gradients, which were established near Glenormiston
and extend over an appreciable distance north-northwest into the valley
of Pituri Creek.

The possibility of acid intrusions (granite and porphyries)
as a cause of local gravity deficiency in contrast to a rise in the
gravity intensity over intrusions of a basic type (greenstone, gabbro)
also must be considered in this connection.

W



. Preliminary interpretation of anomalies, which were found
as a result of the 1957/58 gravity work on the Glenormiston sheet, is
given as 'follows:- ;

(a) = In the area defined by the "Roxburgh Downs — Tobermory
- Low" a thickening in the sediments, including Ordovician
and probably Cambrian beds, occurs most likely in a north-
western direction, with a widening and relative deecpening
in the basement structure immediately west of the Linda
Dovns - Carandotta traverse. :

(b) ' The south-southeast extension of the "Roxburgh Downs -
Tobermory Low" east of the Wheelaman Bo:é might indicate
a sub-basin feature with a thickening of the sediments
at depth under the gravity "Low". '

The relatively sharp gravity "Low" near Glenormiston

in conjunction with the gravity "High" west of it,
might be explained by intensive folding and/or faulting
in a buried ridge of Lower Cambz.:2n rocks with the
possibility of granitic intrusions. '

(c) The northwest“running.gfavity "High" which terminates
the northern margin of the 'Roxburgh Downs - Tobermory
Low" requires a much denser covnrage by additional gravity
stations for more accurate cc ..uring and interpreting.
Tentatively at this stage a hcrst-like ridge of Older
Cambrian and/or Pre Cambrian rccks could be assumed as
the nearest explanation. Strong gradients indicate
the possibility of northwest faulting, not excluding
cross-faults, in conjunction with the buried ridge.

(a) The gravity "High" centering northwest of Glenormiston
is mentioned under (b).

To further investigate the suggested relation of this
"High" with Older Palaeozoic formations further south
and southeast between Sun Hill and Sylvester Creek,
"additional gravity data are needed across the known
outcrops of these rocks on the Mount Whelan sheet of
the 4-mile map.

(e) The castern margin of the Toko Range Syncline might be
terminated by a buricd ridge of moderate relief in the
bascment structure, which finds expression in the highcr
gravity anomaly of northwest trend between Wheclaman and
Linda Creek, which is roughly parallel to the topographic
edge of the Toko Range.

Alternatively, thesc anomaly features could be also
cxplained by accepting basic intrusions of igncous rocks
of higher density in the basement without any reflection
in the thickness or dipping angles of the cover rocks.

Decrecasing Bouguer values near the southwestern cnd of
the Wheelaman Gorge traverse might indicate that
sediments are thickening to the southwest, The axis
of the Toko Range Syncline, which is further southwest,
was not traversed. An extension of the gravity work
in the areca of the adjoining Tobermory, Lake Caroline
and Mount Whelan sheets of the 4-milc map would be
required to supplement the gravity coverage of the
Toko Range Syncline as a wholec.

ceeen)6
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