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ABSTRACT

J \

Three separate detailed gravity surveys wére carried

\

out in the Gambier Sunklands, over previously noted geological

-

structures.
Obéervations Weré made'with_goddraccﬁracy.

- The results did‘littlé toAcdnfirm.thé presence ofl
many of fhe‘geological structures at depth.A However,intéresting:
featurés; especially in regafd to faulting, were noted. Tt was :
postulated . that many 5f tﬁe knéwn faults in the area have been».‘
subject fo reverse’ﬁovgment. One interesting featﬁfe; a graﬁity

. _ [ ‘
high Northwest of Mt.S3chank, was located and a structural feature

5

{
has been inferred.

Seismic work has been recomménded to outline‘accﬁrately

v

some of the proposed featureso

5
‘
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- (b) Objective.

—l—

1. INTRCDUCTION
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(a) Location

Three separate gravity surveys were carried out.

The largest, covering about 110 Sq e miles, was.in the Mb. Salt-Mte.

Scharnk area, just to the southwest of Mt. Gambier, South Australié
(Plate i). Another was situated just south;ast of Tantanoola,A
South iustralia (Plate 1) and covered apprdximately 6 square miles.
The third was made some months later in the Summer Hill‘area jﬁst’
west of Nelson (Plate 1) and covered approximately 13 square miles

in South Australia and Victoriae.

The objective of the gravity work was to confirm if

. . \
possible the continuation at depth of geological structures inferred

by Dixon (1 & 2) and O'Mara (3); and to ascertain the likelihood of

any closure on the structures.

(¢) Instruients

The gravity meter usea,was’Wbrden Meter No. 274,
Closures for drift were ﬁade at least every ﬁwo hours, and an average
drift of from 1 to 2 scale:divisions for this period was obtained.
Reading conditions for at least half the time were bad, beam movement
being so pronounced thaf at times reading was not attempted. This may
have beeh due. to the strong winds experienced or small shock waves
caused by large offshore atmospheric disturbances. The makeré"scgle
.factor Qf‘0.19262 mg/scale div. was used in the first two Surveys.
However, a check was ﬁéde on this figure before the Sumer Hill work
commenced and a new scale féétor of 0,1014) mg/scale div. was used in
this survey. .

The alidale used was a Hilger and Watts and levelling

was doneiwith two Kern type levels;
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(d) Acknoweldgements
The surveying work in the Mt. Salt-Mt. Schank and

e

Tantanoola area, consisting of accurate levelling with some plane-
tabling, was carried out by Kevin Turner assisted for some ti@e by
Brian Turner and Hans Meisinger. Hans Meisinger was responsible

for all levelling in the Summer Hill survey.

2 MT. SALT-MT. SCHANK SURVEY

(a) Field Work
Thg fieldwork in the Mt.Salt-Mt. Schank area was
carried out between 3oth April and 11lth June with the éxception of
the first week in June which was devoted to the Tantanoola Surveye.
During the'survey, 554 gravity‘stations were read, 1évelled,-and
positioned.-
The graviiy values were tied to'the Bureau of Mineral
Resourceé, Mt. Gambier Pendulum Station. The stations, for the most
part, were set out at % mile intervals, on an approxima@e_l mile grid,
along the many roads, tracks and fences in the arca. 4 number of
traverses.had to bé walked, but.inithe main vehicles were used. Much
of this area had been planetable surveyed by zeological parties, and
this information was supplemenfed by additional survey work, especially
near Kongorong. Each gravity station was levelled accurately using
 Kérn leveis,and was placed far enough away from any hills to make the
terrain effect negiigible. |
A net work of 13 base stations was first sef out, each
-'gtétion being read at leasttwice. The survey was then adjusted fo these

-~

bases, In most cases closure errors were small enough to be negligible

but on occasions errcrs of up to 0.02 mge per station occured. This was



almost certainly due to the meter not being read accurately enough

because of the previously mehtioned beam movements Where too large

a closure error resulted the traverse was repeated.

(b) Elevation Correction

A1l levelling was accurate, closure errors never

.exceeding 0,25 fts Elevation datum was taken from road-railway

crossings at Mt. Gambier. The railway 1évels'used have their
datum at Adelaide and this is 100 ft. below Mean Sea Level. However,
100 feet has been subtracted from all the final gravity station

elevations.

Density determinations were carried out by the Bursau

of Mineral Resoﬁrces on a selécted number of core sémples from the

Nelson bore. The samples were dry due to their long exposure to air.

The results are as follows; -

Rock Type Dopth " Stratigraphic uﬁiﬁ Density gm/cc

Limestone 1 Surface Gambier Formation | 1.26 . g ek

Marl L7l " o 163 - L-o3 wd.

Limestone | 5178 ; " " 1,95

Sandstene 1281 Knight Group - 192 )

- A 800 : - " P 242 ”J,:

lSiltstone 3080 | o " 2,18

Sandstone 6294 oo "o | 2,45

‘Siltstone 6485 " " 246

Sardstone . 6751 . n u | 2446 -

| ?h Combining these ingo groups; The average density df 1:01
the Gambier Formation is'1.61 and the Knight Group 2,34: The density: v?
fdctor gséd was 2.25 and this was calculated from the 1 : 8 ratio of 24"
Gambier Formation to Knight Group in the Nelson bore. This gave an
elevation-correcéian« » otd

factor of 0.065 mg/ft.
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(¢) latitude Correction ()()]_];

A base map, scale 1" = 1000 ft. was prepared using as
a basis plane table sheets drawn up by K. Turner during Dixon's (2)
previous field worke To this was added plane table data from O!Marals

(3) map of the Mt. Salt area. The resulting map included most of the

gravity traverses undertaken, and traverses in other areas were

surveyed by plane table and the gravity lines plotted on the base map.

Where new plane table work was undertaken the gravity

stations were positioned in accordance with the pléne table survey.

The stations on the majority of the remaining north south traverses
and the walking traverfes, were positioned by finding their distances
apart whilst levelling or by chaining. On the remainder of the traverses

the positions were found by taking accurate speedometer readings for each

station, between the two closest appopriate fixed points on the base map.

This distance was then divided in the ratio of the speedometer readings
‘between'eaCh of the stations.. No distancé to be divided everAexceeded
1 mile and the rumber of stations was generally four. This method was
first checked by chaining and it was found that an error fof‘each station

of betweenl50 - 100 feet was introduced. Since most of these traverses

- were in an east west direction it was thought theat this method was quite

accurate enoughe
The latitude of a fixed point on thé base map was determinded

from the South Australian Mines Department 1 mile to the inch Geélogical

" Sheet and the theoretical gravity value determined.for that point. The

latitude corrections were made using a transparent overlsy of scale
1.267 mg/mile; At was estimated thet the error in the latitude correction

was ¥.0.03 mg.

(d) Results

The Bouguer gravity contours are plotted on Plate 2a.

They are most irregular especially to the south., The irregularity may

be due to two causes. Firstly there may be nonéedimentary rocks at



~

-5
0012

reasonabiy_shallow qepth, or secondly there may be near surface
density chanzes in the Gambier limestone due to underground
cavities. The former is not supported Ly either aerogmagnetic or
available geclogical informatione. However, the limestoné contzairs
many visible sink holes énd caves and their extension underground
ﬁould create sufficiently lérge anomalies to affect the fiﬁgljvalues
to a noticeable aegree. |

| Assuming the latter to be correct, an attempt was made
to either filter out tlese irregularities or to localise them by over-

o :

emphasis, with the use of residual and second derivative maps.

However, although several different methods were tried, none was

succassful to any marked degree. Perhaps the best result, Plate

2a, wes obtained by using T. L. Elkins (4) formulae.
gzg ) EEEE;E_ (44H(O) -~ 16H(S) -12H(3542) - 48H (SV5) )

with a % mile grid spacinze This map over-emphasises some of the

'ﬁaggures of the Bouguer contours, bui little additional information

" has been gained.

(e)' Inierprétation_
;ené?al
'This interpretation will Ee restricted to the Bouguer

map exéept whefe the second derivative has additional information to
offer., Also it is importent to remeber that since the denéity contrast !
between'thé.Gambier aﬁd Knight Groups is 0.73, any structure which has
affectcd both éhould be shown up on the graﬁity‘mape

o On comparison of the gravity results with Dixon and
O'Mara's.surface geoclogy, it is epparent thet little egreement is
present. In a regionél sense there is general agreement with O'Mar#'s
conclusions. The prominent gravity maximum iﬁ £he north of the area
covers what he concluded tc be a structurally high area andAthe negati&es

directly south coincide with his low areas. However, the individual
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featuresbare not apparent. With some e#ceptions, the structures mapped
by Dixon do not show up on the grévity, contour mape The strong
gradiénts on the east andlsouth east flaﬁk of the gravity maximum
probably represent a northerly extension of Dixon's Allendale fgult,
although theéelgravity features arennot noted south of Mt Schén;~- |
The fact that the hiéher gravity values are to the south of the
proposed fgult are discussed in section 5; The positive nosing to
the soﬁth east of the gravity maximum may represent a small offshoot
of the inferred structure-(see below).and could have surface
fepresentatidn in Dixon's MacDonnell antfcline. There is also a
slight possibility that the nosing ' of the contéurs in the south west
corner of the map reflects the Mt. Schank anticlines

| The gravity maximum to the north could represent a

structural feature and if so aprears .reasonably deepseated. The

anomaly could be caused by doming in the pre-Tertiary beds alone,

but from geological. evidence the doming persists in the Tertiary rocks.

AThére is evidence that the_structural feature is faulted on the north

south and east and it could well be of a horst nature. The second
derivative map shows the gravity high to be much smaller and this may be
a'more accurate rﬁpresentatibn of the extent of the structural feature

in the Tertiary beds. (0'Mara's structural high) There is the

possibility that the gravity maximum is caused by a sill or volcanic

neck, but the gravity gradient appears too small to account for such

a feature unless it is decpseated.
The gravity'highAnear station 246 could well represent a

buried ash cr cone or basalt, although the sparsity of data doesn't permit

~any definite interpretation.

The only other salient feature is that:the regional trend

/

is an increase in grévity value to the south and this could mean a

thinmng of the sédrnentary section in that direction.
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(ii) Quantitative
An attempt was made to determine tﬁe approximate
depth to,tﬁe feature causing the gravity maximum. Several profiies
were drawn across the contours where it was thoughtAthe énomaly could
be best represented by the gravity effect of a sphere. Calculations
were then made based on a theory put forward by Nettleton (5); Two

sets of calculations were made for two separate assumptions.

Firstly the.anomaly was assumed to be causéd by a flexure of the

Gambier Formation/Knight Group unconformity alone, using the known
density contrast of 0+73+ Secondly it was'assumea tc be caused by a
flexure of the hypothetical Knight Group/Jurassic‘unconformity.
Outcropping Jurassicfsandstones are reported to have densities up to
235, s§ 2 value of 2.5 was assumed at depth;hgiviﬁé a density cantrast
of 0,25 at the latter unconfinnity. Values were then calculated for the
depth to the two undonformities. The results covered a wide range
depending on the profilés usgd. However, additional control was
available from-the log of Knight's Dome‘No.Z, a well situéted approx-
imately 33 miles to the north of the gravity mmﬁm. Only 175 feet of -
Gambier formation was presént and the well botibmed at 2013 feet, still
in Knight Groums The gravity calcdations of the depth of the Gémbier
Formation were absufd9 but the depth to the Knight Group/Jurassic
unconformity ranged from 2,300 to 5,000 feet. The best theoretical
fit was obtsined for profile A-B (fig.l). Thias frcfile gave a depth
of 2,900 fect to the Jurassic beds. | d

While the above calculations are very assumptive, it
is thought they emphésize the  fact, that if the gravity onomaly is
caused by a flexure, it is at a reasonable depth, at least affecting

the immediate pre-Tertiary beds, as well as the Tertiary itself.
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«  TANTANOOLA SURVEY
) A . 0016

(é.) Field Work

" The field work took place during the first week of
June, 60 gravity stations béing established. Tﬁe gravity‘values
ﬁere tied to the Mt. Gambier Pendulﬁm Station. The’traverses were
somevwhat irregular depending on the'tracks available, and the

4
stations were approximately % mile apart. Three gravity base

‘stations were established and the gravity observations adjusted

. to them. Closure errors were very smaltl. No terrain correction was

applied as the stations were placed well away from any hills in the

area. . ’

(b) Elevation Correction

All stations were levelled accurately, datum being'asA
before and closure errors of better than 0.25 fte being obtained.
The elevation correction factor was again 0.065 mg./ft.

(c¢) latitude Correction

Each statidn was positioned by planetablinz and was jA i
accurate to at least 50's The latitude of a poiht on the map was
obﬁained from the.South Australian Lands Department and absolute
corrections made, using an overlay of scale 1.265 mgo/mile.

(d) Results and Interpretation

The results of the gravity éurvey are shown on plate
3 of Bouguer gravity map of the Tantanoola survey.
It has been postulated from previous geologiéal work

that there is a small anticlipe in the area with a2 north west- south

~east axis, approximately coincident with the road on which stations 36

to 40 are situated. Some, notably O'Mara (3), consider that the anticline
is faulted parallel to the road and just to the east of it
The gravity results support the existence of an east dip,

as there is a consistent decreasing gradient to the eastbof, and with

approximately parallel strike to, the above roads

S e



e

-9Q 0017

The gravity contours also indicate the existence of
the small fault as suggested by O'Mara, however again the higher
values are on the southwestern side, which is indicated by the -
geology to be down-thrown (see Sectioh 5)e

| There is also slight evidence for the existence
of an anticline, with some closure to the sou??,'the axis however
being somé 1000 odd feet west of thé road. More work would be
required té the south and west, however, before aﬁy definite
feature could be determined from gravity results. It is thought

that the presence of basalt,(O'Mara 3) in the western portion of

had

- the area covered has had some effect on the gravity readings

-

causing irregularities in the gravity contourse.

4. SUMMER HIIL SURVEY

(a) Field Work

The Summer Hill survey was carried out from the 8th to

10th August in conjunction with a larger survey in south west
Victoria. 104 gravity stations were established at approximatly 800
feet intervals along the available roads and tracks in the area. -

Five gravity base stafions were established and the observations

adjusted to them. The values were tied to the Mt. Gambier Pendulum .

Station. A number of traverses could not be cleosed, but those that
were gave very small closure errors.

(b) Elevation Correction

For this survey no accurate elevation datum could be

located in the near proximity, and the time was not. available to run

a long accurate levelling traverse to the nearest bench mark. ' An

estimate was made 6f Mean Sea Level at the Glenelg River bridge at
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Nelson and this used as datum. A discrepancy, thé magnitude of _
which is probably not very gréat, thus exists between the‘elgvation
éorrection of -the surveys. However, uniess it is wishéd to compére
accurately the actual Bouguer values of the. three separate surveys,A

then this disérepancy is not very important. The samé elevation

- correction 0.065 mg./ft. was used as in the other surveys and the

- height of each station is conéidered accurate to 0.25 ft.

(e) Latitude Correction

A plane table sheet, scale 1" = 1000 ft. drawn up.
during Dixon's (2) field work, was used as a base mape. For the
most part stations could be placed along roads at identifiable

pdints, such as corners or intersections. Where this was not

- possible the distance between stations was taken whilst levelling,

The stations are considered to be’positioned to within 50-100ft.
The latitude of the Nelson Bore shown on Dixon!s map was known, and
absolute latitude corrections werejﬁhen made using a scale of 1.267
mg./mile.

(d) Terrain Corrections

Since it‘was‘necessary to place stations.dn or near
7ills and near thé steep banks of the Glenélg'Rivero a terrain
cérrection was made for the appropriate stations,.using the contours
on the plane table sheet. The largest-correction_waé 0«14 mgo but the
majoritj range from 0.0l to 0.04 mg.

(o) Results and Interpretation

The observed Bouguer gravity'vélues coniéured at an
interval ofl0.25 mge are shown on Plate-(#). A strong regional
effect is known to exist in this area, from both South Australian
Mines Department_and>Bureau of Mineral Resources reconnaissance
gravity surveys. An gttempt was made to eliminate it by smoothing
gnd fitting together the éravity brofiles along a network of

intersecting lines. Smooth contours we:re then drawn using these
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profiles and values Interpolated from them for each station. These
values were then subtracted from the ohserved Bouguer values to give
the residual. The residual values and contours are shown on Plate 4(a).
The direct pupose of this survey was to ascertain whether‘
the "Summer Hill Anticline" as reported by Dixon (2) existed at depth
and if so whether there was any closure on the south eastern end.
Both. the observed and residual contours give no indication of>an
anticlines. It séems certain that the structure exists only in the
Gambier formation and does not extend to the unconformity between the
Gembier Formation and Knight Group.
However, there is confirmation of the Nelson fault as
map?ed‘by Dixon, although its possible extension to the northwest does
not show up. The faultiné is more apparent on the Bouguer map and can

be noted running almost parallel to the road from Stations N4l to N9.

‘Rather then simply extendinz to the northwest from Station N41 the contours

suggest that the faulting may bé a step syétem perhaps with enechelon
continuation further to the south. Again it should be noted that the
higher gravity values are on what is considéred to be the downthrown
side of the fault (see section 5).

The small high on the residual map near Station N89
could be due to structures as mapped by Dixon or possibly a slight

doming of the Gambier FOnnation/Knight Group unconformity.
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5, CONCLUSIONS 002 1

The following points can be made upon reviewlng the
gravity results and~eonsidering their bearing on the general concept
of the area.

Structures existing in the Gambier limestone cannot

be relied upon to continue with depths The generally accepted

theory that the main Tertiary features are faults rather than folds
is strongly suppofted by the gravity data. The Allendale and Nelson
faults are upheld as two of the main Tertiary structures.

There is however some difficulty in explaining the

.¥igher gravity values being on what'geologists regard as the downthrow

side of the Nelson, Allendale and Tantanoola faults. This anomaly

cannot be explained as a regional effect since its removal in the

‘first two cases does not alter the relative position. The density

column into the Jurassic also provides'no answers. Two possible

'situations are put forward to explain>the-gravity results and both

are dependant‘en'the fact:that reverse movement has Ogcurred along fhe
fault zonese. They are illustrated in fig.2 (a) and (b), the diagrams
behng pure_y 11lustrative and not to any scaWe. Reversal has been
suggested already by Boutakoff and Sprigg (6) and the grav1ty results
have strongly sﬁpported their deductions. From the fact that the

gravity drop over the faults is not very large it appears that the

various movements have almost nullified themselves as far as the grav1ty

effect is concerned. Since the Tertiary downthrow is considered to be
several hundreds of.feet in each case, then the.deeper and original.
fauiting mﬁst have been very‘considerable for its gravity effect to
over combeasafe what would be a large anomaiy caused by a displacement
of the relatively shallow Gambier.Formation/Knight Group unconformity.
It is suggested that to obtain a clear picture of any
reversal, seismic data across several of the major fault‘, must be

obtained.,

’
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