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stmIiilARY 

'llhis Record describes a gravity survey designed to 
inves"tigate the controversial fault a.t the western mnrgin of Lake 
George, USW" 

Ilesults show a roughly elli-l)tical gravity 'high' of 
about 24 mgal probably due to amphibolite. This 'high', 
superimposed on the detailed 6"ravi ty pattern, obscUl'es the minor 
gra.vi ty features. HOrJever, analysis of the gravity pattern 
indicates a fault, possibly overthrust, west of Lake George, 
'liii th a possible vertical downthrow of 3000 to 5000 ft to the 
east. 
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1. n~TRODUCTIOU 

1J.1here has been much controversy about the orlgln of Lake 
George situated in Hew South ',iales about 140 miles south-'v!0st of 
Sydney and about 8 miles north o,f the north-eastern corner of the 
Australian Capital Territory. The main point in the controversy 
is whether a submeridiorlal fault runs along the western margin of 
the lake. The obj ect of the gravity survey described in this 
Record was to investigate the existence of such a fcult by the 
gravity method. 

The survey was undertaken by the Geophysical Branch of 
the Bureau of Milleral Re~30urces, Geology and Geophysics at the 
request of the Geological Branch. The locations of the gravity 
stations wore determined by using one-mile military r,laps (Goulburn, 
Lake George, Lake Bathurst, Canberra, and Braidwood shoets). 

The geophysiCal party consisted of L. Kovi (J.)arty leader), 
J .1'. Pigott (geophysical assistant), and one field assistant supplied 
by the Geological Branch. The survey was made during December 1962 
and January 1963. 

2. GEOLOGY 

The following desc:dp-cion of the geoloG'Y of the area is 
based on Garretty (1936&, b,& c). Part of Garro"cty's geological 
maP is reproduced on Plate 2. Geological cross-sections are ShOWl1 
on Plete 3. Cross-sections A and B are based on Garretty's map~ 
C and D are based on the more-recent 4-mile geological series 
(Sheet 155-16). 

i:ltl'atigraphy 

The oldest rocks in the area are Upper O~dovician 
motamorphic rocks, viz. schist, phyllite, slate, and sha.le. 

The Silurian rocks comprise chiefly shale, but phyllite, 
sandstone, and limcE;tone also occur. The rocks referred to on 
Gar:cetty's maP as of 'doubtful age' consist mainly of argillaceous 
sedimcmts and are probnbly also Silurian. 

1.It0 Devonian is ::.'epresented by red sandstcne, conglomerate? 
and quartzite. 'I'ertinry and ~Llaternary lake deposits and alluvium 
a:re located mainly south and eaAt of Lake George. 

l{;;neous rocks 

JI.mphibolite, a metamorphosed pre-Upper Silurian 
intrusive, forms considerable outcrop between Collector and 
Tarago. The southern continudion of this outcrop seens to be 
covered by Tertiary and Recent deposits. The gr:::.nites of the area 
consist of biotite-hornblende granites and quartz-felspar porphyries. 
Some granit es may be Ordovician 'but most of them are probably Upper 
Silurian. 
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Geological structures 

The Ordovician and Silurian rocks are folded along 
meridional axes. Garretty suggests asymmetrical folding with axial 
planes dipping to the west. Some controversy exists about the origin 
of the escarpment on the west ern margin of Lake George. Taylor (1907) 
suggested that it is a fault scarp, whereas Garretty (1936b) r~arded 
it as an erosional feature. 

3. }OOHODS 

Gravity 

The gravity observations were made with \'iorden gravity 
meter No. 61. 'llhe calibration factor of the instrument is 0.09047 
mgal/scale division. This was obtained by a test on the Melbourne 
Calibration Range on 24th October 1962. The interval adopted for 
the Calibration Range was 53.04 mgal; the measured gravity interval 
was 586.3 scale divisions. 

Gravity readings were observed at 246 stations. The 
gravity stations were placed at about one-mile intervals along the 
roads and tracks around Lake George except in the vicinity of the 
assumed fau.lt 1Nhere they were placed at half-mile intervals. 

The gravity traverses were arranged so that they formed 
a closed network (Plate 5). The closing errors in the loops of the 
network were calculated and distributed. The closing errors were 
generally small, the greatest being 0.17 mgal. 

EA-140. 
appendix. 

The survey vvas tied to BMR regional gravity station No. 
'1lhe value adopted for this base station is shovm in the 

The elevations of gravity stations were obtained by 
barometric levelling. Two 'E i3chanism' microbarometers, Serial Ho. 
317/62 and 318/62, Yiere used. Thes3 instruments can be read to an 
accuracy of 0.02 mb pressure, which is approximately equivalent to 
0.6-ft elevation. 

Three trigonometrical stations were used as fixed points. 
The levelling traverses formed a closed network. The precision of 
the barometrio levelling was estimated by computing the heights of 
21 stations by follo~ing different Paths. The standard deviation 
is estimated as about 4 ft. 

Elevation Correction 

The gravity values were reduced to the 1800-ft-above-
ESL datum. The combined elevation correction factor is a combination 
of the free-air correction and the Bouguer correction. The latter 
is direc'~ly proportional to the density of near-surfaco l'ocks. To 
obtain this density, and hence the appropriate elevation correction 
factor, two statistical methods were used. The first is based on 
the assumption that the densHy which gives zero correlation between 
Bouguer-anomaly and the eleVation of stations is the correct density. 
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The second method, which was developed by Siegert (1942), det ermines 
the elevation correction factor in ,a manner that makes the currected 
gravity profile as smooth as possible. The methods indicated 
specific gravities of 3.05 and 2.76 respectively. The mean of the 
specific gravities o"btained by the two methods \,Ias 2.9 and this 
value ~as used in the elevation correction factor (0.0571 mGal/ft). 

Terrain correction 

Eost of the gravity stations were placed at points where 
the terrain effect was small. The presence of an escarpment along 
the assumed fault, however, caused considerable terrain effect for 
30 stations. As the escarpnent was essentially a 'two-cUmensional' 
feature the method of terrain correction published by Hubbert (1948) 
was applied. 

The terrain corrections were computed by using the 
contours of the one-mile military maP series: 

Terrain corre~ (mgal) Nwnber of stations 

Zero to 0.49 5 
0.50 to 0.99 5 
1.00 to 1.49 5 
1.50 to 1.99 6 

2.00 to 2.49 4 
2.50 to 2.99 3 
3.00 to 3.49 2 

Latitude correction 

Latitude correction was applied taking the latitude 
35 0 15' as arbitrary zero. The value of theoretical gravity on 
the international ellipsoid at this latitude is 979,667.7 mgal • 

4. ACCURACY 

The accuracy of Eouguer anomalies is affected by: 

(a) error in observed gravity (t. ~), 

(b) error in elevation (b.h), 

(c) error in latitude (61) , 

( d) error in terrain correction (6t) , and 

( e) error in specific gravity (L~d). 
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The estimated errors are given below ~ 

Estimated error 

± 4 f't 

+ ·0.2 miles 

Computing the square root 
the random error in Bouguer anomalies 
which was found to be ± 0.42 mgal. 

Bouguer anomaly 
(mgal) 

± 0.05 

± 0.23 

± 0.25 

± 0.20 

of the sum of the squares gives 

as V ,6.~2 + 1..'\ h 2 + 1112 + z:t2 

In addition to the random errors listed above a systematic 
error is introduced by the error in specific gravity used in the 
elevation correction. The magnitude of this systematic el'ror equals~ 

2 fro.h. (± Ad) in vlhich G is gravity constant, 

h is the elevation, and Ll d is the error in specific gravity. 

For ~ d. = ± 0.1, this systematic error equals ±0.00128 mgal/ft. 

For the maximum elevation difference of 1122 f't observed 
for stations in the urGe this amounts to ± 1.44 mgal. 

5. RESULTS 

The contour plan of Bouguer anomalies is sho',m on Plat as 1 
and 5. The 24-mgal contour encloses a large gravity 'high' north-
east of Lake George which, superimposed on the geological map, coincides 
approximately vvith the area in which high-density arJphibolite crops 
out. ~Phis &;ravi ty 'high' probably obscures smaller gravity features 
but the contour plan suggests that the gravity 'high' is superimposed 
on a gravity 'low' east of line PQ. 

Representative gravity profiles, A, B, C, and D, based on 
the contour plan are sho\'ln in Plate 3. Residual profiles are shown 
for C and D~ these were obtained by subtracting the assumed effect 
of the amphibolite from the gravity values. The gl'o.dients on the 
nestern Parts of the profiles are cODsistent \,Iith the existence of 
a fault or shear zono. The steepest gradients are observed close to 
the intersection of PQ v,rith the profiles. An alternative estimate 
for the effect of the amphibolit e on Profile C is shovm in Plate 4. 
This illustrates that the maximum gravity gradient due to the fault 
or shear zone alone may be located east of PQ, and indicates the 
difficulty of isolating the fault anomaly "~th any accuracy. 

Profile A shows a difference of 13 mgal from K to L. 
After subtracting the estimated gravity influence of the amphibolite 
mass on Profiles C and D, the lowering of gr~vity value by the 
supposed fault is 7 mgal or more. Uncertainty exists because of the 
e~~raPolation required on Profile D. 
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Assuming that the specific gravity of the older metamorphic 
rocks west of the assumed fault is about 2.8 to 2.9, and that of the 
shale, sandstone,and granite (excluding the amphibolite mass) east of 
PQ. is 2.6 to 2.7, the specific gravity contrt.~t would be about 0.2. 
The gravity effect of a fault can be approximated by the gravity 
anomaly due to a s~1i-infinite horizontal slab. Using this 
approximation it can be shown that for unit specific gravity contrast, 
1-mgal gravity effect corresponds to a vertical throw of 78 ft . 
(Uettleton, 1940). For a contrast of 0.2 and a gravity effect of 
13 mgal a throw of (78 x 13)/0.2 = 5070 ft is obtained~ for a 
gravity effect of 1 mgal the throw will be 2730 ft. Thus, if the 
above gravity differences are caused by faulting, the total vertical 
throw of the fault can be estimated at 3000 to 5000 ft. 

In the above estimates regional gravity trGl1ds vlere 
ignored because the survey was too-restricted in area to malee any 
conclusion about regional trends. From the contour maP of Bouguer 
anomalies for i~ustralia and New Guinea (Dooley, 1959, Plate 4) the 
reGional gradient appears to be small in this area. 

6. CONCLUSIons 

The gravity results suggest there is a fault along PQ 
or east of PQ,. The approximate coincidence of this suggested fault 
with the escarpment on the western edge of Lake George 'suggests a 
relation between the escarpment and the fault. If the fault anomaly 
is centred west of the escarpment, this would imply an overthrust 
fault; if centred east of the escarpment, the anomaly would imply 
a normal fault. However this cannot be resolved from the present 
survey. The topographical features further indicate that faulting 
continued until recent times~ if this were not so the topographical 
features would have been eroded do~~. The gravity values suggest 
that the block east of the fault may be downthrovm about 3000 to 
5006' 'ft. 

The large gravity anomaly (closure about 26 mgal) north­
east of Lake George is probably caused by basic intru.sives, that 
have been metamorphosed to . amphibolit e • 

1. REFERENCES 

DOOLEY, J .C. 1959 

GARREI'TY, M.D. 1936a 

GARRETTY, M.D. 1936b 

National report on gravity in 
Australia and Australian 
territories, May 1959. 
Bur. Min. Resour. Aust. Rec. 
1959/91 (unpubl.) 

Introductory account of the 
geology and petrology of the 
Lake George district. 
Proc. Linn. Soc., NSr! 61, p. 186. 

Some notes on the physiography 
of the Lake George region. 
J. roy. Soc. N::rJ 70, p. 285. 



6. 

1936c 

HUBBERT, M.K. 1948 

N ErT LET ON , L.L. 1940 

SIEGER.'r,. A.J .F. 1942 

TAYLOR, T.G. 1907 

Geological notes on the country 
between the Yass and Shoalhaven 
Rivers. 
J. roy. Soc. Hsrr 70, p. 364. 

Gravitational terrain effects 
of two-dimensional topographic 
features. 
Geophysics, 13 (2), 226-254. 

GEOPHYSICP~ PROSPECTilJG FOR OIL. 
lTew York, McGravr-Hill, p. 115. 

Determination of the Bouguer 
correction constant. 
Geophysics, 7 (1), 29-34. 

The Lake George Senkungsfeld. 
Proc. Linn. Soc. NS\'l, 32, 
p. 325· 



station No. 

Latitude (S) 

Longitude (::8) 

Elevation (ft above MSL) 

Observed gravity (mgal) 

Latitude correction (mgal) 

Elevation correction (mgal) 

. . 

APPENDIX 

Data of some gravity stations in Lake George area 

E.A - 140 23 36 75 

34°54' 50" 35°15'3011 35°10'11" 35°01 1 20" 

149°26 1 25 11 149°26'50" 149°17' 50" 149°16 1 05" 

2310 2295 2228 1878 

979567.03 592.31 593.51 601.25 

28.58 -0.64 6.83 19.31 

29.10 28.24 24.42 4.45 

.. 

97 152 

35°05 145" 34°47 1 25" 

149
0
36'45" 149°29'25" 

2461 2304 

567.89 547.04 

13.17 38.83 

37.71 28.76 

Bouguer anomaly (reduced to 1800 ft above I~lSL) 979624.71 619.97 624.76 625.01 618.77 614.63 

Elevation correction factor = 0.05706 mgal/ft. 

Location descriptions: 

Station EA- 140 Intersection of Federal Highway and Collector - Breadalbane Road, at signpost. 

Sta.tion 23 Platform of Bugendore Railway Station, north-eastern corner of office building. 

station 36 On Federal Highway at milestone C16 - G43. 

Station 75 Junction of Gundaroo - Gunning and Gundaroo - Collector road, at signpost. 

Station 97 Junction of Bugendore - Tarago and Collector - Tarago road, at trig. point sm, 1981. 

Station 152 Platform of Breadalbane Railway 5~ation, north-western corner of office building. 

Station 12£ Federal Highway and Hune Highway junction, at signpost on northern side of the road. 

Station 181 Junction of Hurne Highway and Gunning-Collector road, at signpost. 

156 181 

34°48'20" 34°46 1 43" 

149°36 1 30" 149
0

16 1 15" 

2270 1861 

555.16 583.88 

37.67 39.74 

26.82 3.48 

619.65 627 .10 -.1 
• 
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