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SUTTIARY

The Arltunge Nappe detailed gravity survey was carried out in'
September 1973 across the mortherm edge of the Amadeus Basin, the Arltunga
Naeppe, and pexrt of the adjecent Aruntsa Complex, 120 km east of Alice Springs,
N.T. Gravity was measurcd mainly at {1 lm intérvals'along 180 km of horthpsouth
traverse, and special readings werse made over the Harts Range to determine
its bulk denmityo Over half the readings, including the special ones, were
obtaimed using helicopter tranaport, and these had noticeably less drift than
the readingg made using wvohioular tramsport.

The gravity results indicate that ther@ is no deformation of the base-

‘ment beneath the Arltunga Nappe. The nappe mey therefore have moved from the

north along a major low-angle thrust. Another thrust is identified within
the Arunte Gomplex, and limked with the uplifting of the Harts Rangs.

The speecial gravity date across the Haris Rangs were reduced to
mltiplo density Bouguer profiles. These gave & density estimate of 2.85+
0,05 g cn> for the 300 m high rengs, & value that appears to hold for the bulk
density of the Arunta 00mplex'ﬁstamorphics over several kilometres of the survey

traverse.

The Arunta Complex north of the Arltunge Nappe is known to be a
zone - of Proterosoic crustallupliftg because granulites are exposed at the
surface. However, the regional gravity level there ia.éimilar to areas with
no granulites. This indicates that although a large block of crust moved
upwards, there is no exosss mass at depth in the uplift zone.

Three anomalous bodies are identified within the Arunta Complex°
The largest appears to be e near-surfaoe 10 km wide sone of dense, weathered,
sl1ghtly magnetic rooks, with possible economic potential.
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INTRODUCTION

The Arliunge Neppe detailed gravity sui&ey.uas-carried_out inv
Septomber, 1973, 120 lm east of Alioe'Springs, N;To Two tfaverseé'weré made,
AA® and BB?, and together they totalled 180 km, extending from the northern
edge - of the Amadous Basinv across the ‘Arltunge Nappe Complex, and part of the
Arunta Complex (Plate 1) The ob;eot of the ‘survey. vas to delineate structurea
in the two comploxes, to oomplement geolog:cal mapping ‘carried out by the :
Buresu of Mineral Resourcss (BMR). : :

Station spacing was gsmerally 1_km, except in the Haris Range area,
vhere a oloser spacing was usgdwto.obtgin a detailed-gfsvity profile-ovér the
rangs, This profilo vas used to dbtgrminé_the'bulk denaity of the range. All
stations were optzoally levelled, The observ&tibns'along traverse AA' were

‘'made usimg helioopter tr&nsport, amd those slong traverse BB? ware made using

& four wheel drive vehioleo ,
-Previous geophyhioal aurvey@'bf-thé éreavinclud®i

1. a reoonmaissanoe helicopter gravity survey, on an 11 km gr1d,
made by BMR in 1961 (Langron, 1962),

2o airborne magnet1o and radiometr1o surqug of the Amadeus Basin
in 1965 (Young and Shelley, 1966). Also,. in 1972, two similar surveys were
made over the Arltunge Neppe Complésx’ (Tayloro in prep. Ja and the ALCOOTA sheet

(Wyatt, 1974)




GEOLOGY

~ The Arltunge Héppe Complex is ome of soveral nappé' coﬁplexes situated
along the boﬁndary betwoen the Amadous Basim and the Arunta Complex, all
apparently o&mmed by southvards overthrusting during the Carboniferous Alice
Springs Orogsny. The geology of the survey. area has been mapped in considerable

' detailo and has beon desorided byv amongst others; Shatr et al (in prep. )9

Hells (1969), Shaw, et al (1971), Shav & Stewart (im preas)

A geological section based on Holls (1969) and Shaw (pers. oomm.) is
shbun in Plate 2, The main featﬁres of this seotion from south to north are:

The Amadeus Basin 8equence, oonsistzng of up to 8 km- of Proteroszoic to Devonlan

sediments, flat=lying in the south, beooming deformed northwas.rdsD with large
isoolinal folds, thrust faults, and docolloment surfaces, and grading into a
zonoe of mexisum deformation at the Arltunga Neppe Complex.

The Arltunge Nepps Complex, comprising the White Range and-Winnééke-nappeso

The nappes comsist of a core of gremitomg enveloPGd by sediments of Heavitree
Quartzlte and Bitter ‘Springs Formation, the lowersost units of - the Amadeus Basin
sequenoe° They were formed mh@m the Arunta 60mplex vas thrust over’ the northern
edge of the Amadeus Bas1n during the Carboniferous. The nappe complex is
underlain by granites, probably several kilomstres thick (Shaw, pers. comm.).

A me jor thrust, @eparatlmg the Arltumga Nappe Complex from the Arunta Complex.,

The exact location of this. thrus% i3 not kmoun, but loe=angle thrust1ng appears
to‘have been responsible for the deformation of the Arltunga Napps Complex,

and its southvard movement of et least 10 lkm. Other thrusts have been mapj:edp

and extrapolated to the locatioms marked om the geological section,

The irunta Complex metamogghio bagement o Thé-Complex'crOps out between thé
Arltunga Nappe Complex end the Georgzna Basin, and comsists mainly of amph1b=

olite«grade motasedimenis, with somo pookote of gramulites, granites, and
gneisses. The granulitos, which oocur ¢ast and west of traverse BB' (Plate 1),
indicate that orustal uplifting hes ocourred; probably in cbnjunotion-with;the
mejor uplifting im the Southernm Arunte Deformed Zone,_furthqr to the west.
(Aﬁfilofffind Shatr; 1973). Gedlogical mapping Of the complex is_ uncertain
because of complex changes in rook composition and metamoiphio grade and a lack
of good marker beds. Omly omne major stratigraphio unit = & metasedimentary
layer - and a series of faulism, indicating deoreasimg uplift northwards, are

shovm in the seotion in Plate 2, Im the northern part of the Arunta Complex,

\
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granites ordp out and apparently extend under the Georgina Basin,

_ The Harte Range is an important feature in the area of Arunta Complex
outorop. It has a steep northern esocarpment, which separates very rugged
terrain to the south from a flat plain to the north (Plate 5). This implies
that the northern face of the Range is a major fault scarp, and that the Arunta

Complex south of this fault was elevated relative to the rest of the Complex
to the mnorth,

RESULTS

-

The locations of the gravity stations are shown in plan in Plate 4,
and profiles of the elevation, obsefved gravity, and multiple density Bouguer
gravity profiles are shown in Plate 5. The data across Harts Range are shown
in Plate 7. The elevation profile (Pléte 5) shows the Harts Range, with a
relief of 300 m, rugged topography to the south; and very flat topography to
the north. A slight dip immediately north of the range coincides with a 30
mUal gravity high. The observed gravity profile across Harts Range.shows a
combined elevation and terrain effect' of about 60 mGal.

The multiple density Bouéher gravity profiles, calculated using the
slab formula for densities 2.0 g o> to 3.5 ¢ cn-3, show variations in form
along traverse AA', where the terrain varies considerably, whereas along BB',
where the terrain is flat, the profiles all have the same form. The main
features of the Bouguer gravity are:

-~ fairly flat gravity wiih minor local anomalies of up. to 5 mGal
in amplitude in the Arltunga Nappe area,

~ a Bteady rise in gravity over the Arunta Coﬁplex as the Harts
Range is approached from the south,

-~ two positive anomalies and a negative anomaly over the Arunt#

Complex north of the Harts Range.

An extended gravity profile derived from reconnaissance gravity conto
is shown in Plate 6. This is a north-south profile between latitudes 20 and
26°S and passing through the surﬁgy area. It shows the gravity of the surveyed
area in a regional context, and also compares the detailed and recomnaissance
gravity data along traverses AA} and BB'. A 10 mGal discrepancy occurs between
them in two places: over the Arltunga Nappe, and just north of Harts Range.
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ANALYSIS .

-ualitax1ve comp. arison of elev&tion end Bouguer gravity profiles = A dip in
the elevatiom profile at point Z on treverse. BB° (Plate 5). correlatea with

a 30 mGal grav1ty highe This and the stespness of the flanks of ths anomaly

sugg@sts, firetly, that the material causing the gravity high is very oloae to
th@ surface, and secondly, that the materlal is possibly an ultraba51c
bodyn because it iz more numoeptibl@.to weathering and erosion thgp the

+

surrounding rogks 0 _ _

Hultiple density profilimg — This was carried out maross the Harts Range;

(Plate 1), traverse AA outs tho range perpéndioularly The reduction of the
observed g?awxﬁy acrossd the Herts Rangs to a set of multiple density profiles
(Plato 7), and the analysis of theso to obtain & bulk density estimate for :

tho range ic descridod by Anfilog? (im proms)o ‘By comparing the slevation and
multiplo donsity Bougusr profilos viswally, & bulk density estimate of 2.85 +
0.05 g ca > ves obteimed. Sinoe tho 2.85 g ca > Bouguer profile is fairly
smooth across the three main inflexions of tho elevation profile in the Harts
Rango arca, the determination holds over a distance of three kilometres.

INTERPEETATION

Gravity travorses AA° amd BB? have & horisontal separation.of about
12 ko (Plato 4). For the gravity imterpretatiom, they were combined into &
single traveérsc AC, am %héy effeotively overlap along the strike of the 30 ?
mGel anomaly morth of ﬁa:ts Rengo. A struotural interpretation along traverse
4C 10 showm ia Plato 8. S S

The main f@atures of the 1nterpretation are.

1o . Thore are no large g?awaty anopplies across the Arltunga Na.ppeo and
the;gravzty does mot indicate the struoture of the nappe complex. -However, the
lack of large anomalies implics that there cem be little or no basement do-
formation under the nappes This suggests that the nappes were transported from
‘the morth along o major -lov anglo- thrust, but the graviiyﬁdoeé not indicate.

the location of the thrust at the surface. '

20 A 6'km thick seotion of Amadous Basin sediments plus underlying granites

is interpreted, Th;a thicknoso deponds om the density assumed for the Arunta
Complox at depth, but ig in g@neral agreement with g@ological mapping.

ua
I
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3. A density of 2.85 g ca~> is assumed for the Arunta Complex. Sinoce
the Harts'Range density determination is valid over several kilometres of the
surface, and the range appears-to have been uplifted, the determination ocan
apply to the Arunta Complex at depth in that vicinity. The density
immediately morth of the range must therefore be at least 2.95 g om >. This
body is interpreted to be about 10 km aoross and over 10 km thick. ' It partly\
coincides with a disturbed magnetic sone (Wyatt, 1974, Zome I), and also withy
a dip in the elevation profile (Plate 5), which suggests that it is more easily
weathered than the surrounding iooks, and is cloée to the surface. These
factors suggest that the gravity anomaly is oaused by basic or ultrabasic rooks,
which could contain mineralisationg. Alternatively, it could be caused by
granulites, since these oocour both east and west of the traverse (Plate 1),
approximately in line with the strike of the anomaly.-

Two other anomalous bodies are inmterpreted north of the Harts Range;
a small pocket of granite and another demse body, both close to the surface.
There are no anomalies south of Harts Range which could correlate with the
metasedimontary layer shown in Plate 2.

4. The interpretation depicts a flat Conrad Discontinuity, nominally

at 20 km, and does not involve any density variations in the lower crust, There
have been major uplifis wifhin the Arunta Complex, which possibly'should have
produced deformations of the lower orust. The zone between thrust A and thrust

B appears to have been thrust upwards, during the Aliée Springs Orogeny (300 m.y.)

and, subsequently, when the Harts Range 6soarpment was formed, with a total
vertical displacement of at least 5 km. The emplacement of granulites into

the upper orust during the Proterosoic should also have deformed the lower crust,
Houev@r, mass excesses, resulting from uplift in the lower orust, would have
produéed a higher level of gravity over the complex than the observed level, .
which is similar to that in areas much further north (Plate 6). One explanation
is that uplift was oconfined to the upper crust above the Conrad Discontinuity.
Another, proposed by Anfiloff and Shaw (1973), is that density variations below
the Conrad Discontinuity are gradually annulled after tectonism ceases. In
either case, the resulting Conrad Discontinuity would be fairly flat.
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APPENDIX
OPERATIONS REPORT AND STATISTICS

The gravity stations of the Arltunga Nappe detailed gravity
survey were optically levelled by the Department of Servioes and Property,
Special Surveys Branch, Canberra. 236 statioms uero_leveilod and pegged,
inocluding 18 stations along tracks adjascent to traverse AA', and 35 special
stations agress ths Barts Range (Plate 4). MNost of the stations were pegged
at 1 km intervals along traverses AA' and BB', and trcverso-AA' was plotted
on aerial photographs so that it oould be easily loocated when the gravity
stations were ococupied using heliocopter transport. Helicopter transport
was essential along most of traverse AA' since it was completely inaccessible
by vehicle (the optical levelling had been done using horse transport).

The gravity survey took place betwsen 10/9/73 and '19/9/73. Dumps
(88 gallons) of aviation fuel were set up at stations 250, 500, 860, and
1110 along traverse AA' for the helioopter operation. Traverse BB' was
surveyed over two days uling vehiocular transport and the 73 stations along it
were tied to station 68-31 at the Mt Riddoock H.S. Because of the bumpy nature
of the tracks used, meter drift over this section of the survey was of the
order of 0.1 mGal/hour. Traverse AA' was surveyed over a period of 4 days using
helicopter transport, and the 163 stations occupied were also tied to statior
68-31. The total flying time for traverse AA' was 25 hours. The average cost
of about $15 per station, was offset by the conmvenience and speed of the
helicopter operation, and the extreme diffioculty of ocoupying the top of the
Harts Rang§ and other difficult areas by any other means. In addition, the
drift rate of the gravity meter was omly about 0.01 mGal/hour, a tenfold
improvement over that for the roadwork along traverse BB', Thic is atiributab!le
to the muck reduced Jolting that a gravity meter is subjected to when carrien

vy helicopter,



Personnel

Party Leader:
. -Meter dbserver
Helicopter Pilot

Equipment
Gravity Meter .
Land Rover 4 x 4
'Helicopter

Log of—Activitioé
11 09073 - 1309073

14.9.73 = 15-9-73
16‘9.73 - 19.9.73

BMR survey number - 7308

W, Anfiiofr
W. Anfiloft .
" R. Neuman (Jayrow Hel1copters)

M.W. 548 (temperature_éompensated)-
Bell 47J Alpine
 Fuel dumps established for fhe heiicopter

Gravity observed‘along traverse BB!'
Grévity observed along traverse AA'

Survey tied to 68—31 at "Mt Riddoock" ﬁ.S. _
(observed gravity = 978688.61 Gal)

Pre survey calibration at Alice Springs, using road transport
C.F. = 0.10968 mGal/div.

Post surve; callbratzon at Alioe Sprlngs, using helicopter tramsport.

C.F. = 0.10959 mGal/div.

Calibration factor used in reductions = 0.10959._
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