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 DEPARTMENT OF MINES
SOUTH AUSTRALIA

REPORT ON RECQNNAISSANCEIGEOPHYSICAL SURVEY

 SUMMARY :
' " This ?epoft'cdvefs the periodrdufing which the writer
‘accompanied a reconnaissance geophysical survey of the Lake Frome
Embayment areé,,thé iject'of which is to locate areas, if any, in
which Natural Gas may be found. |
‘ | General details are giveh of the preliminary wbrk necessary
in the way of equipment;and franspért‘of both. geophysical instru-
ments used énd other transportj the design of the traverse, and the
choice of instruments used. 1Soﬁe description follows on the field
technigues, both geophysical and optilesal, fe@uction'of the correcte
gravity and'magnetic values from the field data is mentioned, as is
-plotting, contouring and interpretétion of the results.
' HISTORY: | o
- The techniques and interpretation of geophysical surveying
have progressed répidly since 1900, until it is now a recognised and
fairly precise'method of proSpecting. Most of the inltial work
appears'to'have been done in’Eurppe;'particularly in Germany, but
after World War I, big Americén;Oil interests tried it out and now-
adays.most:qf{the hewldéVeIOpments come from that country. .
- Australia, due to isolation and lack of knowledge, has laggs
:badly in bbth phe knowiédge.and use of geophysical prospecting, a
smailfgfoupfof Commonwealih_Workers'being the only men continuously
"employed én‘it.r _‘ | '
| ' However, iﬁ 19u6, the Zinc Corporation decided to sponsor
a geophysical search»for natural gas in the Lake Frome Embaypent =me
areas . The above-mentidned.Commonweglth geophysicists gommenced thig
'work. Then:earlf in ﬁ9u7 a party of Americaﬁ and Dutch experts were
brought to Australia by>afcombination of three companiés, including
the Zinc_Cofpbration, to'cpntihue and ehlarge‘this survey. With
these men came thé'iatesﬁ grgvity and magnetic survey eqiupmént,
plus a wealth of knowledge and.experiénce. In order that the South
Australian Mines-Depariment cbuld establish a getphysical survey

section, it’Was decided that the writer shoud, with the permission
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- of the Ofganisers.of the_survey,Aaceompahy-the field parties.
PREPARATIONS:}

The country over which the survey was to be conducted was
in itself father varied,'bﬁt entirely iﬁ.desert land, some distance
ffom regulaf supply routes. Sand and lack of water combined to
make eﬁppiy and maintenance'probiems difficult. |

After survey flights had been made by several technical
men, who were to be closely 1inked with the survey, it was decided
-that the only suitable -automotive vehicles for continuous work in
the area would be Jeeps and Blitz waggons, both fitteﬂ with l-wheel
drive. The fofme? made up of the‘survey.f;eet, both optical and
geoph&sical,_and'the lattefewere.used for general heavy haulage of
camp gear and S0 on. o L

Early_in the survey two aeroplanes were used for bringing
perishable QOOdS and emergency spares from Broken H111 to the movirny
field parties; and later, as the parties moved further into the
.deseré, a third plane was to be addeda
. Arriving in Broken Hill in Marclg, 1947, work on fitting out
No.2 field party,~No.4 party consieting bf-Commonwealth geophyei-
cists, had'already been.in:the fieidaseveral months = had just begﬁ
'The prineiple'iﬁems were prepariﬁg to supply ahd maintain‘the men
and vehicles in the field, the actual fitting out of the survey
Jeeps«ahd'the'testing aﬂd-adjusting of the instruﬁehts. The first.
ef these items entailed an enormous amount of work, many hundreds
of articles hadeto be located, brdught iova common supply base,
indexed and iesued. .

"The'choiee.ef‘inStrumente used.on this reconnaissance surve;
was ﬁade on experienee American 0il Companies have gained'in the
-paste. The two facﬁors wieghed,against.each other are speed and
informatien. ‘On the one hand liee the seismic survey, which gives
full and accurate quantitative information, but isArelatively slow
and costly, and on the. other hand a gravimetric survey, which can
be much faster but gives 1argely qualltative and less positive
results. A combinatlon of. gravimetric and magnetic surveys is
nowadays a fairly accepted practice for 011 or natural gas explora—

tion over large areas of virgln country.
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Figure 1 shows an instrument (i.e. geophysical) Jeep

There were initially two

fitten out, and the key is supplied.
such Jeeps, there being two Gravity Meters and only two trained

operators free for field work.

Figure II shows a survey (i.e. gﬁi&ﬁ%&) Jeep fitted out for

field work. These numbered three at first. There were also two

runabout Jeeps for scouting purposes.
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By the end of April ell'was ready for the field, a party oc cooks,
"drivers and camp workmen having been sent out ahead to prepare the
first camp at Hawker Gate on the'New South Wales-South Australia
border fence, about 200 miles N.N.W. of Broken Hill. (See Fig. III)

A work about the area to be sunveyed.' Geological evidence
over many years has suggested that on the whole there_are few areas
in Australia in which oul or natural gas are likely to exist in
commercially exploitable quantities. However, one.such mildly
favourable area is in £he Lake Frome Embayment area, and that
portion of the Great»Artesian Basin 1ying immediately to the North
of the Embayment area. Many of the Water bores sunk in these two
areas have been giving off inflammable natural gas for many years.
Fig.iII éhows-the 0il Exploration Lease covening about 40,000 sqe.
miles of thisAportion of Austraiia, téken out by the interested
parties. . | _ | |

It igfrital in geophysical surveying to have good geological
control. In the area in question the three points were chosen whid
supplied a fair degree of eontrol, and still covered the major
propoftion of the lease. These Were(a)Tibooburra, a small township
in north-eastern New South Wales, where there is an outcrop of the
granlte basement (b)Moolawatana, a station homestead and waterbore
just west of the lower end of Lake Callabouna, near another basemen
uotcrop, (c)Patchawarra, a waterbore located midway between Inna—
mincka and Cordillo Downs homesteads, where the borelog ;ocates the
geological strata for a depth of over a mile. These were fixed as
theLcofners of the triangularireconnaissance survey.

Fnrther geological control was afforded, in addition to
surface geology, by the»numerous water bores puf down in the area
since 1500. “ | |

The Embayment area 1tself showed less hole of success than
the northern triangle, and so was covered - apart from the half
mile grld worked by the Commonwealth Bureau of Mineral Reslurces
before the arrlval of the American ge0phy31cists - by only a few
traverse lines as shown in Flg. IvV.

Figufe V shows in more detail the actual course proposed

for the northern triangle. Being such a large aresa, a reconnaissance
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_Survey was the logical requirement, the primary object of which was
to discover the broad éeneral trends of the Artesian Basin. To
accomplishjthis with the maximum speed and economy, two parallel
traverse'lines, five miles apart, were laid out. Stations were to
- be made everyhtwo miles along these traverses. In order that better
knowledge of the basement gradients could be obtained, at every
- 16 miles along the main traverse, off shoot stations were to be mad
perpendicular to the traverse and.2% miles from each of the two
lines, plus one midway between‘the traverse lines,‘as-shows'in
Fig. V.

‘ It is worth saying here that an alternative survey which
may have been applicable to this area 1s the use of the wartime
development "Shoran".‘ By this means a 10 mile grid (say) could be
.made fairly rapidly, covering the whole basin, using either surface
'or air transport for the geophysical instruments. _

It was found that there were three old stock routes coverin,
the proposed trlangle, and to case the vehicle malntenance and to
aid the surveyors, these were to be followed rather than sticking
rigidly to the‘triangle.as'drawn up in New York on the basis of
.geological control. In practice it was discovered that theése stock
ruotes were for a large part wiped out; not having been used for
many years..’. .

‘Prior to leav1ng for the fleld work, Gravity Meter,
Magnetometer asnd Altitude Meter ties had been made by plane from
Broken Hill to Tibooburra, Pine View, Westward Downs and Whyalla,
.the obgect being to tie up these key p01nts with an absolute gravit
'(pendulum)station establlshed by Mr. Colin Kerr Grant at Whyalla in
.1936, for later 1nterpretation‘of the anomalies found in the Basin.
FIELD OPERATIONS: |

" On May 2nd 19&7, the survey ‘technical party left Broken
Hill, and arrived at Hawker Gate via Milparinka on the 3rd May, the
geophysical 1nstruments belng flown in by plane to avoid unnecessam
bumping. The camp was already in running order, the general layout
being as shown in Fig. VI. | |
. At this time Party.No.t was st111 working in the Embayment
Area, later to- Join Party No. 2 on the borthern trlangle, though

still worklng as a separate Party.,
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The instruments initially taken into the field by party

No.2, were as follows:=-
1 Gravity Meter
3 Field Magnetometers
3 Sensitive Altitude Meters
1 Transit Theodolite
1 Level
Accessory instrument equipment.

Actually this was not a well-balanced team, as usually one
geophysical crew can keep up with 2 or even 3 survey crews. But
optical surveying instruments, and surveyors, were difficult to
obtain, and it was not until September, 1947, that a balanced set
of surveyors and operators were in the field, and this was accompli:
shed only by diverting more men and instruments from Standard Oil's
N.E.I. organization.

After making some further instruments tests, a run was
commenced with Gravity Meter, Magnetometer and Altitude Meteré
down the Border Fence for a distance of some 4O miles, to tie to a
point to which the No.1 Party has worked. This line has already
been surveyed and pegged, and thus gave the surveyors with Party
No.2 a chance to get ahead on the first loope.

Due to the relatively irregular time-drift inherent in all

gravity meters, and because of lack of roads precluded establishing
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a network of bases for the Gravity Meter ahead of the survey, the

field technique used was the so-called "looping' method.- This is

illustrated in Fig. VII.

5.A.G. - DEPT OF MINES - ;

Apd e | S 788

Order: 4-5-4-5—6- 5—6 7-6~-7
Used when r1F fokes ar hour o wiove

meter betweer Ssralions.

Order: /-2-3-4~-/-2-3 4 |
Used when Sfaf/bns /fo 4 are made 1+ /éf hours
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For practically no’ more cost the Magnetometer could be run

'with the GraVity Meter, i.e. in the same Jeep, and hence this was
done. Later this was to be abandoned as more rapid methods -were |
possible when more operators and Jeeps became available. :
R To: account for the irregular diurnal changes of the intens-
ity of the earth s magnetic field, and the even more irregular dail:
barometric changes, a Magnetometer and an Altitude’ meter were read
at regular,intervals all daydong at a base station, which was the
first station of the Day S run. o |
’ | Coming in from the field each afternoon, the geophysical
:operators and surveyors spent part of each evening in drawing Drift
Sheets, making gravity and magnetic reductions, plotting, contouring
.. and instrument maintenance. ’ | |
-,Sens1tiv1ty checks were carried out on»the Gravity Meter
.each.day, using a rider of_known_weight lowered onto the balance
arm and producing a known deflection; and4on the Magnetometers abom
onee per week. | . ‘ ' |
On completing»thisgtie, Work comiienced on the first loop.of
the northern triangle. Fig.VIIT shows this loop in some detail,
This loop was surveyed in stadia and magnetic bearing, using a
' following level to check elevation differences, Accuracies of X2p¢
on any station Were satisfactory. Checks carried out with the

Altitude Meters closed remarkably well, even When not using the

more accurate two-base method.



FisvRE X Hawxer GaTe Loor (SchEma 7/¢) }

[N

The meter stations-had to;be chosén Wlth'some“care;dforﬁ
.ufwhereas the optical surveyors would naturally tend, whenevar poss~
“'Zlble to shoot from the - top of one sandhlll to the top of ‘the next,
".the statlons themselves need to be on flat f1rm open ground. Barly
-;in the work. a number of statlons were put on top of sandhills, but
l:the practice of such "meter traps" was quickly and rather humorously
;_overcome. . _ h _ ‘
Survey flags were of two types.. Those'by the statlon pegs
t were’ red and yellow and about oft. square, those used for marking
‘the track taken —‘"trial flags" - were usually orange in colour,
'and stood out well in timbered country but had" to be . changed when
fin ‘the red sand’ areas.L B '
x Grav1ty Meter readlngs were always made rlght over the pregs
- as elevation is most 1mportant w1th them; the Magnetometers were
read at ap01nt 150ft. along the track at 6 o'clock with respect to
- the order of statlon numberlng. It was found useful to put the
stations on. the one s1de of the track Whenever poss1ble, as at time
:_it was dlffucult enough to see: them. ‘
' Dlngoes and cattle caused some troubel by digglng up the
-‘pegs and tearlng down the flags, and up to the time the writer left
the Organlzatlon, thls dlfficulty had not been overcome.
| ' Station pegs themselves were 2" square Jarrah 18" long,
"w1th the statlon number stamped in a galvanized iron disk nailed

to their‘upper end..ﬁ"
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As there was little accurate survey data availsble for this
part of Australia,'to keep any'cumulative errorS'in check, latitude
and 1ongitude star and sun observations were to‘be made every 16
miles round the traverse. |

Although some geophysicists believe that a reconnalssance
survey should, for reasons of economy, be carried out with the
-lowest possible useful accuracy, the Americans,directing this surve
hold the view that it should be made with the'highest possible
accuracy, so‘that if, at some later_date, one or twenty years hence
it is desired to investigate inhdetail some interesting anomaly,
the new crew can go straight in and use the results of the reconnai
ssance survey instead of having to establish these stations agian.
Hence noth the geophysical,and optical surveys were carried out
with care, and asjmany checks and ties as'possible in this country
were made. As a result, loops were closed to within 2 or 3 gravity
' units,land 10vto 20 gammas, and in many cases were much better than
this.c

.If, on conpleting a 1oop,'an appreciablecclosing~error was

found in the geophysical work, the location of the part of the loop
| 1n which this error had been made was greatly speeded up - when the
nature of the country permltted - by msing the Auster plane for
flyingichecks. Llnes_were flown d1v1ding the loop into 3 or L4 sec-
"tors, and when the'sector containing the error was found, it could
'be resrun in detail-by‘planelor'Jeep.
Any final closing errors‘in a-finished loop were carefully
balanced throughout the station to station differences of that loop.

As the field survey results . came to hand, checks were made
on the- Magnetometer results, and 1t was found possible to simplify
the field technique 1n_as much as the base Magnetometer was discard
ed._‘The magnetometer“accompanied the Gravity‘meter as before, and
'readlngs made aust as previously, but the diurmal Variatlons could
be. effectively accounted for by drawing Magnetometer Drift Sheets
in the same way~as for the grav1ty ‘meter, as long as the time inten

val between the repeat readings atany station did not exceed 2 hrs.

This released the base operator for other work mainly ﬁ%%ﬁxﬁé%ﬁxix
results, for the base Altidude Meter can be read by a relatively

 gnskilled man.
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With prOgress;in fiela organization»and supply, and as each
man became tralned for his aob, not the least of which was learning
| to quickly negotiate sandhills and avoud "pull dust" ground, the
survey gathered momentum. ~But time being the essence of the work,
more men, instruments, and vehicles Were“put into the field, until
by Jn1y~tne two field parties were using three Gravity Meters, four
field Magnetometers, two base recording Magnetometers (automaticalh
photographed), four theodoiites and four levels. The introduction
ofttne-recording'Magnetometers, whoch only need setting up each
morning and_an occasional check made onbthe levels, meant that it
was now possihle to separate the field Magnetometers from the Gravi
ty Meters, and read each station only once, the diurnai variation
being found from the recordlng Magnetometer. Thus if carried in a
separate vehicle, the field Magnetometer could cover two to three
times as many stations as the Gravity Meter, and so the Magnetometc
operator was quickly available for other work.

At first, the Field Data Sheets of all 1nstruments - a
carbon copy of wnich is made in the field - were reduced in the
' field as far as the corrected station to station values, using the
original field base station at Hawker Gate with an arbitrary value
as a startinglpoint. 'These resnits were.then sent to Broken'Hiil
for mapping andgcontouring; and from there to Head‘Office,.Melbournc
"accompanied by a monfily Report by the‘Director of Field Operations,
for'checking and perhaps'the first attempts atAinterpretation,

With smoothness coming-totfield work, as well as more hbera
tors and instrnments; the mapping and:contouring waslalso done in

the field, on standard sheets prepared by a Draughtsman‘in Broken

Hill. Due to the:sizeoof the'area under survey, and the necessaril
large scale of these maps (1‘and L4 moles per inch),~some care had
to be exercised to get a numbering system allow1ng easy and logical
“location and indexing of all maps in a filing system. A modifica-
tion of the military map endex was finally adopted.

| . By mid-July the geophy31cal instruments and operators still
overbalanced the rate of progress of the optical surveyors.‘ Steps

were taken to overcome .this whmle awaitlng the arr1va1 of more men

‘and instruments from America.
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Firstly some levelling was done by the Magnetometer opera-
tors after they had completed the magnetic survey of the stations
in hand from any one camp. Then hydrogen-filled kite balloons, as
illustrated in Fig. IX. were tried.

Pig. IX

The idea was to set these up successively at positions inside the
loop, and triangulate onto them. Unfortunately in practice the
balloons were practically invisible beyond about four miles, and
as considerable trouble was experienced in handling them away from
the base camps, they were abandoned in favour of a third idea.

This was to use the light aeroplane accompanying the expe-
dition, in the following manner. (Refer to Fig. VIII). The instru-
ment Jeeps go ahead and mark out the station intervals by speedo;
sometimes aided in general direction and pathfinding by smoke
bombs dropped from the Auster; and instruments read as they estab-
lish each station - the Magnetometer operator when separated from
the Gravity Meter could accomplish a full half loop in one or two
days. The base line contsining stetions 1-1727 to 2-24 is then
optically surveyed and levelled in the normal way. Theodolites are
then set up at stations 1-1727 and 2-18. The Auster then flies t
station 2-7, 2-37, 2-36, 2-48 and 2-47 in order, as long as it is
stlll visible from stations 1-1727 and 2-186. On reaching a station
- marked by special flags - it circles round it for a few minutes

to allow the surveyors on stations 1-1727 & 2-18 to pick mp the ramg



'Theh the pilot drives towards the flag and executes a
predesigned manouvre when directly over ite The surveyors shoot
on‘the plane_at'this moment, and by reading bearings, are able to
locate ﬁhe station. When stations up to 2-47 are completed, the
theodolite from statien 1-1727 pfoceeds to etetion 2-20; and the
plane flies over stations 2-47, 2-46 and 2-L5. The theodolites and
planethus progress down the loop lecating all stations with respect
to fhe base line 1-1727, 2-2&. Le#els for theee triangulated sta-
tions are carried by>the Altitude Meters accbmpanying the instryu-
ment Jeepse. |

The slize and layout of the 1oops‘and offshots were designed
* primarily for giving maximum»geophysical information in a reasonabl
| time. A second consideration may have“beeh the.method of progress
of the field camps. .From the early reconnaissance flights it looke
as though a half 1oop'of i6nﬁles on either side of a central camp
could be economically ca:ried, the camp then moving forward 32miles
or'thereabout to aisuitable.spot near the centre of the next loope.

In pracfice,howeven the roughrcouhtry so.lowered the speed
ef'the vehicles - especlally the instrument Jeeps - that to get to
the furthest statlons in any one loop, requlred up to four hours
driving each way, To allev1ate thls, it was decided to establish
"fly'or"lightning"camps for the more dlstant portions of the loops.
The‘surveyors-and operatqrs,aecOmpanied by a cook and driﬁer taking
~a b x L Blitz waggon with sufficient food, water, bedding and othe
gear for the part,left_the ma;n camp and set pp'a base at the most
suitable point as regards theesurvey<work itself and the availabili
ty of timber and fires and so on. Thus the technical men had only
short distances to travel to and from work, and the survey speeded
‘up considerably. Later thls practice, which was normally against
“the policy of the dlrectors of the survey on account of the lowered
living standards it forced on those concerned,.was ghandoned in fa-
vour of the even mere’rapid methods previously described. When
using "fly"camps it became'obviouS»that it would be advantageous t
have wireless communication with the main camps, and to this end,

; walkletalkle sets were tried out, but those tried did not have suff

cient transmission range.
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On completion of the first full loop based in Hawker Gate,
the writer was transferred to Party No;1_in_the Lake Frome Embayment
area;_then based on Yelnifbeank;: This party’proceeded first to
close a largeiloop-containing Glenmanyie and Culberta Bores, Yelniﬁ
Tank, Kytoon Swamp and Starvation Lake to the Border Fence asishown
in Fig. IV,'haVing'also made an offshoot to nrboola Bore from Yel-~
niff Tank. | |

Several aeroplane ties were made from thls camp, both mag-
netic and gravimetric, and a very'memorable Jeep tie was made from
- the Border Fence near Pine View to Westward Downs, tying in with
" the grid worked by the Commonwealth. . |

Party No.1 then moved by a eireuitOus route ; forced by:th
difficult country hetween Arboola and Mullawurtina Bores - to a
point roughly halfway between these two bores, and by working each
way from here;.the loop was closed as shown in Fig.IV to the.south-
ern leg of the Northern trlangle. .

The 1nitia1 fieldwork 1n the Embayment area was.now com-
plete,»and‘Party No.1 moved up.to Yanoama Station and proceeded to
1work»from the eastern end of the Hawker Gate loop towards Tibooburre
‘then, turning north-north-west, ‘this Party has headed for the top
‘of thelnorthern triangle at PatchaWarralBore, and at the same time
| Party No.2 lsbworking up the. Strzelecki Creek to Patchawarra Bore.’
At the time of writing, these two parties are well over halfway
towards this Bore,

Although mention has been made of the rough country encoun
tered, there is no. -doubt whatever that the survey has been much

easiér than it normally-would have been, due to the best rains for
"_ many years in_these'parts. Asha_result‘of these rains the remarkab
le growth of the'desert flora.helped_to bind down the sand, thereb
_,naking it easier to neéotiate with surface transport, and also
greatly.reduoing.the dust problem and its many attendant troubles.
PERSONNEL : " | |

The - survey, being new to thls country, 1s‘being directed
'by American Geophysicists. These highly qualified and experienced
men work both in the field partles gxﬁty Chief and from Head-

quarters in Melbourne and Broken Hill.
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At first two Dutchmen Were the only trained geophysical
operators, ‘but two Australian trainees were taught, first the
"Magnetometers‘and'later the‘Grav1ty Meters, and later still more
AAmerican and Dutch operators wrer brought in. All these men held
University degrees or Techmical College diplomas;

Commencing With one surveyor and-one man operating a level,
‘great trouble was experienced in‘enlarging this staff, largely be-
'cause_of the_surfeit of survey work in the'capital cities accompan
‘fing the heavy building programmes. But eventually more Australian
Surveyors arrived, and.When Party.No.1,uas taken over, 3 more men
with surveying ability»were acquired.“'These were, as mentioned
before,.supplemented-by the American.and,Dutch surveyors brought
out in August-September. |

Also attached to'each party'uas at least one“geologist.
They,_apart from having some administrative duties and at times
helping With'the optical survey, made a condinuous geological stud
of the country passed over.: The>geophysica1 operators were also
'expected.to keep an eye'on the geology of the surface features,
noting any.significantrpoints such as changes of vegetation which
mightiindicate a'near-surface_basement,' Whemever adbasement outecro
was seen,'samples & desériptions were collected, labled and forwar
‘ed to the~éeologists. ’One such notable feature seen by the writer
was a limestone outcrop in the‘form of & hill-range about 200ft.
high, east offthe northern section_of Lake Frome, in the vicinity
. of Lake Pundalpa.~ On. such outcrops asAthis, not only was it custo
ary to pick out typical rock samples for the geologists and for
specific gravity tests,-.these:latter could be made rapidly in the
field with a small portable balance built especially for the job -
but'when-pOSSible a gravity profile*was run across the outcrop to
determine what might. be called the mass specific grav1tn of the
basement, for use in the corrected grav1ty reductions. Similar gra
ity profiles were made over ordimary sandhills to -find their mass
| spec1f1c gravity. _”

A qualified mechanic accompanied each party for the all-
| important task of transport maintenance. Here the two commonest‘
troubles were broken shock asborbers andg, perhaps largely conse-

qnently, broken main springs, and replacements wrer for some tlme
obtain bl . .
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Dfivers,~drivefsf assistants - whobacted as rodmen to the
optical surveyors - cooks'and cooks'! assistants, made up the
remainder of the personnel. A large percehtage'of these men were
either from.stations or had spent‘some time working'on stations; &
their knowledge of the country was.most'useful, eSpeoially in one
or two outstandiag“cases. |

All vehicle-drivers had to oarry oot daily inspections of
their Jeep or Truck, filling out dally, weekly and monthly report
sheets/ . |

‘Each camp was controlled in the field by the Party Chief,
’General camp duties wrer‘allocated by'the camp'forﬁah, responsible
to the Party Chief. |

No expense_was stinted~to,build up and maintain high work-
ing'conditions for the fieldtparties, as on the labour turnover
of these men,_depended to a considerable degree the speed. of the

- survey. The food was excellent, cooking being done in Arhyétype
7mobile steam cookers. Two-man tents, camp stretchers, mattresses,
mosquito nets and blankets were supplled to everyone. Recreation
facilities were provided in the form of footballs, box1ng geary
ﬁdarts and boards, cards, quoits, and reading matter and some sport
shooting Was_allowed covered by safety rules. A portable wireless‘
transceiver accompanied eaeh paftyiAand regular seSsions on the
'Flying Doctor network Were‘maihtained, this allowing the sending &
fece1v1ng of”telegrams to any part;of'the~world.

(Paraﬁ E was flown to and. from Broken H111 on an average of twice per
week, as wrer fresh frult and vegetables. -The general level of pa
was good, and leave given on the basis of a five day week, i.e.
after 4O days in the field 16 days' leave on full pay, with free(aln
transport to and from Broken Hill. Consequently, the whole camp

maintained hlgb sp1r1ts and the men were willing and fairly efficin

INSTRUMENTS :

The.gravity Meter osed‘on this survey is built'by'Carter
0il Company, and,is'a development of the Meter produced previously
by the Humble 0il & Refining company, bogh being stbsidiaries.of
Standard. 0il of New Jersey;

| Unfortﬁnately‘the»ooﬁstruction of practically every make

_.of Gravity Meter is somewhat secret, and this particular one is not
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available to the public for purchase. It is in principle a balance
kept at constant temperature, compensated for changes in atmorpheric
pressure; which is levelled, unclamped, adjus ted to a null point,
read, and reclamped, the process being repeated until repegt read-
ings within 0.1 gravity units are made. One of the most remarkeble
things about these instruments is that depsite extreme sensitivity
and consequent delicacy, they can nevertheless be operated so
rapidly and reliably under rough conditions. Their maintenance is,
of course, a very highly skilled undertaking demanding intimate
knowledge of their method of operation, construction and assembly.

Fig.Xa shows a Gravity Meter being read through the floor
of a Jeep, and Fig.Xb shows a closeup of a Carter Type Y Gravity

Metere.

Fig. Xa Fige X D

The Magnetometers used were Ruska Type V instruments, a
development of the Schmidt balance. A magnetic element is balanced,
or almost balanced, on knife edges, and as the instrument is moved
from station to station the various degrees of unbalance are regis-
tered in a scale viewed through a telescope. In operation, the
tripod is firekst set up and roughly levelled , orientated, Magneto-
meter attached and accurately levelled, released several times and
the mean reading noted, reclamped, rotated through 180°, unclamped
several times and the mean reading noted and reclamped; the mean
of these two means i1s the value at that station. To accommodate

big magnetic anomalies, it is possible to alter the sensitivity of
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the instrument, which is also adjustable for temperature compensa-
tion and for alterations to allow for its use in any latitude of
either hemisphere. Auxiliary magnets are supplied for several pyEs

purposes.
The Ruska Vertical Field Magnetometer is illustrated in

Fig. XIa, and the Base Recording Magnetometer in Fig. XIb

—ma

*ib

Both instruments will register changer of 1 gamma (10"5 gauss) when
in their most sensitive state. Of course in operating these instru
ments, clothing must be worn which contains no magnetic material
whatever.

The Wallace and Tierman Sensitive Altitude Meters are merel
very sensitive aneroid barometers. @raduated in meters or feet,
and having definite ranges, individual readings can be made to
ebout one foot. By using the 2 base method, elevations can be
carried to within remarkebly small errors. These instruments are
clamped whenever being moved from one station to another, or when
being flown anywhere.

There were a number of different surveying theodolites and
levels in use, both stadia and transits, and Watt's "Quickset"
levels., After trying out the Philadelphia telescopic survey rod,
the Americans intrueduced the so-called "E" rod, illustrated in
Fig.XII1, and this proved preferable, being much easier to read and

giving all the required accuracy.

Fig XIII shows schematically the way a gravity anomaly

may occur.
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Fig. XII

Fig. XIV a magnetic anomaly.

Fig. XV shows a sample Gravity Meter Drift Sheet.

Fig. XVI shows a sample Magnetometer Drift Sheet.
INTERPRETATION:

The interpretation qf the geophysical survey is in a sense
the most difficult and highly skilled part of the whole problem of
geophysical prospecting, and certainly requires many years of ex-
perience and a good knowledge of geology. A gravity high for examp
le may be due to a rise in the basement rocks, or merely a local in
crease in the density of those rocks, or e#en to a local increase in
the density of the rocks overlying the basement, or perhaps to a
fault as against an anticline. To aid in solving such ambiguities
is one of the main reasons for doing a magnetic survey as well as
the gravity survey, for even when the two apparently oppose each
other - e.g. a magnetic high occurring at at a gravity low - they
are giving more positive evidence than either alone.

Quantitative calculations are made, correlating all the
known physicel properties of the basement and overlying rocks, as
found from bore logs, the varying specific gravities and magnetiec
susceptibilities of the rocks, the ratios of permanent and induced
magnetism, and so on, Usually several possible solutions are
reached, and these are examined for the one most likely to occur

going on the known geology of the area.
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Then, if it is considered worth while, a drill hole may be

sunk to prové or disprove the suspected formation}

.No attempt has been made to give detalled information re-

garding'ﬁhe geophysical instruments,.their adjustments and uses,

or field techniques of geophysicai survéying in general, for it 'has
no pla¢ce in a general report of thié nature.
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