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maasu11ng intervals desired and for all crew members to carry two-way radios
Largar spacings will cause difficulties in mest arcas.

“The: 1nte1preLaL;0nu presented are’ uncontrol]ed and therefore there is
room for ambiguity iy edch case; especially with referdnce to layet depths.
In addition all interpretations are undoubtedly Smele and many thin lavers

have probaaly begn omitted in accord with the principles of suppres ion and
eqULValcnce

The reliability of the results pregented in this repart is unknown and.
drilling at many of thase locaticns. is therefore recommended. Only then can
2 full assessaent be made of the field and. 1nterpretat1ve technlquos. p:
library of controlled probes is necedsary ib areas 6f difficult rallef in
order Lo assess relief effecLs.
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15. Use of geotherma) prospecting methdds in .Tasmania.

TH SCIENCE LaR.

D.E. Leaman

Geothermal prcspeatlng technigues have usuvally heen applied tg volcan:c
:eglans or those places where hot water s circulating near the Burface. In
such situations there are marked local coentrasts betweern temperatures in
nofmal xocksoand those passing hot waLer“cxthcr in pores or fractures. In
addition, femperature measurements have usually been made at depths of sev-
eral metres.

Recently howéier, a few workers Have examined the possibility of usihg
geothexmald methods for prospecting in pormal groundvater regions or for
structural information JnyhSOerng temperatures at Very shallow deprhs Ex-
amples of such work are given by Foley. and Stevenlnck (19?0 1971}, Krdmar
and Ma%in {1970) and Cartwrlght {1371). N s N

-On the-basis -of such work it appeageﬁ that these technigues might be
of use- in"Tasmania for the Qirect ld¢ation of aquifers and .the indirect loe-
aﬁidn of ores, stroctures or Veins In mineral prospecting. The discussion
presented is based on test programmes in noxrth-eastern Tasmania at Lefroy
arid Bridport-Waterhouse.

EQUIPHMENT

Edch thexrmometer probe consists ofwa thin plastic tube two metres long
with a thermlstor element at its tig. The thermistor used was. type 153 which
has a hlgh resistance temperature coefficient and a very larqe range (<~10°C-
)lOO“C) A change in re51stance Gf 100 © ¥s @quivalent to about 0.4°C at
nermal thpPldtures. Each element has been calibrated €6 befter than 0.1°C
although much Nigher precision is possiblé. In view of the field measurement
problems ligher précision is not cons;dered justified. The resistance of

-eath element is determined using a simple Wheatstgne' Bridge circuit capable

of measuring acrogs the range 0-10 000 R with an accuracy of abdut 5 f1. This
large range .is necessary due to the ‘characteristics of the thexmistor used
and the -accurdcy sufficient to permit improved callbratlons of the probes
should it be-required.

FIELD. TECHNIQUE:

The tempglature probe is el in the soil at the desired depth by pre-
paring 4 Hole witH an avgér and then pushing the probg into the seil at the
base of the hole. SHall diameter augers are preferred as ‘these causé minimal
disruptions to the. thermal environment. A series of teadings are made dsing
thé Following sequence. A group of holes aré drilled to the nominated depth
and. on completion a prébe is placed in each. The ‘time of placement is noted,
and when all available probes have been placed the drilling c¥ew either stands
by until probes become availanle agaip or keep drilling until the placement
reading cycld is overhalled. Since only fifteen prolies arg durrently avail-
dble there is often a small break in driiling while température stabilisation,
Ubservathn, and probe removal takes place. TIn mdat clroumistances it has
bean found with the Prdline plant used, that where holes -are more than 1.5'm
déep, a fifteen probe. cycle can be continuously maintained. Where holes ave
shallower there will bé a- time lag. Each probe is left in the ground for at
least ope hour to enable the temperature of the theymistor element to stab-
ilige at ground temperaturé. After on€ hour an chserver heacuros
ance ‘of .each plObC and returns it to thi
required
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Varasnis (1971) has suggested an alterrmative field technigue. Readings
ane madé at intervals of 1 or 2 minutes for about 10 minutes aftérAsetting
- the probe. A graph df AT/AL against t (whcre‘? is temperaturk, t is time)
is plotted. From the straight line plot it is pcss:ble to deduge the temper-
ature at infinite time and so relate all Lemperatires to a common point.
Several problems have drisen with this method and it is not reéommended, -

{1) It works well if the probes are seatéd below the water table.
In this situation thexe are no conductivity problems.. -In
dry conditiong there may be thermal shock effects .either
from thé probe case, the hedt sink or from the scil itself
due ‘to irregular conduction. The latter éffect is noted
aspetially in dry sand. The total &ffect is -to disrupt the
codling curve in the first 10, minutes and at least 20 min-
utes may be needed before the slope of the Line can be un-
amblquously determined.

{2} elottieng and reduction hust take .place in khe field to ensuxe
that sufficient readings are taken. This reduires a véry
efficient angd accurate -approdach to resistance measurement,
temperature conversion, reduction dnd plotting. AltHough
it is possible tp completé the necessary conversions and.
arithmetic ip the 10 minute interval it is not a process

- that can be left to a téchnician oxr assistant.

{2) Only-a maximym. of fivdé oxr six probes may be read per hour
which compares unfavourably with fifteen every 1.5-2 hours
uging a cdntinUOUS'Ihn which s hack read at a later time.

This technigue may be adeguate in beoxe holes fof gcotharmal gradient -
measurenents., but it is uisatisfactory for su¥face traveraxng measuremﬂnt;
whére time and distarice ‘are’ iMportant déconomic factors.

FACTORS INFLUENCING TEMPERATURE OR TEMPERATURE STABILISATION

A number of factors niay causé varlation in the temperature recorded, in
any given letation.

{@) Diuvrnal or annhual solax varlaflons Dally variations are the
most s;gnlflcant praducing up to 2. 0-'2.4°C difference at
1-1.5 m depth. Arual variations have also been found te
be fiedarly 2.5-3°C at this depth, but as the daily rate of
change i'¢ small it has little effoct &n a £ield progranmne.
of a few .days duraticn. However, for longer perieds and
indeed for £hort programmes undertaken at ghallow depth, it
is ;:essential to keep a record of all changes at a suitable
bage point so that survey readihgs can be suitably adjusted
for time and seasdr. Othetr authors have found . depths of
1.5 m adequate to ignoye diurnal effects but & review of
Figurd 1% shows that thi%s may Irtroduce ervors: in some gir-
cumstances, notably in sand.
). So0il variationg may alse pxoduce substantial chariges in ob-
: served temperature- due to c0ﬁduct1v1ty and diffusivity diff-
! exences. It is possible to ‘differentidte clays, sands angd
gravels as a result (seke alse Poley and Steveninck, 18707 .
\ One group of probes sxted in a granite -area east of Bridpert
i demonstrated how marked the effect of sPil composition or
k nearness to rock may be.
loam was found and in the exceptions the probe was set into
weathered grdnite or a coarse sand and .gravel. Subsequent
deeper 4rilling showed :gFanite to.be present.

In all but two holes & daxk claycy'
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The témperatuie differsntial was 1-1. 5 'C between these wwao
probes and the others.
A (e] The water content &f a soil is critical to the observed tecp-
erature. It is fgcessary to eitter place probes in totally
dry scil, or below the water. table, of in other situvaticns
t6. be able to estimate the water content. As the latter
estimate is difficylt it is, bétter to avoid such situafidne

completely. In general dry-conditions yield higher temper-
dtures. )

Is some situations it will Be necessary to take

most readings: in either wet or dry conditions andhadng o
servations in any othexr state by noLlng the variation ezz
the water table in dne or two places and then allow 8.grac
ient Factor for any cthange in dépth. .

() Changes_in*vegetatiahmmay'cause temperature variations of uo
to 3°¢ in Ary condis ions {see also Edley and Steveninck,
1970}, In wet candltlons*tests have. shown that there 4 ng’
change.

{e} Roads, wcuttings and hillsides may ‘cause local differences in
tpmperagqre. Such featuret are always mentioned in a caug-
ionary fashion in lité¥ature pertainiry to thHermal mezsure-
ments. Howevexr, po eviderce is available to shovw that
caution is justified. One group of probes sget at one =
depth on top of an old gand dune showed no.frace of edge
effects. It isadvisable however ¢ énsure that all chzer-
‘vatlon poxntsvare comparable with- respect to- points b, c,
d, and e.

{f) The témperature observed is divectly ‘related to -the depth &7
the seif$or. At depths, normally .in excess of 2 m, &
Aature in¢reases with depth according to the geotherwax g";ﬂ~

ient. -Above this level results may be variablée (fig. 1&}.

Temperature stabilisation has been found to: reguire 20-45 minutes de-
pending on s¢il conditions and water content. In water table conditions
stabilisation may be. vexy rapid.

CHOICE OF PROBE PLACEMENT DEPTH

Ag shown by Poley and Stevenlncx {1971} thermal ancmalies persist iz
depths of as little as 5 cm. Experiments. in: north-éasters Tasmania have
shown that this is so for depths in excess of 30 cm., No tests have beenh zade
at shallower depths due to shade effects and othexr spurious Sources of srror
which vary rapidly change the ccnductlcn balance near the surfice. Lo con-
ductlvltles ephance ‘thérmal anomalies and thus diy materials produce sha roer

anomaligs. However, dry rear-surface materials are also most affected by
¢loud changds and diurnal effects Thérefore a compromise must be act
between depth, eize of témperatire vardiation, -and anomaly. In most clsy
sells or loams a depth of one metre is adeguate. As can be seen in Figurs
18 variatisns below this depth are generally small. Depths of 1.5m or
greater axe to ‘be preferred unless detailed vecords are made of the tems
ature changes with .time. In sand or other cearse-grained materials grea
«depths may ba advisable. ’

i
4N

In genexral, however. one metre is. a suitable compromise hetween driil-
ing Effort, tefiperatuxre variationg and scale of anomaly Provlded that 2
record is wmade for corrective purpdses.
recomitended fn any citcumstanges in the ‘Tasmanian summpv T
use in winpter. This is due te +h~ ~-F
rapid chans- -
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ACCURACY "OF RESULTS,

Two tests of reproducibility have heerm undextaken. The first and most
obvious was té re-réall a traverse a short time after inivial observation
{same Morning or afternoon}. This ‘can be .done by preparing new holes or by

re~reading the probes at l-hour and 2-hour intérvals. In the fdrmer case a

varlatjon of up to 0.2°C was noted whllvt in the latter the variation was us-

ually less than 0.1°C. The ]aLtar variatiofr may have rc5ultod from stahilis-

ation probléms or maladjustmerits of the dlurnal correction.

In the second test, picbes weys placed at the same depth at several
locations and the wvarigtion in temperature compared. The range of variation
was never more than 0.3°C and was RGrmally 0. 1~0.2°C,

THus is appears that a 'noise’ level of 0.2°C can be expected in all -~
results angd definite anomallcb will ‘not be firmly identified unless. thay ex-
ceed 0.4-0.5°C. 'These results compare véry Favourdbly with those of Poley
and Steveninck {1970) .

SUMMARY

Trials with the-method have shown that the field technique is almple
and no major reduction work is xreguired in the eoffice. The equipment is
simplé and ¢heap to produce. -However, as sensitive resistance measuring elé-
merts aré reqguired, great care must be ‘taken with thé bridge circuit to en-
syre that thé null peint held prior o the reading is fatched afterwaxd.
Adjustment of ‘the 'galvanometer fidy be required frdl timé to time to make this
simpler. In .all cases th& current in the circuit must be reduced as rapidly

as ‘possible in order te avoid any heating effects. Such factors probably

intrdduce an ex¥or of abiout 8.05°C.

‘The method has been tested at Bridport and Lefroy. From theé vesults
obtained it has ‘héen found possible to locate. quartz veins, clay areas and
recognise ‘nearness to rock.. At the preéent time no- informdtior is availalle

©on conductivity values for the- materlals tested. Its use fof structiral pur-

poses is not establlsncd

Bafore undertaking any survey in anaréea it is necessary to: establish

what effect vegetation differences will Rave and the nature of thd gradient

across the watsér table for copversion of weét or dry readings. Information
on the temperature profild to 2.5 m will alss prove invaluable and should
ber ohtained at several places in the area. ‘At least one base station should
be established so that the diurnal effect can be asseébsed and this shouid be
redd at intervals of less than 2 hours.

“Trie:'method has applicatiom with regard td hot water regimes or fldwing
water systéms {Cartwright, 1971). It may also be used to locate limestone
cavities or faults passing watexr Krémat ana uagin, 1870). where water Sys-

‘tems rare sought, the resulfs obtained will vdry according to the season.
For example, in summer when the SOlla arg very warm, coldér watexr circulation

will be very -abparent, wheredas in winter when the 80ils -ave up to 12°C cooler
the water may be slightly warmer. As a vesult the anomaly patfexn will be
Yeversed and in addltlon, for much of the year there may be no anomaly. Such
Yesultg w111 of course depend on the nature, continuity and sgale of the fea-
ture cariying the water. For the purposes of this dlSCHSSlon sub-vertiral
fuatureq only should be considered. It iI& therxefors =

ali 1nformatlon known akimies -
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later revealed twe zones which were previous ly low to be now high, In this
casa it is.congsidered that the weathered Mathinna beds, mainly clay, héve
beLn affected seasognally whilst the quaritz ‘zones. bulng of lover conduactivifty
when dry, produce higher near-surface anomalies in. glmmer and lowér anomalies
in winter. ®hen wet the oppcsltlon sitgarion may be truz.
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16. Geophysics of the Lefroy goldfield.
o D.E. Leaman

Geophysical surveys of sSelected PﬁrthhS of the Lefroy-géldfield have
peen undertaken to appraise:

{1} which methods can yield useful information:;

€2) whether structural contréols can be detected; and

{33 4if the vein systems can be traded and what types of aromalies,
are directly associglted.

GEQLOGY

The geology of tHe area, the location of the'main workings .gnd the nom-

< eaclature of the worked reefs has been described by Groves (1965):. Geplogic-
-ally, the area may be divided into two Fegimes.

{1} North of Lefroy vhere most of the réefs are concealed by recent
sedimentation dnd basalt.

(2} South of Lefroy where most reefs and workings are exposed. al-
though outerop of both the reef mateiial and the country rock
is very poor: -

The reef materidl is predominantly gyuartz which is 1nterspersed as lodes,
in slate, guartzite, 51ltstone and sandstone. Little is; Known of strdctural
controls for the mineralisatich and np, scurce of the gold-bearing quartz is
apparent. Haowever, a regional gravify survey of the central north of Tasmanla

_{Leafian et al. 19737 has' revealed an anomaly pattern which &an be 1nterpreted

as due to a granOQLorlte stock centred ‘south of Lefroy.

PART 1. GEOGPHYSICAL SURVEY

This section covers thg use of simple geophysical methods in the Lefroy
area. Three methods were selected for the initial survey: resistivity, self

motentlal and tempelatuxe, althmuqh some seismi¢ refraction and magnetie sur-

veys vere :also attempted. The resistivity methods wére selectéd because it
was. anticipated that should the reef-bearing areas be either massive or fract-
vred and water-bearing, there would be significant changes ih resistivity.

Reef structures which are watér bearing or have marginal weathering of the
sldtes devaloped are good souxces of nelf patentials., Temperature,@nomalles
are possible 1f the. reef at depth, is water—bearing oxr massive, because theie
are thermal conduatlvlty dlfferences betver water regimes, 'normal’ slate

2nd massive guartz. Wateér anomalies ‘would be expected to Be warmer whilst

cuartz anomalies would be cooler.

The survey methods were restricted to the: sifpler .geological situdtien
50utkh of'Lefroy and, in partlculaL, to the xegion lncludlng the Windermere,
Leefloyq, Golden Crest, Reward Wew Years Gift and Land O'Cakes: rgafsg.

REEULTS
Nindermere-Leefloyd. reefs

Resistivity and self potential profiles are shown in Figure 19. [The
"@Lsthltyaproflle shows a distinct estep from a value of about 200 f-m o
shout 50 Q-wi, The gradient extends across 60 m with £he Leefloyd and Winder—
Pere reefs located at inflexions of the dgradient. Thermoavé ~=—

tveen the reefs and the .ammilss -
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