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ABSTRACI 

A resistivity survey was conducted during 

September, 1957, to assistiD the selection of a site 

tor a new seismic observatory at Kundaring, W.A. 

A site with relatively shallow bedrock was 

required for constructing a vault. 

hesistivity traversing was conducted within 

that part of the soil-covered area considered to be 

most favourable for the presence of shallow unweathered 

bedrock. A brief investigation was also conducted 

across the laterite-covered area and granite outcrops. 

Resistivity depth probes proved that the area 

is generally deeply weathered. 

ft was also shown that granite outcrops are 

probably separated by more extensively weathered zones 

trom the unweathered granites at lower level. 

A possible site is suggested ~pon the large 

granite outcrop along the south-western boundary of the 

area but confirmation of the suitability of this site 

should be sought by other methods. 

(iii) 



1. INTRQDUCTIOI. 

A new seismological observatory is to be established 

on an area within the Forestry Commission Reservation north of 

and bordering the Helena River, a short distance upstream fro. 
, 

the lUnda ring Weir (see Plate 1). The co-ordinates of the centre 

o! the area are 211452 onthe Mundaring 1-mile Ar.y map. 

A valtis to be constructed to house the seismographs 

and it is desirable that the instrument piers within the vault 

are !ounded on 801id rock. Some preliminary drilling !ailed to 

.~ow clearly the most favourable place for.the vault and it was 

thought that a resistivity survey would help in this regard. 

More specifically, the objects of the survey were to ascertain 

whether or not the isolated outcrops ot granite are continuous 

with the basement rock both vertically and laterally under the 

soil cover, and to locate areas where unweathered rock is at no 

great depth. 

A bri~ geological examination of the rock outcrops 

within the area was made, followed by an electrical resistivity 

survey over a section of the area (see Plate 1). The survey was 

conducted during the first half o! September, 1951 by D.F. Dyson, 

geophysicist. Three assistants were employed far the duration 

of the survey. 

2. GIOLQGI. 

The regional geology is outlined by Clarke et al (1955), 

in reference to the Darling Scarp. 

The following features were noted by the writer within 

the observatory area :-

(1) A lateritic capping o! conso!idated material (the durl

crust), one to two !eet thick, covers most of the area 

north of the track (Plate 1) and also the higher level 

ground surfa~e south of the track. 

(i1) Granite which crops out in the southern and western 

sections is in contact with basic dykes which range 

from a rewinches to many teet in width. 



2. 

The grani ta alsc shows evidence of sbearing and the outcrops 

are also intereected by narro~ dykes. 

(iil) Basic intrusive roeks are evident along the southern linit 

of the (rernot~are~ frorl any obvious gran! te outcrops. 

3. l·iETHOD 

The resistivity techniques e~ployed were :

(1) Constant-spacing traversinB 

(11) Depth probing. 

In both toclmiques Em electrical current is applied to the 

ground through t~o current electrodes (steel spikes driven into the 

ground) and the potential difference is ne~sured bet~een two additional 

points which lie~on a straight line joining the two current electrodes. 

The ratio of the potential difference to the current flowing, ~u1tl

plied by a spacing factor, is a oeasure of the ground resistivity. 

Usually, the ratio, R, of potential to current is measured directly 

and expressed in ohms. 

As the subsurface path through which the current flows 

is not normally hOMogeneous, the resistivity value obtained 1s re

ferred to as the "apparentU resistivity. ~1hen the electrodes are 

equally spaced at an interval of U an centinstros the apparent resis-

tivity ~. 

It is considered that tho depth penetratiot), of the a.pplied 

current in this configunation :1s of the sane order as the electrode 

spacing. Jakosky (1950, p.509) states thut the depth penetration 

ranees from a to 1/6 of the distance between tho current electrodes. 

Ordinary Tock ninerals have a high resistivity and in 

engineering work are considered to possess infinite resistivity. The 

Ta9istlvlty of a. reck depends 00101y upon tho rock porosity, the degree 

of saturation with pore solutions, and the resistivity of the pore 

solutions. The resistivity of a solution is inversely proportional 

to its salinity. Thus, while dry surface naterial has a high resis

tivity, Eost porous material underlying this possesses lower resis

tivity, and unweathered non-porous rock has high resistivity. 

In constant spacing "resistivity tre.versingi1 the electrode 

array i~ moved as a whole and the depth penetration is approximately 

t <1-" thns la:t-eral variations in resistivity may be determined. cons an,) ..... ' 



By the use of two or more electrode spacings a series of profiles 

representingthe apparent resistivity to different depths is obtained. 

In "Resistivity Depth Probing" or "Electrical Drilling", the 

electrode spacing "a" is gradually increased symmetrically from a 

central point, and hence the depth penetration is increased. For con-. 
venient interpretat10n the results are plotted on logarithmic scales. 

This plot is normally compared w1th two-layer (Roman, 1930) and three

layer (Wetzel and McMurray, 1937) type curves prepared from theoretical 

examples and used to estimate depths to resistivity discontinuities. 

The reliability of the results depends upon how closely the field con-

ditions approacn the theoretical examples. In this survey the i 

tion sought was th~ depth to unweathered rock, i.e. to material of' 

finite resistivity. This would be indicated by an intllitlon in 

plotted curve beyond which the facto~2 ~1 1, where ~2 
f ,- +'1 tivity of unweatherel bedrock and 1 =2res stivity ot overlying w 

thered rock. 

As it is desirable that solid rock should not be deeper tha, 

1, feet at the site of the vault an' initial constant electrode spac1 

of ,0 feet was used. As a depth probe (not on outcropping granite) 

within a relative" high" obtained at this spacing, indicated that the 

penetration did not reach unweathered bedrock, traversing was then 

conducted at 100-ft electrode spacing. 

The instruments used were a Low Resistance "Kegger" Earth Test 

and a Geophysical Earth Testing Megger manufactured bj Evershed and 

Vignoles Ltd, London. In general, it was found necessary to use ~p to 

three steel spikes at each electrode to ensure good contact with the 

ground 

4. RESULI§. 

Prior to the commencement of the survey, a number of holes 

was drilled with a posthole digger by the Department of Works. These 

holes showed that beneath the soil adjacent to the granite outcrops, 

(i) the unweathered granite does not extend far beyond where it 

is exposed 

and(ii) beyond the unweathered granite is soft inhomogeneous mateJ 

which by the presence of angular quartz and clay minerall 



indicates that it is tho product of weathering of igneous 

rocks. Beneath this soft material at irregular depths, is 

usually found a harder layer of granite material whic~ cannot 

be penetrated with a posthole digger. These layers may well 

represent portion of the zone of laterization from which the 

surface capping has been removed by erosion. 

The initial inspection of the area indicated that the portion 

of the area in which unweathered rock most probably occurs at relatIvely 

shallow depth is the triangular area bounded by outcrops Band C and 

Bench Mark 3 (BM3). 

Areas considered unfavourable include : 

(1) The south-eastern portion, in which outcrop A occurs, includes 

numerous outcropping basic dykes, and posthole investigations 

conducted by the Department of Works indicated very irregular 

subsurface conditions. The area is also subject to considerable 

seepage as' evidenced by a water course a short distance downhill 

from the block boundary. 

(ii) Outcropping granite in the western portion of the block exhibits 

fracturing and shearing and is technically an unfavourable site 

for the seismic vault. 

(iii) The area borth of the track and the higher sections south of 

the track are covered mainly by laterite. A typical profile 

throBgh the laterite is described by Clarke et al (1955 p.45) 

1n relation to a nearby area as follows :-

"Quarries in the Jarrah Region that are between 700 and 

1000 feet above sea-level show an upper foot or so of con

solia::, ted material - the duricrust - beneath which are 

several feet of' uncemented "gravelU , in turn underlain 

by a variable thickness of weathered rock that passes 

down gradually into unweathered rocks." 

Engineers of the Department of Works have stated that a similar 

profile is exposed in severalffiof the Department of Works gravel pits. 

Plate 1 shows the traveree layout to invest1g . ,.the area 

bounded b,1outcrops Band C and Bench mark Be. The traverses were sur

veyed using electrode spacings of ,0 feet and 100 feet. 
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In addition traverse (LL') was surveyed at 100 feet spacingQcross the 

laterite ~~ to the north of the triangular area. The results are 

plotted as profiles on Plate 2. 

On these traverses which terminated near granite outcrops it 

was impossible to obtain electrode contacts on the bare rock. Contacts 

were possible along Traverse CC', which passes over Iranite, as a thin 

layer of soil covers the solid granite. 

The following Geatures are indicated on the resistivity profiles 

(i) The resistivity values are relatively low in many places 

adjacent to outcropping granite. Traver.e CC', between 350W 

and 400W, exemplifies this feature, which Bay be attributed 

to deep weathering adjacent to the outcropping granite. 

(ii) The protiles for 50-foot spacing show higher resistivity 

values than those for the 10D-foot spacingalong Traverse Al', 

between 200W and 45OW, and along Traverse QQ', south from 

1001. As an increase in resistivity values is recorded on 

both spacings, it is reasonable to assume that the principal 

contributing factor to the higher values is the hi,her re-
~Q,(' 

sistivity of~ground penetrated by the 50 foot spacing. 

(iii) Traverse nD' passes across outcrop C. The two peaks in the 

50-tt. spacing profile within the general high between 100W 

and 275W are not repeated in the profile for 100-toot spacing. 
near-

A large/surface (unweathered) boulder within a generally less-

weathered zone could be responsible for the type of profile 

obtained. 

Based upon the results of the resistivity traversine, depth 

probes were conducted at AA'300W, AA'40OW, CC ' 15OW, CC'575W, DD'17~ 

and LL'1300B. The results of these probes are shown on Plate 3. 

The plotted data from most of the depth probes indicate the multilayer 

nature of the ground and are not adaptable to pmecise interpretation 

using the theoretical two layer curves. 

The results of the depth probes are discussed briefly :-

(1) A,A t 300W. Two probes were conducted, one along Traverse il' and 

the other along Traverse QQ'. The results obtained verify those 

obtained with the constant-spacing profiles, in which the resis-

tivity at 50-ft. spacing is greater than that at 100-ft.spacing. 
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6. 

A discontinuity occurs between the near-surface higher re

sistivity layer and the underlying lower resistivity materials 

corresponding to a surface electrode spacing of 25~, feet. 

Low-resistivity material persists to beyond the depth pene

tration trom a spacing ot 160 feet. Thus unweathered rock would 

not be shallower than a depth in excess of 80 feet, assuming 

Kakosky's factor ot 1/6 to be the maximum penetration. 

(ii) AA'40OW. Two probes were conducted, one along Traverse !A' 

and the other along Traverse HR'. There is no evidence that 

unweathered rock is penetrated to any extent by the current 

from an electrode spacing of 125 feet; that is, the depth to unweathered 

rock is greater than 60 feet. 

(iii) CC'150W. Along Traverse CC'. The inflection inthe plotted 

results, Wh.r~2 ~ ~1~ " occurs at a point for which the electrode 

spacing is abou~ 100 f~et. The depth at which unweathered rock occurs 

is therefore between 50 and 75 feet. 

(iv) CC'575W. Along Traverse CC'. Readings for the electrode 

spacings up to 5 feet may be affected by surface irregularities. 

With spacings greater than this, unweathered rock is indicated. 

An inflection at 100-foot spacing may be caused by a narrow shear 

at a minimum depth of 50 feet, or by a surface irregularity. 

(v) DD'17~. Along Traverse DDt. Beyond a spacing of 3 ft., re-

latively high resistivity material is indicated, but this is 

underlain by an inhomogenous material of relatIvely lower re

sistivity to a spacing of 100 feet, beyond which high resistivity 

(considered as probable unweathered rock) is revealed. The mini

mum depth to this material 1s about 50 fee'. 

(vi) LL' 13008. Along Traverse LL'. 

Due to the diffivulty in obtaining electrode contacts on the 

solid laterite, the Geophysical Earth Testing Uegger was used for 

this depth probe. This instrument has a lower range, with a 

maximum reading of 30 ohms. Hence readings could not be obtained 

for spacings less than 25 feet when values were greater than 30 

ohms. The apparent resistivity of the near-surface material is 

of ~ particularly high. 

low 

This material is underlain by a material 

resistivity to a depth corresponding to a spacing of more 
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7. 
than 100 feet,below which unweathered rock may exist; the depth at 

which this may be expected is in excess of 6, feet. 

Investigations were conducted with a posthole digger in the 

area near Traverse !At and bounded by Traverse QQI and RRI. Impene

trable material was encountered at depths between 3 Geet and 6 feet. 

The resistivity depth probes indicate low-resistivity material extend

ing to much greater depths. The impenetrable material may be a partially 
cemented weathered rock, the cementing ,being associated with earlier lat
~rization which occurred throughout the area, 

,. CQNCLUSIONS. 

Except 1n those areas where granite crops out, the thickness 

of weathered rock is in 'excess of that permissable for suitable founda-
,-' 

tions. These outcrops, some of *hich are large, are associated with 

shearing and basic dykes, which adjoin, and to a lesser extent inter

sect, the exposed rock. 

The outcrops along which the south-western coundary of the 

block extends is a relat1vely massive, and should, without any ma30r 

discontinuity, extend to a depth at which the adjoining granitic rocks 

are unweathered. Other granite outcrops in the area would appear to 

be weathered and/or sheared at depth. 

A site at about CCI,?5W (see depth probe result) within this 

area of outcropp&ng granite should be fairly suitable for ~he estab

lishment of a seismic vault, although some rock excavation would be 

necessary. The construction of a suitable access road to this point 

would not present any difficulty. 

The presence and extent of possible shears in depth should be 

checked by diamond drilling; A small unit such as a Mindrill Minor 

s~ould be sufficient for 

m 
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