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DEPARTrlENT OF SUPPLY AND SHIPPING. 
; 

LlW%L RESOURCES SURVEY BRAnCH. 

GROPBYSIOAL SURVEY OF BARYULGIL ASB~STOS DEPOSITS, 
. I!!rI SOUTH WALES .. 

Bar.yulg11 1s situated about 52 miles north-west of Grafton 
on the Graft 0 n-T abu 1 am road, and is a few miles east of the Clarence 
River. Asbestos has been mined by Asbestos Mines Ltd. from an open 
cut 111 portions 122 and 12 of the Pavlsh of Yulgilbar, Oounty ot 
Drake. The open 'cut is covered by Put 6. and 1s about balf a mile 
south of Baryulgil post office. There are fe~ outcrops of rock in 
the immediate vicinity of the known deposits, and this renders 
geological interpretation of the area difficult. . Because of this 
an extensive programme of development has recently been undertaken, 
by the company, including drillIng, trenching, shaft-s1nklng and 
driving. The geophysloal surveys made by Bineral Resources Survey 
were intended to assist the development, wheve possible, by out­
lining the probable extent of-asbestos deposits, eluc1dating 
structural features associ~ted with the deposIts, and provIding any 
information that:' tiould assist the geologIcal interpretation of the 
aves. 

. II. GEOLOGY. 

A brief description of the, geology of the aves is given 
here. This was uritten after diSCUSSion with Uessrs. J. S. Proud, 
tUning Consultant to Asbestos !Jines Ltd., and L. C. Noakes, 
Geologist. fUneral Resources S1il.rvey. 

The asbestos (cbrysotI1e) deposits occur in a bell of . 
''Serpentine wh1ch is believed to be about a mile wide, and trends 
approximately north and south. The serpentine 1s flanked on the 
west by granite and on the east by Juraasic sandstopes which, 
however, lie uncomtormably Over the contact between the serpentine 
and older sediments. In many places the serpen't!ce 1s covered by 
h1gh-level gravels and allUVium which have obscured asbestos 
deoosita and made them difficult to find by surface prospecting. 
Numerous narrow crush zones containing brecciated and silicified 
rooks occur~n the serpentine in some areas adjacent to the granlte 
contact. Such crush zones have been observed to the west and no rth 
of the present open cut. The serpentine 1s intruded 1n places by 
dolerite in the for,m-of dykes and small irregular bodies. To the 
south of the open cut 1s a basic sill of microd10rite striking 
approxtmately east and oeste 

Along the contact between the serpentine and· the granite 
there occurs a narrow belt of more basic rocks including gabbro . 
and some hybr1d material. The basic rocks are probably differentiates 
of the magma from which the grani~e was derived. 

Ohrysotile asbestos occurs in fissures 1n the serpentine 
and in the richest portiOns may constitute up to 7 or B% ot the 
vook. The chrysotile fibres run approximately transversa to the 
veins whose Dldth rarely exceeds one or two inches. llagnetlte 
ooours scattered throughout the serpentine. 

Serpentine is an alteration product of ultrabasic rocks 
containing olivine, e.g. perIdotite, dunlte~ etc. Chrysotile 1s 
identical in chemical oompositlon and in many of its phys1cal pro­
perties with serpentine. the latter being a massive form containing 
some impurities. 

Ohrysotile asbestos is usually found a8 veins occupying 
fractures in rock ~hich bas been completely serpentinised. llany 
deposIts of chrysotl1e occur in serpentine adjacent to acid 
intruSiOns, and this has given Vise to the theory that complete 
serpentin1sation and formation of chY7sotile are, 1n many places, _______ I11III 
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due to nydrothermal alteration by solutIons emanat1ng from acid 
intrusions. However, it is probable ttat partial aerpentin1sr.tion 
occurs in cany other bas1a rockS either ss 0 raoult of deuter1c 
action during late stages of so~1difioation of the ms@ua or as a 
re3ult of subsequent dynamiC metamorphism, but elwysotlle asbestos 
1s almost invariably restricted to a serpentine in which the 
alteration is complete. 

The geology of the ar~a 1s shown 1n the plan prepared 
by lir. Noakes, plates 1 and 2. Known asbestos oocurrences are 
marked so that they can bo correlated tilth the geophy.s1cal results 
on plate 4. 

Ill. NATURE OF THE PROBJ..E~j. 

Beoause of the scarcity of outcrops mentioned above, 
surfaoe geological mapping uas found to be difficult. and 1t was 
thought that geophysical methods might be of ~ome assistance 1n 
planning the open1ng up ot the area. 

The geophysical suPVey UaS carried out y1th three objects 
1n vieti, v1z:-

1. To search for any physical features associated with asbestos 
depOSits uh1ch might assist in locating extensions of knOwn depOSits, 
or in find1ng nen deposits. 

2. To deter.mlne the boundaries of the serpentine belt at plaoea 
where the oontacts are covered. 

3. To determine the depth of gravel' overlying the serpentine at 
,. certain points. 

,.. 

In regar~ to the first object, as chrysotl1e is essentially' 
the same SUbstance as serpentine, it is not possible to detect the . 
presence of chrysotile in serpentine directly by geophyoical methods 
unless the depos1ts have associated u1th them a mineral such as 
magnet! te which \iould render them suffiCiently different from their 
surroundings to permit detection. It has been found in the Baryulgil 
area that asbestos depOSits occur in zones of complete serpentiniza­
tion; barren zones are only partially serpentinized'. Oliv1ne 
usually conta1ns some iron in the ferrous state, and during serpent~n-
1aation much of th1s iron is believed to be oxidized to magnetite 
(Fe203); many- analyses from other depOSits ShO\i a greater ratio of 
Fe203 to FeO in serpentinized rock than in unaltered rock. It is 
not kno~n whether this cond1tion holds at Baryulgil. If it does, 
1t should be possible to detect areas of more complete serpentin1za­
tion and henoe possible asbestos-bearing areas, by their magnetic 
effect. 

It is possible that the deposits have been localised in 
the serpentine by geologioal structures that could be mappet'J by 
geophysical methods, and in this ~ay it might be possible to predict 
the occurrence of asbestos elseuhere in the serpentine. Ohrysotile 
occurs at Baryulgil 1n a series ot tension cracks adjoining minor 
shear planes. Rock of commercial grade occurs where these ahears 
are numerous, and prospecting to date appears to indicate that the 
depos1ta consist of lenticular masses separated by Serpentine in 
uh1ch no shearing, or shearing to only a minor degree, hes been 
develo)€d. It ~as thought possible that the localisation of the 
shearing uas due to physical d1fferences in the serpentine uhich 
a geophysical survey m1ght reveal. It should be emphaSised, how'ever. 
that apaI't from the relation mentioned above between the shears and 
occurrences of veins of ohrysotilc, little was knOwn at the time of 
the survey of the structuros, i1' any, which controlled the occurrence. 
It was realised, therefore, that the possibility of geophysical 
methods being successfully applied to the elucidation of the 
structure ~as alight and uould depend on the methods revealing pro­
nounced p~sieal d1fference~ which could be related to structures in 
the rocks and uhich in turn could be related to tIe chrysot11e 
occurrences. 
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rJ·. METHODS USED • 
. . 

Three geophysioal methode were used - magnetic, 
potent1al ratio, and resistivity depth probe. The maghetl0 and 
potent1al-rat10 methode Viere used for the first two objeots 
listed abOVe, wh1le the resistivity method was used for the third. 
A brief description of. ea~h method 1s given belon. 

(a) fJagnet1c Pllethod. 

A Watts' Vertical Var10meter was used for the magnet1c 
surv~Y. Th1s cona16t~ essentially of a delicate magnetic 
balanas, whioh is supported on knife-edges, and oriented 
in the magnetia e~st-weat direotion. Any. variation in the 
earth's vertioal magnetic field causes a defleation of the 
balance which is read on a scale magnified by an eyepiece. 
The earth's vertiaal magnetic field is anomalous above any 
magnetic material, usually being more intense. 

(b) Potential Ratio Method. 

The easenoe of this method is the application of an 
external electric tield.to the ground; the resulting dis­
tribution of potential 1s then investigated. 

~--------------- -----~- - _. 

/ 

FIGURE I. 

----~--- - -~-
Current from a 500 c.p.a. generator is supplied to the earth 
through two electrodes A and B, (See fig. 1.) which are about 
3.000 :ft~ apart. A series of parallel traverses is pegged 
out approximately' in line with AIl, and WOl'kirig away :frOID the 
electrode A. 

Oontact is made with the ground at three pOints 0, D 
and E along one of the~,e traveltses (OD=: DE). The rat1ometer, 
essentially an A.C. bridge,.-is used to measure the ratio of 
the potential drop from D to E to the potential drop from_C 
to D. The whole arrangement c-n E is moved along the traverse. 
so that the IIfrontn interval PE nov; beaomes the ureal''' interval; 
thus on each traverse a series of ratios ,is measured. In ground 
of uniform reeisivity these ratiOS decrease with increasing 
distanae from A; this is known as the normal vaI'iation. Each 
ratio is multiplied by the reCiprocal of' the normal ratio :for -
1 ts distance from A; then any departu.re f'rom unity in the ratios 
indicates a change of resistivity in the ground. 

The potential gradient at the centre of any interval can 
be calculated b~ multiplying the gradient for the ~vevious 
interval by the ratiO for the two intervals; thus J.t' a value is 
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assumed for the potential gradient of the f'irst interval, 
relative values for all the subsequent intervals can be 
calculated from the ,ratios observed. Any variation in 
potential gradient ind1cates an anomaly; an increase in 
potential grad1ent represents a change to a body of 
higher resistiviity. while Over a conducting body a decrease, 
1n the gradient would be found.. A more 'detailed descript10n 
1s g1 ven by Horvat h (1936). . . 
( c) Res1stivi ty {Depth probel I,lathod. 

Four electrodes A, B 0, D, (Fig .. 2) are placed in the 
ground at equal spacings lAB = Be = CD = a). A reversible 
direct current of knowr;t strength is supplied to the ground 

-', ---~~- --"-'-------~--- ~ - ~---
! 

C).,--+i 

B x c D 

\ FIGURE 2 

from batteries through the electrodes A and D. The resulting, 
vol tage across the inner electrodes Band C 1s t,hen measured 
by a D.C .. potentiometer. From this vol·tage and the current, 
the "apparent" resistiv1ty of the earth~ corresponding to the 
electrode separation 'a' cnn be calculated. For very amall 
electrode separations, this 1s equal to the true resistivity 
of the surfaoe layer; : as 'a' is 1ncreased, the effect of 
layers at depth b ~C0mes i·mportant. 

In the "depth probe" LlOothod, the electrode system is 
rna1ntain~d symmetrically about a central point X, while 'at 
1s increased. Th'is method is suitable for c1etel.'minations 
of depths of contacts in horizontaily stratified layers. The 
logarithm of' apparent resistivity is plotted against log a, 
and the depth to a horizontal contact can be estimated by 
comparison with standard curves. These are for a two-layer 
case, and being plotted with a double logarithmic scale~ their 
shape is independent of the depth of contact and the resist1vity 
of the top layer. A' set· of two-layer standard curves is dra\'m 
for different ratios of the resistivities of the t\;o layers. 
The ntandard curve which most nearly f11;6 the curve to be inter'­
preted 1(; superimposed upon it. ~Ihe position of the origin of 
the stundard curve then dete!'mines the depth of the contact and 
the resistivit1es of the layers. For multilayer cases, sections 
of the curve to be interpreted are f1tted by a aerieS of t~o 
layer curves. A detailed deecription of the method of inter­
pretation is given by R. F. Thyer (1944). 

V. AnALYSIS OF OPERATIOHS. 

The survey was carried out "dur1ng August and Septembl r, 
1945. The management made field assistants available as required 
from the mine employees. 

The magnetic survey covered about 150 acres. Travers~B 
were made every 200 ft •. , tiith readings at 25 ft.· intervals. Liore 
intensive work was done in an area of about 30 acres in the 1mmediate 
vicinity of the open cut; 1n th1s area traverses. were made every 
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50 ft. 

~raversea ~th the potential ,ratiometer extended over 
a B1atance of about 29,000 feet. They were done in groups of 
three E-U traverses,50 feet apart, each group being about 400 
feet f'rom the next.. In addition, two pairs of tr'aversea were 
run past the open cut i.n a Ii.E. - S. \1. direction, one pair 
being to the II.W., and the other to the S.E. of the open cut. 

Depth measurements by the resistivity method were 
made at six points. 

-' 

A grid system \1h1ch had been pegged out by th~~ company 
around the mine \jorkings \'ias used as the basis of the co-ordinate 
system. The co-ordinates run magnetic N - Sand E - U respectively. 

VI. REStrLTS OF T}:;:r.; SURVEY. 

(a) l.iagnetlc. 

The results of' the detailed magnetic ~ork around the 
open cut are shown in the form of a contour ma9 on plate 3. The 

. oontonrs represent lines of equal maEnetic vertical intensity, 
and are drawn at intervals of 250 gammas.. It will, bo seen that 
the area is considerably disturbed magnetically; llo\,iever, the 
variations are too local' to permit Of any generaJ. 1nteIl pretatlon. 
The most prominent ~eatureS are the highly magnetic area to the 
west of the out~ and the zone of low values to the east, striking 
north and south. " 

East-uest traverses at 200 feet intervals from eoon 
to 3200S were made, and the results plotted in the fOl'lll of pll0_ 
files,. A contoUll plan of' this area Vias prepal'ed by smoothing 
these profiles to eliminate local variations. This plan (plate 
4) which haa contour linea at intervals of 500 gammas is in­
tended to show any regional magnetiC variation. The high areas 
on this plan do not show any particular correlation ~lth known 
asbestos occurrences. There' are two zones of low readings, 
approximately parallel and striking roughly N.E. - S.V. One 
runs through about 10006/1400n and 8000/0; the other from about 
3000S/200rl through 1200S/1200E. ' 

, ;fhe traverse lOaDS which is sho\1o on plate 5 i7as extended 
westwards past the granite contact. The values obtained over the 
granite are comparable w1th those in the low zones mentioned, and 
this suggests the possibility of granite at shallow depth under 
these zones .• 

The E - W traverse through the zero point was extended 
eastwards to about 10,000 feet in an endeavour to locate the 
eastern boundary of the serpentine belt, which is here obscured 
by gravel,. Nq ohange in vertical magnetic 1ntenai ty which could 
be interpreted as a contact between the serpentine and the reeks 
whioh form its eastern boundary ViaS observed. Vertical intensities 
commenced tv rise at about 6000 feet east near the first outcrop 
of Jurassic sandstone, and rose steadily eastwal:ds due presumably 
to an increase in thiclcness of the sandstone in this direction. 

(b) potential Ratio. 

On the first traverses tha't were carried out, outcrops 
of brecciated and silicified rock (crUSh zoncs) were found at 
several places tlhere high readinr;s were obtained. It Vias thought 
therefore that the high spots \7ould, in general, corrE:sp..Jnd t.o 
the narrow crusl: zones interseoting the serpen~ine. If these 
crush zones \Yere round to co ufOrl.1 to some general patt el~nJ the 
occurrence of asbestos might sho.~ some l'elation to t11em. The 
tT'AVArAe~ Are aho~,n on plate 6, \"ihel'e the lop;al'ithms o~ the potential 
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gradients are plotted. The high spots aI'e marked on the plan 
on plate 4, but do not appear to fit into any definite pattern • 
. Althougb it is possible that more traverses between the present 
ones would elucidate such a pattern, it seems probable that the 
individual zones do not extend far, and are irregular in 
occurrence. 

(c) ~esistivlty. 

Determinations were made of the depth of the ~avel 
overlying the serpentine at six points. The apparent resistivity 
curves are shown on plate 7'1 with the most probable depths to the 
serpentine and upper and lower limits of'possible interpretatiOns. 
The problem becomes a three layer oge, as the suI'fac e soil has a 
high resistivity of the order of 10 ohm-cme; whereas at a small 
depth the srgvel, containing much clay, has a lou resistivity of 
about 2 x 10 o~c.m. The resistivity of the serpentine is of the 
order of 3 x 10 ohm-em. Standard curves have for the most part 
been fitted to the lo~er portion of the curves only,as the top 
interface 1s not important although it renders 1nterpretation 
more difficult. 

A shaft sunk subsequently at 1100S/400E revealed 
serpentine at a depth of 18 teet, which is within the limits of 
the interpretation given at this polnt. However, the most 
probable interpretation was 23 feet; thus it appears that the 
interpretations given at other polnts may err in giving too 
gr~at a depth to the serpentine contact. 

VII. SUMMARY AND CONCIR1SI0NS. 
~ 

The high magnetic readings must correspond to higher 
magnetite content of the rocks. There is not enough geological 
information available to state whether this can be related to 
the degree of serpentinization of the rocR or to the asbestos 
deposits. Some low readings may represent acid intrusive 
bodies, which may be related to asbestoa fo~ation; but at 
present no defin1 te conclusions can be reached on this p01nt. 

Narrow crush zones may be located with the ratiometer; 
however the work done so far has not revealed that they occur in 
any marked structural pattern and their relation, if any, to 
asbestos formation remains obscure. If additional explo~atory 
work should reveal that these crush zones are intimately associated 
with the asbestos occurrences. and that mapping them would lead to 
disclosure of additional asbestos depOSits, fUrther electrical 
prospecting would be justified. . 

. In the light of present geological knowledge of the area. 
none of the geophysical results can be related either directly or 
indirectly to asbestos occurrences, and consequently no testing as 
a result of the survey is recommended. However, it 1s possible 
that 8S the sy·stematic testing of the asbestos depOSits proceeds, 
geological information so gaIned might lead to a proper under­
standing of the results of the magnetic survey and may even lead 
to them being usefully employed in the search for additional 
asbestos areas. . 

, 
Horvath, S •• (1936) 

T~er, R. F. (1944) 
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