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instrwnents industry and the chemical industry and 
applied products reported greater relative increases in 
the federally financed portion of their research and 
development performance between 1961 and 1962. The 
3·8 billion dollars for Federal research and development 
projects in the aircraft and missiles industry and the 
1·6 billion dollars in the electrical equipment and com
munication industry together accounted for 80 per cent 
of federally financed industrial research and deve lopment 
performance in 1962. 

Research and d evelopment performance by company 
funds totalled 4·8 billion dollars in 1962. or 6 per cent 
higher than the 4·6 billion reported for 1961. Company 

funds for industrial research and development perform· 
ance more than doubled between 1953 and 1962. Company 
funds as a percentage of total research and developmo~t 
performance funds, however, d eclined from 61 per cent 
in 1953 to 42 per cent in 1962, reflecting the large increase:; 
in Federal funds during this period. 

Funds for basic research porformance in industry 
amounted to 361 million dollars in 1962, an increase of 
14 per cent over the 1961-level. During 19tl2, industrial 
basic research comprised 4 pet· cent of total indus
trial research and development performance. Basic re
search funds increasecl 205 per cent bet.wcen 1953 and 
1962. 

EXPLORATORY DRILLING FOR OIL IN SUSSEX 

N ATURAL gas was first observed in a water well at 
Hawkhurst, just across the border in Kent, in 

1836. It was mot with in the two sub-Wealden boreholes 
put down by the Sub-,Vealden Exploration Committee of 
the British Association for the Advancement of Science 
near Mountfield, in 1872-76. These classic explorations 
incidentally led to tho discovery of gypsum in thfl Purbeck 
beds in Sussex, tho freshly broken mineral in many 
instances then, and as mined to-day, smelling strongly of 
petroleum. In 1896 a borehole for watering the then 
London, Brighton and South Coast Railway locomotives 
was made at Hoathfield Station; it was 377 ft. deep, 
penetrating 38 ft. of Purbeck beds, imd ro3ultod in no 
worth-while water-supply; to compensate there WitS a 
strike of natural gas which at the time issufld at a pressure 
of 140-200 lb./in. 2 ; it was of sufficient volume to ignite 
to a flame 16ft. high, but in 1922 the best it could do was 
3- 4 ft. high, although still at that time being used for some 
station lighting. It was this Heathfield strike which first 
directed public attention to natural gas possibilities in Sus
sex. During 1897-99 the orig inal deep Penshurst borehole, 
nea rTonbridge, Kent, also proved Purbeck gypsiferous beds, 
and it is recorded that: "The shales associated with the 
gypsum wore often bituminous, and all the belh; smelt 
strongly of petroleum" (Lamplugh and Kitchen, 1911). 
Prospecting in a commercial senso in Sussex may be said 
to have started in 1902 with trial boreholes put down in 
the Heathfield-Mountfield-Battle area, during the 1907-9 
phase of operations by tho South Eastem Development 
Syndicate, Ltd., near Battle. Natural gas was discovered 
in many of these attempts, but nowhere in commercial 
quantity. Thereafter, further exploration for this purpose 
was abandoned and it is only within comparatively recent 
years that oil and gas potentialities of the sub-Wealden 
rocks of the south-coast counties, in particular, Sussex, 
Hampshire and Dorset, have been prominent in the 
exploration programmes planned for Great Britain by oil 
companies. Among the deep boreholes constructed during 
1936-38 was another at Ponshurst; one at Grove Hill, 
Hellingly; one at Henfield; another deep-well s ite near 
Brightling was explored in 1957, and now in 1963 thoro 
has boon completed tho 8,000-ft.. borehole at Bolney, noar 
Cuckfield. 

This Bolney well was only 'spudded in' in May 1963; 
its completion, actually to a depth of 8,006 ft. , within a 
few months. is in itself a tribute to the efficiency of modern 
oil-well drilling equipment and especially to the highly 
skilled engineers concemed with this project. " By mid
August tho well at Bolney had already passed a depth of 
7,000 feet and was drilling through tho remains of tho 
world of more than 300 million years ago. It was cutting 
through what the geologist called a marino formation of 
t.he Devonian period, which moans that it had reached 
thfl bed of what had once boon a Palreozoic ocean". This 
iR the only official hint of what geological formation was 

actually penetrated at 7,000 ft., and is contained in a 
brief articlo published recently in the Esso 1t.tagazine 
(autumn issue, 12, No. 4; 19tl3). This exploration woll, 
actually at Broxmead Lane, It miles not·th-oast of Bohwy 
village, was drilled by the Esso Petroleum Co., Ltd., to 
confirm results of geological and seismic surveys conduck'tt 
in this part of Sussex during tho pa'lt, two years. Unfor
t.unatoly, it appears to have resulted in a dry bolo, only 
gas shows at a comparatively shallow depth, as might 
have boon anticipated from previous knowledge, boing so 
far reported. However, what this vcnturo may have lost 
in money and commercial oil results, tho information it 
must have provided will prove of tho greatest vahw in 
ultimate stratigraphical and, it is hoped, tectonic inter
pretations of the vertical section here deep in tho hoat·t 
of the contra! Weald. That tho results of this borehol" 
will lead to a ro-assessment of oil and gas possibilities in 
Mesozoic and Palreozoic rocks lying honeath Sussex. if 
not of farther afield, is a safe guess. 

In due course we may hope that; tho detailoo log of tho 
Bolney well will be published. Those sort of pioneer 
adventures may undot·standably be treated as highly 
confidential at the time, especially when competitive oil 
interests in southern England aro considered. But result~! 
are apt to remain in these circumstances buried in tho 
archives, then forgotten for long afterwards, until a futuro 
generation has reason to sook to disinter vital data in 
appropriate geological investigations. None the less, how
over, there are some intriguing deductions, if not 'pointers'. 
stemming from tho clue of marine Devonian strata at 
7,000 ft., as affecting t he stratigraphical succession arui 
struct.uro of tho rocks below Bolney, even if actual or 
potential oil and gas horizons yet remain elusive. Writing 
on the "Concealed Strata-Palaeozoic Systems" of the 
W eald. F. H. Edmunds (1954) says: "At the presont day 
tho general surface of the Palaeozoic rocks is that of an 
inclined plane, with a slope southward of about 1 in 50. 
i.e. a little over ono degme; Palaeozoic rocks bonoath 
London occur at about 1,000 ft. below sea-level; at 
Hellingly about, a,250 ft., at Ponshurst about 4,550 h .. 
and at Hcnfield 4,850 ft., respectively below soa-lovel". 
Aga in, " It is noteworthy that at Penshurst, Jurassic rock>'< 
rest on Carboniforous Limostonfl, whilst at Hellingly and 
Honfield. tho Palaeozoic surfaco if\ probably composed of 
Uppor Coal Measures; the.'>e fa.cts point to an eroded 
surface of foldod rocks". The nort.h-e>tst--south-we><t 
straight-line distance betwoon Ponshurst and Henfiold iH 
about 26 miles; Bolney site i;; 6 miles along this lino 
north-east of Henfield. The Palreozoic floor (surfaco) 
would on tho basis of the foregoing data bo anticipated 
at around -4,780 ft. o.n. Thus interpreted, it would 
appear that, finishing at a depth of more than 8,000 ft .. it. 
presupposes a determined minimum penetration of some 
3,000 ft. of Palreozoic rocks hero in the search for oil, a 
most hazardous vonture unless purely geological informa· 
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tion be the motive. If this deduction is not valid, then 
the probabilities can only be explained by some com
pletely unsuspected, major chango in structure b eneath 
this part of the central Weald with a corresponding 
dramatic thickening of tho Jurassic formations overlying 
the Paheozoic Roquence, including the much-sought-after 
Kimmeridge Clay oil-bearing horizons. 

It is not difficult to understand the selection of the 
Bolney site for deap exploration as such. Tho location is 
on Cretaceous rocks (Hastings Bods : Tunbridge W oils 
Sand), here influenced by a strong anticlinal (plus much 
faulting), traceable at intervals from near l<'ernhurst 
(west Weald) , eastward beyond Cuckfield, thon from 
Heathfiold to just north of Battle, again noa.r Crowhurst 
oaf;t-south-east. to tho coast, thence if prolonged in the 
"<arne direction across the Straits of Dover into the Bas 
Boulonnais region of France, a total distance of approx
imately 125 miles. This is tectonically the central ·weald 
axis; the Bolney site is in much the samo po:>ition struc
turally as are the rocks responsible for tho shallow-gas 
showing;; at Heathfield, Brightling and Battle. 

The delineation of buried a nticlinal structures in the 
Mosozoic rocks of Sussex, equally in their counterparts in 
Hampshire .and Dorset, is to-day largely the outcome of 
modern geophysical techniques, and many such surveys 
by tho oil companies have in recent years produced most 
exciting a nd impressive geological indications, but, it must 
be generally admitted, little more than that so far as com
mercial oil-pools are concerned (perhaps one exception 

may be at Kimmeridge itself, Dorset., in 1960, British 
Petroleum Exploration Co.). In the long run, it is the 
existence of adequate source and reservoir rocks co
incident with optimum structures which determinea the 
location of commercial oilfields. Of all geological forma
tions involved in this region, particularly in Sm;sex , tlw 
Kimmeridge Clay shales and sandy beds offer the bmt 
prospects and this formation has hitherto been in tho 
forefront of oil-finding projects , although potentialities of 
other Jurassic (? Palreozoic) rocks have not escaped con
sideration. In the Heathfield district , my own work 
strongly pointed to Kimmeridge Clay shu.les as source of 
the natural gas, with overlying Portland sandy bods as 
primary container (Milner, H. B., "Tho Geology of the 
Country around Heathfiold", Proc. Geol. Assoc., 33: 
1922). Little has apparently happened to disturb this 
theory. I have long hold tho view that the Weald, as a 
geological and structural entity, is barron as regard,; 
commercial oil supplies, including gas, extending oven to 
offshore drilling. at least along this part of the south coast. 
The Esso Magazine article quoted here begins on this 
chastening note: "There are some sad facts that haunt 
the dreams of oil men: eight out of every nine wells ever 
drilled have proved dry, and only one well in forty has 
ever tapped a major source of oil or gas". From a purely 
geological point of view, may it be that Bolney has not 
proved a nightmare and that more explorations of this 
scope and calibre are in Rt.ore for us in more likely places. 

H. B. MILNER 

A THREE-COMPONENT RADIO SOURCE CONTAINING A 
WELL-ALIGNED MAGNETIC FIELD 

By DR. F. F. GARDNER and DR. R. D. DAVIES* 
C.5.1.R.O. Division of Radiophysics, University Grounds, Sydney 

M ILLS, Sloe and HilP have sugge;;ted that t.ho source 
13- 33, the subject of this article, may be identified 

with the galaxy 10 4296. This is an elliptical galaxy the 
photographic magnitude of which is given by B ecvar• as 
11·9 and the angular dimensions of which are 0·6' x 0·6'. 
Assuming the absolute magnitude of elliptical galaxies 
which are strong radio sources is - 20·4 as found by 
Maltby, Matthews and Moffet• and co!'recting for 0·4 
magnitudes of interstellar absorption the distance of 
lC 4296 is 24 Mpc. The source was found to be extended 
by Mills, Slee and Hill using a 50' beam at 85 Mcfs. 
With the 210-ft. reflector of the Australian National Radio 
Astronomy Observatory operating at a wave-length of 
11·3 em the source is resolved into three clearly disting
uished components. It consists of two extended com
ponents and a central one containing 30 per cent of the 
ll.ux which is barely resolved with the 7·35' beam. Detail;; 
of the 11·3-cm positions, fluxes and observed angular 
widths of the sources are given in Table 1 and are illustrated 
in Fig. l. The absolute positions are believed to be accur
ate to 0·5' in each co-ordinate and the relative positions of 
the components are accurate to 0·2'. The position of the 
central source is in close agreement with the position of 
TO 4296 (('I. = 13h33m48•, a = -33° 4:3' (1950) ). The 
source structure is sirnilar to that of Centaurus A (NGO 
5128). At a distance of 24 Mpc the overall extent of 13-33 
is 240 kpc, somewhat smaller than that of Centaurus A but 
still large compared with tho average source. Also the 
11·3 em brightness temperatures of the outer components 
of both sources are low, 10° K for 13-:~3 and 3° K for 
Centaurus A, whereas that of the central sources is high, 
being of the order of 100° K for both objects. 

• On leave from Nnffield Radio Astronomy Laboratories, Jodrell Bank. 

The linear polarization of the radio enuss10n from 
13- 33 was measured at wave-lengths 11·3, 21·3, 29·6 
and 31·2 em as apart of a programme in which the polariza
tion of 150 sources was investigated. The percentage 
polarization and the position angle found at each wave
length are given in Table l. The ll ·3 em polarization 
data for each of the three components could be obtained 
with the narrow beam at this wavo-length. As the 21·3 em 
beam-width is 14·0', the flux a nd polariza t.ion data for the 
closely spaced components (a) and (b) which are separated 
by 10·8' were obtained by making observations at the 

Table 1. 11 ·3, 21 ·3, 29 ·6 AND 31·2 CM DATA FOR T!lb: RADIO SOURCE 13-33 

Component Component Component 
(a) (h) (c) 

Right ascension (1950) 
Declination (1950) 

13b3201 58' 
-33°37·9' 

f 
Observed anlrular 
width in R.A. 8·7' ±0·1' 

Observer! angular 

11 .3 em Peak intensity 2·7 f.u. 
Inteo:mtcd intensit.y 3 ·7 f.u. 
l 'er cent polariza-

13h33"'44' 
-33°43·0' 

7·4' ± 0·1 ' 

7·6' :!:0·1' 
2·8 f.n. 
2·9f.u. 

1 
width in Dec, 8·5'±0·1' 

tion 7·3±1·0% 20·8±1·0% 

lPosltion angle of 
polarization 92·5° ±3° 

5·9f.u. 
Per cent polariza-

21·3 em tion 3·7±1% 
{

Intensity 

Position angle of 
polarization 

~
Per cent polarlza.· 
tion 

29 ·6 em• Position anl'!le of 
L polarization 

390 ±40 

103' ±2' 
4·8 r.u. 
12·2±1% 

9·4±1·5% 

7 ·0±1·0% 
{

Per crnt polariza-
31·2 em• tion 

Position angle of 
polarization 125 :!: 3° 

• Includes contributions from components (a) and (c). 

18b34D>47' 
-33°54·2' 

S·G'±o·1 ' 

9·6' ± 0·1' 
2·0 f.n. 
3·0 f.n. 

24·0±1 ·5% 

94° ± 2° 
4·2 f.u. 

19·9±1% 

31·3° ±2' 
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