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1.
SUMMARY

Selected palynological laboratories in Indiay France,
Holland, Great Britain and the United States of America were visited
during the period 31st May — 34st July, 1964 under the Commonwealth
Government's scheme for officers to study overseas techniques related
to o0il explorationi Governmental, commercial and academic centres
were visited and notes taken of their aimsj orgenisation, principles
and laboratory technlques. Where appropriatey specific collections
were examined and the inter-continental significance of the Australian
microfloras was discusseds

INTRODUCTION

In accordance with the Commonwealth Government's polioy
of providing aepportunities for officers of the B.M.R. to become
acquainted with the latest overseas developments in geological tech—
niques related to 0il exploration, the author visited selected
palynological laboratories in India, France, Hollend,.Great Britain
and the Urited States of america during a tour which lasted from
31st May to 31st July, 1964. No attempt was made to contact all paly-
nological laboratories in each country, but a variety of governmental,
commercial and academic units was visiteds

This report outlines the organisations, staffing, laboratory
techniques and equipment of interest, and some of the main research
topics viewed and discussed at sach location.

The laboratories visited were operated by the following
organisations

INDIA Geological Survey of India, Calcutta., Departments of
Botany and Statistics, Calcutta Universitye.
Birbal Sahi Institute of Palaeobotany, Lucknow.

FRANCE: Institut Frangais du Petrole, Rueil Malmaiscne Société
"~ Nationale des’Petroles d'iquitaine, Pau.

HOLLANDs Baatafse Internationale Petroleum Maatschaeppij N.V.,
The Haguwe and Rijswijke

GREAT Department of Geology, University of Sheffield.
BRITAIN3  Departments of Geology and Botany,

University of Cambridge.

University College, Londone

UNITED Jersey Production Research Co., Tulsa, Oklahoma.
STATES OF Pan American 0il Cos, Tuslae
AMERICAs  Sinclair Oil Coe,y Tulsas
Department of Geology, Oklahoma.
University, Norman, Oklahoma.
Department of Geology, Stanford University,
Stanford, California.
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INDIA

‘ The main reasons for gecing to India were to discover how
the Indians generally approached palynology, and to view something

of that sub-continent's Lower Gondwana microflora, which at first
sight has much in common with the Australian Upper Carboniferous Pexp-
ian and Triassic assamblagos.

Geological Survey of India.

Director~General ¢ Dr. B.C. Roy

Palacontologist-in-charge $ Dr. Shastri

Palacontologists with the G.S.I. are primarily geologists,
posted to the section as necessary. Hence Dr. Shastri has difficulty
in keeping a man for any time sufficient for him to be really fami-
liar with his subject. Members of the present professional staff and
their main interests are listed belows About ten technical personnel,
who assist with preparation of material, and a similar number of
bearers ars assigned to the section,

dr. Shastri Geologist~in-Charge,

Dr. S.5. Sarkar Crotaceous ammonoids,

Mr. P.R, Chandra Cretaceous ammoncids and
Pormian Bryozoans,

Mr. K.N. Prasas Primatos,

Mr. P.P, Satsangi Triassic vertebrates,

Dr. Chatterji Micropalaeontology,

Mr, Rao Micropalacontology,

Mr. S.C. Shah Panchet flora (including
Glossopteris),

Mr. Gopal Singh Paiaeobotan& general,

Mr. A. Chandra Lower Gondwane palynology,

Mr, M.Me Khan " n "

Mr., S.C. Pant Museum curator,

Mr. P.S. Bhamra n n

The G.S.I. museum is generally very crowded, but has a good

dlsplay, including types, of the Indian Glossopteris flora.

The collection of faunal type specimens is maintained in the
GeS.I. building itself, and is not on general view to the publice The

vortebrate collection includes a large number of primitive "elephant"
remains, ranging in age from the Miocone onwards. To my untutored eye,
the collection of Meteorites also seems to be unusually large.

The library is large, but very crowded. Microfilming equip-
ment is boing installed and it will vexry soon be possible to purchase
microfilm copies of otherwise unavailable Indian geological paperse



3e

Tentative prices quoted 3

1ét 10 pages in 5 frames or part there of - 2/- Re

Bach addition 10 pages in 5 frames or

part thereof - 1/37 Re

Add postage etce
The library also produces a list of Indian geological publications,
as part of lists of all publications received. This list is similar
to the B.M.R. monthly library list, but would be of use as a check
of recent Indian papers published in otherwise little seen Indian

journals (e.g. Current Science). The librarian is willing to mail
this list to anyone on an exchange basis.

The Indian Lower Gondwana stratigraphy and microfloras
were discussed at lengthe.

“he G.S5.I. rogards the Panchet Series, in which they dis-
tinguish two divisions, as Triassic in agee They recognize the South
African Hystrichosaurus zone towards the base of the lower divisione
From lithological aspects, the change from Raniganj to Panchets is
very similar to our Bandanna/Rewan or Newcastle/Narrabeen changes
from coal beds to green shales and sandstones. Tho problem is to
see how similar the microfloral change from the Raniganj to the
Panchet is to the P4/Tr{ change. Bhardwaj's summary of the Raniganj
microflora shows that very close similarities exist between the
Raniganj and the P3-P4 assemblages. Previous G.S.I. palynologists,
Shrivast-va & Paude, described the microfloral changes between tho
Raniganj and the Panchets in West Bengal in one bore hole. Their
range chart indicates that a considerable assemblage change takes
place between there serios. The plates in this paper are of insuff-
icient quelity to determine the precise nature of tho specises involved.
Examination of the relevant slides, preserved in the G.S.I. collect-
ion, did not allow any opinion on the matter. Large saccate striate
pollens were in about equal proportion to pteridophyte forms in the
"Panchets", The latter included rare ?Kracuselisportics spe. which
were reminiscent of some Narrabeen forms., However, a much better
section must be obtained before any firm conclusions on correlation
can be drawn.

The G.S.I. palynologists are mainly concerned with coal
seam correlations in the Raniganj and Barakar stages. They work al-
most solely on coal samples and mainly distinguish seams by percentage
differences in various types of striate pollens. Howevery; the G.S.I.
does not meet the problem of determining which of these series is re=~
presented by a particular sample., The main problems concern which seam
is represented, and the classic hystogram techniques (counts of up
to 500 specimens) are used.

The Raniganj and Barakar assemblages are characterised by
abundant winged; striate pollens and a limited number of pteridophyte
sporese The presence of these pteridophyte spores is taken as the
main difference between the Barakar and the Raniganj. The Barakar
winged pollens generally do not include forms with well defined sacs,
and the striae are also vaguer than their counterparts in the Raniganje
However, without many photographs available, it is not easy to see
these differences.
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Both the Barakar and Ranigan] coals lack good varicties of
pteridophyte spores. If this lack is as goneral as appoeared from
the slides seen, then therc will be great difficulty in firmly correl-
ating the Indian with the Australian sequences at these levels. The
Barakar pteridophyteo spores which were viewed are not comparable with
known Australian forms. Most of them were rounded triangular, trilete,
acanthine. The processes vary from short echinae to fairly long
baculae; some are almost clavate., There seems little chance of doter—
mining the correlate of the Barakar in the Australian Permian on the
basis of these rather indistinctive forms. For the present, I would
include the Barakar assemblages broadly in the range of Pld-P2. Tho
critical change from P2 to P3b which is so clearly seen in Australia
presumably comes within the Barren Coal Measures between the Barakar
and the Raniganj. Bharadwaj has described forms similar to ericianus
and villosus from the Raniganj, so this supposition cannot be far out.
Chandra & Khan think that the Barren Measures flora is similar to
that of the Raniganj, rather than the Barakar. The lack of comparable
pteridophyte spores can perhaps be explained by the fact that the
Indian studies arc mainly on coals, not clastics. Australian coals
are noted for having somewhat different (mainly gymnosperm) contents,
compared with associated clastic sediments.

Whereas there is a very close resemblance betweon the
gymnosperm varieties of both countries, the ? cycad varities differ.
I did not see any gocd specimens of Marsupipollenites as defined by
Balmo. Varieties of Ginkocycadophytus are well represented, and some
very unusual forms of either the latter genus or Vittatina are well
preserved in the Barakars

It is of course too early to draw any generalizations from
these few observations, but it appears that there are many differ-
ences in detail between the Indian and Australian Permian Lower
Gondwana assemblages. Thesc details will have to be taken into account
in any further discussion of the links betwecen the continents (vide
"driftors" such as Dr. F. Ahmad). :

I was shown a fow slides from a borechole in the Upper Gondwanas

noar Medras. I could not obtain the exact location of these samples

or their formation. I think they came from drillholes in a little

known area and had been examined to determine the age of the ocutlierse
Shandra assigned them an Upper Jurassic age on the abundance of con-
iferous pollens, compared with the general reported abundance of cycad
pollens in earlier Jurassic sequence. (This reflects the typical
attitude taken towards age determination by the G.S.I. palynologists)e

Hxamination of these samples showed tho following :

A dominance of Disaccites, Laricoidites cf. L. reidi de
Jorsoy, Tsugaepollenitcs (dampieri, and trilobatus), and fairly common
Microcachryidites sp. incl. aff. C. minor Couper, and Classopollis spe
(p)e Thore werc a fow Osmundacidites, Perotrilites, some cycads, and
Contignisporites sppe (incl. Ce cooksonii), Asguitriraditos sp. (7Tnove);
of . "Cingulatisporites" telatus. I could sec no Gleicheniids. The
Contignisporites and Aequitriraditcs sppe. are of considerable interest.
By Australian standards, this section might be uppermost Jurassic or
lowermost Cretaceous (pre-Aptian) in age. It was pointed out to me
that similar forms of Contignisporites and Aecquitriradites have been
reported from Ceylon by Satish Chandra Das Sah (1953).

If this section can be taken to exemplify the Upper Gonadwanas
(a big assumption), fairly close correlation at several levels wi-thin
the Upper Gondwanas andthe Australian Mesozoic should be possiblce
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Calcutta University - Botany Department

By arrangement, I visited Dri A.K. Chosh of the Botany
Department, Calcutta University. Dr. Ghosh was for many years chief
palynologist with the Oil and Gas Commission, and was much concerned
with palynological studies and correlation in the Indian Tertiaries.
He rcmarks that there are 16 palynologists working for the Commission
at the present time, but that they are lacking someone to take over
the chief palynologist's position.

Of general palynological interest, Dr. Ghosh regards the
abundant polycolpate species which characterize the Indian pre-Miocene
to be members of the genus Nothofagus, which has long been known to
characterize the Australian pre-Miocenc.

Two women research students in his department, Miss Bannerjoe,
the other with & name which I was unable to record, are at present
working on fructifications of Glossopterise They have at least one
fructification from which they have been uble to extract winged sceds.
They have macerated and mounted several seeds from the one fructifica-
tion, and there can be no doubt that they are from this fructification.
This work is an advance on Plumstead's work in this field.

Calcutta University - Statistical Institute

While 2t the G.S.I., I met Miss Pamcla Lamplugh-Robinson,
an authority on Permo-Triassic vertebrates; who at present is working
with the Indian Statistical Institute of Calcutta Univorsity on some
of tho Panchet vertebrates. Her concern for these fossils might
have a telling effoct on the southern hemisphere Permo-Triassic problems,.
She sces a possibility of establishing extra time links to India via
some Russian fish fossils which she hopes to see and study in theo
near future. She also would like to see more vertebrates discovered
in Australia. There is a singular lack of these romains; and what
has been found, except for the Triassic remains in the Sydney Basin,
is not of adequate quality or quantity for intcrcontinental correlatione.

Miss Robinson thinks that the Triassic of eastern sustralia
has possibilities as a collecting ground. However, there areo certain
facies, unfortunately prevalent in the Bowen and Sydney Basins, whore
vertebrates are unlikely to be found. Where there has been much dump
£ill, scouring, and current bedding,; no corpse will be preserved in
entirety; odd bones, or concentrations of bones may be present. En-
tire skoletons are more likely to be preserved in old lake deposits =
rcpresented by fine shales; perheps forming a lerge lenticle in the
surrounding sandstoncs. A goneral lack of organic debris is also
conducive to vertebrate prescervation. A peaty environmeont is too acid
for the bones to rcmain.

These pointers should be kept in mind in a subsequent analysis
of the Upper Bowen. Discovory of any vertebrates in the Uppoer Bowen
would be of world importance. :

Members of the Statistical Institute are teking an intcrest
in the geology of the Godavari Basin in south-eastcrn peninsula India.
They are studying this basin in detail from its sedimentary, palacontol-
ogical, and structural aspects. Dr. Pamela Rcbinson has been working
with them for about 12 months. 4n Indian Zoologist, Dre. Jain, will be
carrying on her work.

Mr., Subhendu Kumar Baksi, who was with Standard Vacuum of
Calcutta for nine years as e palynologist studying the Tertiaries of
Assam, is combining mapping of Mesozoics with a hope t0 employ paly-
nology to date his sections. So far hc has had little success - not
a surprising result considering the weathered state of the rock samples
ho must content with. His goeneral approach is to look at all rocks,
no matter how weathered.
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I discussed the Australian Mesozoic succession with Mr.
Baksi at some length. He confirmed that his sassam Tertiary Hoxacopites
sp. looked very similar indeed to certcin forms of Nothofagus as
reprosentod by in a slide from Balranald No. 1y in the Murray Basine
Dr. Ghosh's assortion that the Indian and Australian pre-Miocene
angiosperm floras have much in common, particularly a dominance of
Nothofagus, seem to have much to commend it.

Birbal Szhni Institute of Palaeobotany, Lucknow

Mrs. Birbal Sahni, widow of the founder of the Institute,
is its Presidenty Dr. Surange is Director and chief administrator.

The Institute is housed in a spacious building sited next
door to tho University of Lucknow. In spite of their proximity to
each other, the Institute is indopendent of the University, end is
financed by the Indian Union Government. However, it awards post-
graduate dogrees in accordance with the nceds of the local Universitye
It includes adequate room for individual staff and students, and houses
a large library, herbarium and well laid out palacobotanical museums
A seperatc clerical and accounts wing is built well away from the
scientific part of the establishment.

The Institute is subdivided into a number of departments 3
coal, 0il, Palaeozoic, Mesozoic, Quarternary, Each department
specializes in the palacobotanical aspects of its main interests,

1
Dr, Bhardwaj, onec time pupil of Dr. R. Potonie of Krefeld,
heads the Coal Department. At present he has under him four resecarch
students. Dr. Bhardwaj's approach to palynology is to examine in
greatost detail the smallest recognizable distinctions in fossil
spores and pollens, to find what are thoe largest common features mek-
ing an homogeneous group, which he would rofer to as a gonusy, and to
try and distinguish as many such small groups as possible. Dr,
Bhardwaj and Dr. Lele claim that spore~pollen morphological entities
as described in much of the literaturc are heterogenous groups which
thomselves must be greatly split. Balme & Hennelly's work on the
australian Permian could exemplify this contention. Bhardwaj and his
colleagues see morphological trends within a selected and limited
sories of such goenera which they regerd as illustrative of evolutionary
trends. Thoy confess that what they sec as distinctions today may
well be proved to be variations within the scope of one macro species
at a later date, but they cleim that what they see now will stand
up to this test, from a nomenclatural point of view, and will indicate
what might be genstic changes within the pollens or spores of that
species through time. Tho prime need is to obtain fertile fructif-
ications or strobili on the basis of which these matters can be

Judged.

This approach to the problem is a lengthy one, and, as
Dr. Surange and Dr. Bhardwaj pointed out; it has taken them at least
ton years to begin to sort out some of their Palacozoic problems. 4
goologist must ask whether such detailed research will give finer
subdivision of the geological column. The answer must be affirmative
to a certain degree. Where alleged evolutionary trends are noted,
geological confirmation of the sequence must first be obtained. So
far; the Lucknow palynologists have little such assistance, and possib-
ly it must be left to palynologists with better documented geology
to check the feasibility of some of these assertions,
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an cxample of this attitude is the work currently under-
taken, and in pross, by Dr. Lele on the Talchir saccate microfloras.
What in the southern hemisphore was generally rcgarded by most paly-
nologists as forms of the gonus Nuskoisporites are thought by Lele
to be of fundamentally distinct from that genus. (Fundamontal to
tho extent that saccus attachment is differcnt). He explains tho
gignificance of body folds usually found in a Permian "Nuskoisporites',
such as N. gondwanensis Balue & Hennelly in terms of effocts of
depositional compression on a particular body shape. He looks to the
variations within his Plicatipollenites and Virkkiipollenites (to
which mogt of the southern hemisphere "Nuskoisporites'"forms are
allocated) as due to tendency to avoid saccus formation - coupled
with a tendency to the moncleteo condition - such as in Potonioisporites.
He visualiscs the development of & bisaccate condition from the
monosaccate condition, but thinks that this trend could have develop-
ed in several different stocks. The nature of saccus attachment
indicates whether it is & truly monosaccate or disaccate condition,
not just wheother the sacs are isolate and scparate around the equator.

Prom the viewpoint of inter-continontal correlation, it
is apparens, that the Talchir Stage correclates with some of our east-
ern austrelian glacially derived d..posits such as tho uppermost Joe
Joe Fomation. The same micrcflora is to be found in the overlying
Karshbari Stagoe. 1t should be noted that no microfloras has yot
been found within the Talchir Boulder Bed. Only the overlying Needle
Shales of the Talchir Stage have so far yicelded microfossils. On
present knowledge, the Talchir Needle Shales correlate with Unit Plc,
within the Joe Jog Formation, still stratigraphically younger than
the beds with Cardiopteris (=Pla).

Placing beds younger than the Karahbari in the Australien
sequence is difficult. The Barakar Coal Measures contains an abund=-
ence of striato pollens, and quito a variety of ptoridophytes, but
the latter,; although considered of great diagnostic stratigraphic
value in the Institute does not include s.g. a. cornutus, T. cicatricosa
of P2 mge. 4re the Karahbaris older or younger than P27 A possible
answer to the question might come from recognition of a of. M. villosa
in the Barakar, which might make it as young as the top of Unit P2,
if not in P3a. The striatiti are of little help. Monosacciti are
fairly prevalent in the Barakar, and in two seoams at least, forms
generally referable to Cirratriradites splendens Balme & Hennelly
are ebundant. This group incidentally is now split by the Lucknow
palynologists into more than one genus - understandably soe. Balmo re-
cognized an abundance of C. splendens at one horizon in the Permian
of Westorn hdustralia, and possibly this might represent a comparable
lovel to these Barakar coals, but this form of evidence is vury un-
reliable. Nothing is known at Lucknow about the Barron Measures. The
Raniganj microflora is almost certainly like our late Permian P4, but
here again there are differences. For exampley; no one has yet found
Dulhuntyispora in India. Even tho coals of the Australian P4, al-
though yiclding few pteridophytes, do occasionally contain this gonuse.
Yet of the many coal samples from the Raniganj which by now have beon
examined in India, none has yiceclded the goenus.

The Institute's palaeobotanical museum contains an excollent
prosentation of good macrofloral remsins in stratigraphic order from
the Precambrian Fermoria and algae to Quaternary seeds. Nothing is
cluttered, and adequate.airy diagrams accompany the collcction.
Apparently most specimens in this museum are from the late Birbal
Sahni's collection. The muscum also includes a somewhat ingenious
foundation stoney; laid by Pandit Nohru, into which petrified plant
fossils have beon inlaide 4 smaller room incorporates displays of
fossils laid out in botanical categories. Of interest to palynology
are a number of plastor-of-parts models of pcllens grains. 4 collect-
ion of such medels would be invaluable in any palynological toeaching
collection,
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Proparation facilities are standard. They have a paly-
nological chemical room of similar dimensions to that in the B.M.R.
It is not dust sealed, although there is a great problem of wind~-
blown dust filtering into every crevice of the building. Microscopes
employed are of varied manufacture. They have more than onc Loitz
Ortholux, but the all~India probloms nf foreign exchange forces the
institute to buy when and whore tho government allows. They have a
mumber of Japanese {iympus machines which have creditable optics,
but which are clumsy to operate in comparison to the Leitz machinese.

FRANCE

Arrengements were made to visit only two research centres
in France, although othor laboratories in that country arc very active
in the palynological field. French geclogists and palynologists havo
made considorable and successful usc of the science particularly in
North Afrioa.

INSTITUTE FRaANCALS DU PETROLE

The I.F.P. was formed by the Franch government to assist
the petroleum industry by training personnel and supplying technical
aide It is financed by a tax imposed on petroloum products, but
expenses incurred for work conducted on the behalf of particular
companies or organizations are repaid by the parties concerned. With
these objectives, the I.F.P. maintains an engineers graduate school,
& large documentation division and a technical division. Theo lattor
includes a Bureau of Geological Studies, which incorporates a research
laboratory dealing with palynology, micropalacontology and sedimentes
ologye

These laboratories are supervized by Mr. J. Debyser. The
palynological tcam is headed by Dr. B. de Jekhowsky and includes 3

Madame Goubin (spores and pollons),
Mr. Bouchd (chitinozoa),
Mr. Corracia (techniques and spores and pollons),
Mlle Vachay (hystrichosphores),
four technical assistants and a secretary.

Do Jokhowsky is roknowned for his statistical approach to
palynology but classical stratigraphic palasontological mcthods are ap-
plied to the Chitinzoa.

The statistical approach requires a standardized processing
technique. The process to be followed depends on the fossils to be
extracted but each process is programmed to be completed in one wocke
Fossil extraction from a given batch of samples is commenced on a
Monday, and the programme follows a flow chart which indicates the
time at which each steop must be taken. There are considerable pauses
in the process, many of which are takon up with the settling and
decanting method of washing out reaction by-products which obviates
the need for a contrifuge. Heavy liguid scparation is not employed.
Residues arc unstained and mounted in glycerine jolly.
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This mcthod has the advantage of roleasing the processor
for other dutios at intervals during the course of the day. The
main disaedvantages secm to be in the relatively inefficient chemical
removal of unwanted mineral and orgenic matter (which could be ime-
proved with the use of & centrifuge and heavy liquids) and the often
thin spread of fossils in the resultant slides.

Chitinozoens are hand-picked from the residues by a tech-
nician who usoqf%imple, but efficient method of picking. Thoe residue
(in alcohol) is spread on a strip of blotting paper which in turn
is supported by a metal tray. The paper is keopt moist with alcohol,
but free pools of the liquid arse not allowed to form. a4 fine "needle"
c¢f uncooked canada balsam, drawn out on the end of a glass rod, is
used to pick the chitinozoans from the residue end tov transfer them
to a balsam coated slide,.

Observations are documented on 10" x 8" (appr.) edge-
punched cardse. Many photographs are taken and assemblagoe atlascs
for cach section are compiled.

De Jekhowsky is applying his statistical methods to a variety
of topics on both cerrelative and palaeocecological matters. His
recent prcject on lMadagascar (1963) is a case in point where the corr—
elations were made on the basis of vertical abundance variations and
where lat:ral variations in relative abundances wore interpreoted as
indicators of areas of particular depositional envirommentse. This
particular work is being followed with descriptive papers (compiled
by Madame Goubin) on the fluras encountered. The Madagascan project,
based on about seven well sections sampled at approximately 100 nm.
intervals, resulted in a number of palynological subdivisions of the
Jurassic rocughly equal to the number recognized in the eastern hust-
ralian Jurassic by classical methods. The precisoe position of paly=-
nological boundaries in relation to critical formation boundarics
are not so readily determinable by the statistical method,; but, assuming
sufficient significant variables can be recognized, this method is a
speedy way of completing the first stages of such a regional study.

t

The chitinozoa, studied at the I.F.P. by Mr. Bouche cannot
be processed in a manner applicable to the statistical toechniquey
but the relatively distinctive features and short ranges of many
specioes give those forms considerable stratigraphic value in the
calssical sense. Bouchd recognizes twenty chitinozoan zones from
the Tremadocian tc the Devonian in the Sshara. Theoy aro best develop-
ed in the Ordovician, and best employed for local, rather than re-
gional inter-basinal correlations.

The I.F.P. Is 2lso interested in the problem of carbone
ization of palynomorphse They ses it as & possible function of temp-
erature and tectonic metamorphiam, but they are planning to examine
the problem in conjunction with geochemical studies, adequate
facilities for which exist in their geochamical laboratories.

Slides viewod included selected Madagascan spore esscmblages
and Saharan Lower Palaeozoic hystrichospheres and chitinozoans. The
Madagasocan material was of interest because of the similarity of the
Triassic asscmblagos with comparable australian forms, and the dis=
similarity of the "Upper Permian'" from Australian, Indian and
Congolese Lowor Gondwane typos.

A tour of cther branches of the I.F.P. contrc was arranged.
Of particular note was the Documentation centre which provides a
compreohensive abstracting service to the organization. Tho I.F.Pe
in 1956 founded the publishing company TECHNIP to ensure adequato’
and spoedy distribution of scientific and technical rosults acquired
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in its laboratories and research departments. TECHNIP periodically
publishes the Révue de 1l'Institut Francais du Petrole, & bibliographic
card index, the Révue Photo Interpretation and the Révue Gas Burope
Informatione It also prints books and manuals of basic practice for
the petroleum industry, of lectures given to the BEcole Nationale
Supérieure du Pétrole ot dos Moteurs (E.N.S.P.M.), and memoirs of the
Bureau de Réchorches Géologiques ot Minieres (B.R.G.M.)s Subscript-
ions to TECHNIP publications are accepted from anyone. The Revue de
1'Institut Frangeis du Pétrole which is produced approximetely at
bimonthly intervals is of interest to geologists and palaeontologists
and is a vehicle for many palynological articles from within and out-—
side the I.F.P.

‘7 /
SOCIETE NaTIONALE DES PETROLE D'AQUITAINE, PAU

The Société Nationale du Pétroles d'Aquitaine; a commercial
company which manages the 0il and gas fields of Lacq in south-western
France and fields in the Sahara and actively conducts overseas, explor-
ationy(+) operates a research laboratory at Pau, Basses Pyrences.

This laboratory, which came into operation in 1960, tackles problems
of drillirg and production, geophysics, geology and physical chemistry.
The geclogical section is divided into a "stratigraphy" group and a
"sedimentology-geochemistry" group. The stratigraphic group, headed
by Dr. Colo, covers palynological as well as micropalaeontoclogicaly
sedimentary petrological, and micro-facies studies.

The palynological team consists of
Dr. F. Van Oyon (Chiof Palynologist)
Mr. Y. Caro,
Mri G. Poniguel,
Mr. J. Aubort,
Mr. C. Boulard,
Mr, C. Poumot,
Mr. F. Calandra.

They are helped by a chief laboratory technician and two
processing assistants, two assistants working on reference colloctions,
three picking and general assistants, an I.B.M. clerk, and a steno-
grapher who also assists with photo-mounting. This large team (by
any standards) may be increased in the future., The necd for a unit
of this size is indicated by the wide range of local and overscas
interests teken up by the S.N.P.s. and their practice of returning
large quantities of material to Pau for study. The S.N.P.A. docs
not operate any field palynological laboratories,

The approach to palynological problems adopted by the
SeN.P.is was outlined by Van Oyen to the Seventh French Colloquium
of Applied Palynology at Bordeaux in October 1963. Quentitative paly-
nology is suspected to be of doubtful value to stratigraphic correle
atione A qualitative analysis of assemblages into "types" and
"morpho-groupa' based on morphological keys is undertaken prior to
stratigraphic snythesise. The sonsitivity of this othorwise standard

(+) The Australian hquitaine Petroloum Co. is an affiliate of
the S.N.P.A.
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stratigraphical palacontological muthody which basically differs
from other methods only in ncmenclature of units, deponds on the
precision by which forms can be allocated to the morphological keye.

Photography plays a key part in the transactions of Van
Oyen's method. Photographs for ™ype" cards and asscmblage cards
(for each sample) are taken and printed. Printing of this high out-
put is handled by mcans of a Gevaert PAKQWITIC automatic printer
which enlarges 35 mm, film to a standard 6 cm. x 9 cm. format on
& roll of paper,

HOLLAND

BJ.LoPeM. Laboratories at Rijswijk, near the Hague

B.I.P.M. (Shell) has pioneered oil palynology for many
years, and possesses a central operational palynological laboratory
under Dr. 3eck and Emois, with Dr. C. Hopping as scnior rescarch
palynologist. HKopping has recently replaced Dr. R. Couper, who is
changing cver to other activities in the B.I.P.M. organisation.
B.I.P.Me have progressed to the stage of decentralising most of their
palynological investigations to regional offices in e.g. Trinidad,
Argentina, Algoria, Lybia, Nigeria, Gabon, Syria and Borneo. Kach
of these regional offices is autonomous, although their personnel aroc
trained at The Hague and thus apply a standard technique to their
operations. Shell 0il of ameorice has its own palynological teams
centrod on Houstony Texase. Operations at Rijswijk are limited to
initial studies of fiolds where no regional office is yet established
(such as Australia), and to spocific original roscarch problems as
tho occasions arise.

Computers arec used to a great extent for documentation,
statistical correlation and cnvironmont analysise

Present trends in palynological research follow Shell's
main interests in the tropical Tertiary, particularly in palasoccologye.
Tropic vegoetations include relatively few anemophilous pollen groups
and, while these; when recognised, form the basis for time correlations,
the remainder of the assemblages are likely to follow certain facios
trends. Thus palynology for this company is becoming closely assooc—
iatod with the general problems of scdimentologye

Whereas Hopping is part of the Operations Section, a
separato research laboratory employs a botenist, Dre. Fuchs on the
nature of recent palyncmorphs from lowland tropical floras in order
to detemine the characters of the related Tertiary marker tribes
end to decido which are the ecologically significant forms.

The laboratorios nocessary for these tasks were obviously
adoquate and well staffed. Female technical assistants were amployed,
taken from the lower level of Durch High Schoolgse Of intorost was the
mechenical crusher which worked on the pneumatic drill principle of
a rapidly descending piston moved by compressed air and controlled
by a foot switch. (Seo pe?21).
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GREsT BRITAIN

The period spent in Britain was intended to cover certain
university palynological reoscarch centres. The Geological Survey of
Groat Britain is only just contomplating the employment of a paly-
nologist, while the only known commercial laboratory in the country,
run by B.P. at Sudbury-on-Thames could not be visited in the time
availablo.

Shoffield
Mot Professor L.R. Moore,
Dr. C. Downie,
Dr. R. Nevesy
Miss M. Butterworth,

r. Ho Sullivan and Mr. G. Williams (roscarch student) had
recently 1uft Sheffield for Pan dmerican 0il in Tulsa, Oklahoma.
Dr., L. Love was away from Shoffield during my stay. Relatively new
to the staff, but also away from Sheffield at the time is Dr. R.W.
Wagner, on: time of B.I.P.M., Holland.

Downie's interests continue in Palaeozoic microplaenkton,
particularly of the Welsh Borderland area. For tho first timo he
has a student, (T. Jonkins), examining some British Chitinozoa.
Jenkins has been studying the Ordovician Chitinozoa of the Onny River
and Shelve arcas. Thesc studies have not yct reached the status of
the French investigations, but apparently a regional distinctiveness
in these microfossils is apparent, whon compared with the German and
North african assomblages (cf. Bouche's opinions noted on pe9 )e

& somowhat different facet of the carbonization - metamoxrphiem
problem was encountered during this Chitinozoan study s, that of
dynamic metamorphism and the preservation of the fossils only when
the cleavagoe direction paralleled the bedding planos. Jonking remark—
od on the discovery of specimens which apparontly had been fractured
by cleavages Successful extraction depends on the mechanical strength
of the fossilsy; in turn this would depend on the fossils carbonized
state. It secoms that the Chitinozoa survive a greater degreec of meta-
morphism than other palyncmorphs.

Dr., Wagner is studying floras from Spain and Turkey and is
interosted in the floral provinces of ths Carboniferous - Permian and
Gondwanaland. Ge Williamsy for his thesis, examined microplankton from
the Tertiary London Clay. apparently a vory abundant and diverse assem-
blage occurs in this formation, and Williams' work is being continued
by & Pakistani, Husseiny from Karachi. Williams had the problem of a
large contont of reworked Mesozoic microplankton which had to be ident-
ified before the autocthonous Tertiary forms could be described.

Miss Butterworth is continuing to compile data on the Upperxr
Carboniferous obtained from many years study while with the National
Coal Board.

Dr. Neves and Dr. Downie are engaged in the production cf
a toxt-book of palynology aimed at third year undergraduatos and first
year rescarch students.

With Neves, I discussed at length tho use of ultrasonic
cavitating machincs., In contrast t¢ othor usors, of such equipment the
Sheffield researchers prefer to use a low powered machine for a short
period.

Neves has also been involved in the comparative preparation
tests conducted by the C.I.M.P. An important rosult of those test is
that the difforential swelling of spores caused by treatment with alkalis
is at & maximum with KOH and a minimum with NH4OH.
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CAMBRIDGE

(a) Scdgwick Museum Department of Geology

Met Dr. N.F. Hughes,‘ | |
Miss J. MoCreavy, Rescarch assistant,

Miss E. Fowler, Rescarch Student.

Dr. Hughes' intorests lie mainly in the English Wealden
pelynology and palynoecology and this formed the main topic of dis-
cugsion during my staye. He is also concerned with the nomenclatural
problems distinctive to palynology, and with the problem of the
first appearance of the angiosperms. Miss McCreavy assists Dr.
Hughes in his partiocular projects, she also directs the laboratory
processing undertaken by a junior laboratory assistant. Miss Fowler,
graduate of the University of Wostorn Australia is at prosent study-
ing the Porth Basin Crotacsous Osborne Fomation microfloras, but
may extond her interests to some Portuguese Cretaceous assemblagos.

thile with Dr. Hughes I had the opportunity to meet a
technical salosman from Mullard Eloctrical Industries and discuss
with him the various types of ultrasonic machineSmarketed by his
firm. Ceambridge has been using for some time a Mullard probo type
of machine, but Dr. Hughes was invostigating the possibility of using
the bath type. Comments on the Mullard equipment are supplicd below

(po 22).

(b) Sedewick Museum Sub-department of Qpat&ernary Studies
{

The Quarternary Studies Sub-department of the Botany School
under Prof. Godwin is actively engaged in palynological studics of
Quaternary and Recent aspects. I spent most of my time in this sect~
ion in the company of Dr. D. Churchill, Senior Research Assistant and
graduate of the University of Wostern Australiae

As the Quaternary is beyond my normal field of study, dis-
cussions were restricted to Tertiary problems, particularly that of
the Alice Springs Farm area, which may be of a nature similar to
that doscribed by Churchill and Balme from the Coolgardie district of
Wostern Australia. I also took the opportunity to view the "fresh-
water" microplankton of Holocene age from scuth western Westorn
Australia which were described by Sargeant and Churchill in Grana Paly—
nologica. The full significance of these micro-organisms is not yet
very clear and the original locations of discovery probably need further
studye An Obvious envirommental difference exists betweon those West-
orn sustralian forms which were derived from peats and, for oxamplo,
the controversial Lower Jurassic microplankton of Queensland which
occur in sandstones and siltstones associated with chamositioc clay
pellets. Noverthelessy, the slides held by Churchill contain hystrich-
osphaerids and, at onc locality at loast, a dinoflagellate, which
occur in swarming proportions.

Laboratory techniqueos cmployed in the department were
corrospondingly different from those required for older se. ples, but
two distinctive items of equipment were noticed. Ono was mechanical
countery constructed from P.M.G. telephone relays that greatly faciii-
tated the AP and NAP ctc counts required for peat pollen spectras
The other was the silicone oil used in place of glycerine as a mount—
ant. Silicone oils arc completely inert and nover dry out. Permanent
fluid mounts which do not have to bo sceled can easily be made with
this medium,
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University College, London

I visitoed U.C. to moet Drs. W. Challoner, but at the same
time encountered Dr. Martin, from the University of Sydney who was
working at U.C. during sabbatical léave.

Discussions with Dr. Challoner centred on the Permian and
Triassic microfloras, and on the documentation problems, Challoner
pointed to the advantages of using the Vistem feature card system of
%ocumegting published datae This subject is furthor discussed on
Pe .

Jo Pottitt, a student of Challonerwy is also a palacobotanist
with tho British Musecum ¢nd is interested in fructification and seed
morphology. He is at present producing interesting electron micro-
scope photographs of thin scctions of spore exine walls.

UNITED STATES OF AMKRICA

Palynology is now studied at many centres in America and
used by maay companies for stratigraphic analysis. However, enquiry
wag concentrated mainly in Tulsa and Norman, Oklahoma as insufficient
time was available to make a comprehensive tour of the Amcrican
laboratoriese.

Jersey Production Research Centre, Tulsa, Oklahoma

Standard 0il of New Jersey at one time had a 100% affilia~
tion with Carter Oil, which operated a palynological roesearch contre
at Tulsa, Oklahoma., Standerd Oil also held a 50% interest in Humblo
0il, which operated a palynological resecarch centre at Houston, Texas.
Standard has since taken over Carter and Humble.and runs both paly-
nological laboratoriese. Tulsa handles overseas problems, and Houston
undertakes American projects. The Standard affiliate, Impoerial Oil,
in Calgary, doals with Canadian matters. apart from these research
contres, the company also mainteins field lagboratories, including
five in the U.S.4.

The staff at Jersey includes 3

Manager of Research Centro Dre Re Sarmiento,
hssistant Manager Dr. Kidwell,
Palynologists Dr, L. Stover,

He Laffingwell,

Technical Staff (palaeontological section) : Three assistants,

one of whom works exclusively for the palynologists, and a photographic
dark room assistante. Jersey also employs summer students for threo
monthly periods, on particular problems during their Ph.D. courses.

Great emphasis is placed On laboratory hygienee A high
standard is achieved by the application of the "use once = then throw
awey" principle., This involves the use of aluminium custard-pie cans
as reccptacles in which the samples are initially crushed; plastic
drinking ocups for the H' digestiong polythene tubing during the heavy
liquid separations.
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A heavy liquid separation, employing a commercially pre-
pared solution of ZnBr_, followed by ultrasonic cleaning, and residues
mounted in Clearcol ang Canada Balsam are standard procedures.

The main aim is to produce a comprehensively illustrated
and discussed report of each study. Hence there is not a great emphasis
on speed of production of resultsi Fossil classifiocations are based
on published nomenclature, No code system is employed.

Pan American 0il Corporation

Although not on the original itinerary, I visited Pan
American for one afternoon, by arrangement through the Jersey Product-
ion Centre. Pan American operate a large research unit in Tulse,
which considers problems of geochemistry, sedimentary petrology,
mathematical applications to geology (viz. computer studies), invert-
ebrate palaeontology and palynology.

Yan American has taken to palynology only in the past two
yearsy but maintains a large staff of experienced researchers, who
covered a vide segment of palynology

Head of Section Je Grayson,
C. Upshaw,
D. Engelhart,
K. Neumann,
K. Klement,
He Sullivan,
G. Willaims.

The company is not willing to take in new personnel and
train them.

Four technical assistants are employed to process about
150-200 samples per week. The unit is completed with two mecretaries.

Grayson firmly considers that the professional staff should
be kept away from technical procedures, and gives them freedom of
action within the prime policy of obtaining basic data. Pan American
have reached the stage of establishing a field office only in the
Rocky Mountains area — to deal with the Cretaceous. Others will pre-
sunably follow later.

Such a large volume of work requires a suitable documentation
systems To this end a clerk is employed full time on putting inform-
ation onto I.,B.M. cards. I discussed the needs and methods of
documentation with Grayson at length, but did not see his classification
system for the I.B.M. machine. Of interest, howsver, were his comments
from previous experience with Socony-Mobil where he developed a
catalogue of about 25,000 items of published material. Grayson
thought that a catalogue of only about 5,000 items can be usefully
put on punch cards, and he thus developed a five subject index in
which each item was separately catalogued.
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fe TFossil name,
2. Author,

3. Morphology,
4, Stratigraphy,
5¢ Numericale

This catalogue could be used by any number of researchers
in one organization. A search for the appropriate item was conducted
through one of the first four subjects. No card could be extracted
from these subject indices, but, when found, its item number was
noted, and the corresponding card was extracted from the numeriocal
cataloguse Thus cards in each classification system were always
available for reference, while it was easy for any untrained assist-
ant to replace cards in the numerical system when they were no
longer neeied. The cards were made by xeroxing the text and photo-
graphing tie plates in each publication and compiling a master set
of 5" x 8" cards. The master cards were photographed and five prints
of each mede. Several cards were photographed and printed by large
format camera and enlarger and the multiple prints cut into the
original %" x 8" size, This system has much to commend itself for
its simplicity of format and usage. The main drawback to its applio-
ation stems from the labour and photographic facilities needed to
develop ite

Sinclair Oil Corporation Research Centre

No prior arrangement to visit Sinclair had been planned,
but Dr. Wilson of Cklahoma University kindly arranged for my entry
to their research centre. This unit divides its effort between pro-
blems of 3

Exploration,
Exploitation,
Technical Services,
Engineering.

The palynologists, Mr. D. Potter and two professional
assistants, are engaged in both exploratory and service projectsas
However, they only undertake projects supplied by the Sinclair Pro-
duction and Exploration Company.

The three palynologists are assisted by one techniciane
They have an efficient laboratory and dark roomy, but do most of the
necessary processing and photography themselves. Their scope of
interest is wide, including the Rocky Mountain Cretaceous ~ Tertiaxy
and Gulf Coast Tertiariese Like B.I.P.M. they are also interested
in palaeocecological palynology. Several useful items of equipment
which were noted at Sinclair are listed in Appendix .

Oklahoma University, Norman, Oklahoma

It was my original intention to see how both the Oklahoma
Geological Survey and the Oklahoma University approached palynology,
but I found that in effect the palynological work of these organisa-
tions stemmed from the same source, Dr. L.R. Wilson and his students.
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Dr. Wilson has a self-contained laboratory in one wing of

the Geology Department of the Oklahoma University. In the same
department and below Wilson's laboratory, the Oklahomas Survey mainw

tained an office.

Dr. Wilson is a Research Professor at the University

and is also maintained by the Survey. In addition he is free to
consult for industry at his own will,

students.

Wilson maintains a laboratory for himself and about six
He has one secretary and no technical staff, but his

laboratory is well equippeds Possibly the most impressive part of
his organisation is the neat documentation system employed - and the

size of his palynological library. His organisation and documentation

is as follows

1e

20

3,

4o

Se
6o

Te

8e

Ge

files

Collect K samples and assign each rock section an
Oklahoma Palynology (OP) number. Secure this
number from the Consecutive Number file.

Yrite notes in field note booke Return note book
$o file when you return from the field.

Transcribe field notes for Collection Record
~mmediately upon return from field.

Record OP number on card in Consecutive Number
file )

Store samples in glass jars and properly label each.

Prepare a descriptive card for each sample. This
will be filed under county, state, or country in
the Rock Sample Catalogues

Process samples, place unused portion of sample
in Rock Sample Collection in Oklahoma Geological
Survey. :

Store residues in amall wide-mouthed bottles. After
microscope slides are made then file the residues in
storage cabinet in Oklahoma Geological Surveye

Study slides, describe and illustrate the fossil
assemblage, write report. All slides and materials
cited in the report are placed on permanent file

in the collections of the Oklahoma Geological Surveye

Dr. Wilson maintains the following collections and

COLLECTIONS

Modern material

1e
2e
3e
4.

Voucher specimen herbariume
Modern spore and pollen residue collection.
Modern spore and pollen microscope slide collectione

Exchange slide collectione
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Fosgsil material

5e Rock'éample collectione

6o Processsd sample collectione

To Microscope slide collection of fossilse

8e Type and illustrated specimen collection.

e Photographioc negative collection (modern and fossil
species).

104 Lentern slide collection (modern and fossil
species)e

11 Exchange slide collection.

CARD FILES |

fe Reprint and literature, by authors and subjeotse

24 licrofilm collection, by authorss

3. ilodern spore and pollen collesction file.

4e Rock sample library. '

Se Foss?l taxonomy, descriptions of genera and
speciess

1» Spore and pollen
2+ Hystrichosphaerids
3, Chitinozoa

4e Scolecodonts

5« Dinoflagellates

6e Fossil assemblage studies.
LIBRARY

1e Reprint collection.

24 Microfilm collectiona

3e Map and chart collections

During this visit the following subjects woere
discussed 13

(a) Carbonization

This has been a subject for study by Dr. Wilson for
many yoears. He has been recently collecting bottom~of-hole temper—
ature data for comparison with carbonization values.
(b) Pormian

The American Permian palynological sequence still has
many gaps and detailed comparisons between the American and overseas

assemblages must await further worke.

(¢) Pennsylvanian

The Oklahoman Pennsylvanian has been a subject of system—
atio palynological study by Wilson's students. An atlas of the
Ponnsylvanian microflora will eventually be produced. In the mean
time, Wilson has made available abstracts of the students! theses.
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(d) Printing of these abstracts was of interest as they wexre
simply, but effectively reproduced by spirit duplicator and photo-
graphs of the relevant fossils printed by offset printing. Whereas
their print quality is not up to normal publication standard, the
plates are readily understandable. This quick and cheap method of
plate printing has much to commend itself for internal, unpublished
reports.

STANDARD UNIVERSITY, CALIFORNIA

An arrangement to meet Dre. W.R. Bvitt of Stanford University,

Palo Alto, California, was unfortunately not fulfilled due to delays
in Dr. Evitt's summer field trip away from California. However, I
visited his laboratory to meet his assistant Miss S. Davidson and

Mr. J.S. Warren a graduate student assistant and discussed with them
the scope of their intended projects. The Californian Mesozoic and
Tertiary seem to be a virtually untouched source of palynological
study outside the oil companies.

COMMENTS

As individual research topics which were discussed in the
trip cannot be elaborated in a report of this type, comment is
restricted to the aims, organisation, and techniques in palynology
employed in the places visited.

Aims and Organisation

This rapid tour of a few academic, governmental and
commercial palynological laboratories has demonstrated how varied
the aims and the means by which they are achieved can be for this
particular branch of palaeontologye

None of the university groups, other than at Oklahomas seems
to be taking a very close look at stratigraphic palynology or palae-—
oecology. Their present interests are broadly taxonomic and morphologic
with emphasis on particular palynomorphic groups. The Birbal Sahni
Institute expressed an interest in these matters but regarded them
as logical sequiturs to the morphography. Only University College,
London (Dr. Challoner) operated without any assisting staff. Either
research or laboratory assistants were employed in the other establish—
ments to speed the task of these more limited objectives.

Government sponsored palynology was met only at the G.S3.IL.
and the 1.F.P. The United States Geological Survey and Canadian Geo-
logical Survey could perhaps have been visited with profit for data
on their usage of the science. The G.S.I. had very limited objsct-~
ives in coalfield correlations, and little ambition to enter into
nation-wide studies. Their system of returning palaeontologists to
the field side after a few years in the laboratory will 8Ot permit them
to adequately advance Indian palynology in the near future. However,
their ratio of professional to non-professional staff must ease their
research burden to a great extent.

The L.F.P. is organised to follow specific projects on
distinctive principles. Their projects could cover many parts of the
globe, and thereby the organisation's equivalents are on a par with
commercial firms' needs. The proportion of professional to non-
professional staff seems to be well balanced to these needs. Presumably
this has been achieved through the apparently flexible staffing and
financing systems of the I.F.Ps» Individuals of the professional staff
at the I.F.P. work on specific palynologic groups (e.g. Mesozoic
spores and pollensy Palaeozoic hystrichospheres, Palaeozoioc Chitinozoa)
so that each must become a specialist in one branch of the sciences
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Their prime task is to assist the resolution of stratigraphic pro-
blems and so taxonomic and morphographic projects are of secondary
importance, but by no means neglected. The unique but rigidly conw
trolled statistical analyses applied to the I.F.P. projects trend

to the production of palaeofacies data as well as correlative inter—
pretations.

The aims and organisations of the commercial enterprises
vary greatly, but all seem to be well balanced against their parent
companies needse The commercial laboratories can perhaps be divided
into two groupse Those which have been in the field for a number
of years (eege B.I.PM. and Jersey) have evolved from the stage of
centralised research to the development of field laboratories. The
original research centres are now modest in size and endowed with
adequate and sophisticated techniques and documentation systems.

The second group, (e.g. S.N.P.A. and Pan American) entered at a
relatively late stage into the palynological field, but they are
meeting their requirements with adequate facilities and large staff
They look For assistance to mechanical documentation and analysis

aids and t¢ data classification schemes that tend to diverge from

the classical systems of stratigraphic and palaeontologic nomenclature.
Sinclair Cil is an exception to these categories as its operations

are limited and data supplied by the production and exploration
company ar:l by the lack of technical staff.

The research projects of the commercial laboratories cover
a - great diversity of subjects and age. They are expected to take on
problems of any age or climate. There seems to be an increasing
interest in the role that palynology might payl in sedimentology.

Dr. Wilson at Norman, Oklahoma, must be separately listed
for his unique position in academicy, governmental and commercial
palynologye.

All laboratories are staffed at three distinctive levels
a senior palynologisty & group of professional palynologists who
study sepcific stratigraphic projects or projects related to part-
icular ages of fossil groupsi clerical and technical assistants who
are allocated to specific aspects of the palynologic technique.s I
did not encounter an organisation where individuals specialized in
particular geogrephic provinces or geologic basins. All the paly-
nologists with whom I talked were required to possess and use a wide
field of their discipline's basic data.

Laboratories and Techniques

All the places visited had special laboratory facilities
which were not- shared with other branches of their parent organis-
ation. However, few of the processing stages employed were common
to two or more laboratories. Custom seemed to be the chief motive
force behind a number of these actions. The effectiveness of several
laboratories' methods was demonstrated by the C.I.M.P. to be very
varied., There seems to be a great need for a number of carefully
controlled experiments on each stage of the extractions techniques
to 1lift them from the present status of kitchen cookery to that of
controlled chemical or physical processese

The common factor to all such processes is the Hydrofluoric
Acid ~ Oxidation - Alkali - Heavy Liquid Technique. To describe each
laboratory's method of applying this process would serve no purpose,
so the following comments are restricted to specific items or pro-
cedure which stand out as advantageously different from some Aust-
ralian palynological customs.
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1« Initial sample preparation

That a sample should initially be crushed is commonly
accepted as a means of accelerating chemical processing. The I.F.P.
and S.N.P;A. employ a mechanical crusher, which is roughly illustrated
in figure 1. The width of the gap at the base of the curved jaws can
be varied to alter the size of the crushed particles. The jaws and
receptacle are cleaned by a compressed air jet. This is not a very
hygenic machine, and it only crushes a proportion of a sample to
pieces smaller than about #". However it is a relatively quiet mac—
hine and can rapidly crush a large quantity of material without
becoming cloggede The I.F.P. sieves the crushed sample and uses that
portion which passes a 100 micron meshe. The machine could be a hazard
to an operator's fingers. It is probably ideal for micropalaeontological
preparations.

B.I.P.M. used a crushing machine similar to that sketched
in figure 2 Its action closely approaches that of a pestle mortar,
as it operates like a slow cycle, long stroke pneumatic drille. The
piston end and mortars are made of a special steel to B.I.P.M.'s
formula. i‘he operator holds the mortar by the handles and moves it
about until the sample within is suitably crushed. This machine per-
mits good control of the operations It is readily cleaned by washing
or air, but, from a hygiene point of view, it is little better than
the fly wheel™type. The noise generated can be heard throughout the
laboratory, and it could be quite dangerous unless the operator takes
S0mMe Cars.

In contrast, the method employed by Jersey, Sinclair and
Dr. Bvitt is simple and very hygenice. The mortar consists of an
aluminijum dish, such as those used to contain custard pies. The dish
containing a sample rests on a flat metal plate, Once used the dish
is thrown away, thus removing the need to clean the mortar between each
sample., A normal steel pestle or ordinary hammer is employed, but
this oan be more readily cleaned or refaced than a mortar. A test on
a tough Australian Precambrian sample showed that aluminium will
roadily withstand this form of treatment.

2+ Chemical Treatment

The Hydrofluoric Acid treatment employed in the laboratories
visited varies greatly. Digestions in an open beaker for several
hours, possibly heated in a water-bathyis considered satisfactory,
although a fairly large undigested residue always remainse Nowhere
were the samples heated in the manner employed in the B.M.R.

Jorsey and Dr. Evitt employed cheap drinking beakers made
of polyurethane as containers at this stage and threw them away :
after they had been used oncees This again is a first class way of
avoid contamination.

Very diverse opinions about the oxidation stage existe. The
KC10. + HNO, system is generally thought to be rather vigorous and
other oxidiBing agents are generally favoureds The I.F.P. adds NaCl
to HNO, as an oxidant. Sheffield avoids oxidation completely through
the usé of an ultrascnic cleaning machine (see below).

Alkali treatments have been subjected to comparative tests

at Sheffield. KOH treatment was found to swell the grains by up to
20%. NH,OH treatment is recommended as the best as swelling does not
exceed 5% These figures probably should be viewed with caution
because they do not take into account the apparent shrinking effect of
alcohol and bromoform which could be used in a later heavy liquid,
separation treatment. This matter has been considered before in the

B.M.R. and seemed to be the reason why, when a KCOH plus alcohol/bromoform
treatment was used, the resultant grains tended to be smaller tham
those described from residues extracted without heavy liquidse
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3. Heavy Liquid separations

Heavy liquid separatlons were elther not employed (I.F.P.,
Sheffield) or mainly carried out with Zn Br (Cambridge, Americans).
Only Churchill {Cambridge) thought that thezbromoform alcohol method
was the best. The I.F.P. statistical system does not permit the use
of a heavy liquid, but the resulting slides often contain a signi-
ficant proportion of inorganic residue. The Americans were able to
purchase a ready made solution of Zn Br,s A. Lichfield at the A.N.U,,
in recent tests was unable to satisfactorily separate pollen grains
by this means. Howsver, the American technique is to centrifuge at
high speed for about 10 minutes in the solution. Satisfactory
utilization of Zn Br, should save considerable time otherwise spent
in dehydrating the résidue then removing the bromofrom, and it is
far less toxic than Bromoform.

4o Staining and Mounting

Tery different opinions were voiced on the use of staine
Many used none at all, claiming it ruined the chance to photographe
Others clezimed the reversees L. Stover and W. Evitt "stained" their
specimens to a light brown by acetolyisis.

Slide mounting media varied. The Indians and BEuropeans
favour Glycerine Jelly, but the Americans used Clearcoal and Canada
Balsam. The latter combination is permanént and places the grains
in the optically correct position in the slide. There seems to be
a tendency for Safranine to bleed into the Clearcol, but this is
possgibly due to incomplete washing of excess stain from a residue
prior to slide mounting, or perhaps to an incorrect pH.

5. Utrasonic Cleaning Apparatus

Ultrasonic cleaning apparatus is to be found in most of the
palynological laboratories visited. However, varied explanations of
their effecty; and great variations in usage were noted.

The principle by which the apparatus works is to induce
physical movement of a solid object at ultrasonic frequencies by
electrical impulse (piezo-electric or magnetostrictive). The move-
ment is transmitted via a fluid to a suspension of the fossils to be
cleancd. Transmission can be achieved in two ways (a) by insertion
of a probe vibrating in the suspensiong (b) by insertion of a cont-
ainer which holds the fossil suspension into a bath which covers the
impulse transmitter. Resultant "cavitation'" shakes loose any attached
articles adhering to the fossils.

The main problems are to introduce the ultrasonic energy
in a manner which does not prejudice sample hygiene, and in just
sufficient quantity to remove the adhering particles without destroyw
ing the actual fossilse.

Systems observed or discussed.
(a) Cambridge.

Mullard probe transducere. This machine is in fact design-
ed for drilling ceramics. The power input can be varied
by tuning the generator away from the resonant frequency
and by altering the end diameter of the probe attached to
the transduceore Mullard regard this as a very powerful
machine. It is used by inserting the probe into a centri-
fuge tube containing the fossil suspension. Main draw-
backs to this system are the great power input and the
difficulty of satisfactorily cleaning the probe between
samples. :




(b)

(e)

(4)

(e)

Sheffield.

Mullard L326 magnetostrictive bath type machine. This has
a peak power of 250 watts but a total power input of 55
watts (because of its wave form). The L326 includes two
beakers of about 1 litre capacity. (Apparently several
sizes of machine are available, varying from % litre to 4
litre). It operates on a frequency of 40Kc, and is used
for 30 sec after HF treatment. Its use is claimed to
obviate the need for oxidation treatment.

Cambridge.

Mullard L364 generator and L368 litre tank. This machine
was demonstrated by a Mullard technician, and was under
congideration for purchase by Dr. Hughes. The generator
has a power output of 500 watts, averaging about 125 watts,
at a frequency of 40Kec, which can be off tuned. Alter-
native systems are available employing 18 litre and 25
Litre tanks. The latter can be bench mounted and needs two
1364 generators to operate it. The transducers are sensit-
ive to temperatures hot water above 50 °C will permanently
destroy their properties. All these machines can be used
to "clean" a batch of samples while still in their centrifuge
tubes.

Ultrasonics Ltd, Otley, Yorkse

Rapiclean T3 and S3 magnetostrictive bath type cleaners.
This machine is automatically tuned at 13kce on a continuous
energy input system (comparing with the Mullard L326
system), and has the bath and generator in one cabinet. A
probe -transducer can be attached at will., Power output

100 watts.

Tulsa and Oklahoma.

Bath type cleaner of unknown power output, manufactured by
Branson Ultrascnic Corps, Stamford, Conn. Jersey Research
used the machine for 30 minutes prior to heavy liquid
separation.

Comparison of systems.

(a)

(v)

(c)

The probe type of cleaner is difficult to clean and possibly
too powerful for general use. A machine (such as the
Ultrasonics products) which can take a probe transducer

may be useful and versatile.

The bath type cleaner allows several samples to be processed
at oncey, and avoids the possibility of probe contamination.

A bath cleaner is not ideal for centrifuge tubes as a
rounded centrifuge tube bottom does not so readily transmit
energy generated from the bottom of a bath. Flat bottomed
tubes would help the problem (Sheffield uses a specifically
designed tube), but a higher energy output would probably
solve the problem.
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(a) The type of powser generation affects the number of samples
which can be cleaned at one time. The magnetostrictive
transducer tends to focus power to one point in a given
bath and so its energy is unevenly distributed. Uniform
distribution is achieved by the piezo-electric machines,
but these can suffer irremediably from temperature
increase. '

(e) A bath type cleaner should be readily emptied in case of
spillage. The Mullard 18 and 25 litre tanks have drain
cocks on them.

(£) Although maximum cavitation tekes place in the 13-15 ko
range, these are audio frequencies and could be very trouble—
some to the operator. The Ultrasonics Ltd. Rapiclean system
would develop such a noise. The Mullard systems work on
a 40kc frequencys its extra power generation presumably
makes up for the loss of efficiency at this frequency.

(g) Most of the machines viewed are quite tall. A bench
nounted machine would probably be very useful in a paly-
nological laboratorys

(h) The use of ultrasonic machines in palynology is still
incompletely testede Sheffield seems to have the most
logical usage, to scatter clays and bitumens after HF
treatment. They apply the minimum ultrasonic energy to
achieve this purpose. By so doing they remove the nsed to
oxidize most samples and put the treated residue into a
most favourable dispersed state prior to heavy liquid
geperation. Utrasonics are used in America after the
heavy liquid separation to disperse a sample prior to
slide mounting.

In conclusion, an ultrasonic cleaner is a useful tool in a
palynological laboratorys. The bath type cleaner is best suited to
this purpose. Magnetostrictive cleaners could be used where only a
few samples are processed at a time, -Where considerable numbers of
samples are involved, the piezo-electric type is neededs Care must
be taken not to add hot water to such a cleanere The Mullard designs
with drain cocks on the tanks seem to best satisfy most palynological
needse A bench recessed machine would be easier to manipulate than

any other typee
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Documentation

Palynology laboratories are by no means exempt from the
problem common to all scientific establishments, documentation. Of
specific importance to palynologists iB the question how to cope with
(a) an ever increasing volume of literature and a sometimes obscurely
located old literature, (b) a vast quantity of unpublished data,

(o) stratigraphic utilizetion of these data. Some form of data
storage and retrieval system is needed to deal with the situation.

A simple, unillustrated card index is insufficient as few
libraries contain a complete set of palynological literature.
Dr. Wilson's collection in Norman is close t0 being an exception to
this state. The Kremp & Spackman catalogues; although well reproduced,
covers only a small proportion of the published literature and does
not readily lend itself to incorporation in an overall catalogue of
published and unpublished data. None of the palynologists with whom
this matter was discussed made much use of the Kremp & Spackmann
catalogue.

The alternative must take the form of an illustrated card
catalogue of each laboratories own manufacture. It could take the
form of

Simple 6" x 4" or 5" x 8" cards,

Edge punched cards,

Foature cards, such as the ViStem System,

I.BM,. or similar mechanical documentation
systems,

The systems employed in the laboratories visited naturally
varied with the research topics under study and with the bujdets and
inclinations of the researcherse The English Universities maintained
card systemse Sheffield has developed an illuastrated card catalogue
for many yearss The L. F.P. and S.N.P.A, employed edge-punched cards
approxe. 10" x 8" in size, both morphographic and stratigraphic but
both groups are taking an interest in computer documentation, B.I.P.d.
seem to have a well established I.B.M. system for storage and analysis
whichy, for example, can print out distribution charts. The edge-
punched card item system has many limitations, one of which, a8 Grayson
of Pan American pointed outy in that the meximum number of cards
which can be readily sorted by this means is rather limited. Grayson's
personally referred alternative of a simple card system in quintuplet
requires a specialized photographic system. Foature cards, on the
other hand, can be used to catalogue and s°Tt a large number of items
without having to handle a great number of cards in any one operatlono
Although they work on similar principles to the machine systans,{
feature cards can be kept immediately on hand and do not require the
aid of a mechanical sortery, a considerable advantage to the needs of
a palynologiste

Whatever the documentation systems employed, there is an
initiel need for a fossil morphograhlc/ieprodu01ng facilities to deal key a
with published plates and original photomicrographs. Where this need

was recognizged, relatively adequate technical staff and equipment woIre
provided to fulfill ite The standard procedure of enlargement,

cutting and pasting was employed by alle The exceptional firm was

S.N.PeAs which used the Pakomatic printing machine for routine photo-
micrographse Although very expensive, this machine permitted one
photographer to cope with a large daily output of negatives from seven
palynologists among other duties.

The sBequitur to data collection, storage and interpretation,
the final report could also be considered under the subject of docu=—
mentation. Those laboratories with a wide (commercial) field of
interests customarily produced illustrated reports. Illustrated
even if unpublished reports, are of great value to further investi-
gationse The S.N.P.A. for example reccgnises this and usually
produces two parts of a report, a teXt, and a separately bound set of
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illustrationse. The plates are photographic enlargements. Dr. Wilson
has tackled the same point by reproducing abstracts of his students!
thesges together with off-set printed copies of the plates. Dre. Wilson
also has the excellent medium of the Oklahoma Geology Notes as a
quickly printed vehicle for short publications on palynological
topicse '
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APPENDIXs LIST OF SEPARATES RECELVED

INDIA

AHMAD, F., ~ The Gondwana basin of sedimentation
in Indiae Rec. Geol. Surv. Ind.,
86(3), 523536, - ,

AHMAD, Fa - A brief comparative study of the
goological fomations of Western
Australia and Peninsular India and
its bearing on the Drift Hypothesise
Ibidy 86(4), 621-636.

AHMAD, Fe, - Glaéiation and Gondwanaland.
Ibid, 86(4), 637~674.

AHMAD, F., & AHMAD, N., 1963 = The age of the Gondwane Glaciation.
Proce Nate Inst. of Scie. of Ind.,
84a(1), 16=56.

BAKSI, S.K., 1962 - Palynological investigations of
Simsang River Tertiariesy South
Sillong Front, Assam. Bull. Gool.,
Mine & Met. Soce Inde, 26, 1224

BHARDWAJ, D.C., 1959 = Palynological correlation of coal
seams - principles procedure and
prospectse Proc. Symp. Nat. of Coal.
C.F.R.Ie. Indey, 129-2364

BHARDWAJ,; D.C., 1960 = Sporological evidence on the bound~-
aries of the stratigraphical subdivisions
in the Upper Pennsylvanian stratavgf
Burope and North Americas C.R.I .V
Congr. de Btrate. ot de Geol. du . au Carb.
(Hoerlen, 1958), 33-39.

BHARDWAJ, D.C., 1960 - The miospore genera in the coals of
Raniganj Stage (Upper Permian), Indiae
Palagobotanist, 9(1,2), 68-106.

BHARDWAJ, D.C., 1963 The organisation in pollen grain of

some early conifers. Ibide 2(1), 18-27.

BHARDWAJ, D.C., & SINGH,1956 - Asterotheca meriani (Bron.) Stur and
HoP.,y its spores from the Upper Triassio
of Lunz (hAustria). Palaeobotanist,

5(2)y 51=554

BHARDWAJ, D.Ce, & SINGH,1963 An Uppor'Triassic miospore assemblage
H.P., from the coals of Lunz, austriae
Ibid. 12(1), 28-44.

BHARDWAJ, D«Cey & 1961 - Spore assemblage out of a Lower Carbone-
VENKATACHALA, B.S., iferous Shale from Spitzbergene.
Palaeobotanist, 10(1,2), 18-47.

GHOSH, AJK., - List of published papers.

GHOSH, A.K., & BANERJEE,1963 — Pteridophytié spores (other than

D., Parkeriaceae and Schizaeaceae) from
the Tertiary of Assam, India.
Pollen et Spores, 5(25, 413423,
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MEHRA, P.N., & SINGH, 1955 - (Cytology of Cyatheaceae Woodsiae and
HePoy Marattiaceaee Current Science, 24, 425.

POTONIE, Rey & LELE, 1959 -~ Studies in the Talchir flora of India -

Kooy 1o SPORAE DISPERSAE from the Talchir
Beds of South Rewa Gondwana Basine
Palaeobotanist, 8(1,2), 22-37.

VENK4TACHALA, B.S. & 1962 Sporological study of the coals from

BHARDWAJ, D.C., Falkenberg (Faulquemot) colliery,
Lothringen (Lorraineg France.
Palaeobotanist, 11(3), 159=-207.

VISHNU-MITTRE, 1962 -~ Pollen morphology of Indian Amaranthaceae.
Journ. Ind. Bote Soce, 42(1), 86=101.

VISHNU-MITTRE, 1963 - The ice and the evolution of the Indian
gymnospermse Ibide, 42(2), 301=308.

VISHENU-MITTRE, 1963 = Oaks in the Kashmir Valley with remarks
on their history. Grana Palyn., 4(2),
306"3 1 20

VISHNU-MIT?RE, & 1963 ~ On the pollen of the western Himalayan

GURDIP SINGH, oaks. Journ. Inds Bote. Soce 42(1),

VISHNU-MITTRE, GURDIP 1962 - Palacobotanist, 11(1,2), 92=95.
SING‘H & S«AKSENA, KoMcSo’ ' R

VISHNU-MITTRE & SHARMA, 1962 - Studies of Indian pollen grains, 1

B.D., Leguminosaes, Pollen et Spores, 4(1),
5-45.4 -

VISHNU-MITTRE & SHARMA, 1963 - Studies of Indian pollen grains, 2

BJDy Ranunculaceas. Ibid. 5(2), 285-296.
VISHNU-MITTRE & SHARMA, 1963 - Pollen morphology of the indian spsocies
B.D., of Alnus. Grana Palyn., 4(2), 302-305.
FRANCE

BOUCHE, P.M., ' 1964 - Revue bibliographique du hystrichosphbres

(acritarches) du Palaeozoique et du
Permo-Trias Reve do 1'Inst. Fr. du.
Potrols et Ann. Combuste Liges -19(1),
3=31e ... . .

CALANDRA, F., 1964 - Sur un présume Dinoflagelle Arpy orus
nove gene du Gotlandien de Tunisie. -
C.Re Acade Scie Pa.ris, 258’ 4112—41140

DE JEKNOWSKY, B., 1963 - La methode des distances minimales
nouveau procede quantitative de correlation
stratigraphique; exemple d'application
en palynologiee Reve do 1l'Insts Fre. du
Pot. ot anne. des combuste Ligey 18(5)y
629-653«
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DE JEKNOWSKY, B.j 1963 -

DE JEKHOWSKY, Be, 1963 -

LYS’ M., & SERRE’ B." 1958 bl

TAUGOUREAU, Ph., BOUCHE,1963 -
P .M.,

LS, M., SGRRE, B., et 1961 -
GREKQFF, e,

VILLE, Jo, & REY, M.? 1964 =

GRE4T BRITALN
CHALONER, W.G., & 1963 -
PETTITT, J.M.,

CHALONER, W.G., & 1964 -
PETTITT, J.M.,

COOKSON, I+Cey & 1964 -
HUGHES, N.F.,

DELCOURT’ & F. ’ 1963 s
DETTMANN, M.E., &
HUGHES, N.F.,

HUGHES, N.F., 1964 -

HUGHES, N.F., DE 1963 -
JEKHOWSKY, B., SMITH,
AJHJWV, 9

NEVES, Ro & DALE’ Bo’ 1963 -

Sur les diverse notions de "frequenoe"
intéressant d'6tude des population
fossiles speocialement en palynologie.

Ibid., 18(6), 868-885.

Variations laterales en palynologie
gquantitative et passage du continental
au maring le Dogger Superieur de sud~
ouest de Madagascar. Ibid., 18(7-8),

977=995»

Contribution a la connaissance des micro-
faunes du Palaozoiques Reve de 1l'Inst.

Fr., du Pet. ot Anne. des Combust. Liqe,
18(6), 879=-916. ] .

Inventaire bibliographique du Groupe
des Chitinozoaires. Reve. de 1l'Inste.
Fr. du Potrole et Ann., des Combuste. Liq.,

18(11)y 1559=15704

Contribution a la connassance des micro=-
faunes du Palaeozoique. Xtudes micro-
palaeontologique (conodontes, ostracodes)
dans le Devonioen supérieur du Morvane
Reve de 1'Inste. Fr. du Pet. et 4Ann. des
Combuste Ligey 16(5)s 5306-567+

Research lsboratories of the Societe
Nationale des Petroles Dliquitaines.
Chem. & Industry, 782-~793.

A Devonian seed megaspore. Nature,

198(no.4882), 808-809.

A seed megaspore from the Devonian of
Canadae. Palaeontology, T(1), 29~36.

Mioroplankton frbﬁ thé Cambridge Green-
sand (mid~Cretaceous). Palaeontologys
7(1)5 3759 Co

Revision of some Lower Cre aceous microw
spores from Belgium. Palaeontology,
6(2), 282-292,

The assignment of species of fossils
t0 generae Iaxnng 12(9)s 331=337.

Extraction of spores and other organic
microfossils from Paleozoic clastio
sediments and coals. C.R.V® Congre Inte.
de Strat. et de Geols du Carb., 1095-1109.

A modified filtration system for paly-
nologiocal preparations. Nature, 198

(no.4882), 775~776.
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UNITED STATES OF AMERICA

PIERCE, R.L.,
STOVER, L.,

STOVER, L.,
STOVER, L.M.,
STOVER, L.,
WILSON, L.Rey
WILSON, L.R.,
WILSON, L.R.,

WILSON, L.Re, &
HOFFMEISTER, W.S.,

1961 = Lower Upper Cretaceous plant micro-
fossils from Minnesota. Unive Minnesota
& Minnesota Geol, Surve. Bull., 42.

1962 - Taurocusporites a new trilete spore
genus from the Lower Cretaceous of Mary-
land Micropaleontology, 8(1),; 55-9.

1963 ~ Some Middle Cretaceous palynomorphs
from West Africa. Ibid., 9(1), 85-94.

1963 - The Cretaceous pollen genus Pemphixipolle-
enites. Pollen et Spores, 5(1), 161~168.

1964 - Cretaceous ephedrbid pdllen from West
Africas Micropaleontology, 10(2), 145-156.

1962 - Permian plant microfossils from the Flower-
pot Formation Okle Geole Surve Circey 49

1963 -~ A study in variation of Picea glauca
(Moench) Voss pollen. Granas Palyn. 4(3).

1963 = 4 geological history of Oklahoma's
vegotation. Shale Shaker, 13(9), 4~19.
(Shele Sheker is the monthly journal
of the Oklahoma Geological Society)e.

1956 -~ Plant microfossils of the Croweburg
Coale Okle Geol. Surv. CiI‘O., 32.

(PALYNOLOGICAL THESES AVAILABLE AT NORMAN, OKLAHCMA, FROM WHICH A
COPY OF A SUMMARY HAS BEEN OBTAINEDs

BORDEAU, K.V., (M.S.)
CL4RKE, ReT., (M.S.)

CLARKE, R.T., (PhD)

DaVIS, P.N., (M.S.)

D4AVIS, P.N., (Ph.D)
DEMPSEY, J.E.,
HEDLAND, R.We, (PheD)

KIMYAT, 4. (Ph.D)

~ Palynology of the Drywood Coal
(Pennsylvanian) of Oklahoma.

- Palynology of the Secor Coal
(Pennsylvanian) of Oklahomas

- Palynology of Vermejo Formation coals
(Upper Cretaceous) in Canon City,
Fremont County, (Colorado).

- Palynology of the Rowe Coal
(Pennsylvanian) of Oklahoma.

- Palynology and stratigraphy of the
Lower Cretaceous rocks of northern
Wyominge

- 4 palynological investigation of the
Lower and Upper McAlester coals
(Pennsylvanian) of Oklahomae (PheD)e

— Palynology of the Red Branch Membexr
of the Woodbine Formation (Upper
Cretaceous) in Bryan County, Oklahoma.

- Palynology of the Rariton Formation
(Cretaceocus) in New Jersey and Long
Island.
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RUSSIN, J.H. (MS.) - Palynology of the Tebo Coal (Penn-
sylvaniag of Oklshomae -
URB4AN, J.B. (PheD) -~ Palynology of the Mineral Coal

(Pennsylvanian) of Oklahoma and Kansase
(Other Cyclostyded Notes from Drs Wilson, Norman)

WILSON, L.R.y ~ Palynology as a tool for economic
geologye(This was printed in Micro-
paleontology)e

Abstracts of North American Palynological literature (55 titles)
Copies of Oklahoma Geology Notes 19(2), 24(2), 24(6)y 24(7)s
(GENERAL DOCUMENTS FROM I.F;P-'.)

TECHNIP Catalogue of Periodicals.

I.F.Ps ~ Organisation, purpose, origin, results.

I.F.P. Revue, 1964, 15(4).
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