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ABSTRAOl' 

This report summarises the information that I gathered during Overseas 
Study in the United Kingdom and the Continent 9 from July to December, 1967. 
The practice of listing data "visit by visit" has been rejected, in favour of 
a more natural grouping of topics; this should be more helpful to the reader. 

The most interesting sedimentologioal trend that I observed, was the 
critical re-assessment of criteria used to distinguish depositional env~ronments. 
In particular the whole conoept of "turbidites" is being .re-examined. Much of 
this work is being guided by the exciting results of present day sedimentation 
studies, carried out on highly sophistioated ocean-going research vessels. 

Another line reoeiving muoh attention is the geochemical study of 
clays - from both luti tes and arenites. This is being used to indicate very 
specific depositional environments, and also as a prospecting tool to help 
delineate oil pools. 
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INTRODUCTION 

In July 1967 the Bureau of Mineral Resources sent me overseas for 
six months training; the bulk of my time was spent in the United Kingdom, 
but brief visits, to key geological establishments in the major Western 
European countries, were also undertaken. 

There were four broad objectives in this overseas training:-

1. To study the recent developments in sedimentology. 

2. To familiarise myself with the latest techniques that could 
be applied to the petrological study of sediments. 

3. To see how petrology is applied to sedimentary basin evaluation, 
in,selected research centres. 

4. ,To study the manner in which petroleum exploration is controlled 
in France. 

The first three topics are dealt with in this report; the fourth is 
considered in a separate,report - "Uniform PetroleUm Regulations in France -
A Model for Australia?" (Bryan, in preparation). 

The information in the present report has been compiled from notes 
taken during my various visits, supplemented by reference to brochures, work 
sheets, and reprints, given to me. Some of this information was included 
in a File Note, prepared in the course of the tour - "Interim Report, 1.7.67 
to 16.10.61" (File 66/2010 Part 2, Folios 1-15). 

The list of reprints given to me during the visits are indexed under 
authors in Appendix No.1; all of these have been lodged with the B.M.R. 
Library Reprint Collection.~,~,\: "." ,:>~;", 

I supplemented the information obtained during visits to various 
institutes, by attending symposia and lectures, and by participating in field 
excursions. The more important of these activities are listed below:-

Visits to Geological Establishments 

Geological Institute, State Universi ty'~ Groning$1, Netherlands 
(3rd September 1967) , 

Geographical Institute, University of Amsterd~ Amsterdam, 
Netherlands (7th September 1961) 

Geological Institute~ State University, Leiden, Netherlands 
(6th September, 1967) , 

, Netherlands Geological Survey, Haarlem, Nethe.lands 
(5th September, 1967)' : 

Marine Geology Institute, Kiel University, KLel, West Germany 
(11-13th October, 1967) 
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Institute of Geological Sciences, Leeds, United Kingdom 
(17th September, 1967) 

Institut Francais du Petrole, Paris, France (10-11th 
October, 1967) 

Fran-Corelab, Paris, France (10th October, 1967) 

Societe Nationale des Petroles D'Aquitaine, Pau, France 
(10-14th July, 1967) 

A.G.I.P. Direzione Mineraria, Milan, Italy (7-8th July, 1967) 

Conoco Middle East Research Group, Reading, United Kingdom 
(28th December, 1967) 

Attendance at Symposia and Lectures 

7th International Sedimentological Congress, Reading -Edinburgh, 
United Kingdom (11-15th August, 1967) 

6th International Congress of Carboniferous Stratigraphy and 
Geology, Sheffield, United Kingdom (11-16th September, 1967) 

6th Meeting, British Sedimentological Research Group, Leicester, 
Uni ted Kingdom (16-.18th December, 1967) . 

: 4th Meeting of Carbonate Sedimentologists, Liverpool, 
Uni ted Kingdom (18-20th December, 1967) 

PartiCipation in field studies 

The Lower Palaeozoic Rocks of south-west Scotland, 7th Inter. 
Sed. Congo Excursion (16-21st August, 1967) 

The Old Red Sandstone of south-east Wales and the Welsh 
borderland, 7th Inter. Sed. Congo Excursion (7-10th August, 1967) 

Old Red Sandstone and Transition Beds ~of Lower Carboniferous of 
south-east Ireland - arranged by the University of Reading 
(3-7thOctober, 1967) . 

Carboniferous of the Pennines of northern England ~ 6th Inter •. 
Carbo Congo Excursion (17-22nd September, 1967) 

Carbonate Sediments of Connemarra, western Ireland - arranged 
by University of Reading (25~21th August, 1967) 

Recent tidal flat and marsh deposits of Ameland, Netherlands 
arranged by Professor L.M.J.U. van Straaten (25-27th August, 1967) 

Participation in Detailed Laboratory Studies 

Old Red Sandstone of south-east Ireland, Reading University 
(October-December, 1967) 



tt is proposed to deal with the subject matter of this report under 
... broad headi~:-

... 1. Current views on a wide range of sedimentological topics • 
This would include discussions of the various depositional 

·environments and speCial subjects, ranging from the origin 
of red beds to carbonate diagenesis. 

.. 

2. The application of current sedimentological theory to the 
search for hydrocarbons, and to sedimentary basin evaluation. 
generally. 

3. The recently developed equipment and techniques used in the 
study of sediments; these will range from the electron 
scanning microscope to the use of acetate peels. 

Much of my time at the Sedimentology Research La.boratory of the 
Uni versi ty of Reading was spent on petrological and x-ray diffraction studies 
of the Old Red Sandstone of Hook Head in south-east Eire . 

. ":~'.: 

RECENT TRENDS IN SEDIMENTOLOG[ 

MAJOR CONTROLS TO PAST SEDIMENTATION 

There seems to bean increasing body of opinion that rejects the 
,. dominating role of tectonism in producing the variations observed in 

sediments through the geologic column - as proposed by Krynine (1942) and 
Krumbein and Sloss (1951). Attention was drawn to two additional sources 
of variation:. . 

Geochemical Variations. J.D. Nicholls of the University of Manchester, in 
a short paper to the British Sedimentological Research Group Meeting 
postulated that the Precambrian conditions were considerably different from 
those existing today. He based this on geochemical studies; he is convinoed 
that the following changes have taken place:-

Precambrian sea - higher !g and .9!. 
- less Na and K. 

R. Seiver of Harvard'University in a paper presented to the Seventh 
International Sedimentological Congress at Reading - Edinburgh, outlined some 
of the consequences of the concept that a general geochemical balance existed 
between the "prim'i tive crystalline material" and the sedimentary accumulations 
throughout the geological record. 

Seiver considers that the oceans represent a pH - buffered system, 
controlled by silicates rather than by carbonates. He bases this on the 
greater buffer capacity of the large amounts of silicate present, compared 
with ,the inadequate buffer capacity of the carbonates; also the oceans are in 
a steady state of equilibrium with respect to most of the elements in them. 

Such a steady buffered state for the oceans requires that the alka.li 
metals and silica supplied from weathered crystalline rocks must be used up; 
for if the alkalis and s~lica were allowed to build up, the ocean would soon 
become buffered at pH values very much higher than we see today, or that we 
can infer from past biological evidence. This leads to the simplified 
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conclusion that the dominant process is one of "reconstitution" of weathered 
materials. 

The first implication of this model in terms of the sedimentarY column, 
is that at any time, there should be only a limited amount of badly weathered 
material present - becaus'e the reconstitution of such material is essential 
to keep the atmosphere and oceans talanced. The second implication is that 
a reciprocal balance' should exist between the amount of ~limestone precipitated 
and the amount of silicate reconstituted; for if there is an'enormous excess of 
limestone precipitated, most of the hydrogen ions and the carbon dioxide will 
be returned to the at~osphere in this way, and there will be only a limited 
amount available for silicate reconstitution. Extensive limestone deposition 
will result in the depletion of H2 C0

3 
in the ocean - and this will limit the 

amount of "reconstruction" possible - Le. late stage diagenesis. 

It can be reasoned that periods in the earth's history when extensive 
vulcanism occurred and great areas of igneous rocks were exposed to weathering, 
would be times of wholesale depletion of carbon dioxide from the atmosphere by 
weathering processes; this could lead to colder climates; and to glaciation. 
At the same time, the carbonate alkalinity of the oceans ,would be increased. 

Similarly, it can be reasoned that the periods during which an excess 
of chert or silica of some other kind developed in the sedimentary record would 
have been immediately preceded by a period of very extensive deep weathering; 
for it is only under these conditions that kaolinite will be altered to gibbsite 
or diaspore, thus releasing Silica, while not affecting the carbon dioxide -
alkali balance. 

The really important question to answer is whether such oscillations of 
the system have occurred in the past, or whether there has been any systematic 
change through geolOgical time. At this stage it is very difficult to answer 
this question because one would'need to lcnow the relative proportions of 
weathered, umTeathered, and reconstituted silicates in the geological record. 

Climatic Variation - K.A.W. Crook presented a paper at the Seventh International 
Sedimentological Congress in which he queried the whole concept of Krynine (1942), 
that tectonics of both source and depositionai areas were the fundamental controls 
to sedimentation. Crook considered that the theoretical foundation of the 
tectonic control theory was weak, relying too heavily on "hypothetical analyses 
of ancient examples which readily promote cyclic arguments". He felt that many 
of the features attributed to tectonism could equally well be due to climatic 
changes. 

Crook maintained that climate itself is not neariy as dependent 
on tectonism as suggested by Krynine and others. As an example, he compared 
,the tectonically similar mountain regions of western Antartica, the Peruvian 
Andes, and the ~ven Stanleys of New Guinea; an equally marked contrast could 
be seen between the deltas of the Mackenzie and MissisSippi Rivers. 

Crook then discussed other assumptions made in the tectonic theory:-

1. Tectonism determines the lithology of the source area - through 
control of depth of burial. Crook states that this has not been 

,substantiated by study p.r;~e~~ically active and, inaqtive areas. 
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2. Tectonism establishes a uniform geomorphic pattern for zones of 
erosion, transportation, and deposition. Crook stresses that the 
tectonicity of the source and depositional areas may be quite 
unrelated, and that the geomorphic pattern itself is established 
by rainfall and other factors, largely independent of tectonism • 

. 3. Tectonism controls the distribution of sedimentary environments, 
. thr9ugh its control of the strand line. Crook points to the margin 
of ~he Gulf of Carpentaria' as an example of a strand line whose 
position is controlled more by eustatic changes in sea level than by 

tectonism; nevertheless in this example, the position of the strand 
line is of fundamental importance in determining the type of 
sedimentation - as illustrated by the contrast in superficial deposits 
of western Queensland and the recent sediments in the Gulf of 
Cft!pentaria. 

4. Basin tectonism is held to influence sediment composition by 
determining which particles pass through the depositional interface. 
Crook points out that this is an over-simplification, since the 
mineralogy of' the source area is not necessarily related to tectonism; 
nor indeed are source and basin tectonics necessarily related. 

5. The increase in grain size is· held to have tectonic implications. 
Crook pointed out that recent work suggests accumulations of coarse 
sediment reflect the detritus prepared during an earlier (arid) 
phase, whereas fine sediment reflects either contemporaneous souroe­
area aridity, or long-continued humid conditions. He cited examples 

. to show that. variations of temperature and rainfall, in and near the 
source area, have a profoUnd effect on the grain size and type of 
sediment ultimately formed. 

PROCESSES OF SED~TTATION 

In the field of sedimentation processes, the old axiom of "the present 
as the key to the past" is applied with gusto; and with the rapid expansion of 
ship-based research equipment and facilitieS, the means of studying "the present" 
are now at hand. 

Fluviatile Sedimentation 

"Drag' on grains A film presented at the SevE;lnth International Sedimentological 
Congress in Edinburgh by Shaprou clearly demonstrated the differences in drag 
for differently shaped particles when the flow regime is varied. I, at least, 
found some of the results most unexpected • 

"Blunt objects" (such as equi-dimensional pebbles or cobbles) experience 
considerably less drag than "stream-lined objects" (such as flattened pebbles) 
provided the velocity· (,of the stre8.m is low. The reason for thi s is the' smaller 
surface area of the equant objects. HOl-rever, at higher velocities the "stream­
lined ?bject" is far more easily transported than the "blunt object" - due to 
reduct~on of turbulence in the higher flow regime. 

. "Blunt objects with smooth surfaces" (such as water-worn equant cobbles 
and pebbles) experience far less drag than similarly shaped objects with rough 
surfaces - provided the flow velocity 1.S low. However, the "rough-surfaced blunt 
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. object" is subject to far less drag than the "smooth blunt object" at higher . 
veloci ty; this is because the roughness has the effect of producing turbulent· 
flow conditions at a lower velocity - thus speeding up the change to higher flow 
regime conditions which in turn lead to a decrease in drag on the blunt object. 
(it is for this reason that golfballs are covered with small pits). 

Orientation of shells in a current J. Newill of Liverpool University gave a talk 
to the British Sedimentological Research Group on experiments carried out to 
'determine the preferred orientation of larger objects -such as shells - in the 
. bed-load of a stream. Newill found that the large object tended to be elonge.ted 
normal to the direction of stream flow, rather than parallel to the flow. 

This subject was touched upon by G.V. Middleton in a paper to the 
Seventh Sedimentological Congress -in which he described results of flume 
experiments undertaken in an attempt to reproduce bedding features typical of 
"turbidites". Middleton placed small concavo-convex plastic segments in the 
sediment to be transported. These se§ffients could be equated with brachiopod 
or pelecypod valves. His'results are set out below:-

High-concentration "turbidi te" flow - over 50% of plastic segments 
deposited concave side up. 

Low-concentration "turbidite" f1ow- between 30% and 5o;b of plastic 
segments deposited concave side up. 

Traction transportation - virtually 100% of plastic: segments deposited 
- concave side down. 

Distincjtion between bed load and suspended load J.F. Prentice of the University 
of London gave a paper to the Seventh Sedimentological Congress on the study ~f a 
small reach of the Thames River in' London, represent.ing part of the ''miXing zone", 
where the fresh and salt water meet and where, as a.result, the clay minerals. are 
in a state of flocculation~ 

Sediment is carried at all levels within the water column, but the 
concentra-tioIlO;f' solids increases downw'ards. . This increase is quite slow until 
a point is reached approximately thre.e feet above the bed itself; within this 
lowermost 3-foot of the water column, solids account for up to 180,OOOpp.m. 
Yet it is founq;,that the actual clay size fraction never exceeds one third of the 
total sediment ~oad. It seems likely that the transport of the coarser particle~ 
is made easier by the high viscosity of the clay suspension immediately above the 
bottom. In this situation the usual distinctic;>n between "suspended load" and 
"bed,:"load"cannot be made; the bulk of the sediment, ranging in size from clay to 
sand, is transported as a fairly homogeneous mass within the lower levels of the 
river. Tidal ac~ion is sufficient to prevent this very viscous lower layer from 
settling out. ' . . 

Ripple pattern: in shallow fast-flowing water J.R.L. Allen of Reading University 
outlined to th€l;Bri tish Sedimentological Research Group Meeting, the results of 
his flume stud~~s of bed forms prod~ced bya fast flowing very shallow stream of 
water. I~ ,is ~~und that the longitudinal component of ripple marks becomes very 
accentuated, . and fina.lly may dominate, as the "roughness" of the flow increases. 
This point is reached when the ripple height equals the mean water depth. 

. '.. .\ -
Lower Palaeozoic b1.inket sands of the Sahara. The Institut Francais du Petro1e 
has made a _de.tailed study of the Cambro-ordovician blanket sands that crop out 
in the southe~.)part of the Sahara Desert" ~d form important reservoir beds to 

I, 
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the north-east. A similar though less widespread sand has also been studied 
from the Lower Devonian. The case history as outlined by M. de Charval should 
be of considerable interest to Australian geologists, for the Saharan example 
appears to be similar, in many respects, to the Mesozoic sands of the Great 
Artesian Basin. ' ' 

TJ;1e Cambro-Ordovician sandstone ranges in thickness from 200 to 600 
metres, but maintains a uniform thickness over very large areas, These sands are 
of fluviatile origin, and as judged from [oreset festoon~ the supply was from the 
north. Clearly, the sands originally covered an area in excess of 6,000,000 
sqUare kilometres - 2,000 kilometres in the direction parallel to the supply, 
and 3,000 kilometres at right angles to this. It is probable that the origiMl 
gradient was only about 50 centimetres per kilometre. 

Despite its enormous extent, the sandstone blanket can be divided 
into units as thin as 50 metres that can be traced over hundreds of kilometres 
with complete certainty. The following criteria have been used:-

Presence of thin shale bands 

Character of the cross lamination 

Presence of burrowing 

Essentially the same type of sedimentation ocaurred in the Lower 
Devonian, but on a much smaller scale. However the two phases of blanket sand 
deposition are separated by a marked angular unconformity, a period of glaciation, 
and the deposition of graptolitic shales and oolitic sands. 

Deltaic Sedimentation 

At the Seventh Sedimentological 'Congress several ,excellent papers were 
presented, dealing with various aspects of del taicsedimentation. D.M. Curtis of 
Shell Research, Houston, has made a detailed study of Miocene deltaic sedimentation 
on the Louisiana Gulf coast; she has attempted to equate her results with differ­
ent hypothetical models, making only three assumptions:-

- The basin, is 'subsiding continuously, but at varying rates 

- The rate of supply of sediments to the basin may vary 

- The energy'level at the site of deposition may vary. 

By combining these three variables, the ratio between rate of deposition 
and rate of'subsidence can also be varied; and depending upon this ratio, 
deltas may prograde, build vertically or spread laterally. Either transgression 
or regression will result. 

If the rate of deposition exceeds rate of subsidence, a delta will 
prograde seaswards, in a regressive sequence. This is the normal condition for 
basin filling. The vertical sequence in a typically sandy delta will be:~ 

Alluvial sands 

Upper deltaic 'plain sands and clays 

Lower deltaic plain sands, silts and clays 

Delta-front clays, sands, silts 

Pro-delta clays 

This is also the order'of lithofacies in a sandy delta. 

(top of sequence) 
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If rate of deposition equals rate of subsidence, a delta will either 
build vertically or spread laterally, rather than prograding seaward. Neither 
regression nor transgression results, and the alta site shifts very little. 

If the rate of deposition is less than the rate of subsidence, the 
.. result is a reworking of the regressive delta sequence, to produce a basal 

transgressive sand and marine clays. 

.. 

It was found that the Miocene deltaic sedimentation of Louisiana 
closely fitted these various models. It should be possible to use this approach 
in the study of a wide range of deltaic successions. 

J.M. Coleman, S.M. Gagliano and J.P. Morgan of the Coastal Studies 
Institute of Louisiana State University spoke at the Seventh Sedimentological 
Congress about the present day sedimentation within the Mississippi River delta. 
It has been found that the Mississippi River constructed in all, seven major 
lobes·of its delta during the past 5,000 years. The latest of these has developed 
since, 1838, following a break in a natural levee of the river. During its first 
40 years this new lobe grew rapidly, because of the gradient advantage it had 
over the other major outlets of the MissisSippi. Since that time, however, 
subsidence and sediment compaction have been more effective than deposition -
because of the supply tailing off once the gradient advantage was lost. 

In some of these areas, the accumulation of organic debris from the 
marsh plant assemblage has been able to keep place with the compaction and 
subsidence; in other places, however, this has not been possible and ponds and 
lakes have gradually replaced the original marsh. Thus the "landmass" produced 
by the break through of 1838 is already deteriorating rapidly. In this cycle, 
very little additional sediment can be expected; the present surface - which will 
be conspicuous by the abundance of roots and burrowing trails - will form the 
bounding surface of the presence cycle of deposition. It can be expected that 
continued subsidence will lead to the preservation of this sequence virtually 
intact. 

Penecontemporaneous deformation of deltaic sediments J. M. Coleman, S.M. Gagliano 
and J.P. Morgan, of the Coastal Studies Institute of Louisiana State UniverSity, 
gave a paper to the Seventh Sedimentological Congress describing both the 
small and large scale deformation features in a portion of Mississippi River delta. 
The range in amplitude of folding was from a few inches up to 500 feet. 

On the small scale, a vTide variety of intraformationa'l recumbent folds, 
and convolute laminations occur caused by the combination of unstable slopes, 
rapid deposition, and high speed sediment-laden currents. Most of this deformation 
occurs in channels, levees or at the delta front. 

On a rather larger scale, bank slumping can occur, especially in the 
zone of strong scouring opposite point bars. On a larger scale still, flowage 
failure can occur where river-mouth bar-sands and natural levee depOSits, overlie 
thick sequences of pro-delta or other marine clay sequences. Because of the 
overlying load, these clays become unstable; then if the river should scour into 
these clays during flood, the clays will tend to flow laterally into the scoured 
area. The deformation may affect a vertical thiclcness of 50 - 100 feet, and up 
to 1,000 feet along the river channel. This is probably one of the main reasons 
why deltaic clay sequences are often highly distorted and brecciated. 

On a very large scale, penecontemporaeneous deformation can result in 
the development of diapiric clay structures - commonly referred to as "mudlumps". 
These mudlumps occur at the mouth of the Mississippi River, and can lead to the 
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growth of islands. Their positions coincide with the loci of maximum sediment­
_ation at the mouth of the major river distributaries. Relatively coarse sediments 
accumulating at the mouths of the ac~ive distributaries, coupled with thick 
underlying sections of fine-grained pro-delta or marine clays, provide the necessary­
conditions for mud lump formation. Studies in South Pass of the Mississippi Rivp.~ 
delta show that three diapiric folds have developed and have led~intrusion of -
the order of 400 feet; this figure is even more astonishing when it is realized 
that these diapiric structures have developed in the past 100 years. That structur· 
al rearrangements are continuing at the pr~senttime is illustrated by the movements 
recorded in a 495-foot string of casing, set vertically in one mud lump island; 
over the past 5 years -to casing has been tilted 200 towards the south-west, and 
forced up 17 feet above its original position. 

D.M. Curtis of Shell Reasearch,'Rouston, spoke at the Seventh Sediment­
ological Congress of strong faulting and folding of Miocene deltaic deposits of 
the Louisiana Gulf coast area. These are attributed to gravity sliding, 
contemporaneous with sedimentation; some shale uplifts -/"mudlumps" of Coleman 
and Gagliano - are sometimes associated with the folding. With very few exceptions 
salt domes in this province do not have linear trends that can be related to this 
folding, and thus seem to have developed in a different setting. 

Shallow Marine Sedimentation 

In both Europe and North America great attention is being paid to 
present day shallow marine deposits. On the European scene, the chief areas of 
interest are the Baltic and Mediterranean Seas and the Persian Gulf. One of the 
most active groups is the Marine Research Institute within the University of Kiel, 
West Germany. 

Dr. Sarnthe1nof the Marine Research Institute of the University of 
Kiel has been working on a wide range of factors that could be of use in 
establishing micro-facies in the Persian Gulf:-

Grainsize distribution 

Distribution of lithics and non· carbonate minerals 

Distribution of pellets 
- -~ 

Distribution of fossil (Pliestocene) carbonates 
'-"7 

Distribution of present day fo~nifera 

Distribution of present d8¥ mollusca. 

The present distribution of grainsizes in the recent sediments of 
the Persian GUlf is largely controlled by availability of material rather than 
current velocitl and the like. The sand-sized material transported down the rivers 
(fine sand size) remains close to the coast. The silt and clay material tends to 
be swept down submarine channels, and is deposited on an old "deltaic plain", at 
a depth of 80-110 metres. Sarnthein believes that the fine material was transported 

~ by suspension currents, set in motion after exceptionally rainy periods. Survey 
work has shown that there are many potential sites of silt deposition on the deep 
plain, but that the only ones receiving the sediment are those close to river 
outlets. 

The "delta plains" receiving the fine sediment generally show very 
little admixture with other types of sediments; perhaps because muddy bottoms are 
not suitable for the development of coarse shelly beds. On the other hand, the 
shallow areas near the coast - but away from the river mouths - are receiving no 
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introduced sediment and as a result are Ulost suitable for the growth and 
subsequent accumulation of coarse carbonate detritus. 

Distribution of lithics and non-carbonate grains of sand size in the Persian 
Gulf, is controlled largely by two factors:-

Supply 

Gradient 

It seems that even much of the sand-sized material is transported in 
suspension rather than as 'ued loau - for the.ce io no apparent :celation between 
grainsize and distribution. 

The distribution of pellets is prilOClrily controlled uy organisms, since most are 
of faecal origin; they range up to fine sand size, but are predominantly of silt 
size. A few mudlwnps are also present but these tend to break upo There is 
direct relationship between the abundance of pellets and the percentage of organic 
carLon - as determined chemically. There appears to be no relation between the 
abundance of pellets and the depth of water - similar quantities of pellets 
seem to be developing at water depths ranging from only a few metres to as much 
as 1500 metres. (In portions of the adjacent Gulf of Oman where the water depth 
reaches 1500 metres some of the richest accUlnulatioIls of both organic carbon and 
pellets are found. 

Deposi ts of Pleistocene ca.cbonates still covel' louch of the Persian Gulf, and 
represent the ancient estuarine and tidal flat deposits of the Euphrates River. 
The maximum thickness of these deposits was only 10-20 mp.tres; they are preserved 
because the speed of tranogressioll since the Pleistocene is such that sea level 
has risen 100 metres in 8000 years. 

These relict carbonates of the Persian Gulf are still composed of 
aragonite ~ additional evidence of the speed of the transgression following 
deposition; for it has been established that only a few days are needed to cause 
the inversiou from aragonite to calcite or dolomite, if the deposit is exposed to 
air or even fresh water. 

Present farE ~niferal deposi ts are of two types 0 In deeper water t such 
as the Gu.lf of Oman, the foraminiferal population is primarily planktonic. In the 
shallower water of the Persian Gulf, a rlloderately successful benthonic foraminif­
eral fauna has developed; this cuts out well short of the head of the Persian Gulf­
probably because of increasing salinity. Throughout much of the Persian Gulf, 
there is a high proportion of planktonic foraltlinifera because of the movement of 
surface waters. As one would expect, the planktonic forminifera tend to be 
concentrated in the deeper channelo, while the proportion of benthonic 
foraminifera rises on the adj&cent mud-flats. 

Present day mollusca deposits are also of two typeso Planktonic molluscs are 
common throughout the Persian Gulf, and apparently are unaffected by the wide 
range of salinities encountered - ranging from normal up to 399 pup,m. The depth 
at which they float can differ enorillously from tillie to tilOe, and from one spot to 
another; these changes are made to adapt to changing water conditions. 

Benthonic molluscs occur in fairly constant numbers to a depth of 
200-250 metres; beneath this they cut out completely. The major factor affecting 
their concentration above that critical depth is the nature of the bottom -
benthonic mollusca preferring "hard ground" composed of less than 8oo~ fine 
sediment. 
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j;.paper on these micro-facies' studies by Sarnthein will shortly appear in 
the proceedings of the First International Planktonic Conference, Geneva, 1967-
published by the Archives des Sciences, Geneva. • 

.Dr. Hartmann of the r~ine Research Institute within the University of o • 
Kiel has analysed samples taken at 10 cent'imetre intervals wi thin cores of 
sediments from the bottom of the Persian Gulf - collected by the "Meteor" • 
His work consisted of routine analyses of nitrogen, organic carbon and carbon 
dioxide; in some cases, calcium, magnesium, and strontium, were also determined. 
Sulphur isotopes were deterined on the mass spectrograph. 

It was found that the ~rganic ~arbon;nitrogen ratio increased pro~Tess­
ively away from the coast, the absolute values of both elements increasing. It is 
suggested that the relatively higher nitrogen content near the coast is caused by 
the replacement of potassium by ammonia in the clay structure~ •. 

Within the Gulf of Oman, high carbonate values were found on the shelf 
area associated with very low ol'ga.nic~arbon • 

. . , ~ :. 

D. Meischner of the University of Gottingen, Germany, presented a paper 
to the Fourth Meeting of Carbonate Sedimentologists outlining progress made in the 
close study of recent sedimentation in the north east Adriatic Sea. The area under 
study is of particular interest, as very little sediment is being supplied from 
the adjacent land areas - despite the fact ,that the depth of water is only 10-30 
metres. This situation arises partly because of the drainage pattern along the 
Dalmation Coast of Yugoslavia, and partly because of the strong anti-clockwise 
current in the Adriatic Sea. 

The sediment accumulating in this portion of the Adriatic Sea is of 
three types:-

Wind-blown Saharan sand (mean size 90 microns) 

Rare red terrigenous clay 

Carbonate debris from in situ organisms. 

Of particular interest, was the high proportion of wind-blown sand -
apparently blown from North Africa; however the author was primarily interested 
in establishing "reverse graded bedding" - thought to have developed as a result 
of diagenetic alteration of coarse carbonate detritus to a fine carbonate mud, 
within the uppermost half metre of sediment. However this interpretation involves 
the assumption. that identical sedimentologioal conditions operated throughout the 
time during which the half metre of sediment was' deposited - and no evidence to 
support this was presented. 

~vo examples are given to illustrate the problems that can be involved 
in determining the micro-facies to which a shallow water marine suite belon&~d. 

~'he first example is from' recent sediments in Manim Bay off the w'est 
coast of Eire where J. Scott and A. Buller of the University of Reading have been 
working. Manim Bay appears to be a closed system of carbonate sedimentation; it 
contains a variety of sediments all of which are commonly regarded as indicative 
of specific depth conditions of sedimentation. The bulk of the sediment is 
carbonate sand derived' from the break-down in situ of the alga Lithothamnium, 
growing at depths of 12 to 20 fathoms. Over the same depth range, clay deposits 
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and boulder beds both occur - but with very little overlap between the two. 
Nevertheless there is no doubt that both the boulders and the clays were derived 
from the boulder-clay that covers the adjacent headland, and presumably once 
covered the bay. To add to the apparent confusion, to the south of Manim Bay there 
is a long stretch of beach dunes - containing abundant formainifera. There is no 
doubt that these foraminifera have been blown from the sea during storms and 
retained within the dune sand. 

Thus in this one small area there are deposits of ca,rbonate, sand, 
muds and boulder beds. all developing under identical conditions; and close by are 
dune sands containing foraminifera. There is no reason to believe that this small 
bay is in any w~ unique; one must expect this sort of thing to happen quite 
commonly in shallow marine environments Q 

The second example is from the Tournaisian of Southerness in south west 
Scotland, visited on an excursion during the Seventh Sedimentological Congress. 
A series of horizons consisted almost entirely of brachiopods set in a muddy matrix. 
The burrowing brachiopods must have been winnowed and concentrated by high energy 
water conditions, broken up, transported, and then re·-deposited as thin horizons 
composed almost entirely of fossils. These horizons are up to one metre thick; 
the strange thing is the total absence of sand, which would have been expected in 
such a high energy environment. 

Barrier Island A special case of shallow marine sedimentation involves the or~gJ.n 
and growth of barrier islands. This topic has very real commercial application as 
it could influence prospecting for shoe-string sands, and related sand bodies. 

J.H. Hoyt of the ~furine Institute of the University of Georgia has made 
an intensive study of barrier island development off the coast of Georgia; he 
presented a summary of his results to the Seventh Sedimentological Congress.' Hoyt 
suggested three'po~sible ways in which 'barrier islands can develop:-

Development from off-shore bars. He dismisses this because of the 
absence of open marine type sediments, between the bars and the original 
beach, at the time of barrier development. 

Development from emergent ·)ff-shore bars during periods of higher sea­
level. Hoyt dismisses this as a general cause, because data from 
many areas of the world fail to confirm high sea-levels at the time of 
bar development (Holocene). 

Development of barrier islands from submergent dune and beach rid.ges. 
'Hoyt notes that in areas of low relief, slight submergence will cause 
extensive flooding and will lead to the conversion of dunes and some 
ridges into islands. From that point the barriers may erode, prograde, 
or remain in place depending on the supply of sediment, tidal and 
current energy, and sea-level movements. 

Hoyt believes that ancient barriers were formed in a similar fashion -
except that in the older examples, a greater length of time was available for their 
development; this in turn has led to greater thicknesses in many of the older 
exaInples. 

Further submergence may lead to. erosion of the barrier, and cause a 
landward shift of the shore-line. However Hoyt maintains that this is by no means 
the rule; off the coast of Georgia, submergence has left some portions of the 
barrier intact, whereas only a few miles away the barrier and most of the lagoon­
salt marsh behind have been removed. 
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J.R. Hails of the University of London has carried out a statistical 
study of sand grains from barriers now being eroded along the NeVI South Wales 
coast. His general conclusion was that where polygenetic sands have deposited 
along a barrier coast, there may be little difference in Bean bTain-size ruld 
sorting values between beach and dUlle deposits. Differences in skewness could 
be significant but must be used with caution; beach sands'leregenerally 
found to be negatively skewed (deficient in fine sizes) in contrast ,to 
positively skewed aeolian sands (deficient in course fraction). HOweverin 
the New South Wales examples, reworking.of Pleistocene barrierS has confused 
the picture. 

In llirope the leading authority on shallow marine sedimentation and 
barrier island development is L.M.J.U. van Straaten of State UniverSity, 
Groningen, Netherlands. I accompanied van Straaten to Ameland - a comparatively 
unstable barrier island fringing the northern part of the Netherlands. It 
has extensive marsh and peat deposits that have now drained; off the 
sheltered inner side of the island, there are very extensive mud flats that 
have been studied in great detail ~ van Straaten. .' . 

A surprising feature of the apparently very muddy tidal flats of 
Ameland was the great predominance of sand; the impression of high mud 
content is largely due to the almost continuous mat of fine faecal pellets 
on the surface. The flats are markedly anaerobic through the first metre of 
sediment, and occasionally the smell of hydrogen sulphide can be detected • 
Organic activity is intense especially in the higher areas of the tidal 
flats. 1~a which can live to a depth of 10 cm. below the surface are mainly 
responsible for the bioturbation. Below the one metre mark the colour of 
the sediment changes abruptly to a nomal pale grey - largely due to the 
change in the state of the iron from a black organo-ferric compound to pyrite. 

The best way of distinguishing the different micro-facies within 
the tidal flats is on the basis of the MiYa bioturbation. :Marsh neposits 
are virtually un-burrowed but contain numerous rootlets; the inner tidal 
flat area is intensely burrowed and covered with faecal pellets; the outer 
tidal flat area is not greatly affected by burrowers, and, the bedding ranges 
from massive to well-bedded. Other important OrgalllsmS on the tidal flat 
are Corophium, a small organism that forms long narrow tubes; Cardium wflich 
lives in the top 2 cm. of the sediment; and Arenicola which forms the 
characteristic U-tube burrows. MWa, which as mentioned earlier is the major 
burrower on the flat, tends to be found in the deeper and quieter waters. 

Reefs The development and alteration of reefs, represents a most important 
case of shallow marine sedimentation. Great emphaSis is being placed on 
present day examples in interpreting the reefs of the geological column but 
a recent study in the Seychelles Islands clearly illustrates the dangers of 
generalizations and oversimplifications. 

C.J.R. Braithwaite of Dundee University gave a paper to the Fourth 
Meeting of Carbonate Sedimentologists on the supposedly typical reef 
development on the Seychelles Islands. He had found that the reef proper -
that is where a high proportion of framework is present - was very scarce •. 
Framework had only been established by the corals, locally, elsewhere the· 
deposits were mainly of reef debris, sponge material, and algae. Another 
surprising feature was the lack of thickness of the "reef". The "coral 
island" turned out to be a volcanic shell, and in IIlSllJ' places the calcareous 
deposits were only a few inches thick. 



Braithwaite thinks that many other suPPb~edly thick reef developments 
could' also turn out to be thin coatings over volcanic surfac!3s. He also fe~ls that 

-,ina great many cases not studied in detail, it will be found that "framewoJ?k" is 
very scarce, and the "reef" is simply a patchwork of prolifically growing 
individual colonies. 

A quite different approach to the problems of reef development and 
dolomitization has been adopted by the Institut Francais du Petrols. The "model" 
that they have selected for very detailed study is a Devonian reef within the 
Car~iques Alps. Deroo and Schmerber of the I.F.P. are earrying out the study, which 
is concentrating on the steps leading to the dolomitization of the reef o 

In a talk given by Lloyd C. Pray of Marathon Oil Company of the 
.United States, some of the\lfpes of reef development were discussed. Pray considered 
that !3keletal reefs would seldom grow over a wide area, probably due to tp.e lack 

;ofuniformi ty in conditions existing between the front and the back of the reef. 
He regarded patch-reefs as far more significant; though only about 20' x 20' x 3' 
thick iri most :present day examples, the ancient equivalents commonly formed very 
large masses - up -toc.), 000 feet thick and uniform throughout. Such a patch-reef 
would consist of 90% detritus' and. 10% material in the growth position • . " ". . -

. "Sabkha" Carbonate and mapori te Formation-.- The information obtained 
on the development of bedded carbonate-evaporite sequences from a study of the 
Sabkha of the Persian Gulf has le\d to far-reaching changes in oil exploration; 
for a quite new environment has been revealed to have immense hydrocarbon 
potential, embracing as it does both reservoir and cap rock - commonly repeated 
again and again up the succession. 

P.R. Bush of Imperial College, London, spoke at the Fourth Meeting 
of Carbonate Sedimentologists, on the stages of chemical evolution recorded in 
the Sabkha (salt marsh) along the marginof the Persian Gulf. In the region of 
Abu Dhabi, on the south w~st margin of the Persian »ulf, the Sabkha deposits 
are very extensive and consist of both carbonates ap4 evaporites. The various 
facies recorded - both ancient and modern - are illu~t.rated below:-
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Figure 1. Ancient and modern facies recorded in the Abu Dhabi 
Sabkha, Persian Gulf (after Bush). 
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f ' The Sabkha is in fact a supra-tidal salt flat, consisting of abel t 
t· 70-80 miles wide with a slope averaging only 1: 1 ,000. Very extensive incursions 
f" of the Persian Gulf waters occur when strong onshore winds accompBn,V high tides. 
t The resultant sheets of shallow water that spread over the flats evaporate 
I rapidly under the extreme hot dry conditions, and lead to a rapid build up in 
i' the salt ;ontent of the brine, which is always present only a few feet below the 
i surface of the flats. Precipitation of aragonite follows this build up - and in 
I turn leads to a concentration of magnesium in the brine itself. Further back on 
I:· the Sabkha flats, gypsum will nrecipi tate, but as the pore fluid concentration 
~. increases (water conten~ decreasesh the gypsum is replaced by a.nhydrite~ 
I,' 

The Sabkha acts as a huge diagenetic machine - marine sediments 
containing meta-stable minerals are extensiyely altered to suit the changed 
temperature and pore-fluids conditions. 

Continental Shelf Sedimentation 

. M.G. Grant-Gross, of the University of WaShington has made an extensive 
study of the sediments occurring on the continental shelf off the west coast of 
the United States, especially off-shore from the state of Washingtono He has 
made extensive use of radioactive waste products from a large reactor centre, 
to trace the movement of sediment on the shelf. 

The Columbia River is the ma.jor supplier of sediment to the shelf in 
this region, and carries a load of approximately 5 mil.lion tons of sediment per 
year - rather'less than'~ne would have expected from a river of this size. Most 
of the continental shelf off Washington State is covered by recent sediment from 
the Columbia River, but there are some patches of relict sediment near the edge 
of the shelf. There is a marked depth zonation of the various sediments sizes:-

Sand deposits - in less than 90 metres of water 

Coarse silt - in greater than 90 metres of water 

Much of the rece~t sediment - especially the finer sizes - is sliding 
..... off the continental shelf down submarine canyons; however, a great deal of the 

COarser fraction is being carried northward along the shelf, for distances of 
up to 200 kilometres. In this long-shore transportation of sand supplied by the 
Co~umbia River, two movements have been recognised. Sands deposited in less than 
sixty metres of water can 'iofio. be carried inshore as well as northward; on the other 
hand, sand and silt.in depths greater than 60 metres exhibit a simple northward 
movement. 

As noted above, this northward transportation of sand along the 
continental shelf is effective for over 200 kilometres - in fact right up to 
the Straits of Juan de Fuci. Quite a lot of sand actually passes through the 
Straits - exactly the reverse of what one would have expected. The reason 
for this reverse transportation of sand is the massive outflow of surface water 
through Straits of Juan de Fuci. This water is replaced by the deeper sand -
laden water moving in from the continental shelf. 

Relict Sediments on the Continental Shelves. In one of the major addresses at 
. the Seventh Sedimentological Congress at Reading, K.O. Emery discussed the 
sedimentation on the present day continental shelves - especially those of 
North America. Emery pointed out that about ten % of the earth's surface is 
occupied by continental shelves; the qurstion of how important shelves may 
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have been in the past is open to discUssion. The sources of sediment on the 
continental shelves are threefold:-

- .. -Erosion of the land surface, through the processes of both 

• 

• 

stream and coastal erosion. 

Biogenic sediments formed on-the shelf itself • 

Ice-rafted material, dropped on the shelf. 

The following diagram by Emery (1968) shoVis the approximate distribution 
of the various types of sediments-on continental shelves at different latitudes. 
It will be noted t~t the proportion of relict sediments is much higher on the 
eastem continental margin than -on the w'estem. 

L-- (ontlnenta.1 She\ f 

It is seen that a great proportion of the present day continental " 
- shelf is not receiving any new sediment whatever but is covered by relict sediment 
th~t is in some cases being eroded. It is estimated that 7OC/o of the shelf off' 
the east coast of the United States falls _into this category. -

Recent studies have also shown that the continental shelf is not as 
stable as was formerly thought." Carbon 14 age determinations on samples obtained 
from the shelf off the East Coast and the Gulf Coast of the United States, have 
shown that cOllsiderable vertical movement has occurred over the last 10,000 years. 

Much of the relict "sedimentation on the continental shelf off the 
eastem margin 'of ,the United States was probably deposited before the recent 
sUbmergence. Peat dredged from the shelf has an identical floral assemblage to 
the pe-at occur~ing on the mainland United States; elephant teeth have also been 
recovered,with the peat on the continental shelf. R,ecent investigations on the 
shelf have 'also revealed that mUch of the relict sediment off the United States . .' '. . 
that is being eroded is being transported shorewards - in some cases back 
towards estuaries from which presumably i thad been supplied in earlier times, 
when the sea level was lower. -

Cyclic Sedimentation. 

,This topic has been hotly debated _for many years and naturally it was 
given much attention at both the Sedimentological and the Carboniferous Congresses. 
On the one hand these were the devotees of cycles and cyclothems, whose chief 
spokesman was W.P. "van Leckwijck of Belgium. at the other extreme were the 
sceptics lead by H.G. Reading of Oxford. 



have been in the past is open to discussion. The sources of sediment on the 
continental shelves are threefold:-

.Ero'sion of the land Surface, through the processes of both 
stream and coastal erosion. 

Biogenic sediments formed on'the shelf itself. 

Ice-rafted material, dropped on the shelf. 

The following diagram by Emery (1968) shows the approximate distribution 
of the v&!'ious types of sediments. on continental shelves at different latitudes. 
It will be noted that the proportion of relict sediments is much higher on the 
eastern continental margin than on the western. 

Figure 2. Distribution of sediments on the continental shelves. 
(after Emery). 

It is seen that a great proportion of the present day continental . 
shelf is not receiving any new sediment whatever but is covered by relict sediment 
that is in some cases being eroded. It is estimated that 700fo of the shelf off' 
the east coast,of .the United States falls ,into this category. . 

Recent studies have also shown that the continental shelf is not as 
stable as was formerly thought. Carbon 14 age determinations on samples obtained 
from the shelf off the East Coast and the Gulf Coast of the United States, have 
shown that considerable vertical movement has occurred over' the last 10,000 years. 

Much of the relict sedimentation on the continental shelf off the 
eastern margin Of the UnitedStateswl1s probably deposited before the recent 
submergence. Peat dredged from the shelf has an identical floral assemblage to 
the peat occurring on the mainland United States; elephant teeth have also been 
recovered with the peat on the continental shelf. R,ecent investigations on the 
shelf have also revealed that much of the relict sediment off the United States 
that is being eroded is being transported shorewards - in some cases back 
towards estuaries from which presumably it had been supplied in earlier times, 
when the sea level was lower. 

Cyclic Sedimentation. 

This topic has been hotly debated for many years and naturally it was 
given much attention at both the Sedimentological and the Carboniferous Congresses. 
On the one hand these were the devotees of cycles and cyclothems, whose chief 
spokesman was W.,P. van Leckwijck of Belgium, at the other extreme were the 
sceptics lead by H.G. Reading of Oxford. 
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Van Leckwijck presented a paper at the Seventh Sedimentological Congress 
. showing detailed correlation of Namurian sediments in southern Belgi.um. He 
regarded the succession as a good example of a "60-metre cycle", tral"!p.able for 
distances of up to 90 kilometres. van Leckwijck divided each cycle into three 
"megaphases":-

Upper part - leee arenaceous than the middle, and less argillC1ceous 
than the .lower part; fauna rarely fully. marine and may be non-marine. 

Middle part ~ shales, san~ shales and massive gceywacke, some seat­
earth and coal. Animal fossils not common. 

Lower part- mainly shales becoming san~ towards top; a rich and 
varied marine fauna. 

Van Isckw~jck further divided the %C-metre cycle" in to 8 cycles of 
lower rank having' an average thickness of 8 metres. He referred to these as 
"10-metre-cycles", which iqeally consist of the following phases:-

Argillo-arenaceo~s phase 

Arenaceous-phase 

Areno-argill&ceous phase 

Paludal ·phase 

(top of sequ~nce) 

The paper was severely criticized on the grounds that the correlations 
were forced. One of the chief critics was H.G. Reading, who urged that workers 
should look for natural breaks and boundaries in sequences rather that arbitarily 
selecting those that fit some theory of cyclic sedimentation. 

H.G. Reading enlarged upon this theme in a paper presented to the 
Sixth International Congress of Carboniferous Stratigraphy and Geology. Be 'urged 
that an initial division be made into "predictable cycles", and "random sequences" 
(those which on current knowledge are not predictable). Reading described four 
types of "predictable" sequences:-

Coarsening upward sequence -regressive conditions 

Fining upward sequence - maturing fluviatile sediments 

Fining upward sequence - seat earth 

Fining upward sequence - transgressive condtions 

.Reading regarded the breaks in sedimentation as all important - and 
ci ted examples where sequences containing marked disconformities have been 
described as a· single unit, to fit a traditional concept of cyclothems. 

Red Beds. 

At the Seventh Sedimentological Congress, there.was much discussion 
about the origin and significance of redbeds but little agreement on the major 
controlling factor, if any. 
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R.W. Fairbridge of Columbia University stressed the periodicity of 
. red ,bed development in the geological record - well illustrated by the Old 
• 'Red Sandstone (Devonian), and the New Red Sandstone (Triassic). He preferred 

to explain red bed development in terms of climatic characteristics of the 
source areas rather than a particular type of depositional environment. As 
pointed out by P.F. Friend of Cambridge, hematite can be stable under certain 
marine conditions. Well-ordered hematite is stable in the presence of ~drogen 
sulphide whereas hydrated ferric oxides (goethite) and amorphous gels ('!limoni tell) 
are not stable. This is of considerable importance as it indicates that hematite 
could exist under reducing conditions - as found in present day deposits in portion 
of the Bay of Fun~. At the other extreme, T.R. Walker of the University of 
Colorado, showed that red beds were forming as piedmont deposits in the arid south 
west of the United States; these were derived from the red-brown covering of the 
mountain ranges of the region. 

However Walker also found that red beds can develop through the 
diagenetic alteration of a wide range of sediments - deposited in equally diverse 
environments. He has carried out electron-probe studies of femic minerals and 
has found that they progressively release iron oxide during diagenesis. He feels 
that sedimentary rocks with only a very small proportion of such minerals can be 
"reddened", if the processes of diagenesis are given sufficient time to operate, 
in a sui table (oxidising) diagenetic environment~ 

F..F. Friend of Cambridge is convinced that most red beds were deposited 
in river or lake environments - and are thus indicative of a particular depositional 
environment rather than a particular source. In support of this contention, 
Friend has pointed out that at the time of deposition, the suspended load of most 
modern rivers iS,yellow or brown - "limonitic" rather than hematitic. 

In his own paper to the Seventh Sedimentological Congress Friend 
discussed the3ignificance limonite in the coloUring of a red bed. He adopted two 
basic assumptions:-

Most reddish sediments are coloured'by hematite 

Most red bedsweredeposi ted in river or lake environments. 

In the Devonian Wood Bay Formation of Spitzbergen that Friend was 
stu~~ng, there were three possible sources of the red pigmentation:-

Pink feldspars 

Pigmented"biotite and rock fragments 

Variable degrees of limonite coatings of grains - later to form 
the hematite pigments. 

Friend noted that evidence is accumulating that amorphous iron 
oxides ("limonite") are important components of many llbdem soils. This, combined 
with the fact that most of the pigmen~ of the suspended load of rivers is yellow 
'or brown, increases the likelihood that limonite is widespread in river deposits, 
and an important potential source of red bed pigmentation. In the Wood Bay 
Formation,Friend has followed other workers in interpreting the succession as 
predominantly red - but also grey to green - channel sands passing upwards into 
red overbank siltstones. He attributes the differences of colour in the sandstones 
to the changes from a reducing to an oxidis.j.ng environment. The. form of the co1our 
boundaries indicates that the non-red part of the cycle was coloured as a result 
of alteration of a sediment,that would otherwise have been red. 
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Friend regards the limonitic r,rain coatings and cement, as the 
principal Gource for the hemati t·e. that ultimately forms the pigmentation 0 

The contribution from pink feldspar and lithic grnins is small. 

"Turbid.ites" 

The name "turbidite" has been placed in inverted commas because of·the 
present cOiltroversy as to what exactly the term meant. At the same time it was 
evident from the papers given at the Seventh Sedimentological Congress that there 
is a marked swing away from the tendency of the past 15 years to explain all 
graded-bedded successions in terms of turbidity currents. 

In a most convincing talk at the Seventh Sedimentological Congress, 
J.P. Mangin of Nice, France, attacked the widespread - and commonly quite naive­
use of turbidity currents to explain any layered, graded-bedded series; he also 
criticised the widespread use of this ill-defined term, "turbidite". Mangin called 
for a return to faith in facts, rather than terms. 

Mangin maintains that the use of the word "turbidite" and the 
characteristics attached to it are based on a succession of hypotheses rather than 
on facts:-

1. Turb{dity currents were produced in the laboratory 
experiments, but were extended to natural conditions without 
any support,ing evidence. Thus the term "turbidite" was moved 
from the realm of the laboratory to that of nature. 

2. It was then claimed that turbidity currents were responsible 
for the breaking of submarine cables, thus establishing a scale 
of magnitude for the mechanism. Mangin maintains that not only 
is this completely un-proved, but that enormous initial velocites 
would have been required - far greater than can readily be 
envisaged. 

3. Special types of sole-markings in graded beds were simply attributed 
to turbidity currents and have come to be regarded as diagnostic of 
such currents. 

4. By assuming that turbidity currents were responsible for graded-
bed sequences, and knowing the minimum theoretical gradient 
necessary for the development of large scale turbidity currents, 
it was necessary to regard such graded-bed sequences as of very 
deepwater origill. The ci:ccular argument continued to the effect that 
since much of the flysch consists of graded-bed sequences, the 
flysch must have developed in very deep water. But r-iangin has 
reported authentic bird footprints from parts of the so-called 
"flysch turbidite" formations. Also he reporter that leading 
oceanographers are convinced· that the very fine "lamintes" of 
turbidi tes cDJlnot form in ocean deeps. . 

Hangin maintains that for these reasons, it is becoming increasingly 
popular for authors to note that "turbidity currents can be a deposit mechanism 
that is not linked to any specific depth"; others have written that "if a 
turbidity current developed in the bed of a river, a little upstream from the 
mouth, it would be able to travel to, and leave its deposits in, basins of very 
shallow depth". As Mangin points out these writers are talking about nothing 
more than suspension currents, in no way similar to the turbidity currents as 
originally postulated. 
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Nangin accepts that turbidity currents ho.ve operated; h01Never, he sees 
no necessity to credit such currents with "the regular and endless filling of 
basins of enormous proportions". He stres~$that the turbidity current mechanism 
cannot produce finely laminated beds at any depth, nor can the mechanism itself' 
possibly operate in shallow water •. 

J.F. Hubert of the University of Bissouri, has studied a flysch succession 
of graded sandstones in Switzerland, concentrating on indicators of the palaeo­
currents. Preliminary results of the study were presented in a paper to the 
Seventh Sedimentological Congress., 

Hubert found that the currents that deposited the graded sandstones 
consistently flowed in one direction - throughout the entire succession. At the 
same time it was found that carbonaceous debris (charcoal), occurring in shale 
beds interstratified with the graded sandstone, showed a marked parallel orient­
ation exactly matching the current direction within the graded sandstones" However, 
as the carbonaceous matter occurred within a shale, its attitude could not possibly 
be attributed to the drag-effect of turbidity currents. 

Thus we are left with two possiblitieso The first is that the ocean 
bottom-current system oriented the carbonaceous debris in the green shDles, and 
also deposited the graded sandstones through the winnowinf, effect of bottom 
currents. The second is that, quite fortuitously, the ocean bottom current 
direction exactly matched the direction of the gravity-controlled turbidity currents. 

Hubert regarded the environment of deposition as comparable to that 
existing on modern continental rises, with a depth of 1,500 - 3,000 metres. 
Bottom currents capable of transporting and deposi tinrr graded sandstones through 
winnowing are known from oceanographic studies. Negative evidence in support of 
such an origin is the fact that scatter diagrams of mean size standard deviation 
and skewness of sandstones and siltstones in the flysch succession are all similar 
to comparable diagrams for sandsto~e~ and siltstones deposited by normal bottom 
currents in numerous continental and marine environments. As Hubert pointed out~ 
there is a lack of distinctive textural properties at the hand specimen level to 
distinguish llturbidites" from "non-turbidites". 

In the abstract of a paper that Vias to have been presented at the 
Seventh Sedir,1entological Congress by Ph. Kuenen of Groningen, Netherlands, the 
results of· some experiments using a circular flume to produce the high density 
suspensions were set out. While aJ.mitting thclt a circular flume approximately 
four metres wide and less than one metre high, activated by 16 paddles reaching 
half-way to the bottom of the flume, could not closely match conditions in nature, 
Kuenen nevertheless maintained that the results would give a sufficiently close 
approximation to conditions of nature to be significant. Kuenen was able to 
reproduce current ripple marking, convolute lamination, and also horizontal 
laminations - by varying velocity etc. 

Of particular interest were his data on the incorporation of clay and 
fine silt into a coarse grained turbidite. This should lead to the development 
of e;reywacke-type rocks. The experiments sho~;{ed that the maximum proportion of 
relatrix in turbidites should be about 10%. Kuenen attributes the much higher values 
co,;lmonly found in greywaclws to the eff.ect of slight metamorphism. 

G.V. Niddleton of ~IcHaster University, Canada, also reported on flume 
experiments: in his case however, a straight flume five metres lone; was used. 
~s far as was possible in an experiment of this small size j the results confirmed 
that turbidity currents could produce the various bedding features - such as graded 
bedding~ current rippling, convolute lamination, and planar lamination - attributed 

----*'"'- ~ + 
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Of special interest were the results obtained v:hcn sli1B.ll concavo-conveA. 
plastic .p~ticies(pieces 6f plastic tubing sliced parallel to the length of the 
tube) were included in the sediment load. It was' found that in high concentration 
flows - thought to be characteristic of turbidity currents - more than half of 
the plastic particles were deposited in a conc.aye-up position. In the low concent ... 
ration flo'l'ls, between one half and one tbird of the particles were deposited in a 
conc;").ve-up pcsition. l,1j ddletori states that if movement '\'las by traction befo?:'e 
cleposi tion, virtually all. of these particles woul.d be orientated i'YJ. a ('on.cave=dowD 
posi tiono, 

R.G. Walker also of McTvTaster University, Canada, in. 2, paper to the 
Seventh Sedimentological Congress outlined a system to relate the thidness of 
1.1ni tf:: Vii thin a turbidite succession to "proxirnaUtyll wi thin a basin. ihlker 
regard~ data on the latera.l variations in the thiclmess of turbidi tas as (lfthe 
utmost ii!;portance. He claims that the data ban be related to cha.YJges in such 
parameters as the thiclmess of the turbidity current~ the rate of c3ecelera,tion 
of the turbidity current, and to the basin geometry. 

rJalke-r's system involves the use of the ABC Index - the va:['iou8 J.ettGrs~ 
following th', h~rm:Lnology ~')f Bouma (1962), standi!.1.g for the sandy eli visions of a 
Ilt.v;..)ical turbidite". 'l'he passage frem the graded division (A), through the para.lleJ 
lamil1o;ted ~ivision (B), into the current,rippled division (C), represents a 
v,2C,l.:...;v,,:llng flow regime. -

. . In Walker's index; A, B and C represent (as percenta.ges), the numbeT of 
times that a p-articular turbidite cycle commenqes Vii th A, B or C division of BOLlI".8 

, (op cit). From ,these pe~gentages" Walker obtains a single value called, the PABC 
'Index" by apply:i.ng the following formula:.,;-

. 1 
,ABC Index <;= A +2-£ ; 

Thus the :change in ABC Index from 100% to 0% represents a decrease in 
'the- average f10Vl regime of the cUrrent ,depositing each grO'u,p of turbidites. 1 1' 

is argued that the mostsensi tive factor is the distance the current bas florled 
across the basin; thus the ABC Index is used to indicate proximality. \7alker 
bas used differences iri the ABC Index in interpreting basin geometry and basin 
evolution. 

During an excursion to south-west Scotland arranged as part of the 
Seventh Sedimentological Congress, E.K. Walton of Edinburgh Uni versi ty sho'wed 
an enormous variety of bedforms, scour features and tool markings in Lower 
Palaeozoic "turbidi tes" ; many of these have been illustrated in Dzulynski and 
Walton (1965). All that needs to be added here is to emphasize thai; the variet.y 
of possible forms is enormous and the interpretation of these forms is often very 
difficult and inconclusive. 

The recent field'studies of J.F. Hube1.'t of the University of },'fissouri 1 

in the Ordovician of the Girvan area of south-\'Jest Scot1and show that the features 
demonstrated by Vlalton must not be automatically regarded as indicative ei t11er of 
deep water origin or of the action of turbidity currents. Hu.bert was quite Sllxe 

. that constantly changing bottom currents on the continental rise - or pm::haps in 
shallower water - were quite suffj,cient to have produced graded-bedding and the so 
called "Bouma cycle" (Bouma, op ~j t ). His argUJU6nts seem especially compelling 
in vieW of the occurrence of la:ege u!asses of conglomerate close to and latera1ly 
eClui vaient to the "turbidites". 
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Cla.ys 

Because of the increasing awareness of the importance of clay minerals 
as environmental indicators, a great deal of work is currently being directed 
towards a clearer understanding of the factors governing clay type, structure, 
and diagenesis., Again great emphasis is being placed on present d.a3 examples. 

In a paper at the Seventh Sedimentological Congress, M.A. Rateev of 
the Acade~ SCiences, Moscow, gave preliminary results of his c:ly studies 
in the Indian and Pacific Oceans; these, have been compared wi tl'7 the resurts 
obtained from the Atlantic Ocean. 

Rateev found that a high proportion of kaolinite, gibbsite, and 
montmorillonite occur in the tropical zone, and have an equatorial distribution 
,a' definite belt exists from Australia across to South Africa. Reteev 
considers that the concen,trating mechanism for montmorillonite is very 
complex, and is not dependent simply on the occurrence of volcanic ash. 

A second group, conSisting of chlorite and illite, develops in 
, moderate to high latitudes forming a "bi-polar" type of distribution. The 

chlorite content'increases from less than 10% of the total cl~ close to the 
equator, up to 80% near the poles. 

. , .. ~ - -' -

, Ratesv -thinks' that-iilaria" zories~'" the cla3mineralogy tends to 
refi eCt the salini ty- of -theibasizi; but -in-humid zonEH3" tlie 'cl83 -mineralogy 
reflectstlie -t'errigerious- origiri- oft"hecaIy'. He is convinced that climate 
of the land surface is of primary importahce in explaining the zonation of 
cl~ types; of cotirse, authigenic changes will be sup~rimposed. 

In a shallow water environment, J. Lange of the Marine Research 
Institute, Kiel, West Germany, has studied the cl~ assemblage of the Persian 
Gulf. ,A typical assemblage consists ofl-

Montmorillonite (smectite) 

, Illite 

Mixed Layer 

Rare kaolin anel/or chlorite (very difficult to distinguish) 

The chief cl~ mineral present in the Persian Gulf is attapulgite­
though most workers currently refer to this species as palygorskite (see 
Brown 1961). Lange regards the attapulgite as detrital, noting that it and 
dolomite, tend to be concentrated close to the mouths of rivers. Passing 
from the PersianGul,f to the Gulf of Oman, the water depth increases 
greatly and the circulation is much freer; it is in this transitional zone 
that the attapulgite gives way to chlorite. Approaching the open ocean1 the 

,. x-ray diffraction patterns of the vaI.'ious clay minera1s become much uetter 
defined, suggesting a greater degree of crystallinity. Precisely the reverse 
holds when moving from the mouths of the rivers into the Persian Gulf proper -
the various cl~'x-ray diffraction patterns become more and more diffuse. 
There is nothing to suggest that this is a matter ot. dilution, and it 
appears that the lattice itself is weakening. 



Lange's regqlts to date show .clearly that in the rather unusual 
'environment of the Persian Gulf no diagenetic changes of the clay minerals 
have occurred within the uppermost six me~res of bottom sediment. (This is 
the maximum depth reached in the· "Meteor" coring programme). Lange regards 
the most important phase of "diagenetic alteration" as being the first contact 
of the detrital clay with the marine environment of the Gulf. 

-, 
There is also a consistent and strong colour change in all of the clay 

samples away from the shore of the Persian Gulf. Both in the northern portion of 
the Gulf where montmorillonite dominates, and further south ~here attapulgite is 
the main constituent, Lange has recorded this marked change in colour; the range is 
from pink ,near the shore, to a browny colour flll'ther out in the Gulf. In the Gulf 
of Oman the. clay is predominately chlorite, and the colour a brownish green. 

On the limited information 'available, Lange thinks that the clays 
forming in freely circulating deep water marine conditions consist mainly of . 
chlorite; illite is of less importance than is generally believed. Lange thiAks 
that much. of the' "illite" reported from many parts of the world is, in fact, 
incorrectly identified chlorite. He claims that errors of this sort date back to 
some of the ~arliest work on illite by C.W. Correns, who attempted distinctions 
of a greater order of accuracy than his equipment would permit. 

At A.G.I.P. Mineraria in Milan, detailed clay studies are being made 
by S. Neglia, into the cap rock and semi-permeable membrane properties of 

~ various clay types. An immediate distinction can.be made between clays formed 
under fresh water and saline conditions. 

.. 

Fresh Water Clays less than .4 molar per litre concentration. 

The .clay particle settling through fresh water will contain a very 
high'percentage of loosely held water, but the settling process is very orderly .~ 

and much of this water is lost very close to the sedimentary interface.' In 
addition, two' or three layers of water surround each clay layer -but this 
water that can be removed through compaction. 

= i ' 
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Salt Water Clays - in excess of .4 molar per litre concentration 
t. . 
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Under these conditions, the cl~ particles settling in. the water are 
held together by charges - the end of one particle being attracted to the middle 
of another •. There is very little water held between the layers; one effect of this 
is to increase the density contrast, which leads: to a.much more rapid settling rate 

\ I 



' ..... 

Lange's reS'q.lts to date show clearly that in the rather unusual 
, 'environment of the Persian Gulf no diagenetic changes of the clay miners.ls 
have occurred within the uppermost six me~res of bottom sediment. (This is 
the maximum depth reached in the· "Meteor" coring programme)o Lange regards 
the most important phase of "diagenetic alteration" as being the first contact 
of the detrital clay with the marine environment of the Gulfo 

There is also a consi~tent and strong colour change in all of the clay 
samples away from the shore of the Per,sian Gulf. Both in the northern portion Of 
the Gulf where montmorillonite dominates, and further south [Where attapulgite is 
the main constituent, Lange has recorded this maxked change in colour; the range is 
from pink near the shore, to a browny colour further out in the Gulf. In the Gulf 
of Oman the clay is predominately chlorite, and the colour a brownish green o 

On the limited information 'available, Lange thinks that the clays 
forming in freely circulating deep water marine conditions consist mainly of ~ 
chlorite; illite is of less importanoe than is generally believed. Lange thinks 
that mucho ,of the' "illi te" reported from many parts of the world is, in fact, ' ' 
incorrectly identified chlorite. He claims, that errors of this sort date back to 
some of the ~arliest work on illite by C.W. Correns, who attempted distinctions 
of a greater order of accuracy than his equipment would permit. 

At A.G.I.P. Mineraria in Milan, detailed clay studies ar6 being made 
by S. Neglia, into the cap rock and semi-permeable membrane properties of 
various ctay types. An immediate distinction can ,be made between clays formed 

, under fresh water and saline conditions. 

Fresh Water Clays ' less than .4 molar per litre concentration. 

The clay particle settling through fresh water will contain a very 
high percentage of loosely held water, but the settling process is very orderly o~ 

and much of this water is lost very close to the sedimentary interface. In 
addition, two or three layers of water surround eaoh clay layer -but this 
water that can be removed tbrouglJ. compaction. 

, Figure' 3. Stages in the settling of clay under fresh water conditions. 
(after Neglia). 

Salt Water Clays ~ in excess of .4 mol~ per litre concentration 

Under these conditions, the clay particles settling in the water are 
held together by charges - the end of one particle being attracted to the middle 
of another. There is very little water held between the layers; one ~ffect of this 
is to increase the density contrast, which leads to a much more rapid settling rate 
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than would occur in fresh water. But on settling, the criss-cross arrangement leads
to a great deal of intercrvstalline water being trapped between the particles. As
in the previous case; two or three layers of intracrvstalline water will be held very
firmly by the clay particles. However the latter makes up only a - Nery small fraction
of the total water available within the clay deposit. Because the criss-cross arrang-
ment of the clay layers ib caused by quite strong bonds, the intercrystalline water
is not easily removed on settling. This water will only be squeezeclout after con-
siderable pressure has been applied - such as the loading due to continuing sedimen-
tation.-

(after

SattiaiN oC vkimitr^0.4RICAOT concn:pet tiltrt
Norman, ^
firmly 1-1=_Lu pecween TWO clay—layefS. These layers  constitutes the intracrystalline_
water.

Neglia)_

Approximately 1,000 atmospheres pressure will remove all but the
innermost layer of intracrystalline water but pressures in excessof 4,500
atmospheA are needed to remove the last layer.

A

The above . behaviour of clays is quite general, and is in no way dependent
on the clay type." The behaviour of the clay and the amoUnt of water that can be
driven from-itare largely dependent . on the salinity of the waters in which the clay
was deposited, and the degree of loading to which the clay is subjected. Listed
below are the average pressures necessary to drive off the various water layers:-

10 atmosphe - intercrystalline water of fresh-water clays

80 atmosphe - intercrystalline water of salt-water clays lost.

600 atmospheil - intracrystalline water of both clay types lost from third layer.
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than would occur in fresh water. But on settling, the criss-cross arrangement leads 
to a great deal of intercrystalline water being trapped betw-een tlle particles. As 
in the previous case; two or three layers of intracrystalline water will be held very 
firmly by the clay particles.· HO"l'TeVer the latter makes up only a·very small fraction 
of the total ~Tater available within the clay deposit. Because the criss-cross arrang­
ment of the clay layers is caused by quite strong bonds, th~ intercrystalline water 
is not easily removed on settling. This water will only be squeezed'out after con­
siderable pressure has been applied - such as the loading due to continuing sedimen-
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~pproximately 1,000 atmospheres pressure will remove all but the 
innermost' layer of intracrystalline water but pressures in excess of 4,500 
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atmospher,f are needed to remove the last layer. 
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The above behaviour of clays is quite general, and is in no way dependent 
, on the clay type.' The behaviour of th~ clay and the amoUpt of water that can ~e 
driven from:it'·~are largely dependent OIl the salinity of the waters in which the clay 
lias deposited, and the degree of loading to which the clay is subjected. Listed 
below are the ave,rage pressures ~ecessary to drive off the various water la:ters:-

1 0 atmosphe~ - intercrystallinewater o~ fresh-water clays 

80 atmosphe~ - intercrystalline .. Tater ~f salt-water clays lost. 

600 atmOSphe~ - intracrystalline water of both clay types lost from third layer, 
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Settling pattern for clays formed under saline conditions 

The average thickness of the clay layers is only 10-12 Angstrom. 
Normally only two layers of water each approximately 3 Angstrom thick can be 
firmly held between two clay layers. These layers constitute~ the intracrystalline 
water. 

I 

Neglia). 
Figure 5. Intracrystalline water layers between tvlO clay layers (after 

~pproximately 1,000 atmospheres pressure will remove all but the 
innermost layer of intracrystalline water but pressures in excess of 4,500 

e atmospheljis are needed to remove the last layer. 

The above behaviour of clays is quite general, and is in no '-tray dependent 
on the clay type.' The behaviour of the clay and the amount of w'ater that can 'be 
driven from:: it" -are largely dependent on the salinity of the waters in l'1hich the clay 
was depOSited, and the degree of loading to which the clay is subjected •. Listed 
below are the ave,rage pressures necessary to drive off the various water layers:-

i!. 
10 atmosphe~s - intercrystalline water of fresh-water clays 

80 atmosPhe~s - intercrystalline water of salt-water clays lost. 

600 atmosphe~s - intracrystalline water of both clay types lost from third layer 
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1,500 atmospheres - intracrystalline water of both clay types lost from second layer. 

4,500 - 5,500 atmospheres - intracrystalline water of both clays lost from first layer. 

A.W. Skempton of Imperial College, London, addressed the Seventh Sediment­
ological congress on some of the processes'involved in the consolidation of clays. 
He first noted that most of the consolidation involved the rearrangement of the clay 
particles, that this process was largely irreversible, and if the loading was later 
removed by erosion, the physical properties of the clay would remain constant, giving 
the appearance of over~loading. 

During compaction, the relation between porosity and the load applied 
to the clay is consistent, do"m to porosity values of about 20%. One of the best 
measurements of compaction in clay is the Liquidity Index - which gives the liquid 
limit of a particular clay. There is a consisteIlt relation betwren Liquidity 
Index and depth. of burial. . .. 

Very little information is available on the actual behaviour of claYs 
subjected to loads of 300- 1,000 metres of overlying sediments. However, at these 
depths it is' clear that clays formed on the ocean bottom, tidal flats, and lakes, 
all tend to converge as far as physical properties are concerned • 

LITHOFACIES STUDIES 

A.G.I.P. place much importance on lithofacies studies, combining the detailed results 
of petrography, x-ray diffraction, and fra~ework analysis of the sediments. These 
techniques are described elsewhere in this report. Attached is a lithofacieR map of 
the Upper Cretaceous of North East Italy at a scale of 1 :500,000 (see Attachment No.1). 
The ~ethod of integrating surface and subsurface sections in the different par.t of 
the region is quite ingenious, and could be adopted in proad basin studies undertaken 
by B.M.R. 

I.F.P. Facies studies within the Institut Francais du Petrole are under the supervi­
sion of M. Pelet; the work is divided into two parts - analysis and interpretation. 
As the major tool in interpretation is the computer, great emphasis is placed on "non­
subjective" data in the analysis stage; the three broad groups of data are:-

Petrographic 

Palaeoecological 

Chemical 

The petrographic analyses involved rather straight for .. lard optical 
petrography, but very detailed and precise X-ray diffraction studies. The 
la tter 1'TaS used to give the proportions of quart z, calci te, dolomite, and 
aragonite, and to detect the presence of other minerals present in the "Thole 
rock. The palaeoecological studies are principally concerned with the ecological 
significance of the various fossil groups. ' 

However, at this sta-ge the main emphasis is particularly on uranium, 
thori~ and potassium using gamma-spectrometer. One of the main aims of the 
study is to develop equations for the calculation of oxidation potential (Eh) 
based principally on trace element ratios. 
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CRITERIA FOR RECOGNIZING DEPOSITIONAL ENVIRONMENTS 

The recognition of depositional environments is now regarded as one of 
the prime objectives of sedimentology. Examples given below illustrate four of the 

• approaches adopted in this work. 

Grain Size Analysis 

One of the projects of the Geology Department of the State University, 
Leiden, is a study of present day sedimentation in the Ria de Arosa in north-west 
Spain. This wOrk is under the supervision of J.D. de Jong. Perhaps the most 
important~ingle conclusion reached, is tha,t the only ,"rortlwb:iJe method of studing 
grain size distribution is by means of' Friedman's "Method of moments" (Friedman 
1961). The quicker and simpler methods using percentimes were not sufficiently 
accurate enoughoto give meaningful results. (The same conclusion has been reached 
by Chappell (1967) in a recent study of f'ossil strand lines in New Zealand.) A 
major problem remains in -the interpretation of bi-modal or poly-modal sands, as 
Friedman's Method of Moments cannot be applied to these. Approximately half of 
the river sand studied in Spain fell into this category. On the other hand, bi­
modality is uncommon in the beach deposits. 

Skewness proved to be by far the most reliable parameter in separating 
river and beach sand. The river sand tendeq. to be positively skew"ed (cut off at 
the coarse end), probably due to the up\,lardfinite limit of the carrying capacity of 
the stream. On the other hand, beach sands tended to be negatively skewed, due to 
the winnowing action of waves. (However in the paper previously referred to Chappell, 
stresses that much care should be taken before accepting ske\'mess at its face value; 
for he has shown that in many-cases this can represent the admixture of tlvo separate 
populations, and thus should be regarded as a bi-modal distribution.) 

In the study of the Ria de Arosa, problems were caused by the shelly 
debris mixed with ,the quartz"sand; it was found that the hydraulic properties 
(especially the fall velocity) of the shelly material and the quartz sand, 
differed only slightly in fractions finer than 1 mm. In fractions coarser than 
1 mm., the differences in hydraulic properties became sogr~~t that bi-modality 
would be recorded in a sample that was formed under uniform physical conditions. 
For this reason it was found necessary to dissolve out all shelly material before 
undertaking a grainsize study. 

Studies of the roundness of grains were inconclusive, except that there 
was a clear increase in roundness towards the beach. In this Spanish example, the 
stream produced maximum roundness values of .15 to .30; the Ria (estuary) had no 
influence on the roundness of grains; and" the maximum roundness that could be 
"attributed to wear and tear on the beach was ".45 to .50. 

Mineralogical distinctions between river and beach sands, were inconclusive. 
In the light fraction, it "Tas found that quartz and feldspar have very similar hydraulic 
properties. Heavy minerals averaged less than 1% of the sands, and fell within the 
size range 50-75 microns. It WaS noted that in the adjacent marine sands the heavy 
minerals averaged 75-100 microns. 

Matrix Studies 

Using the X-ray powder camera to supplement detailed petrography, 
P.C. Nagtergal, of the State University, Leiden, has made a study of the 
significance of different types of matrix and early formed cement. 
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The results of his work are summarised below:-

Well crystallized kaolinite 
Sphero-siderite 
Pyrite 

These are common in dark sediments 
of fluvial origi~, and as early 
diagenetic products • 

Abundant Chlorite ) 
Abundant chlorite replaced by arbonate ) 
Little or no kaolinite ) 
No siderite ) 
I-To pyr:l te ) 

Characteristics of Upper 
Cretaceous or Permian 
Red Beds. 

Nagtergal is convinced that the transformation of kaolinite to illite is 
depth controlled - citing support in Burst (1959) and Kisch (1966). 

W.M. Bousch of West Germany, in a paper to the Fourth Meeting of Carbonate 
Sedimentologists outlined some of the uses of the insoluble residue - mainly clays -
from limestone. The'e residues have tvTO major uses:-

The clay minerals of the residue tend to attract trace elements, 
to a much greater extent than the limestone itself. 

The source area for the clay can often be detected from the nature of 
the insoluble residue, since incorporation of the claY within the car­
bonate appears to inhibit diagenetic alteration of the clay. 

Trace Element Analysis 

The Geochemical Division of the Societe Nation~le Petrole d'Aquitaine 
(S.N.P.A.) at Pau, France, makes extensive use of trace element analysis in de­
termining environments of deposition, using the automatic optical spectrograph. 

S.N.P.A. regard high values for boron, barium cobalt, nickel, 
molybdenum, and vanadium, and carbonaceous matter in the form of paraffin, as 
indicative of a-marine depositional environment. Special importance is placed 
o~ the high boron value. High values for lead and copper, and carbonaceous matter 
in the form of aromatic compounds are taken to indicate a continental environment 
at the time of formation. 

E. Usdowski of vTest Germany, in a paper to the Fourth Meeting of 
Carbonate Sedimentologists, outlined the way-in which-the'proportion of strontium 
present in a carbonate can be used to indicate the origin-of the carbonate. The 
amount of strontium that will be' taken up "bYClragon±te--forming under marine con­
ditionR by inorganic processes, ranges from 300 to 600 p.p.m., and is about 10 times 
higher than the amount ta:kenup by calcite. (Seawater-currently contains about 8 p. 
p.m. ) Aragonite formed by organic 'processes has amch -higher amount of strontium 
present. Strontium analyses of numbers of aragonite ooids h~ve shown that they 
contain exactly the ri-ght amount of strontium-if one assumes that they formed by 
inorganic precipitation in a marine environment. 

Carbon Isotope Analysis 

W. Sackett of Tulsa State University has been assisting S.N.P.A. to set 
up a mass ~pectrograph to determin C12 : C13 ratios-on carbonaceous matter in 
sediments. The method is based on the fact that carbonaceous matter developed under 
sub-aerial conditions, will have a different C12 : C13 ratio from organic material 
formed under marine conditions. Some difficulty may be experienced because 
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plant debris swept into a marine environment would carry with it a sub-aerial 
carbon ratio; but its association with organic material of clearly marine origin, 
should avoid confusion in most cases. 

The only point where the original C12 : C13 ratio is likely to be 
modified is within'one centimetre of the sedimentary interface. Once covered by 
later sediment, diagenetic alteration will have little or no effec.t. 

• r , 

This application of carbon isotope de,terminat~ons, is still very much 
in its early stages; S.N.P.A. have not had time to fully evaluate their technique. 

SIGNIFICANCE OF SEDIrviENTARY STRUCTURES 

F. von Werner of the Marine Research Institut~ of Kiel University, 
'-Test Germany, has studied bottom cores collected by the "Meteor" in the Baltic 
Sea and the Persian Gulf. Sediment from very close to the sedimentary interface 
was studied by means of X-radiographs of slices of the cores. Werner found that 
in clayey sed~'ents, U-shaped traces were much more common than straight burrows -
probably because the organism needs an opening at both ends of the tubl under these 
poorly aerated conditions. As might be expected, in sandy layers the straighter 
tubes are more common, because oxygen is much more abundant. 

Werner has found that pyrite spheres are quite common and may replace 
foraminifera, burrows and tubes. The pyrite spheres can also form quite long 
strings that sometimes do not appear to be related to any previous organism. 
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plant debris swept into a marine environment would carry with it a sub-aerial 
carbon ratio; but its association with organic material of clearly marine origin, 
should avoid confusion in most cases. 

The only point where the original C12 : C13 ratio is likely to be 
modified is within I one centimetre of the sedimentary interface. Once covered by 
later sediment, diagenetic alteration will have little or no effec.t. , , , 

This application of carbon isotope de,terminatfons, is still very much 
in its early stages; S.N.P.A. have not had time to fully evaluate their technique. 

SIGNIFICANCE OF SEDIpffiNTARY STRUCTURES 

Fo von Werner of the Marine Research Institute. of Kiel University, 
'vest Germany, has studied bottom cores collected by the "Meteor" in the Baltic 
Sea and the Persian Gulf. Sediment from very close to the sedimentary interface 
was studied by means of X-radiographs of slices of the cores. Werner found that 
in clayey sedi~ents, IT-shaped traces were much more common than straight burrows -
probably because the organism needs an opening at both ends of the tubl under these 
poorly aerated conditions. As might be expected, in sandy layers the straighter 
tubes ~Te more common, because oxygen is much more abundant. 

Werner has found that pyrite spheres are quite common and may replace 
foraminifera, burrows and tubes. The .pyrite spheres can also form quite long 
strings that sometimes do not appear to be related to any previous organism. 

Figure 6. S'tructilre or pyrite cliains ~arter Werner). 

Newton'also working within the ~arine Research Institute of the University 
of Kiel has made a study of ripple forms of the near-shore sands of the Baltic Seas. 
His studies have shown that, contrary to the generally held view, oscillatory (i.e. 
symmetrical) rippl~s\ do not have a sy~etrical internal structure, parallelling thr 
ripple surface. Where tides are the controlling forces, the internal structure is 
generally of two parts (see Figure 7). In the Baltic Sea, where tides are virtually 
absent the major fOlee is the direction of the prevailing winds; in this case the 
"oscillatory ripple", will have only one direction of dip, despite its apparently 
symmetrical form. In 99% of cases the dip is tot-rards the shore. 

.~, ----------_._1 
_--1 

Figure 7. Oscillatory (non-current) ripples, (after Newton) 
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vlhere ripples have developed on Qff-shore bars, there is a systematic 
grainsize variation with coarser grains being on the shoreward side of the bar • 
This applies regardless of profile of the off-shore bar itself. 
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general indication of the direction of the shore-line, but their form. ~an be 
complete~ly unrelatefr to the direction of sand transport~tion •. Detailed studies 
using dyed sand have shown that, even in ripples parallel to the shore and having 
internal structures dipping towards the shore, the actual direction of sand trans­
portation may be parallel to the shore, and thus parallel to the troughs and cre:1!ts 
of the ripples rather than at right angles t() them. 

These results were obtained in the Baltic Sea, in water ranging in depth 
from a few centimetres dovm to 3 metres - belovT that level the Baltic l~aves do not 
normally affect the bottom surface. In a situation such as the Baltic Sea therefore, 
there is no way of telling a 1-Tave-formed ripple from ~ current ripple - even after 
a study of the internal structure. ' 

Newton is very-sceptical about the significance of so called giant ripples, 
described both in the field and experimentally by J.R.L. Allen of Reading University. 
In the Baltic Seas these features are up to 40 meters across, but are never more than 
one meter high. Newton argues' that the'se structures would be called off-shore bars 
if they were found strictly parallel to"the coast. He is convinced that most of 

. them are composite structures '-made UP' of cross-beds, planar beds, and a variety of 
other forms, and should be interpreted as composite rather than simple structures. 

On an excursion to south-west Scotland arranged as part of the Seventh 
Sedimentological Congress, E.K. Walton demonstrated thedE;lvelopment of ~ 
volcanoes in Lower Palaeozoic sandstone. The sand volcanoes are caused by the 
re-arrangement of coarse sand grains ~possibly as a result of earthquake shocks. 
The re-arrangement leads to a less efficient packing and t~uscauses expansion; 
this takes the form of centres of upwelling and can affect the sand to a depth of 
over two feet I - , 

stoqQ. I 
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Fig.9 Original fOl"m 
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Where ripples have developed on Qff-shore bars, there is a systematic 
grainsize variation with coarser grains being on the shoreward side of the bar. 
This applies regardless of profile of the off-shore bar itself. 

I~~_--- ----___ L _____ . _______ I _ L __ cQa.tSJ!.st_L 
-- - --'-- ----'-' 

Figure 8. Oscillatory ripples on off-shore bar (after Newton) 

Grainsize is all important to the develop~ent of ripples. Within the 
ripple-forming range of hydraulic velocity, the coarser sand will always give rise 
to much higher ripples than the finer sand. The ripples that develop near the 
margins of the Baltic Sea give a good indication of the direction o£ the wind a 
general indication of' the direction of the shore-line, but their form. qan be 
complete~ly unrelatefr to the direction of sand transport~tion •. Detailed studies 
using dyed sand have shown that, even in ripples parallel to the shore and having 
internal structures dipping towards the shore, the actual direction of sand tran~­
portation may be parallel to the shore, and thus parallel to the troughs and cre~ts 
of the ripples rather than at right angles to them. 

These results were obtained in the Baltic Sea, in water ranging in depth 
from a few centimetres dOvm to 3 metres - belovT that level the Baltic ,-laves do not 
normally affect the bottom surface. In a situation such as the Baltic Sea therefore, 
there is no way of telling a wave-formed ripple from a current ripple - even after 
a study of the internal structure. 

Newton is very'sceptical about the significance of so called giant ripples, 
described both in the field and experimentally by J.R.L. Allen of Reading University. 
In the Baltic Seas these features are up to 40 meters across, but are never more than 
one meter high. Newton argues that these structures would be called off-shore bars 
if they were found strictly parallel to" the coast. He is convinced that most of 
them are composite structures made up of cross-beds, planar beds, and a variety of 
other forms, and should be interpreted as composite rather than simple structures. 

On an excursion to south-west Scotland arranged as part of the Seventh 
Sedimentological Congress, E.K. Walton demonstrated the development of sand 
volcanoes in Lower Palaeozoic sandstone. The sand volcanoes are caused~the 
re-arrangement of coarse sand grains -possibly as a result of earthquake shocks. 
The re-arrangement leads to a less efficient packing and thus causes expansion; 
this takes the form of centres of upwelling and can affect the sand to a depth of 
over two feet. ' 

Figur~ 9. The development of sand volcanoes (after Walton) 
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The question of the significance of graded bedding in terms of 
depositional environment and mechanism of emplacement is wide open - many people 
considering that it can develop through the action of either turbidity or normal 
suspension currents. If this is the case, the range of environments in which 
graded bedding can develop is very .. Tide indeed. (This question is discrlssed 
further in the section of "Turbidites".) 

SIGNIFICANCE OF "KEY" ELEMENTS AND MINERALS 

Boron 

It has become very popular to regard pigh boron values in a sediment 
as indicative of a marine deposit~onal environment. The_ S.N.P.A. in particular 
pays great attention to this in all source rock s tudies-. However, it is clear 
that considerable caution mtist be exercised in int~rpreting the high values. 

In an address to the Sixth InterIlational Carboniferous Congress D. Spears 
of the University of Sheffield-summarised-the results of his study of the boron content 
of Upper Carboniferous shales from several different facies in the north of England; 
he claims that the boron content is apparently independent of the depositional enviro­
nment ~ thus preclud~ng its use as a paiaeosalinity indicator for those rocks. . ~. . 

In the Westphalian Coal Measures, the boron content of the shales tends 
to be more closely related to the relative abundance of K20 in the shale. This is 
interpretated as indicating that the boron content is directly related to the amount 
of clay minerals present - especially illite. 
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Spears is convinced that -detrital boron is of major importance in many 
sediments. In these cases, variations in the boron content can be caused by 
changes of provenance, or changes in-the severity of chemical weathering within the 
one source area. As the intensity of .. ,eathering increases, the boron content of the 
clay minerals also increases; in other wOld~, the boron content increases along with 
increasing maturity of the source area. 

Spears suggests that the reason for the higher-boron content in marine 
shales - which he does not dispute /is'related to the qigher clay content. If 
this is so, many exceptions to the palaeosalinity "rule of thumb" should be expected. 
Spears' work has also shown that the boron content of shale is independent of the 
rate of depositio~. This would mean that the changes occurring in the boron per­
centage during transportation would be slight. 
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Spears is convinced that detrital boron is of major importance in many 
sediments. In these cases, variations in the boron content can be caused by 
changes of provenance, or changes in "the severity of chemical weathering within the 
one source area. As the intensity of weathering increases, the boron content of the 
clay minerals also increases; in other word~, the boron content increases along with 
increasing maturity of the source area. 
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Spears' work has also shown that the boron content of shale is independent of the 
rate of deposition. This would mean that the ohanges occurring in the boron per­
centage during transportation would be slight. 
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Glauconite 

For many yearsno1'1, the presence of glauconite has been regarded as one 
of the most reliable.indicatorsof a marine depositional environment. But now 
questions have oeen raised on the validity of the concept, and the accuracy of 
identification. 

Sarnthein~ of the Marine Research Institute of the University of Kiel, 
vlest Germany, thinks that glauconite can form quite readily in a tidal flat 
environment - even when subjec,ted to periodic influxes of fresh water. He regards 
the work of Burs t (1 958) as of" 'special value. In my discussions w'i thmany 
petrologists - especially those concerned with X-ray diffraqtion studies - it 
became clear that they all found considerable difficulty in positively identifying 
glauconite. It is likely that much of the "glauconite" in the literature is a chlorite 
such as chamosite. 

In a short paper to the British Sedimentological Research Group, R.~ 
Bailey of the Marine Science Laboratory, Anglesey, stressed the different conditions 
under which glauconite can form., In addition to forming in "well w'ashed marine 
waters" Bailey thinks it can form much later by diagenesis, in sediments formed 
under quite different conditions. 

FACTORS CONTROLLING THE DISPERSAL OF SPORES. 

W.H. Zagwijn, of the Geological Survey of the Netherlands, has been making 
a study of the causes of vertical variation in spore and pollen population. He has 
found that a change in population is generally associated with a change in grain 
size or sorting in the enclosing sediment. 

It is clear that 'transportation of spores and pollen by air le~ds to 
enormous dilution over very short distances; in most cases this mechanism could not 
produce the concentrations of spores found in many sediments. Water transport is 
clearlrthe--'mainfactor-'in distrtbuti-orr:and concentration but very little is known 
about-the behaviour- of spores-and--l'o'l-len in water. 

Shell Research is doing a lot of work on the hydrodynamic properties of 
spores; indications are that the vertical changes in population can be attributed 
to one or'mor~ of the following:-

Depositional environment 

Change in type of sediment 

Change of climate 

SED If.rEl'-I'TAT ION 

M.E. Philcox, in a paper presented to the Fourth Meeting of Carbonate 
Sedimentologists, illustrated the relation between the growth pattern of stroma­
toporoids and the rate of terriginous sedimentation; this study was carried out 
in the Silurian of Cork County, Eire. 

If the growth pattern of·the stromatoporoid is hemispherical, then it 
can be inferred that terrigenous sedimentation was slow; if the-gro-rvthof the 
stromotoporoid \'Tas conical, the indication is that there was a much greater supply 
of terripenous sediment. (Obviously the stromotoporoids must be in the growth 
position for these interpretations to be made). The clearest examples are 
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found in the types developed in shalloW" lITater. At greater depths a similar - though 
less well defined - trend could be recognised. 
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~- Figure 11. Growth pattern of stromotoporoids with differing rates of 
terrigenous sedimentation, and at differing depths of water (after Philcox). 

DIAGENESIS 

A great deal of importance is now placed on diagenetic processes in the 
modification of carbonates and clays. ~his work is of major importance to the oil 
industry, because of the marked changes in porosity that can result fromd~agenesis, 

Carbonates 

H. Z'ankl of the University of B~lin presented a paper, to the Fourth 
Meeting of Carbonate Sedimentologists, dealing with the classification of diagenetic 
,Processes as the v affect carbonate sediments. His work T/TaS based on his studies in 
",\11e Calcareous Alps. The processes could be considered under the following,headings:-

Early diagenesis 
L 
!ntrastitial - insulated from the effects of compaction or solution 

e.g. hard ground in chalk. 

intraformational - affected by press~e and formation fluids. 

bioturbation 

plastic deformation 

dessication 

shrinkage 
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precipitation of calcium carbonate 

solution of calcium carbonate 

dolomitization 

silicification 

Late diagenesis 

recrystallization - micrite to micrite or sparrite 

recrystallization - sparrite to micrite or sparrite 

precipitation of calcium carbonate 

replacement by dolomite 

replacement by silica 

cleavage 

stylolite development. 

In a talk at the Fourth Meeting-of Carbonate Sedimentologist, P.R. Bush 
of Imperial College, London, discussed the ·diagEmetic-ch~nges thattake-l'lace in 
the Sabkha along the marg(n of the Persian Gulf. He described the Sabkha (salt flat) 
as a huge diagenetic machine in which . nu;rinesediments- contain±ngmeta--sta-b-le minerals 
are extensively altered to sui~ different temperature and pore fluid conditions. 

He found that the graillsize ·of the original sediment has a strong 
influence on the rate of diagenesis; carbonate muds are rapidly do1omitized -
in less than 3,000 years. Carbonate sand however, commonly remains undo10~itized 
for much longer periods. The following minerals are produced through diagenesis in 
the Sabkha environment:-

halite 

gypsum 

anhydrite 

celestite 

dolomite 

magnesite 

araf!;'onite 

F. Koegler. of the Marine Research Institute, Kie~ Ivest Germany -has· made 
a study of the shear strength of recent sediments in the Baltic and Arabian Seas, 
and in the Gulf of Oman. He has found a marked increase in the shear strength of 
sediment that contains in excess of 2Q%·carbonate, at a depth of approximately one 
metre beneat.h the sedimentary interface. Koegler interprets this increase in 

-' strength as marking the onse·t of cementation in the sediment. 

B. Waugh of the University of Hull gave a short paper at the British 
Sedimentological Resea"'~h Group Heeting on the occurrence of dolomite in the New 
RGd Sandstone of the Vale of Eden. His 1oTork showed tllat the magnesium limestone 
is intimately associated with primary gypsum and dolomite - a situation which he 
equates to carbonates of the Coorong of South Australia. Waugh thinks that 
xerophytic plants have precipitated the dolomite - as suggested by Skinner for the 
Coorong accumulations. 
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~iagenetic alteration within patch reefs "las discussed by Lloyd Pray 

of ~~rathon Oil Company at the Seventh Sedimentological Congress. The development 
of interlocking sparry calcite must have occured at a very early stase - certainly 
before compaction had reduced the high original porosity (averaging about 60%). 
The question arises as to whether this sparry calcite cement was original, or 
whetherft represents original aragonite now replaced by calcite. Pray thought that 
if the calcite appeared "cloudy" it "las possibly original - though most workers 
regard the sparry calcite as replaced aragonite that developed in water depths of 
1 - 2 metres. 

A study of the dolomitization of a Devonian reef ,vi thin the Carniques 
Alp~s was undertaken for the Institut Francais du Petrole by Schmerber and Deroo. 
Theiobject was to develop a fully documented "model" that could be of use in under­
standing carbonate entrapment of petroleum. They found three types of dolomite 
present:-

Rare primary dolomite, occurring on the reefs. 

Pene-contemporaneous dolomite, forming rims around calcarenite grains, 
that developed before the calcite cement. 

Post-lithification dolomite, often associated with fault joints etc., 
and probably of Tertiary ~ge. 

The primary dolomite occurs as fine-grained layers, interbedded with 
calcite. It is commonly associated 1'1i th amphipora, and tends to have a "normal 
marine" boron content, but high values for manganese, iron, titanium, copper and 
chromium. The sediments particularly rich in chromium and copper are also rich 
in organic matter and are thought to have formed under poorly aerated conditions 
in the back-reef environment. 

Clays 

J. Lange of the Marine Research Institute, Kiel, West Germany, has 
made a study of recent clay deposits in the Persian Gulf - using bottom cores 
recovered by the research vessel "Meteor". Lange has found no evidence of 
diagenetic change in the six metre thickness of sediment sampled. He maintains 
that the principal change in clay mineralogy occurs where the clays first come 
in contact with marine conditions; as an example detrital attapulgite tends to 
change to chlorite on entering tqe Persian Gulf. 

The filtering effect of compacted clays and its significance in 
diRJ:!'enesis has been closely investigated by S. Neglia of A.G.I.P. Direzione 
~lineraria; he is convinced that the behaviour of clays holds the key to a 
great number of diagenetic processes. 

Neglia maintains that once all the intercrystalline and intracrystalline 
wa.ter has been driven off, clays that developed in either fresh water or saline 
environments, tend to develop a marked parallelism i~ their structure; at this 
stage they will begin to act as a semi-permeable membrane. The passage size vTithin 
the membrane will depend on a number of factors , the most important of vThich is the 
extern~+ pressure being exerted on the clay layers. Initially only the large part­
icles will be held back, but as compaction proceeds the smaller particles will also 
be affected - molecul~s, ions, and gaseous bubbles. 



.-

r. 

Si:u. of 0PIQnit\~~ 
CjOV~\,,"1I.6. OJ p"'us­
\JI"~ 0rpll~.l to shcclt. 

I > 

36. 

Si%.e orj 
MQmb.rctol! 
Ora"ln.9 

Cpe\"rnea.bilit~ 

""Tl 

C -
~ 0 

'T 

::r II) 

!:+ 
U) 

0 "\ 

~ 
::1 

0 
0 ....... 
:J 

i Fig.' 2 
l 

>-
PrqS$ure on S"<4\(' (Millo,) 

Figure 12. Order-in which different ions are affected by a shale 
membrane (after Neglia). 

As s~en in the above sketch, one common effect of the membrane is to 
produce acid conditions below and alkaline conditions above the barrier. Potassium 
is general1y removed from the lattice of the clay at this time. These bolO processes 
bring about the diagenetic changes near the shale barrier. 

~ 

The alkaline conditions immediately above the semi-permeable clay barrier 
,·Till cause the solution of silica from'the quartz in the adjacent sand; however, in 
this situation the "pressure-solutiqn" does not lead to quartz Qvergr01vths. An 
influx of water above the barrier - possibly 'from an upper aquifer - can lower the 
pH, and bring about the precipitation of the silica - previously dissolved from the 
quartz; the silica will precipitate' both ~s overgrowths on quartz, and also as 
siliceous cement. . 

Further lowering of the pH to about 6 w'ill cause the precipitation of 
carbonate, generally as calcite. Siderite requires a pH of about 4 before it will 
be precipitated. A return to slightly alkaline conditions, will lead to the re­
solution of carbonate - and this can bring about a marked improvement in porosity 
in the carbonate sequence. . 

Neglia maintains that ~ll types of clays and also muscovite, can be 
formed from a ,'lide range of l!linerals, by varying the physical and chemical con­
ditions follo1tring deposition. He thinks that these same factors largely control 
the development of authigenic quartz, orthoclas~, albite and carbonate. 

P.C. Nagtergal working in the University of Leiden, thinks that the 
change from kaolinite to illite is diagenetic and controlled largely by depth 
of burial. He regards Burst (1959) and Kisch (1966) as the two' most important 
references in English on this subject. 
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An interesting and possibly very important suggestion "Tas made by 
vl.H. Bousch of West Germany in a paper at the Fourth Meeting of Carbonate 
Sedimentologists; he claimed that incorporation of clay material within a 
limestone tended to inhibit diagenetiq alteration of the clay. This finding 
could be of real importance to people studying the relation between provenance, 
depositional environment, and clay mineralogy. 

Pyrite 

L.G. Love of the University of Sheffield has made a detailed study of 
the diagenetic changes in the recent sediments of the Wash; these results were 
presented in a paper to the Seventh Sedimentological Congress. The intertidal 
sediments of the \Ilash contain up to 0.4% pyrite - and a substantial amount of 
iron hydroxide and monosulphide are aJ.~o present and available for conversion to 
pyrite. From the obviousreplacementcnaracteristics of much of the pyrite, it is 
apparent that much must have formed after deposition of the sediment. 

A clear link has been established by Love between the clay minerals 
deposited and the iron content of the sediments; this holds for sediments where 
the average grain-size ranges from 75 microns down to as low as two microns. The 
acid-soluble iron occurs dominantly as ferric-hydroxide, iron monosulphide, and 
as pyrite. These different compounds tend to occur at different levels in the 
sediment, and lead to a colour zonation:-

Ferric hydroxide - brown 

Iron monosulphide - black 

Pyrite - grey 

(top of sequence) 

Love described some of the changes that can occur within the top few 
centimetres of a.sediment, particularly the changes in pH th~t can accompany 
equally marked changes in Eh - signalling the using up of all free oxygen. At 
this stage anaerobic bacteria become intensely active, especially the sulphate 
reducers. The overlying seawater-provides and inexhaustable supply of SUlphate 
for dmmward diffusion. 

Love stresses that there are definite limitations to the interpretation 
of pyrite-rich shale, in terms of the intertidal sediments of the Wash. Nevertheless 
there are consistent differences between the Black Sea sediments and those of the 
\'lash that should be recognisable in the consolidated shale. 

Caliche 

A special case of alteration in situ is the development of caliche. 
It is commonly found in the upper part of red bed cycles, perhaps related to a 
soil forming process. 

A unit called the Abdon Limestone, described by J.R.L. Allen from the 
Lower Old Red Sandstone of the Welsh Borderland, was visited during the Seventh 

,... Sedimentological Congress. The unit consists of a set of cyclothems averaging 
15 feet thickness; in each cyclothem the grainstze decreases upwards, in contrast 
to the carbonate content 1-;hich increases upwards. Apart from a few vertebrate 
remains, the sediments are unfossiliferous. There is much evidence of replacement 
by carbonate - such as explosions of former feldspars and quartz. Allen regards 
the development of carbonate as a form of caliche, and he thinks that it probably 
developed following deposition of the cycle in a few thousand years - and certainly 
preceded the development of the overlying cycle. 
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Allen attributes the development of caliche to major fluctuations of 
sea level 1-Thich exposed. the flood-plain to denudation for some thousands of 
years and allowed the upward migration and precipitation of carbonate from ground­
water. He regards the rotation and ultimately the replacement of clastics by 
carbonate, as 'the ultimate in caliche development. Normally dolomite makes up 
less than 5% of the rock. ' ' 

The individual caliche layers may be up to 12 feet thick -,~hough t.his is 
exceptional - and the layers are commonly repeated up the section. In detail, three 
stages of caliche development can be recognizedt-

Appearance of limestone ~dules, up to 1 cm across, w'i thin the siltstone. 
Y\ 

Increase in'the size of jrodules upwards. 

Development of massive limestone, sometimes with relict clastics and 
sometimes with nodules. " 

SEDIMENTOLOGY APPLIED TO PETROLEUM EXPLORATION 

PETROLEUM SOURCE BED STUDIES 

A great deal of time and money has been spent in trying to determine 
the conditions under which hydrocarbons c~ be expected to develop, and in seeking 
"keys" to such environments. To date, results have been very disappointing on bot4 
counts. 

S. Neglia of A.G.I.P. Direzione fiIineraria, is sceptical of the value 
~ of many analyses, both physical and chemical, undertaken in detailed source bed 

stUdies. He doubts the validity - and even the relevance - of a number of the 
assumptions used in these studies. 

Neglia thinks that a wide variety of organic matter can give rise to 
embryo-oil by the application of pressure to the different complex molecules. 
The molecules become progressively more flattened, and finally the "branches" of 
the molecules break off - removing the hydrogen. 
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Allen attributes the development of caliche to major fluctuations of 
sea level which exposed i:e. the flood-plain to denudation for some thousands of 
years and allow'ed the upward migration and precipitation of carbonate from ground­
water. He regards the rotation and ultimately the replacement of clastics by 
carbonate, as 'the ultimate in caliche development. Normally dolomite makes up 
less than 5% of the rock. ' 

The individual oaliche layers may be up to 12 feet thick -~hough t.his is 
exceptional - and the layers are commonly repeated up the section. In detail, three 
stages of caliche development can be recognizedt-

n 
Appearance of limestone l!.rodules,' up to 1 cm across, within the siltstone. 

Increase in the size of ~odules upwards. ' 

Development of massive limestone, sometimes with relict clastics and 
sometimes 'I'd th nodules. 

SEDIMENTOLOGY APPLIED TO PETROLE1JlIi EXPLORATION 

PETROLEUM SOURCE BED STUDIES 

A great deal of time and money has been spent in trying to determine 
the oonditions under which hydrocarbons c~n be expected to develop, and in seeking 
"keys" to such environments. To date, results have been very disappointing on both 
counts. 

S. Neglia of A.G.l.P. Direzione Nineraria, is sceptical of the value 
of many analyses, both physical and chemical, undertaken in detailed source bed 
stUdies. He doubts the validity - and even the relevance - of a number of the 
assumptions used in these studies. 

Neglia thinks that a wide variety of organic matter can give rise to 
embryo-oil by the application of pressure to the different complex molecules. 
The molecules beoome progl'essively more flattened, and finally the "branches" of 
the molecules break off - removing the hydrogen. 

'----

Figure 13. Stages in the modification of organic matter during compaction 
(after Neglia). 
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Neglia regards graphite as the end product of this compaction and break up 
of the organic material; he would not expect to find any significant hydrocarbon accu­
mulation in the vicinity of abundant graphite. He regards the presence of mixed-layer 
as reliable, "nega ti ve evidence". Neglia is convinced tha·t mixed-layer clays are almost 

~ exclusively of diagenetic origin; as such, in this situation any hydrocarbon originally 
present in the shale would certainly have been lost. 

As illustrated "above, Neglia sees a close link bebTeen the origin of coal 
and oil."" He thinks that some of the -huge gas' fields containing a little or no oil 
(e.g. Groningan), could be readily explained if this association was accepted because 
the supply of large quantities of very uniform organic matter could only develop 
into the simple hy~rocarbons such as methane. 

As noted earlier in the report, S.N.P.A. place great emphasis on boron 
as an indica tor of palaeo-salinity - a method that has i ts d~avTbacks, as pointed 
out by Spears. S.N.P.A. are also using carbon isotope analysis (C12 : C13) to de­
termine the marine or terrestrial origin of the carbonaceous matter. However there 
are still some unknovms in this method and the initial outlay for a mass spectrograph, 
is yery considerable. 

FLUID HIGRATION 

I was most interested to find that in Europe, great importance is being 
~. placed on compaction as a means of supplying the fluids - as Ivell as providing the 

hydrodynamic gradient - to bring about the fluid migration. The views of S. Neglia 
of A.G.I.P. are set out in detail elsewhere in this report. 

The role of compaction in defining the paths of fluid migration in a 
carbonate succession was considered in a paper by P. Trurnit of '\Ilest Germany, at 
the Fourth Meeting of Carbonate Sedimerrtologists. He relates the role of compaction 
in the development of stylolites to the pattern of fluid migration. Extensive 
stylolites and widespread pressure solution, will effeytively preven upward migration 
of fluids, and force migration to take place laterally beneath the stylolitic barrier. 
As stylolites will be much less likely to develop near the margins of the basin - where 
the loading is much less - the pattern of fluid migration tends to be from the centre 
toward the margins of the basin. 

+ 
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Neglia regards RTaphite as the end product of this comp~ction and break up 
of the organic material; he would not expect to find any significant hydrocarbon ac~u-£ 
mulation in the vicinity of abundant graphite. He regards the presence of mixed-ltygf~ 
as reliable, "nega ti ve evidence'''. Neglia is convinced that mixed-layer clays are almost 
exclusively of diagenetic origin; as such, in this situation any hydrooarbon originally 
present in the shale 1oTould certainly have been lost. 

As illustrated above, Neglia sees a close link between the orlgln of coal 
and oil. He thinks that some of the "huge gas fields containing a little or no oil 
(e.g. Groningen), could be readily explained if this association was accepted because 
the supply of large quantities of very uniform organic matter could only develop 
into the simple hydrocarbons such as methane. 

As noted earlier in the report, S.N.P.A. place great emphasis on boron 
as an indicator of palaeo-salinity - a method that has its dra1oTbacks, as pointed 
out by Spears. S.N.P.A. are also using carbon isotope analysis (C12 : C13) to de­
termine the marine or terrestrial origin of the carbonaceous matter. However there 
are still some unkno~ms in this method and the initial outlay for a mass spectrograph, 
is yery considerable. 

FLUID IHGRATION 

I was most interested to find that in Europe, great importance is being 
placed on compaction as a means of supplying the fluids - as well as providing the 
hydrodynamic gradient - to bring about the fluid migration. The views of S. Neglia 
of A.G.I.P. are set out in detail elsewhere in this report. 

The role of compaction in defining the paths of fluid migration in a 
carbonate succession was considered in a paper by P. Trurnit of West Germany, at 
the Fourth Meeting of Carbonate Sedimentologists. He relates the role of compaction 
in the development of stylolites to the pattern of fluid migration. Extensive 
stylolites and widespread pressure solution, will effeQtively preven+upward migration 
of fluids, and force migration to take place laterally beneath the stylolitic barrier. 
As stylolites will be much less likely to develop near the margins of the basin - where 
the loading is much less - the pattern of fluid migration tends to be from the centre 
tow'ard the margins of the basin. 

Figure 14. Influence of stylolitization on fluid migration in a 
carbonate basin (after Trunit.) 
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GEOCHEI:IICA"L PROSPECTION FOR PETROLEUM 

Great emphasis is placed on geochemical prospecting within A.G.I.P. 
Direzione Mineraria; the group is under the control of Giordano Long, but most 
of the work is directed by S. Neglia. 

The following is a precis of the views of Neglia on the role of 
geochemistry in petroleum exploration:-

1. The hydrocarbons were formed in depOsitional troughs in clayey sequences, 
both the rate of generation and l.'ehase of the hydrocarbons being governed 
by compaction. 

2. Hydrocarbons were transported with the water but as a separate phase -
or possibly as two separate phases. 

3. The hydrocarbons migrated updip in response to a hydrodynamic gradient. 
This gradient was produced by the expulsion of large quanti ties of 
interstitial water from the heavily loaded clayey sediments within 
the trough; the loading of the sediments at the margins of the trough 
was much less severe, and a higher proportion of the interstitial water 
was retained. (This mechanism only applies to early migration of hydro­
carbons.) 

4. The updip migration of hydrocarbons will be halted at the crest of a major 
structure; from that point, three types of further migration are possible:-

Migration through an outcropping aquifer, or along a fault. 

Iugration down the far side of the structure in response to 
the hydrodyhamic gradient. 

1ligration across dip through the ~verlying shaley sequence -
facilitated by the relatively slight compaction on the basin 
flank. 

5. Neglia holds that the third possibility is commonly the dominant factor. 

in a 

In such a case of upward migration, the overlying shale acts as a semi­
permeable membrane, trapping larger particles such as oil ·and in some cases 
also gas, but allowing the smaller ions to continue up through the membrane. 
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Neglia in supporting the conclusions of Norrish of C.S.I.R.O., 
oaintains that clays formed under near fresh-water conell tions, can be readily 
distinguished from clays formed in a saline environment; but that while both types 
of clay act as semi-permeable membranes, the compaction of a marine clay will 
resuli in the loss of a great deal more water than uith a clay formed in fresh 
vlater. This point is considered in detail elsewhere in this report • 

Neglia also maintains that very many structures act as closed systems 
as far as the inteI'sti tial fluids are concerned. This Vlould mean that the "water 
drive"invoked by most petroleum engineers to explain hydrocarbon migration - could 
be caused by the squeezing of vlater from "heavily loaded shale in the areas of 
thick sediment accumulation. Up dip migration into areas of less compaction, 
where the sediment load is thin, would follOW.' This mechanism is an alternative 
to the hydrodynamic gradient developed in an open system, and necessitating 
migration of fluids over very long distances. 

Where a closed system exists, and where migration of fluids has 
occurred up-dip as outlined above, there will be a high concentration of salts 
immediately beneath the shale barrier in the crest of the structure. According 
to Hcglia, the build up of salts will develop because of the considerable pressure 
on the fluid in the crest; this will force some migration of salts across dip, 
through the shale "semi-permeable membrane". The result will be a "filtering out" 
of the larger particles. The concentration of salts will fall away as more highly 
compacted shales are encountered on the flanks of the structure. Thus a contouring 
of salinity values of the capping shale could indicate the area of greatest "fraction­
ation" of the fluids, and thus the most likely position for oil or gas accumulation. 

vVhere the structure does not act as a closed system, but rather forms 
part of a broad hydrodynamic gradient, Neglia LlBi,ntains that the salts accumulating 
beneath the shale in the crest of the structure would be swept along the aquifer, 
until some barrier - such as a lateral facies change - was encountered; in this 
situation, the contours of salt concentration could again be used to locate oil or 
gas but this time in a stratigraphic trap. 

"Stra.ti9Ya.ph ic 
Tra.p II 

I Fig.lb 
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Salinity contouring superimposed on structural contours 
to delineate structural and stratigraphic traps (after Neglia)o 
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It was emphasised by Neglia that with time, the ability of a shale 
membrane to hold back gas would gradually diminish because the globules of gas 
accompanying the migrating water, would gradually break up into smaller particles? 
and would pass up through the shale barrier. Neglig. thinks that many Palaeozoic 
dcposi ts of natural gas could have been dissipated in this manner. 

HYDRODYNAMICS APPLIED TO PETROLEUM EXPLORATIOlT 

SoN.PoA. has closely followed the Petroleum Research Corporation of 
Denver U.S.Ao, in applying hydrodynamic data to oil exploration. moHo Goust 
carries out this work in S.N.P.A., he sees three possible applications:-

Identification of reservoirs 

Correlations of reserVoirs 

- vertical correlation 
- hori~ontal correlation 

Assessment of traps. 

It is the identification and delineation of reservoirs that is regarded 
as all important; one thin but continuous shale b~d can form a perfectly effective 
bar'rip~ between two reservoirs, which could each have quite distinct pressure Md 
salinity characteristicso Criteria that are used in the type of comparison are:-

Relative ~alinity 

Pressure data 

Hydrocarbon shows 

In the absence of D.S.T. data which are highly valued, S.P., sonic, 
gamma and neutron wire-line log results are use~ to calculate salinity and 
porosity. The·initiaJ calculation made is "thickn~ss x porosity" (m.x%). This 
is the value that will be shovm on the contour map; also shown on the map is 
a key to the type of data used in the calculations - thus enabling t4e likely 
accuracies of the various values to be quickly assessed. In S.lI.P.A., the 
following contour maps are prepared when studying~articular reservoir:-

"Thickness x porosity" map - the major reference. 

Equal pressure map (in metres) 

Salinity map (sodium chloride if possible, as this is the Dost 
soluble salt; total salinity if data obtained from the logs). 

1~p of hydrocarbon shows. Special emphasis is placed on:~ 

- Iodine/chloride ratio 
- Total weight of iodine 
- Reduction potential 

The iodine/chloride ratio and the total weight of io~ne together indicate 
. the degree of flushing of the reservoir.. Coust regards the ideal reservoir situation 
as one with a pressure reversal - that is an uTcper aquifer of higher pressure than 
the lmderlying aquifer. However in view of the uncertainties involved in the 
calculations, Coust states that he would need recorded differences in excess of 
10-20 metres of pressure, before he would 'consider a reversal proven. 



.. 
.. 

.. 

.. 

43. 

The Aquitaine Basin is a good example of a well documented pressure reversal, 
caused ~ faulting, lC1.te:r' sedimentation, and uplift - see sketch below. 
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Figure 17. Example 01' pressure reversal in the Aqui taine Basin -
(after Coust). 

Coust thinks that with time, separate reservoirs with different 
salinities and different pressures, will tend towards an equilibrium because 
of transverse migration. He maintains that recent work has shown transverse 
migration to be of· much greater importance than was previously realised (Coust 
1967) • 

SEDIMENTOLOGICAL EQUIP~/JENT AND TECHNIQUES 

Perhaps it is easier to become outdated in the methods being applied 
in sedimentology than in any other aspect of the work; even when methods are 
described in the literature, the amount of detail supplied is seldom adequate. 

SAMPLE COLLECTION 

S.N.P.A. In all Societe Nationale Petrole d'Aquitaine field operations, all 
outcrop samples, drill core and cuttings are described systematically in the field, 
before they are sent to the C.R.P. (S.N.P.A. Laboratories) at Pau, France. In the 
case of drill cuttings, the samples are collected at2 metre spacings, and while 
still at the drill site, a small portion of each sample is embedded in a cold­
setting plastic - "Stratyl"; a thin section is made from each "Stratyl button". 
Despite this abundance of thin sections at the well site, the bulk of the well 
site work consists of binocular microscope examination; the thin sections are used 
primarily as checks, and in looking for micro-fossils. ~,11. the outcrop samples 
collected in a survey, will be thin";sectioned, at the CR.P. after the petrologist 
has marked the required orientation on the hand-specimen. 

A.G.I.P. Routine well logging is rather superficial, most of the study being 
based on binocular examination of cores and cuttings; but at least it is made 
as non-subjective as possible. 

When dealing with specific problems, an entirely different approach 
is adopted at A.G.I.P. for example, in measured outcrop sections, samples are 
collected and thin-sectioned at a maximum spacing of 2-3 metres, and at closer 
intervals if necessary. 
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~}InT SECTIONING PROCEDURES 

S.N.P.A. As noted earlier S.N.P.A. have "unpicked" drill cuttings from each two 
metres, mounted into "Stratyl" thermo-setting plastic at the well site; a thin 
section is made from each plastic button, also at the well-site, S.N.P.A. claims that 
no special precautions, such as vacuum assisted impregnation, are required • 

.l..t..F-.P. The I.l<'.P., however, adopts a very careful procedure in thin section making, 
~o ensure uniformity of the mounting medium (and also the R.I.), and to clearly 
distinguish pore spaces. All samples are impregnated with "Araldi te, to which a dye 
has been added. The technique, developed by Madame Fondeur is set out below:-

1. Araldite FCY 205 is mixed with hardener HY905 in equal proportions. 
Both products are made by Ciba. 

2. Araldite dye DW 03 ip added to the above mixture in the proportions of 
100 gram of dye to 1 kil-b Araldi te and 1 kilo hardener. This mixing should o be at 90 c. 

3. The sample is then placed under a vacuum for 10 minutes, to remove as 
much of the air. from the pores as possible. In the case of cuttings, 
the sample is placed in a small round cardboard box approximately 

6. 

7. 

2 cm. across and .5 cm. deep. 

The Araldite as prepared above (in 1. and 2.), is then added without 
releasing the vacuum • 

A pressure of 10 kilograms per square centimetre, is then applied for 
10 minutes. 

o 
~'he pressure. chamber is held at 80 c. for 10 minutes. 

After the 10 minutes of pressuring, the sample is placed in an oven 
o at 160 c. for 5 hours, at normal pressure. 

University of Reading A very simple yet effective method of impregnation has 
been neveloped by A. Tucker of Reading. It is carried out on a routine basis:-

If it is possible to cut one smooth surface on the rock chip, the following steps 
should be carried out: 

1. Cut and polish one smooth face on the poorly consolidated rock 
chip. 

2. Heat the chip dry on a hot plate at 1800 C. 

3. Plunge the heated chip into a bath of cold-Xylene - leave there 
until bubbling ceases (most of the air in pores will have been 
driven off and replaced by Xylene). 

After bubbling has stopped, remove chip ~uickly and place in a 
beaker containing a mixture of lakeside ~1 part) and alcohol 
(8 parts by volume), that has been pre-heated to 180

0 
C. '. 
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Leave chip in the Lakeside - alcohol mixture at 1800 C. until all 
the alcohol has been evaporated off. (Test for this by sampling 
the mixture on a steel needle; when +'L,- 3.1cohol has all gone, the 
Lakeside will dry quickly at room tempe~ature, and become very 
brittle.) 

" , 
Chip can now be removed and cooled. It will have been impregnated 
to at least 2 mm., and the previously smoothed surface can be used 
for a thin section in the normal w~y. 

After the chip has been removed, the liquid Lakeside can be poured 
from the beaker into an aluminium foil "cup" where it is left to 
harden. The same Lakeside can be used for two or three impregnations 
provided that rock fragments or grains are not picked up. 

If the rock chip iS,too incompetent to be/smoothed.on one surface, the 
following pre-treatment is necessary:-

i "1 ' 

1. The irregular chip should be impregnated exactly as before -
set out above (3 to 6). 

2. One face of the chip can now be sawn or ground to a reasonably 
smooth surface. 

3. The smoothed rock chip should be thoroughly dried - but at a 
low temperature, to avoid melting the Lakeside • 

4. The cool chip should be immersed in the hot (1eOOC.) mixture of 
Lakeside and alcohol as set out above in 5, t:o' impregnate the 
smoothed surface of the chip. 

5. After all the alcohol has been driven off at 1800 C., the chip 
can be removed, and a thin section prepared in the normal way. 

Mounting of the impregnated chip is as follows:-

1. 

2. 

3. 

Before mounting, the chip is converted to a 4 mm thick, parallel 
sided "biscuit". 

r~lounting medium is always the same as impregnating medium. 

Mounting medium is spread on the glass slide and when the correct 
temperature is reached (1400 C. for Lakeside), the gently warmed. 
chip is inverted onto the glass slide. 

After gently pressing together, for no more than 10 seconds, the 
slide and "biscuit" are removed from the hot plate, and inverted 
(slide uppermost) onto a flat surface. A strong overhead light is 
required. All the bubbles can be squeezed out by applying 
pressure to the glass surface. 

5. The same method is used for fitting the coverslip to the mounted 
and ground rock slice. 
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PETROGEAI-HY 

S.N.P.A. Detailed petrological examinations'are carried out at the Central 
Laboratories (C.R.P.) at Pau, France. A "blanket approach" is adopted, whereby 
all samples selected for study are given the complete treatment. 

I 
The petrologist will select the t~~ sections of cuttings to be studied 

from a particular well; in a uniform succession, this will involve a minimum 
of one complete thin-section description for each 10 metres. The intervening 
thin sections, (made at the well-site), will possibly be examined briefly, before 
being stored for future reference. After the decision has been made as to which 
thin sections will be studied - but before the study is under w~ - an X-ray 
diffraction whole rock analysis of each sample will be carried out. This will 
establish the percentage of quartz, and also the different types of carbonates 
present. It is felt that the petrographer is then ina much better position to 
estimate the percentages of the various textural components of a particular mineral­
for instance the various forms of calcite present. 

The detailed thin section descriptions will be recorded on very 
comprehensive work sheets, mainly by blocking in the estimated percentages of the 
various mineral and textural types. In addition,l1uch emphasis is placed on 
fossil types, as indicators of depositional envirolllllent. The various work sheets 
used, to~ether with the code to symbols used, aI'e attached (see Attachments 
2, 3 a-b). . ... 

.. All the abC've results are transferred to detailed log sheets, and 
blocked in by technicians, according to the percentages. Practically no 
writing is shown on either the work sheets or the final logs. In this way 
it is hoped to make the data as non-subjective as possible - and more amenable 
to automatic data storage on tape or punched cards. A prpject along these lines 
is to be introduced in the near future. 

All petrological studies are carried out in the Department of 
Stratigraphy within the C.R.P. The Chief of the Department is M. Colo, but 
queries could be directed to R. Blanc who supervises the petrology. 

AIG.I.P. The approach to petrology adopted. hy A.G.LP. is one of applying 
maximum effort to a particular area, or problem that is regarded as critical. 
A quite superficial treatment is given to "routine" studies. 

In subsurface studies, all cores are thin-sectioned, but these 
petrological results are not plotted separately from the binocular studies. 
Copies of the log sheets used aJ;'e attached (see Attachments). The procedures 
used are quite standard, except in two regards:-

Great emphasis is placed on the Mineral Percentage Log 
which is generally used instead of a Interpretation 
Lithological Log, in correlation work. Samples are 
attached (see Attachments 4, 5 a-b). . 

Great emphasis is placed on "key fossils" that can be 
used as environmental indicators (see legend of Attachment 5b). 

I.F.P. The Institut Francais du Petrole, is placing increasing emphasis on 
detailed petrographic examinations in broad reservoir studies. This work is 
under the direction of Madame Fondeur, and can involve geological sections up 
to 250 metres thick. (These studies will only be undertaken on subsurface control, 
if the interval has been fully cored). The routine sample spacing is 3 per metre. 
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Any shale interbeds within the unit being studied are ignored as 
. .f.or as petrography is concerned - though they will obviously be considered 
in'other aspects of the study. The LF.P. maintain that the clay mineralogy 
within the shale bed, is very similar in both type and proportions, to the clay 
matrix of the adjacent sandstone and siltstone • 

The following features are recorded ar.d plotted for each sample .­

Permeability (core analyses) 

Porosity (estimation, and core analysis) 

Quartz and li thics 

Feldspars 

Miscellaneous minerals 

Silica (secondary) 

Kaolinite 

Illi te 

Carbonate and sulphate 

Granulometry and angularity 

Mode 

Maximum grain size • 

The clay mineralogy is controlled where needed by X-ray diffraction 
analysis; however Fondeur maintains that the clay forms are often sufficiently 
dist.incti ve to make this control unnecessary. 

In correlation studies, great importance is placed on the relative 
abundance of:-

Illi te 

Kaolini te 

Secondary silica 

Carbonates 

Porosity 

All the above percentages are based on careful point-counting using a 
Zeiss "Analyser of Particle Dimensions". Details of the method are given below:-

The Zeiss "Analyser of Particle Dimensioris" is a very expensive hi~ 
sophisticated point-counting machine. 

The method of counting is to fit a cirole ~ that can be expanded 
or contracted by turning a knob - over the grain being studied, 
so that the diameter of the circle equals the dimension of the 
grain, at right angles to its longest side. 
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Figure 18. Method of "modal analysis" using the Zeiss Analyser of 
Particle Sizes (after Fondeur). 

Normally 1,000 points are counted in each study; the machine can 
convert the granulometry or mineral estimation directly into a 
histogram or a cumulative curve. 

University of Kiel. Staff at the M8:dne Research Institute at the'University 
of Kiel, make considerable use of point counting of the more conventional variety. 

,-, However they emp~asized the need to watch the accuracy in this work - and suggested 
the use of a Reliability Chart as described by van der Plas and ~obi (1967). 

University of Amsterdam. P.A. Riezebos of the Geograph Department of the 
Universi't.Yof Amsterdam, has made a special study of the 2-32 micron fraction 
of sediments, using phase contrast equipment. Being specially suited to the fine­
silt size, this technique nicely complements the optical petrographic study of the 
coarser fraction, and X-ray diffraction of the clays. 

The phase contrast equipment is fitted to a normal Lietz "Dialux - pol" 
or "Laborlux - pol" petrological microscope. A good monochromatic light source 
is important in order to get sufficient light trrrough the system. Most phase 
contrast work is done with a X10 eyepiece and a X25 phase contrast objective. 
It is essential to use an immersion liquid, with a refractive index clbse to that 
of the mineral being examined. (A short cut is to examine the minerals in the 
coarse silt size - greater than 32 microns - with a normal petrologica.l microscope; 
the mineralogy ill this size range will often be very' similar to that of "the 2-32 micron 
range.) Theoretically the process of selecting the suitable immersion liquid ~st 
be repeated for each diff~rent mineral; bu~'in mostc.ases onlY' 2 or 3 different 
immersion liquids will b~ needed to identify all the,1f1inerals present. 

. . .... 
Universi ty of Leicester A new "Cambridge~' Scanning Electron Microscope has been 
installed within the Geology Department or the University of Leicester -'under 
the supervision of H. Sylvester-Bradley., This equipment is used primarily 
for the study of ostracods, but is so versatile that it could be used for. a great 
many purposes requiring magnifications up to X40,000.' The cost is approximately 
£17,000 Sterling. '1 

.. I 
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Though the maximum magnification of this instrument is less than half 
that of the best electron microscopes, it has enormous advantages in requiring 
only ve~ simple sample preparation, and in possessing far greater speed and 
versatility. ' No etching of the sample is necessary, apd for powers of less than 
X20,OuO, the sample does not even require polishing. The machine is fitted with 
an oscillograph, enabling the operator to see the sample being examined at the 
same scale as the final photograph. In addition a "zoom lens system" is built 
into the equipment, enabling continuous magnification changes from X40 up to 
X50,OOO; only one control is involved, and the sample can be observed continuously 
through this process. The great advantage of this system is that the instrument 
can be quickly centred onto the portion to be studied at high power. 

The output of the machine'is equally versatile. A wide range of cameras 
can be fitted, ranging from 35 mm. up to 5" x 4" polaroid. The camera fitting is 
entirely external and interchanging cameras does not involve any dismantling of the 
equipment. 

When I visited the University of Leicester in December 1967, the instrument 
had been running for several months continuously, without any difficulties. No 
"teething troubles" had been experienced. The instrument was arousing a great deal 
of interest amoung British scientists who rAouired magnifications in excess of the 
resolving power of optical microscopes, but who only rarely required powers approaching 
X100,OOO. For these people, the "Cambridge" would prove ideal, because of its simple 
operation and high throughput; in most cases, a sample could be prepared and photo-

• graphed in less than 30 minutes. An instrument of this sort would be of great value 
to t.he B.M.R. as it can cater for such a ,'lide range of geological studies. At 
Leicester for example, revisions to th€ classification of Ostracoda are being made 
on the basis of differences of shell textw:e and ornament - visible with the optical 
microscope. Presumably many other micropalaeontological groups would be equally 
suited to this new approach. On the petrological side, the "Cambridge" Scanning 
Electron ~licroscope would enable rapid determinations of clay minerals and other 
matrix constituents. 

HEAVY.MINERAL.ANALYSIS 

Netherlands_Geological Survey Within the Netherlands Geological Survey at 
Haarlem great emphasis is placed on heavy mineral st<1:ies in the correlation of 
Pleistocene sand and gravel deposits, both on-shore.and off-shore. This work 
is under the supervision of S. Jelgersma. 

Most of this material has been transported by either the Rhine or the 
Meuse Rivers and the heavy mineral assemblages in the two systems differ sufficiently 
to be diagnostic if the load has been deposited in a fluvial environment. If the 
sand has been transported into a marine environment, the heavy mineral assemblage is 
no longer sufficiently distinctive to be indicative of provenance 

The heavy mineral concentration in the sands ranges from a few percent 
up to 15%. In each sample an average of 200 grains are counted; the vertical spacing 
between samples ranges fro~ three to five metres. The various grains identified are 

.a Ii sted below:-

Garnet - fresh 

Garnet - altered 

Epidote - fresh 

EpidotA - altered 

Saussurite 
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Hornblende 

Hornblende - volcanic 

Chloritoid 

Volcanic minerals - augite and titan-augite 

Topaz 

Other volcanic minerals 

Staurolite 

Other metamorphic minerals 

Tourmaline 

The results of these analys~s are prepared so that the heavy minerals 
total 10Cf/o. This 1JlB.kes the presentation of their results simple and clear, but 
any significance in the varying proportions of total heavy mineral content is 
lost. Logs showing the method of compilation and presentation of the results are 
attached (see-Attachment 6 a-c). The procedure for the separation of the heavy 
minerals is set out-below:-

1. Beh-Teen 100-200 gram of sample is selected - sufficient to 
provide a reasonable hea~ mineral concentration from the 
50 micron to 1 mm. fraction • 

2. Samples are decanted to remove the fraction of less ttan 50 microns. 

3. Samples are sieved to remove the fraction coarser than 1 mm. 

4. 

5. 

6. 

7. 

8. 

Carbonate is removed from the remaining material by treatment 
with 25% hydrochloric acid. 

~ampleis heated t9 90°C. in hydrochloric acid for 15 minutes. 

Sampl~ is treated with 5~fo nitric acid for 15 minutes, again at 
80-900 C. (This l'lill remove iron coatings). 

Sample again 'thoroughly washed and dried. 
" , 

Heavy min~rals are separated using Bromoform (S.G. 2.86 - 2.87). 
A funnel fitted wi~h a t~p having a wide p~ssage'is used; the 
heavy- minerals'are col1ect~d in a small dish beneath. 

9. A rando~ selection of he~vy mineral grains is spread over the 
slide, ~nd coated 'I'1i th warm Canada Balsam. The grains are 
mixedinto-"the--balsam,- using a needle. A coverslip is placed 
on top; and-' the- per1!l{Ulent amqunt is then complete. 

Institute of Geological Saiences. By contrast, in the LG.S. Regional Laboratories­
at Leeds, heavy mineral separations are made- l'1i th a specially modified shaking 
table, rather than w'ith heavy liquids. Officers claim savings in both time and 
money with this method, and apparently obtain quite satisfactory separations. 
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FRAMEiVORK ANALYSIS 

A.G.LP. Huch importance is placed on'framework analysis in A.G.LP., and the main 
emphasis is on grain size distribution following the methods of PasRega (1964). The 
work is being carried out by R.' Passega and P. Bellotti, 1"ho \lse OM diagrams exten­
sively for interpreting depositional enviro~ments. It is claimed by Passega (op. cit.) 
that the depositional environments can be determined in terms of C (one percentile in 
microns), and M (median in microns). The objective is a five-fold subdivision~:-

Pelagic suspensions 

Uniform suspensions 

Graded suspensions - no rolling 

Bottom suspensions - with rolling 

Rolling 

To date, attempts to correlate directly froI!1 C M patterns to the depth 
of sedimentation have failed. As a result of widespread criticism by other sedi­
mentologists, Passega and Bellotti are now trying other val-qes Of C, higher than 
one percentile. If the sediments can be readily disaggregated, individual grain 
measurements ~re made; if the rocks are indurated, the measurements are made from 
thin-sections. No attempt has been'made ,to utilize ske1mess, kurtosis or angularity 
in the paleogeological interpretation • 

LF .P. ~t Pelet of the Institut- Francais du Petrole is involved in studies of 
granulometry in an attempt'to define and to correlate'rock units. In this work 
"suspended mateJ:"ial" only is used (less than 64 microns). Before analysing the 
grain sizes, any carbonate cement present is ~emoved by dilute hydrochloric acid. 
The various size classes are referred' to the "phi scale". (An example on the 
composite petrographic log is shown on Attachment No.7). 

It is claimed that by studying the histogram representing the suspended 
fraction of the sediments, very characteristic patterns for the stratigraphic units 
can be identified; this commonly holds, even- when the gross lithologies of the units 
being compared are very sipilar. ' , 

In reservoir studies, the granu lume try and angularity of the sand 
fraction of the sediments are determined, adopting a lower limit of approximately 
60 microns. In studying the angularity of the grains, the following divisions 
are used:-

Well rounded 0.7 - 0.9 (shown on log as ".") 
Intermediate 0.4 - 0.5 (shown on log as blank space) 

Angular 0.1 - 0.3 (shown on log as "x") 

PETROPHYSICAL ANALYSIS 

• All organizations made extensive use of petrophysical analysis in their 
central laboratories, for determination of porosity, permeability and density. 

LF.P. In the LF.P. it has been'found, that the estimation of porosity by the 
point-counting method is reliable, except' ~mere illite is the common clay. In 
these cases, the estimation from the thin-section is always too low; for the 
thin-section estimation will be dependent on the degree of penetration of the 
dyed "Araldite". 
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S.N.P.A. Experiments are being carried out by M. Pochitaloff to test a 
Russian method developed by Sabirov and Petrik (1964) for the quantitative 
evaluation of porosity in the field; even drill cutting~ can be used in this 
work. The method involves the use of an instrument called a "Picnometre". 

Kerosine is the impregnating medium used. An ideal sample consists 
of cuttings, weighing 2-3 grams, and averaging 5-q nun across. It is 
claimed that the following porosity classes can be accurately 
determined: -

1 5% 
5 10% 

10 20% 
20 30% 

A skilled technician is needed in this work. Although admittedly 
still in the experimental stage, it seems to me unlikely that the 
method could be simplified sufficiently to made it a satisfactory 
routine field technique. 

A.G.I.P. place much importance on petrophysical analyses, in their 
special projects; when analysing drill core, readings are taken every 20 
centimetres, and the results are shown graphically on the detailed lithological 
log of that core - at a scale of 1:100. (An example is given in Attachment 
No. 5a). 

The practice of estimating the porosity of drill core and drill 
cuttings after binocular microscope study, is not encouraged. A.G.I.P. are at 
present experimenting with the use of coloured" dyes for porosity estimations 
in drill cuttings. 

MEASUREMENT OF SALT CONCENTRATION 

A.G.I.P. S. Neglia strongly advocates the measurement of the salt concentration 
in shales~ as an indicator of "fractionation of the shale fluid". This he relates 
to the lilQ.ihood of hydrocarbons being trapped behind a shale "semi-permeable 
membrane". He claims that the technique is much more reliable and capable of a 
much wider application than is possible with the analysis of water from drill stem 
tests, because the shale anaylses can be carried out on cores years after drilling, 
with complete safety. The procedure used is as follows:-

1. A core plug is cut, and total void space (Vs) is calculated from 
petrophysical analySis. 

2, The voids occupied by intracrystalline water (V2) are not available 
and therefore of no significance in transmitting other water; the 
following relations*p holds:- voids with inter crystalline water 
(V1) e~uals total V6id volume (Vs) less the voids of intracrystalline 
water tV2). 

V1 = Vs - V2 

3. The volume of intracrystalline voids (2) is calculated from the 
surface area of the clay, after crushing and x-ray diffraction 
analysis; voids of intracrystalline type equal surface area by 3 Angstrom. 

V2 = Surface are X 3R 
4. The amount of salts present can be determined directly by X-ray 

fluorescence, and thus the salinity of the present intercrystalline 
water can be calculated. 
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.. LACQITER PEELS 

~ Netherlands Geological Survey. Partly because of the great interest in detailed 
,. sedimentary structures within the'Net-herlands, and because of the lack of outcrops 

of vell consolidated-sediment-s; t-he 'Netherlands Geological Survey has made a great 
If deal of use of very' large' lacquer' peels .:.. up to 2 metres by 1 metre. By using these 

peels, permanent records of sedimentary features have been obtained from "tempqrary 
'outcrops" such as tunnels and quarries. The procedure adopted is quite simple, and 
th~ results' can be most spectacular - as l'lell as forming an invaluable aid in teaching. 
The ,teC!hnique is set out belO'llI:-

• 

,.. 

1. The outcrop must have a suit~ble surface - poorly consolidated, 
with appreciable porosity and low cohesion. 

2. Cut the outcrop back to make a smooth inclined face. 

3. Cut a horizontal channel immediately above the inclined face. 

4. Apply the thinned lacquer flovl evenly over the inclined face. 
It is all important for the lacquer to flow as a sheet, so that 
the depth-of"penetration is approximately constant throughout. 
Spreading' of' t-he'lacquer by brush is of little help. 

5. After the lacquer has soaked ,in and dried, a second thin coating 
can be' brushed over'the surface; a hessian strip should then be 
spread over the lacquered surface. 

6. The hessian strip is allowed to dry in ~lace and is then peeled 
off with the lacquer-impregnated sand. 

7. The hessian is then fixed toa masonite sheet which in turn, is 
fitted ,dth a raised wooden surround to protect the surface. 
Mounted peels can be stacked one on top of the other. 

STAINING FOR CARBONATES 

Oxford University. B. vi. Selblood of Oxford, showed an exhibit of carbonate peels 
at the Fourth Tl1eeting of Carbonate Sedimentologists. The exam~les were superb, 
and a summary of the method used is set out below:-

Etching The most cri tical'fa'ctor in 'the staining of carbonate peels is the 
quality of the etching - excessive etching being especially damaging. 
Sellwood suggests a 1:9 dilution of hydrochloric acid, and a maximum 
etching period of 15 second'S. 

Staining with Alizarin Red S The staining solution should be 1 gram of 
Alizarin Red S dissolved in 2 ml. of distilled vlater. The steps are set 
out below:-

1. Slab is immereed'in the solution, with polished side upwards, 
for 4 minutes. 

2. Slab is immersed in distilled vIa ter for a few seconds. 

3. Slab is immersed in acetone for 2-3 seconds, and an 
acetate film is applied. 
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Staining with Ferricyanide The solution is made up of 5 gm. of - =--ferricyanide and 2 mI. of concentrated hydrochloric aicd, diluted in 1 litre 
of distilled water. The slab is stained as above (in~teps 1-3), and the film 
is applied in the same way • . " 
Combined Alizarin Red Sand Ferricyanide Staining The solution is made up 
of 1 gm. Alizarin Red S, 5 gm. ferricyanide, 2 mI. conc. hydrochloric acid 
made up to 1 litre'with distilled water. The steps are as follows:-

1. Stain"is applied as above (in steps 1-3). The sample can be 
a thin section or hand specimen, instead of a peel. 

2. The response of the various minerals is listed below: 

Calcite (non-ferroan) - pink 
Ferroan calcite - green-blue 
Siderite ) 
Pyrite ) - no colour change 
Dolomite ) 

S.N.P.A. Calcimetry is regarded as a field technique, and is carried out on 
all cuttings samples, at the well site. The times of reaction used are very small -

" 30 seconds for calcite and 5 minutes for dolomite. 

A.G.I.P. Calcimetry is used extensively in the special studies, but not in the routine 
.. logging. The five-sample "Scheibler Calcimeter" (Carlo Erba Supplies, Italy) is used; 

the following, rather unusual procedure is adopted:-

1. The sample is crushed in a pestle and mortar, and 30 mg. is used 
for the analysis. 

2. The sample is shaken vigorously with 10 mI. of 12% HCL diluted 3.3:1). 
The acid is never warmed. 

3. The calcite reading is taken after 30 seconds, and the dolomite after 
30 minutes. (A.G.I.P. claim that siderite will not interfere with the 
dolomite reaction). 

4. Calculations of the proportions of calcite and dolomite are made directly 
from a chart; no correction is made for differences of atmospheric 
pressure. 

A.G.LPo regularly check the identification of the carbonate detected by calcimetry, 
with X-ray diffraction. 

RADIOACTIVE AGE DETERMINATION OF SEDIMENTS 

SoN.P.A. G. Kaplan working in the CoR.P. Laboratories at Pau has made extensive 
use of rubidium - strontium, and potassium - argon methods for obtaining radioactive 

~ ages of authigenic clays in shales. Kaplan stressed the importance of using only 
reliable meterial in this type of work. He will not handle any samples showing marked 
alteration, or where there is a lack of supporting geological information. 

Kaplan maintains that it is impossible to Gtate dogmatically, before a run, 
that a particular sample will show a depositional, diagenetic, or a metamorphic, age 
but he maintained that, with careful selection of samples, reliable ages can be 
obtainp~o He has obtained satisfactory results with sediments up to 1,000 million 
year", old. 
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X-RAY DIFFRACTION 

This technique - referred to subsequently as "X.R.D." - is certainly the 
most useful supplement ~o optical mineralogy, and in matrix studies it is the 
most effective tool. There are major drawbacks to its under-application, however:-

1. If more than two or three minerals are present in the 
sample, interpretation of· the peaks becomes very complicated 
in the absence of petrological control. 

2. In view of the above, it is obvious that an indurated rock 
- not readily disaggregated - will be very difficult to treat 
and to interpret. 

3. Because of the preferred orientations that some minerals adopt 
very readily, it is very difficult to make X.R.D. truly quantitative 
or in many cases, even semi-quantitative. X.R.D. studies naturally fall 
into three categories:-

whole rock mineral?gy 

mineral identification 

clay analysis 

Whole Rock Mineralogy 

S.N.P.A. All X.R.D. work at the C.R.P. Laboratories is carried out within the 
Division of Sedimentology and Geochemistry, headed by G. Kulbicki. The work is 
directed by J. Stevaux. 

As a routine measure in wells studies, composite samples of drill 
cuttings, totalling about 0.5 kilograms, are collected from each 20 metres 
drilled: these are "split" to the required sample size, and analysed by X.R.D. 
(This work is in addition to the X.R.D. carried out on the particular cuttings 
samples selected for detailed petrological study.) In these composite samples, no 
"picking" of the cuttings is attempted. Drill cores are all studies by X.R.D. on 
a routine basis, using a maximum spacing of one metre - and much closer spacings if 
the lithologies are variable. 

The X-ray diffraction analysis of a crushed sample of the whole rock, 
is the first step in all deta~led sub-surface petrological studies, and in many 
studies of surface sections also. Stevaux claims that a fully quantitative result 
for quartz, calcite, dolomite and siderite can be obtained, by use of a quite routine 
procedure. The equipment is geared to analyse, automatically, the smear of the 
crushed rock mounted on a glass slide; this work is carried out at a high sensitivity 
and if the peaks go off scale the sample will be re-run at a lower sensitivity. 
Stevaux maintains that the X.R.D. analysis of the essential mineral of a sediment 
will provide mineral percentages accurate to within 5% of the actual values. 

If difficulty is experienced in identifying the carbonate present, a 
micro-sample is analysed by differential thermal analysis. This is carried out 
under either normal atmospheric conditions, or in a dynamic inert gas atmosphere -
~epending on the nature of the problem. St~vaux regards the D.T.A. results as 
qualitative only. 

All the steps in the X.R.D. analysis of 
by technicians; the results are also plotted by 
percentages on work sheets (see Attachment 3ab). 
petrographer, for interpretation and integration. 

major components arc carried out 
technicians, by blocking in the 
These are then passed back to the 
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~. The X-ray diffraction studies within the Institut Francais du Petrole 
.,.lre directed by H. Pelet. The complete study of a sample consists of three 
types of analyses:-

0# 

1. Powder analysis of the untreated sample 

2. Powder analysis of the cement-free sample (after treatment with 
dilute hydrochloric acid). 

3. Oriented powder analysis of clay matrix. 

The cement-free X.R.D. analysis is designed to provide semiquantitative 
data on quartz (.:!:. 10;6), and qualitative estimates of other minerals present. 
A comparative study of the untreated X.R.D. trace and the cement-free X.R.D. trace 
will show the material that has been dissolved out by the acid; the accuracy of 
this carbonate analysis will differ from sample to s8.Juple, but in general it 
could be regarded as semi-quanti taU ve. 

University of Leiden. P.C. Nagtergal has found that the 2-50 micron fraction of 
an arenite gives a very representative picture of the rock constituate as a whole. 
He did not regard the masking effects of quartz and feldspar as a problem .... though 
most other workers would not have agreed. 

Mineral Identification 

-A.G.I.P. The Confii'ation by X.R.D. of minerals observed in a thin section can 
be very difficuly - especially if the mineral is not common. A.G.I.P. have 
developed a novel method of overcoming this problem. The cover slip of the thin 

~section is removed and an acetate peel of the thin section is taken. This peel 
is then used for the X.R.D. analysis. (G.L. Morelli of A.G.I.P. could supply 
additional technical data.) 

S.N.P.A. The analysis of feldspars by X.R.D., is supervised by J. Stevaux, and 
the results are regarded by S.iJ.P.A. as semi-quantitative only; it is carried out 
as a routine measure in association with whole rock X.R.D. analysis. Cuttings at 
20 metre spacings, cores at one metre spacings, and many outcrop samples are all 
analysed for feldspar content. The results are considered by S.N.P.A. to be of 
major importance, and are plotted on the well log in a separate section - as shown 
on Attachment 3c. 

Clay l\.nalysis 

Unquestionably the analysis of clay is one of the principal uses of X-ray 
diffraction in sedimentology. In the oil industry, the types and the ratios of the 
clay groups present in a sediment are the principal objectives; much attention has 
been given to the problem of achieving a high accuracy in the work while maintaining 
a high flow-through of samples. 

S.N.P.A. The clay analysis work within the C.R.P. Laboratories is supervised by 
J. Stev,aux; a standard technique is applied, on a routine basis, to all the 20 metre 

~ composite cuttings samples collected; all other cuttings samples that are studies in 
detail, all core samples, and a great number of outcrop samples, are also treated on 
this b<J.sis. 

The technique is semi-quantitative, Dild fully automatic; the sample 
preparation is quite straightforward. After the rock sample is given a rough crushing 
in a mill, it is placed in a polythene tube and shaken vigorously in water. After 
allowing a few minutes for settling, the suspension - mostly less than 5 microns in size -
is pipetted off; a smear of this suspension is prepared on a glass slide. The remaining 
suspension is stored for several months before being discarded - to provide additional 
material in case of queries. 
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With this very simplified preparation, it is obvious that in many 
cases precise identification of the clays will be difficult, if not impossible. 
The analysis is run at a high sensitivity, and if peaks go off-scale or are not 
clear the following steps are taken:-

1. The sample is re-run by X.R.D., at a lower sensitivity; 

2. If the clay group still cannot be recognised, a micro-sample 
is analysed by D.T.A. (This will give a qualitative result only). 

3. If the precise clay mineral is required, rather than simply the 
clay group, a new sample is prepared by a. much more thorough and 
more time consuming procedure. 

4. In the special case where the sample can be recognised as chloritic 
but the precise mineral cannot be determined, another smear is produced on 
a platinum plate; this is again run by X.R.D., but at controlled 
t.P'TI;''''!''"'.t1rre. In this way the temperature at which the peak disappears 
can be found: this temperature records the dissolution of the chlorite, 
and is unique for the mineral species. S.N.P.A. attempt to distinguish 
12 species of chlorite. 

The same technique is also used to recognise talc, antigorite, vermiculite 
and mixed-layer clays. Thus it is of value in indicating the degree of 
metamorphism that has affected the sediments • 

All the analytical work and much of the interpretation of it is carried out by 
technicians; only in special studies is the geochemist called upon to assist. The 
technicians plot the results on work sheets which are then forwarded to the geologist 
concerned; the X.R.D. traces are stored for future reference. 

The very considerable investment on clay analysis equipment that S.N.P.A. 
has made, is applied to oil exploration in three ways:-

Identification of marker horizons It is found that some authigenic clay minerals 
made excellent marker horizons, even when they constitute as little as 10% of the 
actual content of the marker. 

Indicator of depositional environment· S.N.P.A. are placing increasing reliance on 
authigenic clay minerals in determining depositional environments. There is an 
obvious difficulty in distinguishing the detrital and authigenic clays, but S.N.P.A. 
claim that is is not a major problem in most cases. However, if authigenesis is too 
far advanced, the clay results are of little use in establishing depositional 
environment. 

Basin-wide correlations The technique generally appiied when attemptine- bJ'f)~'" 
correlations, is to relate the abundances of the different clay groups t:~ roughout the 
basin. However, on this point Stev'aus stress~rl t.hat is was essential to have 
extensive clay determinations from outcrop samples to supplement the subsurface 
information, before any correlations are attempted. 

I.F.P. The oriented powder analysis of clay matrix used within the I.F.P., 
follows the standarn nrocedure developed by S.N.P.A. It involves the separation of 
the fine fraction (less than 5 microns) but unlike S.N.P.A., the I.F.P. do not claim 
any more than qualitative status for this work. 
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University of Kiel Lange, working within the Marine Research Laboratory has 
carried out many X-ray diffraction studies of the 2-6 micron fraction of 
bottom sediments from the Persian Gulf. One common problem encountered is 
the overlap of diffraction lines vlhen the sample contains a mixture of calcite, 
quartz, aragonite and dolomite. As an example, only if quartz makes up more than 
10% of the whole can it's proportion be determined directly - by using a minor 
line; if quartz makes up less than 10% the whole, one must use it's strongest 
line and this overlaps with a strong illite line. This difficulty can only be 
resolved by carefully re-running the sample at a slow speed and a high sensitivity. 

Lange feels that the accuracy of clay analyses d~termined by X.R.D. 
can be of the order of + 5%, if the work is carefully controlled; accuracy is 
increased it samples are of roughly similar chara.cter. 

University of Leiden The personnel at Leiden, had little faith in X-ray 
diffraction to produce reliable quantitative data; this applied to both powder 
camera and diffractometer results. 

X-ray diffraction studies of arenites at Leiden, are almost entirely 
concerned with identification of matrix. ~fuere the rock is only poorly consolidated, 
mechanical disaggregation is quite simple, and the analysis can proceed in the 
normal manner. If on the othe:- '.:,"'1 the rock is well conso l idated, much of the 
framework may be broken down in efforts to release the matrix. In these cases 
contamination of the matrix will be extensive, and the x-ray diffraction pattern 
will almost inveriably be very confused. Even greater problems are posed if 
the framework contains significant quantities of lithics. 

University of Reading A. Parker working within the Sedimentology ResAarch 
La.boratory claims that semi-quantitative clay analyses can be obtained by X.R.D. 
under favourable conditions; but that in some cases the answers will be v~ry wide 
of the mark. 

The chief difficulty with quantitative work is to obtain a true 
randomly-oriented clay sample. Parker maintains tha.t rapid settling of the clay 
suspension on a porcelain tile, under vacrum conditions, most nearly achievel¥ 
this end. 

Clay Sample Preparation 

S.N.P.A. As noted earlier, for routine "clay group" analysis a glass slide 
preparation is made, a.fter the crushed rock has been shaken vigorously in water 
and allowed to settle for a few minutes. Only quite rough results could be expected 
from such a method - though S.N.P.A. claim that the data. are semi-quantitative. 
The following is the procedure used at S.N.P.A., if the precise clay mineral 
species is required:-

1. The rock sample is given a coarse crushing, to assist disaggregation 

2. Splits are separated from this sample 

3· One split of the above sample is u::ed for the X.R.D. determination 
of the major minera.l components of the rock. This analysis will be 
run first, and will be used as a guide to the preparation needed 
with the second split - whish will ~e ~8ea ift ~he JE.R.B. ~nal~Bi8 of 
tho soeefta s!3li~ - which will be used in the X R.D. analysis of the 

. clay. 
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The steps involved in the X R.D. analysis of the second split are set out be:"ow:-

1. Samples are shal<:en mel"h811ically in a bath of water for differing 
times dependine on the nat..:::re of the material:-

limestone 4 to 5 hours 
snndstone - i to 2 hours 
shale - 1 hour 
indurated shale ... 12 hours 

2. If the rrevious X R.D. analysis (of the ma.jor mineral constituents) 
shows the presence of a significant amcI11r+ of ca.rbonate, a drip of 
carbonate, a drip of cold or warm diJute hydrochloric acid 
(0.1 No Imal ) is added to the shaking unit. 

3. The coarse fra.ction is separated out: the suspension is shaken 
again and allowed to settle for a given time. 

4; The fraction less them 5 microns, is collected from the suspension -
the centrifuge being used to speed up the settling process. 

5. A glass slide, covered with 8. dried smear of the suspension, is then 
prepared; the sample is then ready for X-ray diffra.ction analysis • 

Essentially the same procedure is followed by A.G.LP., and LF.P., and 
the Universities of IJeiden, Kiel and Reading. However at A.G.LF., and 8t Reading, 
special Care is t82<.:en to keep the chemic8.l treatment of the cla.y to an absolute 
mlnlffiUffi. "lhi1e admitting that additives are sometimes required to prevent 
flocculation of the clay. A. Parker of Reading has found that centrifuging 
followed by thorough washing (repeated several times if necessary) will generally 
achieve the same result but without any possible damage to the clay minerals. 
Excessi ve chemica.l treatment can markedly 13.1 ter the structure of the clay and lead 
to the com]llete absence of some lines. 

It is for this reason tha.t I Vlould recommend the Reading technique if 
accurate clay ana.lysis is the goal - though it will inevitably cut down the 
flow through of samples. Details of the procedure as developed by Parker are set 
out below:-

SF.lmple Prepara.tion - General 

1. Crush about 20 gm. of rock sample down to about pea. size -
to provide sufficient surface area for the ultra-sonic separator. 
Gentle hammering of easily disaggragated samples or minimal grinding 
in an agate pestle and mortar is recommended. 

2. The broken up sample is placed in a 100 mI. beaker, and is covered 
hy distilled water. The beaker is immersed in an ultra-sonic bath, 
until the wa.ter level outside matches the level of wa.ter in the 
beaker. Disaggreea,tion should take about 3 hours - but should be 
continued until a "soupy" suspension is obtained. 

3. After disagerega.tion, the suspension is transferred into a 100 ml. 
mee.suring cylinder; if necessary this can be topped up with distilled 
water, until the cylinder is full. 
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4. Using a mechaniC8,1 stirrer, vigorously agitate the suspension 
for 10 minutes, after which the cylinder must be left undisturbed; 
Stoke's Law will govern the settling rates. 

5. After 3 hours 50 mfnutes~ a quantity of the suspension (about 
5 - 8 rill.) should be pipetted off, from a depth ,of 5 cm. below 
the 'fluid surface. (A pipette with a 5 cm. mark on it simplifies 
this). The maximum grain size of the pipetted suspension should be 
2 micron. The settling time of 3 hours 50 minutes applies at a 
temperature of 20° C. and will varY (according to stoke's Law) with 
changes in pressure or temperature. 

6. If after settling has continued, for about 1 hour, it is apparent 
that flocculation has occured (total settling of the suspension), 
the following steps should be immediately taken:-

(a) Add ,2 drops of strong ammonia (0.880 NH40H), stir again as 
in 4) and allow to settle for 3 hours 50 minutes, as in 5). 

,(b) If the procedure set out in above fails to "prevent flocculation 
after another hour, suc~ off the clear liquid and discard -
taking care not to"disturb the surface of the flocculated 
sediment. Top up the measuring cylinder with distilled water, 
stir again as in 4) and allow to settle Jor 3 hoUrs anc 50 
minutes as in 5). 

, , 

(c) If flocculation still persists after another hour, shake up 
the suspension and pour the whole into a large centrifuge tube. 
After balancing the centrifuge to within.5 gm., centrifuge 
at 1500 r.p.m'. for 2 minutes. Pour off the clear- liquid f:;oom' 
the cake of sediment, and replace with distilled water. Shake 
sediment"into suspension, and transfer to measuring cylinder, 
proceed with mechanical stirring as in 4), and settling as in 
5 ). 

If steps (a) to (c) still fail to stop flocculation, repeat 
step (c) several times'- As a last resort, a few drops of 
calgon (sodium hexa-meta phosphate) can be added to assist the 
peptising. 

1. After thoroughly shak~ng the vial containing the 5-8 mI. of 
suspended sediment (to ensure complete suspension), a few mI. 
sre pipetted off and"transfered to a clean dry 1t' x 1" glass 
slide. The clay" suspension spreads evenly over the surface and 
is allow~d to ,dry on the slide, undisturbed. 

8 .. If the resultant coating of ciay is too thin, a second layer of 
suspension can be ~read over,the top - taking care to leave the 
first layer undist~bed. This second layer should also be left 
to dry, undistUrbed. 

9. The smear is then ready for running on the X-ray diffractometer. 
The slow evaporation of the water from the suspension should 
ensure a high degree of parallelism of the various clay flake's. 
Clear basal reflections should: be recorded by the diffractometer. 
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10. If a fast result is essential, the evaporation can be 
speeded, by using infra-red drying lamps; however the final 
surface of clay is generally less regular than with slow 
evaporation, and therefore the paralJ"'1. orientation of the 
particles is less consistent. This will result in some 
masking of basal reflections in the diffractometer, and should 
be avoided if possible. 

Sample Preparation - Quantitative Analysis 

vVhen an accurate assessment of mineral proportions in the fraction 
less than 2 microns is required, it is essential that one obtains 
a true random-oriented clay assemblage on the glass smear. To achieve 
thiS, it is necessary to greatly accelerate the evaporation of the 
suspension water, and thus avoid preferred orientation of flakes 
during settling. At the same time, one must avoid the irregularities 
that develop with infra-red drying. A semi-per.meable porcelain tile 
is used, and fast drying is achieved under vacuum. The steps are as 
folloVls:-

1. Prepare an unglazed porcelain tile 1*" x 1", and approximately i" 
thick. Both sides should be parallel and the one surface 
carefully smoothed on glass plate with fine grinding powder 
(carborundum Grade 600). 

2. The tile should have its basal surface marked; the tile should then 
be washed in distilled water and left to dry. 

3. The tile should be placed, smooth surface uppermost, on top of 
vacuum system -such as a venturi operating off the water supply_ 
When the vacuum is operating, several coverings of distilled 
water should be squirted onto the top of the tile and duly 
sucked through the base - to ensure thorough washing of the tile. 

-Rubber 
:atopfl-I"J vilth 
brQ.~s tub~ 1"h,"Y. 
ce.nt\'"e 

10 P o~ flo. c:.k ~ub"". :;:"~/ 
b rOo ~5 pI c~Je. 

Filhr,n3 t l<l.sk 

..... ----~-~.-- -·-r------- -- _ .. _ ... -- .1:' ..... ------ .. 

necessary two or three coatings of suspension can be applied. 

/ 
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10. If a fast result is essential, the evaporation can be 
speeded, by using infra-red drying lamps; however the final 
surface of clay is generally less regular than with slow 
evaporation, and therefore the paralJr->l orientation of the 
particles is less consistent. This will result in some 
masking of basal reflections in the diffractometer, and should 
be avoided if possible. 

Sample Preparation - Quantitative Analysis 

When an accurate assessment of mineral proportions in the fraction 
less than 2 microns is required, it is essential that one obtains 
a true random-oriented clay assemblage on the glass smear. To achieve 
thiS, it is necessary to greatly accelerate the evaporation of the 
suspension water, and thus avoid preferred orientation of flakes 
during settling. At the same time, one must avoid the irregularities 
that develop with infra-red drying. A semi-permeable porcelain tile 
is used, and fast drying is achieved under vacuum. The steps are as 
follows:-

1. Prepare an unglazed porcelain tile 1i" x 1", and approximately it" 
thick. Both sides should be parallel and the one surface 
carefully smoothed on glass plate with fine grinding powder 
(carborundum Grade 600). 

2. The tile should have its basal surface marked; the tile should then 
be washed in distilled water and left to dry. 

3. The tile should be placed, smooth surface uppermost, on top of 
vacuum system - such as a venturi operating off the water supply. 
When the vacuum is operating, several coverings of distilled 
water should be squirted onto the top of the tile and duly 
sucked through the base - to ensure thorough washing of the tile. 

- ---------

L Ciu\.!e I'me.s for pO&ltlon'\ Y'I~ 

/ L~ /1. o~ c.erQlMic ti \(. 
/I J 

Figure 19. Vacuum fitting for preparing clay sample .on ceramic tile (after Parker). 
I 

4. The clay-size suspension collected in steps 1 - 6 of the "Sample 
Preparation - General" is pipetted onto the tile as an even sheet. 
Ensure the assembly is true so that the tile is horizontal and 
therefore the coating of suspension as even as possible. If 
necessary two or three coatings of suspension can be applied. 
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University of Amsterdam Very intensive x-ray diffraction studies are carried 
out within the Geography Department of the University of Amsterdam, as part of 

~ their studies of soil development. The work is directed by P. Bakker. The 
following rather unusual s~ple preparation is adopted:-

1. The sample is dried at 60-650 centigrade for 3i hours. 

2. One portion of the sample is mechanically ground in an agate or steel 
mill, to approximately 4 microns size. (This will be used for 
whole-rock analysis). 

3. The second portion of the dried sample, is crushed gently - to 
produce about 20 gram or sample less than 2 rom. size. This 20 
gram of broken up material is placed in a beaker with hydrogen 
peroxide, and the beaker itself is placed in a water bath for 
one day; the hydrogen peroxide is topped up as re~uired. 

4. 25 mls. of hydrochloric acid (2 Normal) is added to the residue 
in the beaker, and left to stand at room temperature for three 
hours; this will dissolve any carbonate present. Keep topping 
up with acid until the reaction has ceased, then allow the pH 
to rise to at least 5. 

5. In almost all cases, the clay material will have flocculated by 
this stage. Carefully pour off the clear li~uid and wash the 
residue; repeat this washing several times. 

6. Add a small ~uantity of sodium pyrophosphate, and shake for 
2 minutes. 

7. Add soda and shake, to peptize the clay. 

8. Let suspension stand for 30 seconds to allow the sand to settle 
out. 

9. The suspended fraction is left standing for 24 hours, after which 
the li~uid plus suspension is drawn off; this same procedure is 
repeated over the next three days, aftp.~ which, the claysize 
material only is available in the suspension. 

10. The suspended clay material is flocculated with 50 mls. of 
magnesium acetate (2 Normal) and with 25 mls. of hydrochloric 
acid (2 Normal). 

11. The flocculated clay is then washed with alcohol and filtered. 

12. The filtrate is now ready to apply to the X-ray plate. 

X-ray Diffraction Equipment. 

A.G.I.P., S.N.P.A., I.F.P. and the University of Reading all use 
diffractometers almost exclusively for X-ray diffraction, regarding the powder 
camera as too slow and inaccurate. Nevertheless at the university centres of 
Amsterdam, Leiden and Kiel the staff made considerable use of the powder camera. 
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S.N.P.A. The most interesting and most complex diffractometer set up was at 
S.N.P.A., where two units are operating virtually around the clock. The glass 
smears are fed into the units automatically and no corrections to the sensitivity 
are made during runs. The initial run is made with high sensitivity and in the 
event of peaks going off-stJrae, the sample is later re-run at a lower sensitivity 

~ level • 

University of Amsterdam The X-ray equipment is the "Enraf" camera made by Delft -
Holland. Two powder cameras are fitted to operate! simultaneously; each can handle a 
plate containing up to four different smears. Thus in a full run of six hours, 
eight samples can be treated; and as at least two runs are completed each day, 
the minimum flow through for the machine is 16 samples per day. This makes the 
flow through for the combined powder cameras rather greater than cou1d~achieved 
than by a single diffractometer - which of course costs a great deal more to 
purchase, and to operate. A special fitting is used to enable single samples to 

o be re-run at temperatures up to 1,000 C. 

AUTOMATIC OPTICAL SPECTROGRAPH 

S.N.P.A. make extensive use of the automatic optical spectrograph 
in trace element analysis, and in determining the nature of carbonaceous matter; 
these analyses are restricted almost entirely to source rock studies and are 
discussed in more detail under "CRITERIA FOR RECOGNIZING DEPOSITIONAL ENVIRONMENTS". 

The spectrograph is programmed to analyse samples for any 12 of a total 
of 18 elements .. all of which have been selected because they are influenced to 
some extent by the depositional environment:-

B Va Mb Pb Zn Cu Cr Ni Co 

Ba Ga Si Al Ca Mg Mn Ti Sr 

DIFFERENTIAL THERMAL ANALYSIS (D.T.A.) 

. S.N.P.A., and the Universities of Amsterdam and Kiel use D.T.A. in 
sedimentological studies; it is regarded as a moderately successful technique 
to provide qualitative confirmation of x-ray di'ffraction results. Multiple-
sample D.T.A. runs were not popular because of the considerable technical difficul­
ties experienced in ensuring an even and a standard heat input. 

S.N.P.A. A Single-sample D.T.A. unit, is operated within the geochemical section 
of S.N.P .A., by J. Esquevin. It has two maj0:r', uses:-

To identify minerals - especially clays and carbonates 
- where the X R.D. pattern is complex; thus it is a 
support technique to X-ray diffraction. 

To identify different types of carbonaceous matter - of value 
in source rock studies. 

Th~ D.T.A. unit consists of a "B.D.L.T. Primary Unit" - made under 
license from Centre Nationa1e de Researche Scientifique. It is fitted with a 
"Graphispot and Suiveur" recorder. Only micro-samples are analysed - without 
any dilution. Platinel cugs and thermo-couples are used throughout, with a 
s't!:tudard heating rate of 10 C. per minute. Samples can be analysed in air or 
an inert gas - using a dynamic atmosphere if required. A cooling curve can 
also be run. The recorder is designed so that it can easily be switched over 
to ~he X-ray diffractometer, when that unit is recording peak changes at pre-set 
temperatures (between 200 C. and 12000 C.). 
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~University of Amsterdam The Geography Department of the University of Amsterdam 
'.' makes regular use of differential thermal analysis and thermobalance results in 

studying soil profiles. The work is directed by P. Bakker, and the chief operator 
.• is J.J. \~ensenk. It has been found that D,T,A. clay analysis is most effective 
•• .,ith the kaolin group. This work can be semi-quantitative, providing no other 

group of clay'minerals is present; but where other clay groups are present, 
qualitative results are'thebest-t~at can be obtained. 

~ 

'r" 

The D.T.A. equipment used is"a "Linseis" made in West Germany. It can 
beopera'tecr-as either a; single channel or a three ch~nnel unit; in thb latter 
case, great 'care "must be taken to centre the thermo-couples in the furnace. All 
therme-crouples are of platinum and platinum/rhodium •. The therm&-cups are of a 
platinum, wh±chis found to be sl,lfficiently sensitive for soil studies. The 
therme-cup recommended is a tube (no base), so that if partial melting occurs 
the cup can still be lifted a "ray • All samples run are first reduced to less than 
1 micron size, and 'are placed in a dessicater for 48 hours before analysis; 
potmum carbonate is the drying" agent 1?-sed. 

University 'of' Kiel Lange of the University of Kiel has used D.T.A. in studying 
the bottom sediments of the Persian Gulf obtained by the "Meteor". He stressed 
that great care must be taken in _ setting up D.T.A. equipment to minimise 
random peaks ... which can in some cases' be as large as the peaks one is trying to 
measure. Ano ther maj or problem is centering the sample' b10ck. When dealing 1'Ti th 
a mixed' sample of four or five components, some of the 'components l.,ill certainly 
make up less than ten percent of the whole. In cases such as this, Lange considers 
it vital to centre the D.T.A. sample block within the furnace to an accuracy of less 
than .t mm., to ensure an even heat distribution. Lange's D.T.A. equipment consisted 
of hro channels; he used two inert and t"TO unkown samples each run. 

MISCE LLANE otIS 

Z )NAL DIVISIONS OF THE CARBONIFEROUS 

In an address to the 6th International Congress of Carboniferous Strati­
graphy and Geology at Sheffield in September 1967, Professor T.N. George outlined 
the progress made by the International Committee on Carboniferous Stratigraphic 
Nomenclature - l·~hich met in Sheffield just prior to the Congress. 

The main problem dealt with by the Committee, concerned the integration 
of the old divisions of the Carboniferous - based almost ent;.rely upon goniatites 
- "rith the rapidly expanding micro-fossil data - especially foraminifera, spores 
and in some cases conodonts. The detailed results of the Nomenclature Committee 
are set out below:-

. Stefanian - Westphalian Boundary In the type area this boundary is 
lithological - the base of a conglomerate - and in no way faunal. Recent micro~ 
fossil studies show that the fauna beneath the conglomerate (Holts Conglomerate) 
has much more in common with the overlying Stefanlanfauna than the Westphalian. 
A French suggestion that the base of the Stilfanian ba lOl.,ered to a more reasonable 
level at a tonstein was adopted. Unfortunately this new boundary is still a lithological 
break but it fits the fauna much more closely - and is most unlikely to be diachronic. 

Thus the old Westphalian D has been elevated into t.he lowermost 
Stefanian A. However the Committee deferred decisions on changes of nomenclature. 
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Westphalian Recent work has shown that some of the traditional 
subdivisions of the Westphalian are not very useful; for instance the top 
of Westphalian B. and the bottom of Westphalian C have much in common. The 
Committee agreed to the French suggestion to raise the base of Westphalian 

• C, and to expand the upper most part of Westphalian B so that the boundary would 
coinCide with another tonstein. Again the problems of nomenclature were not 
resolved. 

Namurian The Committee agreed that the ~Uropean sections used to 
define this stage were most un sui table. It vIas agreed t;r,at the English and 
Irish sections be used instead, but that the name Namurian should be retained. 

Tournasian It was accepted by the Committee that the base of the 
Tournasian posed a major problem; at present this is partly Carboniferous, and 
partly Devonian. Here the problem of reconcil'ing the gOniatite and micro-fossil 
data is most acute. The Committee was unable to make any recommendation at this 
time, and thus the base of the Carboniferous remains inadequately defined. 

UNDERGROUND WATER :RESERVOIR STUDIES 

The I.F.P. is hoping to develop a new type of Overseas Mission, in'the 
field of ~4rology. W~th the incqrp,ration of Fran-Corelab within the I.F.P. 
structure, a. great deal of reservoivevaluation equipment is now available, and is 

f rapidly being converted for this project. M., Raguenet of the I.F.P~ is 
responsible for the project, and is working in collaboration with M. la Garde. 
Three types of laboratory models are~eing developed, to correspond as far as 

'r-' possible with the field situation:-

Simulation Model. This consis~s of an electronically controlled bank 
of reSistors. that can provide a maximum of 150 centres for the input of information. 
On this model conditions can be altered very quickly, to simulate seasonal changes 
and variations in withdrawal etc. 

Mathematical Model. This consists of a computer programme, using the 
data developed on the Sinrulation Model., ,It is not nearly as ea.sily changed as 
the Simulation Model, but\ can ptoduce'much more precise results. 

Scale Model. This can take a variety of forms, and be either a two or 
a three dir.tensional model; the length can also be varied, up to a maximum of 
three metres. The permeability is obtained by using glass beads of varying sizes. 
The main function of this model, is to test in as practical a manner as possible, 
the results of the two theoretical models. 

lwdrological studies of this type would be of immense value in the 
artesian basins of Australia, especially in the cases where there are a very 

~ large number of control points, scattered through the bas~in. It could be the 
means of improving the present "rule of thumb" methods of calculating withdrawal 
and recharge rates. 

NOTES ON SOME GEOLOGICAL INSTITUTES 

A.G.I.P. Direzione Mineraria 

A.G.I.P. Direzione Mineraria, with headquarters in Milan, is the State owned 
petroleum explorat;o~, refining and marketing company of Italy. A.C.I.P. at 
present handles approximately 3rf/o of all hydrocarbon sales in Italy: this figure 
includes virtually all the crude oil produced in Italy, at present 
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amo~ting to about 3 million tons per year. A.G.I.P. supplements the local 
prcduction with about 150 million tons of crude oil each year, from North and 
West Africa, the Middle East, and Russia.. Most of the local production of oil 
is from Sicily, and the natural gas comes entirely from the Po Valley in north­
east Italy. At the present time A.G.I.P~ is concentrating its exploration effort 
on the northern part of the Adriatic 'Sea. 

Overriding policy - especially financial policy - is vested in Ente 
Nazionale Idrocarburi (E.N.I.). This body is also a co-ordinating authority 
for the following interests:-

A.G.I.P. 

S.N.A.M., 

A.N.I.C. 

(petroleum exploration, development, refining, marketing) 

(construction and operation of pipelines and tankers) 

(operation of refineries and petrochemical plants) 

My visit to A.G.I.P.Direzione Mineraria was tremendously rewarding: 
the management is clearly anxious to attract visiting scientists from Australia 
and there is certainly a great deal to interest us in their extensive laboratories 
at l~lan~ The Chief of the Exploration Division, Dr. Rocco~ and the Supervisor of 
the Geochemistry Laboratory, Dr. S. Neglia, proved to be most helpful. 

,Societe Nationale des Petroles d'Aguitaine 

The S.N.P.A. is one of a number of exploration companies based in France, 
in which the French Government has a controlling interest.' It comes within the 

'f" category of a "mixed economy company" - in which both private and $tate car: tal 
are invested. The headquarters and laboratories of the company are at Pau in 
south-west France. ' 

The Divisiqn of Exploration is headed by H. Radier; the funqtional 
groupings of the Division are set out below. One unit of the Division is t.he 
C.R.P., and this comprises all the research aild laboratory groups; ti"; detailed 
break down of this uni t is shown in Figure 20. 

F'g 20 SNPR- DiviSIon of Exp\oratlon (H.R~ciier) 
I Rush.alja./ Fr~nc.e I ot~~rs I Photo9e.O\og~1 

C.R.? L Canada. non- F~ tu\"Ope. Geol0<3':! ~f.Oph~sic.s 

f\u51ra\~n R~u·,toint (10 oftwn·s) 
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south-west France. 

The Division of Exploration is headed by H. Radier; the functional 
groupings of the Division are set out below. One unit of the Division is the 
C.R.P., and this oomprises all the research and laboratory groups; t17-e-det~led 
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Fig 20 SNPR- Divlslon of Exp\oro.tlon(H.R~diet") 
I Rush.alia.' F~!n~~ I ot~e.\"s I Photogeo\og~1 

C.R. P L (etnado. non- F~ Eut"OP~ Ge.o' o~'J ,,~oph~si c.s 

J t\u!;1ra\~n f\ u·.toine (10 oftltCl.\'"5 

Figure 20. Organi2iation of the Exploration Division, S.N.P.A., 
with detailed breakdown of the Central Laboratories 
(after Blanc.) , 
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Institut Francais du Petrole 

Within the past two years, both the objectives, and the organization 
of the I.F.P. have been radically altered. The dual objectives are now clearly 
to provide a pool of highly trained petroleum geologists and engineers, and to 
undertake long term research-into some of the basic questions of petroleum 
generation migration and entrapment. The organization of the I.F,P. is now 
functional and is not governed by professional groupins!2:s:-

:', Fig.11 
l 

I.F P [Chairma.n: Na.vQ,\"I'"e. ] I OQ.pu Ty : Ba\cl.(.e.o.u 

Te.c.hnica.1 Divi<;ion (la. ... br':J 
I 

I 
Ro..c;,e.a..rc.h- E1.plo\'"a.tion 

I 
Che.m,stYIj" Retin"'n<j 

I 
r II rCh",ef:Sa.\\e..] r hi 
~eo 0g'j LD~put~: Dcz.bc;st.r '1eop IjS\c.s 

Bu~L d •• Etudes BQ""in et C,i"ement. 
~~olo91C1.ue.s "t3o..s"tn stU4\e..S" 
\\ Oversczo.s 1'\1 iofa"Ons " (Chitf: Poul "t) 

(Chie t: Roc.hQ.t) 

Figure 21. Organization of the Techhical DiviSion, I.F.P. 
(after Tissot). ' 

A summary of the functtons of B&93in et Gisements and the Chemie et 
Physique groups is given below:-

B(s3in et Gisements (B~ studies) 
main objectives:-

I 

t.. 
Thlis group headed by M. Poulet has four 

1. Develop new methods of stratigraphic and ecological 
interpretation. 

2. Study particular problems of paleaogeographlf - especially in 
the sand/shale sequences of the Saharan Shield. 

3. Carry out specific reservoir studies, in order to develop more 
accurate models; this is esp~cially relevant to secondary 
recovery of hydrocarbons. 

4. Undertake research into the treatment of geological information, 
from a statistical viewpoint. Extensive use is made of the 
C.D.C. 6400 computer in long term projects, such as the 
significance level of sampling but time is aVailable to provide 
computer support for a number of unrelated short term projects. 
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GERMAN HYDROGRAPHIC RESEARCH 

Wi th the launching in 1965 of the research vessel "Meteor" of 2,700 tons, 
German scientists had reaqy access to one ot the most modern hydrographic research 
vessels in the world. The vessel was built by the German Government and is operated 
under the dual control of the German Hydrographic Institute and the German Research 
Association (D.F.G.). The German HYdrographio Institute is concerned primarily 
with map making, and has 50% use, of the vessel - normally one year's use out of 
every two. The D.F.G. members - including the Marine Research Institu~f the 
Universi ty of Kiel - can use the vessel ·al temate years. The arrangement is that 
when the D.F.G. is using the "Meteor" they supply all the cA.pital required and 
also Pa;! all running costs throughout the voyage. (The D.F.G. also supplies 
much of the land-based equipment of the Marine Research I~sti tute at Kiel). 

Virtually all of the ship-board work of the Marine Research Institute 
involves the collection of bottom sediments; to date sampling has been carried 
out in the Baltic, Medi te~efiUl and Arabi~ Seas, the Gulf of Oman, and the 
Persian Gulf. 

Bottom samples are collected either in square-section cOring cylinders of 
.. different lengths, or in grabs of different sizes. The coring tubes are in 

themselves quite interesting. In seotion they are square, 15 cm. across, and 
made of plastic-coated sheet steel; the tubes range in length from 2 to 6 metres. 
To avoid the possibility of damage to the sample when core is being removed,. the 
tubes can be split longitudinally irito two sections, by undoing a number of small 
screws. For special near-surface studies a special rectan@uar core tube is used, 
50 cm. by 30 cm. in cross section, and 20 cm. long. The tube' can be split in the 
same manner as the normal square tubes. 

Obviously the core tubes described above cannot be used with sandy 
bottom sediment., In these cases grabs are used - with doors fitted to the top 
surface of the grab to enable the sample to be removed with the minimum of dis­
turbance. A special flash camera is·fitted to the grab to photograph the surface 
of the sediment from a height of one metre, immediately before impact with the grab. 

To date, the Marine Research Institute has used the "Meteor" in waters 
ranging from an average of 30 metres in the Baltic Sea~in excess of 3,500 metres in 
the Gulf of Oman. The equipment has operated satisfactorily over this depth 
interval. 

The team at the Marine Research Institute is led by Professor E. Seibold, 
assisted by F. Koegler. A summary of the pre-"Meteor" investigations up to the end 

~of 1963 are contained in a paper by Seibold - see Sears (1963). 

PREPARATION OF REPORTS - A ST~~INED PROCEDURE 
I 

Under the guidance of Dr. A~ Woodland, the Leeds Regional Office of the 
Insti tute of Ge'ological Soiences has adopted a new procedure to speed up the 
preparation of geological reports. The prinCipal feature of the scheme is that 
the maximum amount of work is done by the Leeds Office staff, and only the actual 
reproduction is left to the outside printer. ' 
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The steps involved are:-

1. Text is typed on the "Vari typer 120" using the same format 
and margin ~ in the final report • 

2. Plates, figures etc. are stuck in place. 

3. Xerox copy of draft is run off for checking. 

4. Editorial corrections' are made on the xerox copy. 

5. A negative of the corrected original is prepared. 

6. A positive of the corrected original is prepared for the printer. 

The "Vari typer 120" costs approximately Aust. $4,000 and a selection of 
type faces would be an additional Aust. $500. The equipment is made by Adressograph­
Multigraph. 

All of the lettering for published maps is prepared on the "Monotype" 
which can prepare letters ranging in size from less than lmm. up to 3 em. It is 
a photographic process, and can produce a wide range of type. The lettering can 
be readily transferred to waxed paper, and then st~ck directly on to the map. 
The total cost'of the equipment is approximately Aust. $6,500, and this figure includes 
the three drums of type, each worth approximately Aust. $650. 

Further information about the overall objectives of this new procedure, 
and the degree of success that has been achieved, can be obtained from Dr. A 
Woodland. Details about the equipment used and the actual procedures. followed, 
can be obtained from Mr. Tallis also of the I.G.S. Office, Leeds. 
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