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Preface

The study of sedimentary rocks 1s otten an exaitung, challenging and rew arding
occupation. However, to get the most out ot these rocks, 1t is necessary to
undertake precise and accurate ficldwork. The secret of successtul fieldwork is
akeen eye for detail and an enquiring mind. Be observant, see evervthing in the
outcrop, then think about the things scen and look again. This book is intended
to show how sedimentary rocks are tackled in the field and has been written for
those with a geological background of at least first year university or equivalent.

At the outset, this book describes how the features of sedimentary rocks can
be recorded in the tield, particularly [hmu;,h the construction of graphic logs.
The latter technique is widely used since it provides a means of recording all
details in a handy form; further, from the data, trends through a sequence and
ditferences between horizons readily become apparent. Insucceeding chapters,
the various sedimentary rock tvpes, textures and structures are discussed as
they can be described and measured in the field. A short chapter deals with
fossils since these are an important component of sedimentary rocks and much
useful information can be derived from them for environmental analvsis; they
are also important in stratugraphic correlation and palaeontological studies.
Having collected the tield information there is the problem ot knowing what to
do with 1. A concluding section deals brietly with tacies idenutication and
points the way towards facies interpretations.

Maurice F. Tucker
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This book aims to provide a guide to
sedimentary rocks in the field. It
describes how to recognize the
common lithologies, textures and
sedimentary structures, and how to
record and measure these features.

1.1 Tools of the trade

Apart from a notebook (size around
10 X 20 cm), pens, pencils,
appropriate clothing, footwear and a
rucksack, the basic equipment of a
field geologist comprises a hammer,

chisel, handlens, compass-clinometer.

tape measure or steel rule, acid-
bottle, sainple bags and felt-tip pen.
A camera is invaluable. Topographic
and geological maps should also be
carried, as well as any pertinent
literature.

For most sedimentary rocks, a geo-
logical hammer of around 1 kg (2 Ibs)
is sufficiently heavy. A range of
chisels can be useful, if a lot of
collecting is anticipated. A handlens
is an essential piece of equipment; X
10 magnification is recommended
since with this grains and features
down to 100 microns and less can be
observed. To become familiar with
the size of grains as seen through a
handlens, examine the grains againsta
ruler graduated in mm or half mm. A
compass-clinometer is also important

1
Introduction

for taking routine dip and strike and
other structural measurements, and
also for measuring palaeocurrent
directions: correct the compass for
the angle between magnetic north and
true north. This angle of declination
1s normally given on topographic
maps of the region. You should also
be aware that power lines, pylons,
metal objects (such as your hammer)
and some rocks (although generally
mafic-ultramafic igneous bodies) can
affect the compass reading, and
produge spurious results. A tape or
steel rule, preferably several metres in
length, is necessary for measuring the
thickness of beds and dimensions of
sedimentary structures. For the
identification of calcareous sediments
a plastic bottle of hydrochloric acid
(around 10-20%) is useful, and if
some alizarin Red S is added, then
dolomites can be distinguished from
limestones. Polythene or cloth bags
for samples and a feli-tip pen
(preferably with waterproof, quick
drying ink) for writing numbers on
the specimens are also necessary.
Friable specimens and fossils should
be carefully wrapped in newspaper to
prevent breakage.

If unconsolidated rocks or modern -
sediments are being studied you need
a trowel and spade. Epoxy-resin-
cloth peels can be made in the field of
vertical  sections  through  soft

9



sediments. The techmques for taking
such peels are given in Bouma (1969).

Other non-geological items which
it 15 usetul o carrv in the ruchsack

include: a whistle,  first aid
cquipment,  matches. emergency
rations, a knife, waterproot clothing
and a space blanket”.



2.1 Whatto look for

There are six aspects of sedimentany
rocks which it is necessary to consider
in the tieid, and which should be
recorded in as much detail as possible.
These are: the lithology, that v the
composition and’or mineralogy ot
the sediment; the rexture, reterring o
the teateres and arrangements ot the

2
Field techniques

ricritan present on
bedding surtaces and within beds,
some of which record the palaco-
currents which deposited the rock;
the colour ot the sedimentary rock:
the thickness and geometry of the
beds or rock units and ot the seds
mentary rock muass as a whole; and
the nature. distribution and preserva
von of foswids contamed within the

MYICtHYeS,

sedimentary rocks. A broad scheme

grains 1 the sediment, ot which the
MOST IMPOFLANT ASPect 1O examime i
the tield is the gram sizes the wed:

tor the \lud_\ ot sedimentary rocks in
the held s givenan Table 201,

Table 2.1 Broad scheme tor the study of sedimentary rocks i the teld.
together with reterence ta appropriacs Chaprers i this book

A Idenuty hthology by establishing mineralogy composiuon ot rock; see
Chaprer 3.

B Fxamine texture of rock: grain shape and roundness, sorung, tabric and
colour; see Chapter 4.

C  Look tor sedimentary structures on beddime surtaces and undersurtaces. .
and within beds; see Chaprer 5.

D Deduce the ceometry ot the sedimentary rock beds, units and bodies s see

Section 5.7,

E Search for tossils and note © pos prosent, modes ot occurrence and
preservation; see Chapter 6.

F Measure all struciures giving palacocurrent direcuon: see Chaprer 7

G Record details ot sequence by means ot graphic log and notes and shetches
in ticld notebook; see Chaprer 2.

H  Consider, perhaps at later date. hidhotacies present, deposivnonal processes,
environmental interpretations and palacogeography : see Chaprer .

I Undertake laboratory work to contirm and estend field obsenvations on

rock compositon mineralogy | texture, structures, tossils (ete oand o
pursuc other lines ot enquiry such as on the diagenesis and ceochemisen
ot the sediments,




The various attributes of a sedi-
mentary rock combine to define a
facies, which is the product of a
particular depositional environment
or depositional process in that
environment. Facies identification
and facies analysis are the next steps
after the field data have been
collected. These topics are briefly
discussed in Chapter 8.

2.2 Theapproach

T} ¢ question of how many exposures
to examine per square kilometre
depends on the aims of the study, the
time a -ailable, the lateral and vertical
facies variaton and the structural
complexity of the area. If it is a
reconnaissance survey of a particular
formation or group then well-spaced
sections will be necessary; if a specific
member or horizon is being studied
then all available outcrops will need
to be looked at; individual beds may
have to be followed lateraliy.

‘The best approach at outcrops is
mnitially to survey the rocks from a
distance, noting the general relation-
ships and any folds or faults which are
present. Some larger-scale structures,
such as channels and erosion surfaces,
and the geometry of sedimentary
rock units, are best observed from a
distance. Then take a closer look and
see what lithologies and lithofacies
are exposed. Check the way-up of the
strata using sedimentary structures
such as cross-bedding, graded
bedding, scouss, sole structures,
Eeoperals in limestones, or cleavage/

edding relationships.

Having established approximately
what the outcrop has to offer, decide
whether the section is worth describ-
ing in detail. If itis; it is best to record

12

the sequence in the form of a graphic
log (Section 2.4). If the exposure is
not good enough for a log, then notes
and sketches in the field notebook
will have to suffice. In any event, not
all the field information can go on
the log.

2.3 Field notes

Your notebook should be kept as neat
and well-organized as possible. The
location of sections being examined
should be given precisely, with a grid
reference and sketch map. Any rele-
vant stratigraphic information should
also be entered. It is easy to forget
such things with the passage of time.
Incidental facts jotted down, such as
the weather, or a bird seen, can jolt
the memory about the locality in
years to come when looking back
through the book.

Notes written in the field book
should be factual, accurately des-
cribing what you are looking at,
without any interpretations; these
can come later when the field data are
analyzed. Describe the size, shape,
orientation of the features. Make neat
and accurate labelled sketches, with a
scale. When taking photographs do
not forget to put in a scale. Record the
location and subject of photographs
in the notebook.

One attribute of the scdiments
which cannot be recorded adequately
on the log is the geometry of the bed
or rock unit and of the sedimentary
rock mass as a whole (Section 5.7).
Sketches, photographs and descrip-
tions should be made of the shape and
lateral changes in thickness of beds as
wen 1n quarry and cliff faces. Rock
vunits may also change facies laterally,
1 ocal detailed mapping and logging



of many small sections may be
required in areas of poor exposure to
deduce lateral changes.

2.4 Graphiclogs

The standard method for collecting
field data of sedimentary rocks is to
construct a graphic log of the se-
quencg (Figs. 2.1 and 2.2). They
immediately give a visual impression
of the section, and are a convenient
way of making correlations and com-
arisons between equivalent sections
?rom different areas; repetitions,
cycles and general may
become apparent.
The vertical scale used depends on
the detail required and available. For
recise work, 1:10 or 1:5 is used but
Eor many purposes 1:50 (thatis 1 cm

trends

on the log equals 0.5 metre) or 1:100
(1 cm equals 1 metre) is adequate.

There is no set format for a graphic
log; indeed, the features which can be
recorded do vary from sequence to
sequence. Features which it is neces-
sary to record and which therefore
require a column on the log are: bed
or rock unit thickness; lithology ; tex-
ture, especially grain-size; sedi-
mentary structures; palaeocurrents;
colour; and fossils. The naturs of bed
contacts can also be marked gh the
log. A further column for spécial or
additionfd] features (‘remarks’) can
also be Useful. If you are going to
spend some time in the field then it is
worth preparing the log sheets before -
you go. An alternative is to construct
a log in your field notebook, but this
is less satisfactory since the page size
of most notebooks is too smali.

Fig. 2.1 An example of a graphic log; symbols are given in Fig. 2.2.
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Where exposure is continuous or
nearly so, then there is no problem
concerning the line f the log; simply
take the easiest path. If outcrop s

good but not everywhere continuous
it may be necessary to move laterally
along the section to find outcrops of
the succeeding beds. Some small

Fig.2.2 Symbols for lithology, sedimentary structures and fossils for use in a graphic log.

LITHOLOGY

siliciclastic sediments
clay, ' lithic sst
mudstone A (htharenite)
shale \‘»{\ greywacke

mar| clayey sst

ST il O R

siltstone calcareous ss!
sandstone [E alternating strata
{undiff ) sst/shale
quartz pebbhle-supporied
arenite o conglomer gt
feldspathic [gg matrix supported
sst (arkose) 2ol conglomerate

| SEDIMENTARY STRUCTURES |
-~ flute cast

— parallel
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—[—groove cast « «-Cross

1 4

e normal }gmdmi

others

chert
[ oo

brown coal
thgnite)

. hard caal

carbonates

E sandy Ist
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¢ intraclast
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~2 mim diam ~~] gypsum |
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symhbaols see below
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1
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excavations may be required where
rocks in the sequence, often mud-
rocks, are not exposed; otherwise
enter ‘no exposure’ on the log. It is
best to log from the base of the
sequence upwards.

2.4.1 Bed/rock unit thicknesses

These are measured with a tape
measure; care must be exercised
where rocks dip at a high angle and
the exposure surface is oblique to the
bedding. Attention needs to be given
to where boundaries are drawn
between units in the sequence; if
there are obvious bedding planes or
changes in lithology then there is no
problem. Thin beds, all appearing
identical, can be grouped together in
a single lithological unit, if the log has
a small scale. Where there is a rapid
alternation of thin beds ot differing
h[holog,y, they can be treated as one
unit and notes made of the thicknesses
and character of individual beds
noting any increases or decreases in
bed thickness up the sequence. It is
often useful to give each bed or rock
unit a number so as to facilitate later
reference beginning at the strat-
graphically lowest bed.

2.4.2  Lithology

On the graphic log, this is recorded in
a column by using an appropriate
ornamentation, Fig. 2.2, If it is
ossible to subdivide the lithologies
urther, then more symbols can be
added, or coloured pencils used. If
two lithologies are thinly- interbed-
ded, then the column can be divided
into two by a vertcal line and the two
tvpes of ormament entered. More
detailed comments and observatons

on the lithology should be entered in
the field notebook, reference to the
bed or rock unit being made by its
number.

2.4.3 Texture (grain-size)

On the log there is a horizontal scale
(the textural column), showing clay
and silt, sand (divided into fine,
medium and coarse) and gravel.
Gravel can be divided further if
coarse sediments are being logged. To
aid the recording of grain-size (or
crystal-size), fine vertical lines can be
drawn for each grain-size class boun-
dary. Having determined the grain-
size of a rock unit, mark this on the
log and shade the area; the wider the
column, the coarser the rock. Orna-
ment for the lithology and/or sedi-
mentary structures can be added to
this textural column. Other textural
features, such as grain fabric, round-
ness and shape, should be recorded in
the field notebook, although distinc-
tive points can be noted in the
remarks column. Particular attention
should be given to these features if
conglomerates and breccias are in the
sequence (Section 4.6).

2.4.4  Sedimentary structures
and bed contacts

Sedimentary structures and bed con-
tacts present in the rock sequence can
be recorded in a column by symbols.
Sedimentary structures occur on the
upper and lower surfaces of beds as
well as within them. Thus separate
COIUmnS can b(’ drawn Up f()l' S\Jrfa\:t'
and internal sedimentary structures if
they are both common. Symbols for
the common sedimentary structures
are shown in Fig. 2.2. Measurements,

o



sketches and descriptions of the
structures should be made in the field
notebook.

Note whether boundaries are (a)
sharp and planar, (b) sharp and
scoured or (c) gradational: each can
be represented in the lithology
column by a straight, irregular or
dashed line respectively.

2.4.5  Palacocurrent directions

For the graphic log, these can be
entered either in a separate column or
adjacent to the textural log as an
arrow or trend line. The measure-
ments themselves should be retained
in the field notebook.

2.4.6 Fossils

Fossils indicated on the graphic log
record the principal fossil groups pre-
sent in the rocks. Symbels which are
commonly used are shown in Fig.
2.2. These can be placed in a fossil
column alongside the sedimentary
structueres. If fossils make up much of
the'rock (as in some limestones) then
the symbol(s) of the main group(s)
can be used in the fithology column.
Observations on the fossils themn-
selves should be entered in the field
notebook (Chapter 6).

2.4.7 Colour

The colour of a sedimentary rock is
best recorded by use of a colour
chart, but if this s not available then
simply devise abbreviations for the
colour column.

2.4.8 ‘Remarks’ column
This can be used for special features
of the bed or rock unit, such as degree
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of weathering and presence of authi-
genic minerals (pyrite, glauconite,
etc.) and supplementary data on the
sedimentary structures, exture or
lithology. Specimen numbers can be
entered here and the location of
photographs or of sketches in your
notebook.

2.5 Presentation of results

Once the field data have been collec-
ted it is useful to consider how these
may be presented or communicated
to others. Two common schemes
involve summary graphic logs and
lithofacies maps.

A summary log generally consists
of one column depicting the grain-
size, principal sedimentary structures
and broad lithology; this gives an
immediate impression of the nature
of the rock sequence, Fig. 2.3. If it is
necessary to give more information
then lithology can be represented in
an adjacent column alongside the
summary log.

A lithofacies map shows the distri-
button of lithofacies of laterally-
equivalent strata over an area. Maps
can be drawn to show variations in
specific features of the facies, such as
sediment grain-size, thickness and
sandstone/shale ratio

2.6 Collecting specimens

For much sedimentological labora-
tory work, samples of hand specimen-
size are sufficient, although this does
depend on the aature of the rock and
on the purpose for which it is re-
quired. Samples should be of 2 siru
rock and you should check that they
are fresh, unweathered, and represen-



clay sand
lithol sil ., gravel
m ogyl&smfm(_g 7
. Lithofacies Interpretation
124 4 W7 . cross-bedded shallow, agitated
11 Lz o ‘5/‘ bio-vosparite shelf carbonate
L i Y L —
— = hard coal paralic swamp
10 LA [ 2 mudstone with rootlets deposit
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64— P | bedded muddy sand sediments
5 rr T /,//\*\"\'{ } i herring-bone cross bedded sublidal
e
r - _ guartz arenite sand body

Fig. 2.3 An example of 2 summary graphic log, based on data of Fig. 2.1.

tative of the lithology. Do not forget
to label the rock sample; give it (and
its bag) a number using a waterproof
felt-tip pen. In many cases, it is useful
or necessary to mark the way-up of
the specimen; an arrow pointing to
the stratigraphic top is sufficient for
this. For detailed fabric studies, the
orientation of the sample (strike and
dip) should also be marked on the
sample. As a safeguard, specimen
number and orientation data can be
recorded in the field notebook, with a
sketch of the specimen.

Specimens can also be collected for
extraction of microfossils—such as
foraminifera from Mesozoic-Caino-
zoic mudrocks and conodonts from
Palaeozoic limestones. A hand-sized
sample is usually sufficient for a pilot
study. Macro-fossils too can be col-
lected in the field, for later cleaning
up and identification. it is best not to
collect just for the sake of it: only take
away what is really necessary for
your project. Ensure you collect rep-
resentatives of the whole fauna.
Faunas from different beds or litho-
facies should be kept in separate bags.

Many fossils will need to be individu-
ally wrapped in newspaper.

2.7 Stratigraphic practice

Stratigraphically, rocks are divided up

.on the basis of lithology (lithostrati-

graphy), fossils (biostratigraphy) and
time (chronostratigraphy). From field
studies, sedimentary rocks are pri-
marily considered in purely descrip-
uve lthostratigraphic terms. The
fundarnental unit in lithostratigraphy
is the formation, possessing an internal
lithological homogeneity and serving
as a basic mappable unit. Adjacent
formations should be readily distin-
guishable on physical or palaconto-
logical characters. Boundaries may be
gradational, but they should be
clearly, even if arbitrarily, defined in
a designated type section or sections.
Although thickness is not a criterion,
formations are typically 10°-10° m
thick. Thickness will vary laterally
over an area and formations are often
diachronous on a large scale. Strati-
graphically adjacent and related for-
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