This book aims to provide a guide to
cedimentary 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, sample 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 1s 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

ndlens, examine the grains againsta
er graduated in mm or half mm. A
ipass-clinometer is also important
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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
is 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
matfic-ultramafic igneous bodies) can
affect the compass reading, and
produce 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 felt-tip pen

E:[)referably with waterproof, quick

rying 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 %
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sediments. The techniques for taking

such peels are given in Bouma (1969).
Other non-geological items which

it is useful to carry in the rucksack
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include: a whistle,

; firse aid
equipment, matches,

€m ergen

rations, a knife, waterproof Clo:h'cy
and a ‘space blanker’. 8
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2.1 What to look for

There are six aspects of sediment_ary
rocks which it is nec to consider
in the field, and which should be
recorded in as much detail as possible.
These are: the lithology, that is the
composition and/or mineralogy of
the sediment; the texture, referring to
the features and arrangements of the
grains in the sediment, of which the
MOst important aspect to examine in
the field is the grain-size; the sedi-
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mentary  structures, present on
bedding surfaces and within beds,
some of which record the palaeo-
currents which deposited the rock:
the colour of the sedimentary rock;
the thickness and geometry of the
beds or rock units and of the sedi-
mentary rock mass as a whole: and
the nature, distribution and preserva-
tion of fossils contained within the
sedimentary rocks. A broad scheme
for the study of sedimentary rocks in
the field is given in Table 2.1.

Table 2.1 Broad sch
together with referenc

eme for the study of sedimentary rocks in the field,
€ 10 appropriate chapters in this book

A Identify litholo
Chapter 3.

B Examine texture of rock:
colour; see Chapter 4.
Look for sedimenta

and within beds; see Chapter 5.
Deduce the
Section 5.7,

Search for fossils and note
Preservation; see Chapter 6.
Measure all structures

Record details of sequence b

N oOm BB B

Consider, perbaps at later date

I

ry structures on beddin

gy by establishing mineralogy/composition of rock; see

grain shape and roundness, sorting, fabric and

g surfaces and undersurfaces.

geometry of the sedimentary rock beds, units and bodies; see

types present, modes of occurrence and

giving palaeocurrent direction: see Chapter 7.

y means of graphic log and notes and sketches
in field notebook ; see Chapter 2.

, lithofacies present, depositional processes,
environmental interpretations and palaeogeography; see Chapter 8.

Undertake laboratory work to confirm and extend field observations on

rock composition/mineralogy, texture, structures, fossils (etc.) and to

of the sediments.

pursue other lines of enquiry such as on the diagenesis and geochemistry
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2.4 Graphic logs

dard method for collecting

}l‘lii ﬁ:?a of sedimentary rocks is to
construct a graphic log of the se-
quence (Figs. 2.1 qnd 2.2). Tl:ney
immediately give a visual impression
of the section, and are a convenient
way of making correlations and com-
arisons between equivalent sections
Erom different areas; repetitions,
cycles and general trends may

me apparent.

lm%)he ve[:tll?cal scale used depends on
the detail required and available. For
recise work, 1:10 or 1:5 is used but
or many purposes 1:50 (that is 1 cm

Fig.2.1 An example of a graphic log; symbols are givenin Fig. 2.2,

Location
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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; sed;-

mentary structures; palaeocurrents;
col

our; and fossils. The nature of bed
contacts can also be marked on the
log. A further column for special or
additional 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 constryct
alog in your field notebook, but this

1s less satisfactory since the page size
of most notebooks is too small.
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The various attributes of a seds-
mentary rock combine to define 2
facies, which is the product of 2
particular depositional environment
or depositional process that
environment. Facies idenuficanon
and facies analysis are the next steps
after the field data have been
collected. These topics are brefly
discussed in Chapter 8.

2.2 Theapproach

The question of how many exposures
to examine per square kilometre
depends on the aims of the study, the
time available, the lateral and vertical
facies variation and the structural
complexity of the area. If it 15 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 laterally.

The best approach at outcrops 1s
initially 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, scours, sole structures,
Eeopetals 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
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the sequence in the form of 3 gy
log (Section 2.4). I the exporyr.
= Pl 1
not goodm;gh:oraios,%%
and skewches m the field noehoo
will have to suffice. In anv evers -
all the field information can po o
the log. S

2.3 Field notes

Y our notebook should be kept as neat

and well-organized as possible. The

location of secuons beng examined

should be given precisely, with a gnd

reference and sketch map. Any rele-

vant straugraphic informanon should

also be entered. It is easy to forget
such things with the passage of ume.
Incidental facts joued down, such as
the weather, or a bird seen, can jolt
the memory about the locality i
years to come when looking back
through the book.

[ li\lo%:s written in the field book
should be factual, accurately des-
cribing what you are looking at,
without any interpretauons; these
can come later when the field data are
analyzed. Describe the size, shape,

orientation of the fearures. Make neat

and accurate labelled sketches, witha
scale. When taking PhOtOgT'*‘PhS do
not forget to put in a scale. Record the
location and subject of photographs
in the notebook. _

One attribute of the sediments
which cannot be recorded adequately
on the log is the geometry of the b
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
seen in qu:lrry and cliff faces. Rock
units may also change facies laterally.
Local dc)t(ai]ed hang‘ ;
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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; palacocurrents;
colour; and fossils. The nature of bed
contacts can also be marked on the
log. A further column for special or
additional 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 small.
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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 good but not everywhere con; 1
nearly so, then there is no problem it may be necessary to move lamuous 7
concerning the line of the log; simply  along the section to find omcrterally
take the easiest path. If outcrop is  the succeeding beds. Some Of:,;{

Fig.2.2 Sym bols for lithology, sedimentary structures and fossils for use in 2 graphic log

LITHOLOGY
siliciclastic sediments

7 hthy {
clay, thic ss @ limestone chert

mudstone L (litharenite)

E shale greywacke @ dolomite ﬂ peat

— ) brown coal

E:J marl clayey sst @ sandy Isl {irarie)
symbols to add

siltstone y . hard coal

ss!
calcareous ¢ ntraclasl
D sandstone [E alternating strata ® ooid E halite

carbonates others :

(undiff ) sst/shale @ oncolite/pisolite
—) quartz E}; pebble-supported >2 mm diam gypsum-
arenite conglomerate e pelod hls anhydrite
feldspathic 3 matrix-supported & fOSSJ'S(UfﬂdI”) volcaniclastic
= 55| conglomerate for specilic sediment
Sa tarkuse) ? symbols see below
SEDIMENTARY STRUCTURES
—_— A wave- stromatolites
-~ flute cast parallel A wave ripple ﬁ_ﬁ/\
lamination ———~""lamnation
_[__QI'OOVE CaS( Lt MC(OSS ""'.'." rm [ faded S“ghl blo_ i
««« |gmipnation 2eco° narra 9 { 1urba
xx .O'O.o.o
tool marks o, E'Sfasnz?dd'ng o7 reversed|bedding {;{ intense| 110N
~— / ed contacts
load casts  J//)/, Er?rss bﬁddlng pop imbricaon b r
oug sharp. planar
~~~shrinkage s/, cross bedding ~~ L~ slump structures
cracks “* . —=herringbone nvolute ~—~— sharp. irregular
Ssstriations/ cross bedding ity S0
: “Z 77 bedding ~----gradatonal

v+ lineations <27 — |ow angle
symmetrical .- 2ocurre
g =¥ ~—> flaser bedding O O nodules palaeocurrents

~rpples
a asymmetrical == _lenticular /“\_‘/"\ stylohtes £ aamuih
ripples <=~ bedding - /" trend
FOSSILS o |
E
fossils X~ brachiopods £Z°X\ echinoids X algae

(undifferentiated)
V bryozoan g’ gastropods @ plant fragments

@ fossils — broken |
coral-
F graptolites ,L OIS

@ ammonoids solitary
_ coral- burrows |
_—3 belemnites (:29 compound /5 stromatoporoid ﬁd ’ |
evi
6 bivalves " crinoids tnlobite Whets}igg;eerds
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excavations may be required whe:l-e
rocks in the sequence, often mud-

i rocks, are not exposed; otherwns:c
i enter ‘no exposure’ on the log. It is
best to log from the base of the

sequence upwards.

e
™ (8% 2.4.1 Bed/rock unit thicknesses
%f . ! These are measured with a tape
% St f ‘ measure; care must be exercised
3%)% } 4 where rocks dip at a high angle and
K ‘ & the exposure surface is oblique to the
m“ﬂ | bedding. Attention needs to be given
e L to where boundaries are drawn
. / % between units in the sequence; if
i | A there are obvious bedding planes or
Wy 1 i changes in lithology then there is no
gy | & problem. Thin beds, all appearing
Himey f identical, can be grouped together in
\\! ¥ a single lithological unit, if the log has
e a small scale. Where there is a rapid
e alternation of thin beds of differing
W 3 lithology, they can be treated as one
FAL unit and notes made of the thicknesses
bo | f and character of individual beds
whi] 4 noting any increases or decreases in

bed thickness up the sequence. It is
often useful to give each bed or rock
unit a number 50 as to facilitate later
reference beginning at the strati-
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
ssible to subdivide the lithologies
gfrther, 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 vertical line and the two
pes of ornament entered. More
detailed comments and observations

iy

n 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
co?umn, 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
columns can be drawn up for surface
and internal sedimentary structures if
they are both common. Symbols for
the common sedimentary structures
aré shown in Fig. 2.2. Measurements,
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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 Palaeocurrent 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. Symbols which are
commonly used are shown in Fig.
2.2. These can be placed in a fossil
column alongside the sedimentary
structures. 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 lithology column.
Observations on the fossils them-
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 is 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

16

of wyeath;ring and presence of auth;

genic minerals (pyrite, glaucOnit:
etc.) and supplementary data op
sedimentary structures, texrure oi
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 itis
necessary to give more information
then lithology can be represented in
an adjacent column alongside the
summary log. o

A lithofacies map shows the distri-
bution 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 nature of the rock and
on the purpose for which it is re-
quired. Samples should be of in situ
rock and you should check that they
are fresh, unweathered, and represen-

e C o Dl Siaii,




e gravel

uthology & sty mc) =

m Lithofacies
cross-bedded

bio-oosparite

Interpretation
shallow, agnated
shelf carbonate

paralic swamp

palaeocurrents

hard coal

mudstone with rootlets deposit

and sidente nodules

Eruss-lamlnaied fine sand deltaic
distributary

trough cross bedded litharenite
imbricated basal conglomerate

channeldeposit

flaser and lenticular
bedded muddy sand

udal flat
sediments

herring-bone cross bedded
quartz arenite

subudal
sand body

Fig.2.3 An example of a 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
fele-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
Palacozpic 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-

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

2.7 Stratigraphic practice

Straugraphically, rocks are divided up
on the basis of lithology (lithostrati-
graphy), fossils (biostratigraphy) and
tme (chronostratigraphy). From field
studies, sedimentary rocks are pri-
marily considered in purely descrip-
tive lithostratigraphic terms. The
fundamental 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 palaeonto-
logical characters. Boundaries may be
gradational, but they should be
clearly, even if arbitrarily, defined in
a designated type section or sectons.
Although thickness is not a criterion,
formations are typically 10°-10" m
thick. Thickness will vary laterally
over an area and formations are ofte.n
diachronous on a large scale. Strau-
graphically adjacent and related for-
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mations, such as deposited within the
same basin, may be associated so as 10
constitute a group (typically 10’ m+
thick). A formation may be wholly
or parually subdivided into members,
characterized by more particular
lithological features, and if there is 2
distinctive bed within 2 member this
too can be named. Lithostratigraphic
units are given geographical names

wi';l_m capital initials,

o erect a lithostratigraph

self the International g;talzti’;;r’;:;irc
Guide, edited by Hedberg (1976) or
the Guide t  Stratigraphical
Procedure by Holland et al. (1976)
should be followed: in many parts of
the world, older stratigraphic names
are in use which do not conform with
the International Code.
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Sedimentary rock types

3.1 Principal lithological
groups

For the identification of sedimentary
rock types in the field the two princi-
pal features to note are composition-
mineralogy and grain-size.

On the basis of origin, sedimenta
rocks can be grouped broadly into
four categories (Table 3.1).

e most common lithologies are
the sandstones, mudrocks and lime-
stones (which may be altered to dolo-
mites). Other types are often only
locally well developed.

In some cases you may have to
think twice as to whether the rock 1
sedimentary in origin or not. Pojnts
generally indicating a sedimentary
ongin include:
1.

the presence of stratfication;
2.

the presence of sedimentary structures
on bedding surfaces and within beds;
3. the presence of fossils:

¥. the presence of grains which have been
transported (that is, clasts);

5. the presence of minerals invariably of

sedimentary origin (e.g., glauconite,
chamosite).

3.1.1 Terngenous clastic rocks

These are dominated by detrital
%rains (silicate minerals and rock
ragments especially) and include the
sandstones, mudrocks, conglomerates
and breccias. Sandstones are com-
posed of grains chiefly between 1/16
and 2 mm in diameter (Section 3.2):
Bedding is usually distinct and inter-
nal, and bedding plane, sedimentary
structures are common.
Conglomerates and breccias (Sec-
tion 3.3) consist of large clasts (peb-
bles, cobbles and boulders), more
rounded in conglomerates, more
angular in breccias, with or without a
sandy or muddy matrix. .
Mudrocks (Section 3.4) are fine
grained, particles mostly less than
1/16 mm diameter, and dominated by
clay minerals and silt-grade quarts.
Many mudrocks are poorly bedded,

: her
Table 3.1 The four principal categories of sedimentary rock (1-4) toget

with the broad lithological groups
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and also poorly exposed. Colour is
highly variable, as is fossil content.

3.1.2 Limestones (Section 3.5)

Limestones are composed of more
than 50% CaCO, and so the standard
test is to apply dilute acid (HCI); the
rock will fizz. Many limestones are a
shade of grey but all other colours
occur. Fossils are fequently present,
often in profusion. Dolomites or
dolostones are composed of more
than 50% CaMg(CQO,),. They react
little with dilute acid but more readily
with hot or more concentrated acid.
Alizarin red S in HCl stains limestone
pink to mauve, whereas dolomite is
unstained. Many dolomites are
creamy yellow or brown in colour
and they are often harder than lime-
stones. Most dolomites have formed
by replacement of limestones through
which original structures have been
partly or wholly destroyed. Poor
preservation of fossils may thus indi-
cate dolomitization.

3.1.3 Otbher lithologies

The only evaporite deposit (Section
3.6) occurring commonly at surface
outcrop is gypsum, mostly as nodules
of fine crystals, although veins of
fibrous gypsum (satin spar) are usually
associated. Evaporites such as anhy-
drite and halite are only encountered
at the surface in very and areas.
Ironstones (Section 3.7) include
bedded, nodular, oolitic and replace-
ment forms. They frequently weather
to a rusty yellow or brown colour in
surface outcrops. Some ironstones
feel heavy relative to other sediments.
Cherts (Section 3.8) are mostly
cryptocrystalline to microcrystalline
siliceous rocks, occurring as very
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hard, bedded un;

other lithologies ;;Jsar:rcu?o?ulc:s in
stones): many cherts are d a'l'(}’ lime-
black, or red. ark grey to

Sedimenta
(Section 3. gr)y (f[’i‘(’)’fpbha;:iwdept}sus
quently consist of Conceﬂtratsi)o re-
bone fragments and/or e n}: of
nodules. The phosphate itse]?f at;
usually cryprocrystalline, dull on 4
fresh fracture surface with a brownish
or black colour.

Organic sediments (Section 3.10)
such as hard coal, brown coal (lignite)
and peat should be familiar and oil
shale can be recognized by its smell
and dark colour.

Volcaniclastic sediments (Section
3.11) which include the ruffs, are
composed of material of volcanic ori-
gin, chiefly lava fragments, volcanic
glass and crystals. Volcaniclastics are
variable in colour, although many are
green through chlorite replacement.
They are often badly weathered at

surface outcrop.

3.2 Sandstones

Sandstones are composed of five
principal ingredients: rock fragments
(lithic grains), quartz grains, feldspar
grains, matrix and cement. The
matrix consists of clay minerals an
silt-grade quartz, and in most €ases
this fine-grained material 1s deposited
along with the sand grains. It can
form by the diagenetic breakdown ©
labile (unstable) grains however, and
clay minerals can be precipimtcd in
pores during diagenesis. Cement is
precipitated around and berween
grains, also during diagenesis; com-
S B it o
quently Stainsg ar;::;fis STt e
e m _.C_red.
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The composition ?fha Sﬁ_mii;w":n'j
lpgely & reftection of e eo g}S’omc
: of the source area. .
Cl'".ﬁsteand minerals are mechanically
Ern?jmchemically more stable than
others. Minerals, in decreasing order
of stability, are quartz, muscovite,
microcline, orthoclase, plagioclase,
hornblende, biotite, pyroxene and
olivine. A useful concept is that of
compositional maturity: immature
sandstones contain many unstable
grains (rock fragments, feldspars and
mafic minerals), mature sandstones
consist of quartz, some feldspar and
some rock fragments, while super-
mature sandstones consist almost
entirely of quartz. In general, com-
positionally immarure sandstones are
deposited close to the source area,
while supermature sandstones arise

from long distance transport and
much reworking. The minerals pre-

, litharenite

quartyz

Quartz

feldsp | nhithic

increasing
matrix

feldspar  rock fragments

| sublitharemie
Sa.subarkose s| s

The accepted classification of sand-
stones 1s based on the percentages of
quartz (+ chert), feldspar, rock frag-
ments and matrix in the rocks (Fig.
3.1). Sandstones containing an addi-
tional, non-detrital component are
referred to as hybrid sandstones and
are described in succeeding sections.

¢ composition of a sandstone js
based on 2 modal analysis, deter-
mined from a thin sectjon of the rock
using a petrological microscope and a
point counter.

In the field, it is often possible to
assess the composition and give the
sandstone 2 name, through close
scrutiny with a handlens. This can be
verified later in the laboratory when 2
rock slice is available. With a hand-
lens, Attempt to estimate the amount
of matrix present in a sandstone and
thus determine whether it is a wacke
Oran arenite. The nature of the grains

is best determined from their fracture
surfaces. The quartz grains will
appear milky to clear, glassy, without
¢l€avage surfaces but with fresh con.
choidal fractures. Feldspar grains are
often slightly (to totally) replaced by
clay minerals, so do not have such
a fresh glassy appearance as quartz;
cleavage surfaces and/or twin planes
are usually visible on the fracture sur-
faces, as they reflect the light. Rock
fragments can be recognized by their
composite nature and they may show
alteration (to chlorite for example).

Of the micas, muscovite is recogé

nized by its silvery-grey c°l°ur;i?)_

flaky nature and the less co;nmogo "
ute by its brown-black colour.

cements in arenites can t:; ui‘llecr:;i;;ctl
in the field. Apart frorl? c:; s fest
for calcite, many suc t;l:s g
large poikilotopic crys e

eraTsand grains; the ¢ .o
se:e surfaces of suchdlcri’ .
:l:sily seen with a handlen
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cement usually takes the form of
overgrowths on quartz grains. Such
overgrowths frequently  develop
crystal faces and terminations, and
these can be seen with a handlens.

3.2.1 Quartz arenites

Compositionally supermature, these
sandstones are typical of, but not
restricted to, high-energy shallow
marine environments, and also aeolian
(wind-blown) sand-seas in deserts.
Sedimentary structures are common,
especially ~ cross-stratification, on
small, medium and large scales
(Chapter 5). Since only quartz is
present, the colour of quartz arenites
is frequently white or pale grey
(especially those of shallow marine
environments). Aeolian quartz aren-
ites are frequently red through the
presence of finely-disseminated hema-
tite which coats grains. Quartz and
calcite cements are common.

Quartz arenites also form through
leaching of a sediment whereby all
unstable grains are dissolved out.
Ganisters, which form in this way,
occur beneath coal seams and contain
rootlets (black organic streaks).

3.2.2 Arkoses

Arkoses can be recognized by the
high percentage of feldspar grains
although at surface outcrop they may
be altered, especially to kaolinite (a
white clay mineral). Many arkoses
are red or pink, in part due to the
presence of pink feldspars but also
through  hematite  pigmentation.
Some coarse-grained arkoses look
like granites until you see the bed-
ding. In many, grains are subangular
to subrounded and sorting is mode-
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rate: a considerable amount of matri
may be present between grains. Re]z
tively rapid erosion and deposition
under a semi-arid climate produce
many .arkoses. Non-marine, often
fluviatile, environments are typical.

3.2.3  Litharenites

Litharenites are very variable in com-
osition and appearance, depending
argely on the types of rock fragment
present. In phyllarenites, fragments
of argillaceous sedimentary rock are
dominant and in the calclithites,
limestone fragments predominate.
Lithic grains of igneous and meta-
morphic origin are common in
certain litharenites. In the field it 1s
usually sufficient to identify a rock as
being a litharenite; a more precise
classification would have to come
from a petrographic study. Many
litharenites are deltaic and fluviatile
sediments, but they can be deposited
in any environment.

3.2.4 Greywackes

Greywackes are mostly hard, dark
grey rocks with abundant matrix.
Feldspar and lithic grains are com-
mon and often clearly idenufiable
with a handlens. Although grey-
wackes are not environmentally
restricted, many were deposited by
turbidity currents in relauvely deep
water basins and so show sediment-
ary structures typical of turbidites
(sole structures, graded bedding and
internal laminations, Chapter 5).

3.2.5  Hybrid sandstones

These contain one or more compo-

nents which are not detrital, such as
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the authigenic mineral glauconite or
i< of calcite. The greensands con-
grains 0 f glauconite (a potas-
tain granules ol glauconite ddic;
sium iron aluminosilicate) in addition
to a variable quantity of siliciclastic
sand grains. Glauconite tends to form
in marine shelf environments starved
of sediment. Calcarenaceous sand-
stones in particular contain a signifi-
cant quantity (10—50%) of carbor;ate
grains, skeletal fragments and ooids.
With more than 50% carbonate
grains, the rock becomes a sandy (or
quartzose) limestone. Ip calcareous
sandstones the CaCO, 1s present as
the cement.

For further information on the
composition and mineralogy of a
sandstone it 1s necessary to collect
samples and study the thin sections
made from them. Petrofacies, that is
sandstones distinct on petrographic
grounds, can be of great importance
in unravelling the source of the sedi-
ment and the palaeogeography at the

time.

3.3 Conglomerates and
breccias

The key features which are important
in the description of these sediments
are the type of clasts present and the
texture of the rock.
On the basis of clast origin, intra-
formational and extraformational
conglomerates and breccias are dis-
tinguished. [Intraformational clasts
are derived from within the basin of
deposition and many of these are
fragments of mudrock or micritic
limestone liberated by penecontem-
_poraneous erosion or by desiccation
“along a shoreline with subsequent re

pebble

working (Fig. 3.4). Extraformational
clasts are derived from outside the
basin of deposition and are thus older
than the enclosing sediment. The
variety of clasts in a conglomerate
should be examined: polymictic
conglomerates are those with many
different types of clast, oligomictic or
monomictic conglomerates are those
with just one type of clast.

The nature of the extraformational
clasts in a conglomerate or breccia is
important since it can give useful
information on the provenance of the
deposit, and on the rocks exposed
there at the time. For a meaningful
count, several hundreds
should be identified but you may
have to make do with less. If possible
undertake pebble counts on conglo-
merates from different levels in the
stratigraphic sequence, and on con-
glomerates from different parts of the
region being studied. These data
could show that there were changes in
the nature of rocks exposed in the
source area during sedimentation, as
a result of uplift and erosion, or that
several different areas were supplying
the material.

For interpretations of the deposi-
tional mechanisms of pebbly-boul-
dery sedimentary rocks, the texture is
important: clast-supported conglo-
merates must be distinguished from
matrix-supported conglomerates
(Sections 4.4 and 4.6). The shape, size
and orientation of the pebbles should
be measured, as also the thickness and
geometry of the beds and any
sedimentary structures. .

Conglomerates and bn:eccnas are
deposited in a range of environments,
but particularly glacial, alluvial fan
and braided stream. Resedimented
conglomerates are those dePOS'tb‘fj.m
deep water, usually in a turbidite
association.
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3.4 Mudrocks

Mudrocks are the most abundant of
all lithologies but are often difficult to
describe in the field because of their
fine grain-size. Mudrock is a general
term for sediments composed chiefly
of silt (4 t0 62 um) and clay (< 4 um)
-sized  particles.  Siltstone  and
claystone are sediments dominated by
silt and clay grade material respec-
tively. Claystones can be recognized
by their extremely fine grain-size and
usually homogeneous appearance;
mudrocks containing silt or sand have
a‘gritty’ feel when crunched between
your teeth. Shales are characterized

Fig. 3.2 Scheme fo
M. D. Picard).

r describing sedimentary rocks of sand

ﬁ

by the property of fissility, the ability
to split into thin sheets, generally
parallel to the bedding; many shales
are laminated (Section 5.3.1). Mud-
stones are non-fissile, and many have
a blocky or massive texture. Argillite
refers to a more indurated mudrock
while slate possesses a cleavage. A
marl is a calcareous mudrock. Mud-
rocks grade into sandstones and
terms for clay-silt-sand mixtures are
given in Fig. 3.2.

Mudrocks are chiefly composed of
clay minerals and silt-grade quartz
grains: other minerals may be present.
Organic matter can be present up to
several per cent and higher, and with

-silt-clay grain sizes (after

Sandy
Muds

CLAY

MUDSTONE

Stlty
Mudst




increasing carbon cuntcn‘t 'the muﬁ-
rock becomes darker anc ‘wc?tuslll y
black in colour; a distinetive smell lls
produced by striking an urg:;n?ujrm
rock with a hammer, Nodules com-
monly develop n 1nu§rogks. usually
of calcite, dolomite, mdlcnt.c, chert or
pyrite (Section 5.5.7), Possnl.s are pre-
sent in many mudrocks, including
micro-fossils, and need to be extracted
in the laboratory. _
Mudrocks can be deposited in
ractically any environment, particu-
rarly rver flood(l)lain, lake, low
energy shoreline, delta, outer marine
shelt and deep ocean basin. The sedi-
mentological context of the mud-
rocks together with the fos

are important in their eny;
Interpretation.

In the field, once the type of mud-
rock present has been ascertained, it
can be described by the use of one o
two adjectives which relate to a con-
SPICUOS or typical feature. Features
10 note are the colour, degree of fis-

sility, sedimentary * strycryres and
mineral, or

sil content
ronmental

3.5 Limestones

Limestones, [ike sandstones, can
only be described in limited way in
the field; the details are revealed
through studies of thip sections and
peels. Three components make up the
majority of limestones: carbonate
grains (allochems); micrite (micro-
crystalline calcite) ang sparite (the
cement). The principal allochems are:
skeletal grains, o

oids, peloids and
intraclasts, Many limestones are
directly analogous 1o sandstones,

consisting of sand-sized carbonate
grains which were movyed around on
the seafloor, while others can be com.-
pared with mudrocks, being fine-
grained and composed of [ithified
carbonate my( (l.e., micrite), Some
Imestones formed i situ by the
growth of carbonare skeletons as in
reef limestones (Section 3.5.3), or
through trapping and binding of sed;.
ment by algal mats a5 in stromatolites
(Section 5.4.4)

Modern carbonate sediments are
anic or fossil content composed of ara onite, high My cal-
D gonte, high Mg
(Table3.2). cite and low Mg calcite, Limestones,
\
Table 3.2 Features 1o note and look for when examining mudrocks and
examples of terms which can be used in their description,
— =
Mudrock features Possibilities and descriptive terms |
A Note the colour e.g., grey, red,green,vm_-:egaled,mouled. lflu 2
B See how the mudrock e.g., hssile (shale), non-fissile l(mud;t(o;\c).) ocky,
¥ J tc). |
falls apart earthy, flaggy » papery, cleaved (sla )
C Lookpfor sedimentary | e.g., bedded or laminated, bioturbated, or massive {[
structures (apparently supcturcless). .
D Check non-clay min- €.g., quartzitic, mw‘}:‘ico‘u_s, calcarcous, gyp l
ferous, pyritic, sideritic, etc. .
s present \ P deriu ’ _—
E ;\r::esg the organic | eg., organic-rich,  bituminous, carbonaces l
organic-free. N _ !
' | " ., ostracod.
Lock for fash ¢.8., fosslifrous, graptolic,ostaco |

i




composed of low Mg calcite, form
through diagenetic replacement of
original aragonite grains and loss of
Mg from onginally high Mg calcite.
Other diagenetic changes important
in limestones are dolomitization and
silicification.

Although the majority of car-
bonate sequences are shallow marine
in origin (supratidal to shallow sub-
tidal), limestones are also deposited
in deeper water as pelagic and turbi-
dite beds, and in lakes. Nodular lime-
stones, called calcretes or caliches,
can develop in soils (Section 5.5.7).

3.5.1 Limestone components

Skeletal grains (bioclasts) are the
dominant constituents of many
Phanerozoic limestones. The types of
skeletal grain present depend on en-
vironmental factors during sediment-
ation (water temperature, depth,
salinity, for example) as well as on the
state of invertebrate evolution and
diversity at the time. The main organ-
ism groups contributing skeletal
matenial are the molluscs, the brachi-
opods, the corals, the echinoderms
(especially the crinoids), the bryo-
zoans, the algae and foraminifera.
Other groups of lesser or local
importance are the sponges, crusta-
ceans (ostracods especially), annelids
and cricoconarids.

In the field, one should try and
identify the main types of carbonate
skeleton in the limestone. If these are
present as macro-fossils, it should be
rossible to identify them to the group
evel. The carbonate skeletons may be
sufficiently well-preserved or abun-
dant to allow useful palaeoecological
observations to be made (Chapter 6).
One feature to check is whether the
skeletal material is in growth posi-
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Fig. 3.3 Ooids; the concentric structure
is clearly visible in some cases. Scale in
millimetres. Jurassic, N. England.

tion, and if it is, whether this was
providing a framework for the lime-
stone during sedimentation, as in
reefs (Section 3.5.3).

Ooids are spherical to subspherical
grains, generally in the range 0.2 mm
to 0.5 mm, but reaching several milli-
metres. Structures larger than 2 mm
are referred to as pisoids or pisolites.
Ooids consist of concentric coaungs
around a nucleus, usually a carbonate
particle or quartz grain (Fig. 3.3).
Most modern ooids are composed 0
aragonite but all ancient ones are cal-
citic (unless dolomitized).

Peloids are subspherical to elongate
grains generally less than 1 mm 0

Fig. 3.4 Intraformational conglomerate
consisting of flakes (intraclasts) of micnitic
limestone. Late Precambrian, Norway.
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length. They consist of micrite (see

low) and many are faecal in origin,
belnzmclasts are fragments of re-
worked carbonate sedtment._ Many
are flakes up to several centimetres
long, dernived from desiccation of
udal flat carbonate muds or penecon-
temporaneous erosion, and forrmpg
intraformational conglqmerates (Fig.
3.4). Aggregates consist of several

carbonate grains cemented together
during sedimentation.

Micrite is the matrix to many
bioclastic limestones and it is the
main  constituent of fine-grained
imestones, It consists of carbonate
particles mostly less than 4 pm in

tameter. Much modern carbonate
mud, the forery

biogenic in origi
the disintegratio

nner of micrite, is
n, forming through
n of carbonate skele-
tons such as calcareous algae. The

origin of micrite in ancient limestones
is obscure and it is often difficult to

Table 3.3 Schemes for the ¢

size, (B) on dominant const

(A) on dominant grain
sutuent; prefixes can be combined if necessary, as in
bio-oosparite (after R.L. Folk) and (C) on texture (afterR ] Dunham)
‘ A 2mm 62um ]
L Calarudite Calcarenite Calalutite
B Rock type
Dominant
constituent Sparite cement Micrite matrix
001ds OOsparite oomicrite
peloids pelsparite pelmicrite
bioclasts biosparite biomicrite
intraclasts intrasparite intramicrite
P
In situ growth : biolithite
&
Textural features Rock types
mud absent s grainstone
supported packstone
carbonate
mud > 10% wackestone
present mud Frains
grains
9 ynents organically boundstone
e _bound during sition:
.‘J “‘:‘.‘1:—“' A 4 IV 27




eliminate direct or indirect inorganic
precipitation. "

Sparite is a clear equant calcite
cement precipitated in the pore space
between grains and in l:_arger cavity
structures. Fibrous calcite cements
also occur, coating grains and lining
cavities.

3.5.2  Limestone types

Three schemes are currently used for
the description of limestones (T able
3.3). Common limestone types using
the Folk notation are biosparite, bio-
micrite, oosparite, pelsparite and pel-
micrite. Biolithite refers to a lime-
stone which has formed through in
situ growth of carbonate organisms
(as in a reef). Common limestones,
using the R.J. Dunham notation, are
grainstones, packstones, wackestones
and mudstones; the term boundstone
s equivalent to biolithijte.

In the field, carefu] use of a hand-
lens can establish the type of lime-
ctone present, using either the Folk or
Dunham naming system. The maijn
types of grain can be recognized
without difﬁculty, although in finer-

Fig. 3.5 A reef complex (

Imestones occur jn the central

: part, with we]|-
ore-reef hmestones to the left, shc:wing an on

Devonian, Cannin

grained calcarenites it may be Impos-
sible to distinguish between Matrix
and cement. Next examine the lime-
stone’s texture (Chapter 4), bearing
in mind that the size, shape,
roundness and sorting of skeletal
grains in a carbonate sediment js a
reflection of the size and shape of the
original skeletons as well as the
degree  of agitation in the
environment. Although practically
all sedimentary structures of silici-
clastics can occur in limestones, there
are some which are restricted 1o
carbonate sediments (Section 5.4).

3.5.3  Reef limestones

These are in situ accumulations or
build-ups of carbonate material. Reef
limestones have two distunctive
features: a  massive unbedded
appearance (Figs. 3.5 and 3.6), and a
ominance of carbonate skeletons,
especially of colonial organisms, with
many in their growth position. Some
skeletons may havye provided a
framework within which and upon
which  other organisms existed.
Cavity  structures infilled  with
internal  sediment and cement are

e.té::iseig,b}\ustra.lia). Massive, unbec!ded reef

ack reef imestones 1o the nght, and

gnal depositiona) dip.




Fig. 3.6 Small patch reef consisting of massive coral colonies and contrasting with bedded
broclastic mestones below, Jurassic, N F. England.

common. Reef limestones have a
vaniety of geometries but  two
common forms are: patch reef, small
and discrete structures (Fig. 3.6), cir-
cular in plan, and barrier reef, alarger
tongate  structure  with  lagoonal
limestones behind. Bioberm refers to
a local carbonate build-up and bio-
strome 10 a laterally extensive build-
up, both with or without a frame-
work. Associated with many reef
limestones are beds of reef-derived
15. With barrier reefs especially,

reef debris forms a talus apron in
front (fore-reef limestones, Fig. 3.5).
One further type of carbonate
build-up is the mud mound (formerly
reef kooll) consisting of massive
micrite, usually with scattered skele-
tal debris, wgether with cnvit(vszguv

s such as Stromatactis 1on

ith all carbonate build-ups, 1t is

the massive nature which will be im-
mediately apparent, contrasting with
adjacent or overlying well-bedded
limestones. Many carbonate build-
ups are the result of complex inter-
actions between organisms, so verify
which organisms were responsible
tor the buld-up’s construction,
which were playing a secondary but
sull important role of encrusting or
binding the framework, and which
were simply using the reef for shelter
or as a source of food.

3.5.4  Dolomites

The majonty of dolomites, especially
those of the Phanerozoic, have
tormed by replacement of lime-
stones. This dntnmitiution can take
place soon after deposinon, i..c‘.
penecontemporancously, upon high
intertidal-suprandal tlats of semi-and
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regions, or much later durgng_dlg-
' facies analysis it is
genesis. For ide which
important to try and decide w “i
pe of dolomite is present. Eary
gc';lomite is typically very fine grained
and 1s associated with structures
indicauve of supratidal conditions:
desiccation “cracks (Section 5.3.6),
evaporites and their pseudomorphs
(Section 3.6), cryptalgal lanun{tes
(Section 5.4.4) and fenestrae (Section
5.4.1b). .

Late diagenetic dolomitization can
vary from local replacement of cer-
tain grains to wholesale replacement
of the rock. There is often an oblite-
raton of the original structure of the
limestone through late-stage dolo-
mitization, so that fossjls are poorly
preserved and sedimentary structures
Ul defined. On the degree of dolo-
mitization, carbonate rocks can be
divided into four categories (Fig.
3.7). Dolomites can possess a higher
POrosity than the origina] limestones.

3.5.5 Dedolomites
Dedolomites

clay occur
Tertiary, Iraq. Field of view 2m,

Although relatjve]
characterized by
forms of calcite su

ating-fibrous calcjte
balls*).

Y rare, they are
unusual growth
ch as large rad;.
masses (‘cannon-

3.6 Evaporites
Most gy
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" Hak domorphs (recog-
n?iedib?r dll clt:bigs:ﬁape :;nrg depressed
‘hopper) crystal faces. Scale in millimetres.
| d

Jurassic, S.

seudomorphs  afrer
Psum (recognized by Lherqenticular
i‘?‘} Scale 1n

imetres. Jurassic, §.

rphs of evaporites can be
recognized in the field but con.
firmation may require thin sections.
e pseudomorphs are readily
wentified by their cubic shape and
crysal form (Fig. 3.9). The
Wzenge, lenucular and swallgw-ml
thapes of oypsum stals are distinc-
e (Fig. %YIPO} N‘:c-lyulcs of anhydrite

and gypsum can be replaced by a
variety of minerals: calcite, quartz
and dolomite in particular,

Where evaporites have been djs-
solved away and not replaced, then
collapse of overlying strata has often
taken place. Where disrupted and
brecciated horizons occur, a careful
search may reveal evidence for the
former presence of evaporites.
Dedolomites are often associated
with evaporite solution horizons.

3.7 Ironstones

A great variety of sedimentary rocks

1s included under the Ironstone title
and there is much variety too in the

minerals  present, Precambrian
banded tron-formations are often
thick and lateral]

y-extensive deposits
characterized by a fine chert-iron
mineral banding. Phanerozojc iron-
p-ones are mostly thin sequences of
limited areal extent, interdigitating
with normal marine sediments. Many
such ironstones are oolitic and ooids
can be composed of hematite

(red),
chamosite (green), goethite (brown)
and, rarely, magnetite (black). Other
common |

iIronstones are hematitic
limestones, where  hematite  has
impregnated and replaced ca_rl?onate
grains, and chamositic, sideritic and
pyritic mudrocks. All these types can
be identified in the field, bu_t later
confirmation is necessary in the
laboratory. The iron minerals siderite
and pyrite commonly form nodules
in mudrocks and other lithologies.
With ironstones, interest _ has
focused on the depositional. environ-
ment and it is worth examining any
fossils contained in the iron-rich l:;e]ds
or in adjacent strata. Check whether
the fossils indicate normal marine
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conditions; they may indicate hypo-
saline conditions. Otherwise treat the
ironstone like any other lithology and
look at its texture and sedimentary
structures.

[ron (and other metals) are enriched
in sediments associated with pillow
lavas. Ferromanganese nodules occur
in pelagic limestones and mudrocks

but these are rare.

Fig. 3.11 Bedded chert with shaley
partings. Carboniferous, S. France.

3.8 Cherts

Two varieties of chert ape dise;
guished: bedded and nodyy, (o

ular (Figs,
3.11 and 3.12). Most bedded cherts
are found in relatlvely deep-water
sequences and are equivalent 1o ghe
radiolarian and diatom oozes of (he
modern ocean floors. With a hand.
lens you can see the radiolarians in
some bedded cherts, as minute specks
(around Ya mm across); a thin section
is required to check their presence,
Although many beds of chert appear
massive they can possess cross-lami-
nation and graded bedding (Chapter
5). Some bedded cherts are associated
with pillow lavas and are part of
ophiolite suites, while others occur in
sequences with no volcanic associa-
tions at all.

Nodular cherts are common in
limestones and some other lithologies
and form by diagenetic replacement.
In some cases there is a nucleus

Fig. 3.12 Nodular chert (flint), formed within crustacean burrow fills, in chalk.

Cretaceous, N.E.England.




d which replacement has pro-
amu?d in others they occur regu |ar|y
c«d- n‘i-:ular hornizons, Flint s a
F:;;ar name for chert nmlulcs‘ .I')L:
wrring in Cretaceous chalks. Silica
ltf-m- many chert nodules is derived
from dissolution of sponge spicules,

at

3.9 Sedimentary phosphate
deposits

The phosphate in these relatively rare
deposits 1s mostly collophane, pre-
sent as vertebrate bone fragments and
as nodules. The nodules are often
coprolites but in marine phosphorites
the nodules may form by replacement
of carbonate mud, grains and siliccous
microfossils. Reworking is important
in the formation of many sedimentary
phosphate deposits.

3.10 Organic-rich deposits

Peat, brown coal (lignite), hard coal
and oil shale are th

sits. Bitumen and other semj.
solid/solid  hydrocarbons rarely
occur within other lithologies. The
organic deposits are divided into a
humic group, those formed through
I situ organic growth, chiefly in
SWamps, and a sapropelic group,
where the organic matter has been
transported or deposited from sus-
ension. Most coals belong to the
ﬁumic group whereas oil shales are
sapropelic in origin.

e term rank refers to the level of
organic metamorphism of a coal: a
number of properties, such as carbon
and volaule content, can be used to
measure r:mk,l b}xt these require a
DO SiSs. <
-nti?eryﬁi?iyplam material is still

€ main organic

recognizable in soft brown coal: with
hard brown coal there are few plant
fragments visible but the coal is still
relatively  soft, dull  and brown,
Brown coals contain much Moisture
when freshly dug and can be either
carthy or compact, Bituminous hard
coalv are black and hard wid, bright
layers. They break into cuboidal frag-
ments along the cleat (prominent
joint uurf:u:c? and dirty the fingers,
Anthracite is bright and Tustrous with
aconcoidal fraciure,

Cannel and boghead  coals are
sapmvclic deposits which chiefly ac-
cumulated in ‘akc«. They are massive,

ine-grained, unlaminated sediments,
which Possess a concoidal fracrure,

Oil ‘shales contain more than a
third inorganic material, chiefly clay.
They are often finely laminated and

can be cut with a knife into thin
shavings  which curl, fike

wood
shavings,

Table 3.4  Classification of volcani-
clastic grains and sediments on grain-
size

Volcaniclasic

Volcaniclastic
grains (tephra)

sediment terms

bombs-e¢jected agglomerarte
fluid |
locks— volcanic
cjected solid breccia

64 mm —

lapilly lapillistone
2mm
; vitric
ash P
LO6mm ——— tuff -\-\ lithic
dust crystal
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lapilli and ash in

Fig. 3.13 Accretuona |
lapilli-tuff _deposit. rdovician,
England. Cenumetre scale.

N.W.

3.11 Volcaniclastic deposits

Tephra 1s the term used for material
ejected from volcanoes that makes up
the volcaniclastic deposits. Tephra
include lumps of volcanic glass
(pumice or scoria) which fragment to
give glass shards; crystals, especially
of quartz and feldspar, and lithic frag-
ments of lava from earlier eruptions
and of country rock. On the basis of
grain-size, the tephra are divided into
dust, ash, lapilli blocks and bombs
(Table 3.4). Accretionary lapilli
consist of an envelope of volcanic
dust around a nucleus (Fig. 3.13).
Three types of volcaniclastic
deposit are distinguished in terms of
ongin (Table 3.5). Pyroclastic-fall
deposits are characterized by a
gradual decrease in both bed thick-
ness and grain-size away from the site
of eruption. Beds are typically nor-
mally graded, can be reworked by
currents and waves if deposited in
water, or wind if subaerial, and thus
may show cross or planar lamina-
tion. These deposits can be spread
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over wide areas
?zraphic correl::ig:_ ¢ u,ff‘} forlstratiw
ow deposits mostly 0cc?uca'.“dam'c
aerial situations, lgnimbr< N syb-
characterized by an homztes are
appearance with little Sol_tingen;:ous
finer ash particles. Coarse lithgicocl the
may show normal grading and ]:StS,
pumice clasts reverse grading F{ ¢
tened and stretched pumice and gl;;‘
(termed fiamme) demonstrate a ﬂo:
origin (Fig. 3.14). Many ignimbrites
show welding in the central part; here
ash particles merge to form a denser
less porous rock compared with the
upper and lower parts of the bed.
Typical thicknesses of an ignimbrite
flow are several metres to ten metres
or more. Base-surge deposits are cha-
racterized by well-developed internal
bedding and cross-stratification (Fig.
3.15), including antidune cross-bed-
ding (Section 5.3.3), since they are
deposited by very fast-flowing ash-

Table 3.5 Main types of volcani-
clastic sediment

A
pyroclastic-fall deposits: formed of

tephra ejected from vent
=

B
volcaniclastic flow deposits

(and type of flow)

(i) ignimbrites (fluidized ash-flows)
(1) base surge deposits (ash-laden
~ steam flows)

(i) lahar deposits (mudflows)

C

hyaloclastites: fragmented and
granulated basaltic lava through

contact with water




Fig. 3.14 Ignimbrit i
Zealand. Millimetre s:alsclTom

Fig.3.15 B
art and shoase-su

laden
orm tlﬁimh flows. Lahar deposits
are ok gh volcanic mudflows and
POrtC ?rac!;enzed by a matrix-sup-
Secti abric  with ‘floating’ clasts
b b 0{‘ 4.4). Hyaloclastites form
= re lava is extruded into water and
- ¢ rapid chilling and quenching
. Causes fragmentauion of the lava.
These deposits typically consist of

e and pyroclastic fall d |

WS well . eposits. The base surge tuff '

€ pyroclastic fal| dg eveloped bedding (antidune cross-beddi:;gg) t:rid?(f‘lcc:l;s :2 :Ee i
Posits occur in the lower part. Quaternary, Germany. Merree‘;; f -

lava chips and flakes, a few milli-
metres to a few centimetres across.
They lack any sorting or stratification
close to the site of eruption but they
can be reworked and resedimented to
show sedimentary structures as with
any other clastic_sediment. Hyalo-
clastites are typical of submarine
basaltic volcanism.
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4

Sedimentary rock texture

4.1 Introduction

Sediment texture 1s concerned with
the grain-size and its distribution,
morphology and surface features of
grains, and the fabric of the sediment:
colour is also considered in this
chapter. Texture is useful as a
descriptive element of sedimentary
rocks and is important in interpreting
the depositional mechanism and
environment. It is also an important
control on the economically
significant  relationship  between
porosity and permeability. The
texture of many sedimentary rocks
can only be studied adequately with
rock slices. With sand and silt-sized
sediments you cannot do much more
in the field than estimate grain-size
and comment on the sorting and
roundness of grains. With conglom-

erates and breccias grain-size, shape
and orientation can be measured
accurately in the field; further, sur-
face features of pebbles and the rock’s
fabric can be examined. A checklist
for a sediment’s texture is given in

Table 4.1.

4.2 Sediment grain-size and
sorting

The widely-accepted and used grain-
size scale is that of Udden-Wentworth
(Table 4.2), for detailed work, phi
units are used; phi is a logarithmic
transformation: ¢ = —log, S, where$
is grain-size in millimetres.

For sediments composed of sand-
sized particles, use a handlens to
determine the dominant grain-siz¢
class present; the very coarse, cOarsc,
medium, fine and very fine classes

Table 4.1

Checklist for the field examination of sedimentary rock texture

correlation,

supported sediment.

1 v ol ‘ : .
g::;?ﬁ:{:_;’:f sorting: esumate in alf lithologies: Table 4.2 and Fig. 4.1. In
» Measure maximum clast size and bed thickness; check for

2 Shape of constituent grains: Fig. 4.2
look for facets on pebbles, and striati

3 Fabric: (a) look for preferred orientation
and fossils in any lithology; measure or;
look for imbrication of clasts or fossils; arf

ship, especially in conglomerates, deduce whether mat

(important for clasts in congloﬁemtes);
ons. Roundness of grains: Fig. 4.3.

rc:tfacllong:m: clasts in conglomerates
y (Cl)lons and plot rose diagram; (b)

£Xamine matrix—grain relation-
fiX-supported or grain-
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he e

els gritty between the teeth
with clay-grade material
_ feels smooth, With chemical
1S Such as evaporites, recrystal-
M1zed limestones and dolomites, it is
Crystal size thar s being estimated,
-_-F‘ath.er than clast size. Terms for crys-
~41812¢e are given in Table 4.3.
~_ For accurate and detailed work,
ticularly on siliciclastic sediments,

hic

D

ora
LdDOTA!l

hniques are

i‘:ﬂ: ‘42 Terms for grain-size -Tablg 43 Informal  terms  for
jasses (after J.A. Udden and CK.  describing crystalline rocks
chnm'Ol‘lh) and siliciclasuc rock- —
. For sand-silt-clay mixtures see - 2mm |
Figvj-z ~10 v Coarsely crys:
: Coarsely crystaliine
. N L
boulders COHQ|0"’9’5“9—37 sk MEiin crvsia
L 256mm (rounded clasts) -0 25 B S
tinely crystaliine
cobbles g -0 125 SN ‘
5 . v hinely crystailin
Eaapebhles s - 0063 o
4 granules (angular clasts) ~- 0004 icrocrystaliine .
RS 1 cryptocrysia ne !
| F2mm —_— L 1.
Bt b o v coarse
R methods (see Folk, 1974). In the ficlg
g | Fenou only arough estimate can be made of
4 e orung n a sand grade sediment.
o UM SANDSTONE Examine the rock with 4 handlens and
AR L fine iompare it with the sketches in Fig.
4 k125 i )
3 v fine ~ _ln_ a bljoad sense, the grain size of
-"1__:,7-'63 microns —— SthlChS_th St‘dimgnts reflects  the
La, ¥ coarse hydraulic tnhergy of the environment:
i coarser sediments are transported and
| coarse MUDROCKS deposited by f. Howi po\
C16 SILT SILTSTONE| other | i Finer o2 Ster-flowing currents
A NE muc-gg{:ﬁ(: than finer scdiments; mudrocks tend
Lg  Medium \ e t0 accumulate in quieter wager. The
fine rreai soruing of a sandstone reflects the
| |4 microns slate deposmon:d_ Process, and this
4 . Improves with Increasing  agitation
L LAY ClAYsTONE | and - reworking. 1n contrast, the
j S rain-size of carbonate sediments
. ? ISunguished:  silt-grade generally reflects the

size of the
organism  skeletons and calcified
hardparts which make up the sedi-
ment; these can be and are affected
by currents. Sorting terms can be
applied to limestones but bear in
mind that some limestone types,
oolites and pelleted limestones, for
example, are well sorted anyway so
that the sorting terms do not neves-
sarily  reflect  the depositional
. eénvironment, ‘
~ For grain-size and sorting of con-
glomerates and breccias see Secnon

~ ._ ) 3?
< LETEN .
u ‘......i




very well sorted well sorted

moderately sorted poorly sorted

Fig. 4.1 Charts for visual estimation of sorting.

4.3 Grain morphology

The morphology of grains has three
aspects: shape (or form), determined
by various ratios of the long, inter-
mediate and short axes; spheriaty, a
measure of how closely the grain
shape approaches that of a sphere;
and roundness, concerned with the
curvature of the corners of the grain.
For shape, four classes are recognize
(Fig. 4.2). These terms are useful for
describing clast shape in conglome-
rates and breccias and can be applied
with little difficulty in the field.
Formulae are available for the cal-
culation of sphericity and roundness
(see Folk, 1974). Roundness is more
significant than sphericity as a des-
criptive parameter and for most pur-
poses the simple terms of Fig. 4.3 are
sufficient. These terms can be applied
to grains in sandstones and to pebbles
in conglomerates. The terms are less
useful for limestones since some
grains such as ooids and peloids are
well rounded to begin with. Skeletal
grains in a limestone should be
checked to see if they are broken or
their shape has been modified by

abrasion.
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4.4 Sediment fabric

Fabric refers to the mutual arrange-
ments of grains in a sediment. It
includes the orientation of grains and
their packing. '

In many types of sedimentary rock
a preferred orientation of elongate
particles can be observed. This can be
shown by prolate pebbles in a con-
glomerate or breccia, and fossils 1n 2

Fig. 4.2 The four classes of grain or clzist
shape based on the ratios of the long (1),
intermediate (i) and short (s) diameters.

P R T S e o SRS ey PRy

0
Llt=ixs
[¢}]
E tabular or equant or
2 disc-shaped spherical .
O) —
c 3
e,
=
S
%’ prolate
g bladed or
& rod-lke
€
©
Sl /#/#
= S L
E /-#' =3 O

ratio of short/intermediate diameter

s




low sphericity  high sphericity

3

&ry angular  angular subangular

5 6
rounded well-rounded

subrounded

Fig. 4.3 Categories of roun

limestone, mudrock or sandstone;
such f

catures are visible in the field.
Many sandstones show a preferred
onentation of elongate sand grains
Ut microscopic  examinatjon 1S
required to demonstrae this.
Preferred orientations of particles
anise from interaction with the depo-
siional mediym (water, jce, wind),
and can be both parallel to (the more
€ommon) and norma| 1o flow direc-
ton. Measurement of pebble, fossil
~ Orgrain orientations can thus indicate
+ the Palacocurrent direction (Section
E 7.3.4), Preferred orientations can also
~ be tectonically induced so jf you are
WOrking in an area of moderate defor-
' s, cleav-

Mation, a]so measure fold axe
ag¢ and lineations.

Tabular and disc-shaped pebbles or
ossils frequently show imbrication.
In this fabric, they overlap each other
(ke a pack of cards), dipping in an

Upstream direction (Fig. 4.4). .
¢ amount of fine-grained matrix

and the matrix—grain relationship

onmen

i ] 3

affect the packing and fabric of a sedi-
ment and are important in intpr‘pl‘t;l@_,;v?‘P

ions of depositional mechaglsm,'md
t. Where grains in a sed -

_ dness for sediment grains. For each category a grain of low
high sphericity is shown.

<an occur

ramn-supported. Matrix
ﬁetween the grains as can cement.
Where the grains are not In contact,
the sediment is matnix-supported
(Figs. 4.4 and 4.5).

With siliciclastic sediments and
Imestones, grain-support fabric can
indicate extensive reworking by cur-
rents and/or waves and the removal
of mud, or deposition from turbulent

Ows where suspended sediment
(mud) is separated from coarser bed
load. Limestones with matrix-support
fabric (wackestone and mudstone,
Table 3.3) mostly reflect quiet water
sedimentation. Fabric of conglomer-

ates and breccias is discussed in Sec-
tion 4.6.

4.5 Textural maturity

The degree of sorting, roundness and

matrix content in a sandstone cqntrl}

bute towards the textural maturity

the sediment. Texturally lmmatq[r}e;
. sandstones are poorly sorted 1::){
_angular grains and some :11aand-,
hile texturally supcnnatqr;,‘ Swell-
ones are well sorted wit Pt
unded grains and no matrix.




: last-
bbles, with a
ell-rounded pebb! nght to left
isting of rounded to well port from ng
e 4-4f (b:qg g:i]r?éln 32;16_;;115};1: imbricauon indicaung trans
abn _
'slyeF:'Eig;ty, Jordan. Field of view 0.75 m.

comparable COMPposition,| Martun
(Section 3.2). 1

bered that dia
modify depos;

1tional te
mate of the textural Matur;
sandstone can

bc Made in the field by
1on with 5 handlcns. ’

Processeg Can
Xture. Ap esti-

tes
4.6 Texture of conglomera
and breccias

: easuring
: with m .
There 1s no P"Ob!e? coarser sedi-
the grain-sizes of these tape
- eld; a ruler or
ments in the field; : lom-
: used. With cong
Measure can be °d. ure the
€rates and brecaas,' s 2k
Maximum clas size, since wi ncy
this is 5 reflection of the compete 0
of the O™ It is also useful ©
Measyre the thickncss of the con-
glorr)cratc Since with some trans-
Portung  ang d iting processes



e, I

Fip,
REBIgSTEhpngﬁmerate with 5 matrix-gy,
'¢S. Tillice, tePrecambn'a.n, Norway

(mudflows and stream

een maximum particle size and

bed thickness. With braided stream
conglomerates there is no such rela-
tionship, Maximum particle size and
bed tﬁickncss generally  decrease
down the transport path. Measure-
ments of maximum particle size and
ickness from conglomerates

Over 2 wide area of from a thick
vertical sequence May reveal changes
0 the supply rages of the sediment

and these flect o; :
iy :heay retlect either prox

example) there is a correlation

PPort fabric ang subangular 1o subrounded

modalwiMany conglomerates are bi-
modal .foH-ﬁtfl)im@dal in their grain-.
size  distribution  if the matrix
between pebbles s considered_. It is
also important to check grain-size
variations through 2 conglomerate

bed. Normal size grading of pebbles
through a bed is common but reverse
grading can also occur, particularly in
the basal part (Section 5.3 4).

¢ shape and roundnegs of peb-
bles can be described by reference to
Figs. 4.2 and 4 3. Wi

abrasion (
ventifacrs ) or glacial
abrasion, A characteristjc feature of
pebbles | '



there may be significant changes in
degree of roundness of Febbles. This
can be related to the length of the
transport path.

Attention should be given to the
fabric of the conglomerate: in par-
ticular check for preferred orienta-
tons of elongate clasts (if possible
measure several tens, or more, 0O
long-axes) and look for imbrication
of prolate pebbles (long-axes parallel
to current and dipping upstream). If
exposures are very good then the dip
angle of the long-axis relative to the
bedding, can be measured to give the
angle of imbrication. In fluvial and
other conglomerates a normal-to-
current orientation is produced by
rolling of pebbles, while the parallel-
to-current orientation arises from a
sliding of pebbles. In glacial deposits,
the orientation of clasts is mostly
parallel to the direction of ice
movement.

Examine the pebble-matrix rela-
tionship (Section 4.4). Pebble-support
fabric (Fig. 4.4) is typical of fluvial
and beach gravels; matrix-support
fabric (Fig. 4.5) is typical of debris
flow deposits and glacial ulls and
tillites.

4.7 Colour of sediment
rocks S

Colour can give useful information
on lithology, depositional environ-
ment and diagenesis. For many pur-
poses a simple estimate of the colour
is sufficient although it is amazing
how views vary on colour. For
detailed work, a colour chart can be
used; there are several widely avail-
able. It is obviously best to measure
the colour of a fresh rock surface but
if different, also note the colour of the
weathered surface. The latter can giv:
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an indicati ,

tion, for e?cl::n(:flthc'mck § Compos;.

Pl€, In terms of iro

content. .
Two factqrs determine the colour

of many sed:mentary rocks: the oy
dation state of iron and the conteny of
organic matter. Iron exists in two oxj-
dation states: ferric (Fe't) ap4
ferrous (Fe’'t). Where ferric | >
A ) Iron s

Eresen_t it is frequently as the minera|
ematite and even in small concentra-
tions of less than 1% this impants a
red colour to the rock. Where the
hydrated forms of ferric oxide,
goethite or limonite, are present the
sediment has a yellow-brown colour,
The formation of hematite requires
oxidizing conditions and these are
frequent%y resent within sediments
of semi-arid and continental environ-
ments. Sandstones and mudrocks of
these environments (deserts, playa
lakes and rivers) are frequently red-
dened through hematite pigmentation
(developed during early diagenesis)
and such rocks are referred to as ‘red
beds’. Many red marine sedimentary
rocks are also known. Where redu-
cing conditions prevailed within 2
sediment the iron is present in a fer-
rous state and is contained in clay
minerals, imparting a green colour to
the rock. Green colours can develop
through reduction of an originally
red sediment, and vice versa. With
red and green-coloured deposits se¢ if
one colour (usually the green) is
restricted to or adjacent to coarser
horizons or is concentrated along
joint and fault planes, thus indicating

later formation.

Organic matter in a sedimentary
rock gives rise to grey colours and
E’ll;chk :‘cfl:s:lﬂg OTganic content 3
sdicients pertains. Org'amc-nc.h

nents generally form in anoxic

conditions. Finely-d; p
pyrite also gives ris y-disseminated
0.8 e to a dark colour.
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colour components. Other minerals  are green.
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. e ;._-.'E‘."“_ - t |
Other colours such as olive and  with a particular colour in sediments i
ycjlowcznmultfromamixing_o[ the are glauconite and chamosite: they
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5.1 Introduction

Sedimentary structures are an im-
portant attribute of sedimentary
rocks. They occur on the upper and
lower surfaces of beds as well as with-
in beds. They can be used to deduce
[!’I? processes and conditions of depo-
sition, the directions of the currents
which  deposited the sediments
(Chapter 7), and in areas of folded
rocks, the way-up of the strata. An
index of sedimentary structures is
given in Table 5.1.

Sedimentary structures are very
diverse and many can occur in almost
any lithology. Sedimentary structures
develop through physical and/or
chemical processes before, during
and after deposition, and through
biogenic processes. Itis convenient to
recognize  four  categories  of
sedimentary structure: erosional,
depositional, post-depositional and
biogenic.

The geometry of sedimentary
deposits is an important feature at all
scales and is discussed in Section 5.7.

5.2 Erosional structures

The common structures of this group
are the flute, groove and tool marks
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whic 2

(S(l:lmh ()facur on the undersurfyces

( 'des) Ol some sandstone anq other
€ds, scour structures in general and

channels. '

5.2.1 F/M(E casts

Flute Casts are readily identifiable
from their shape (Fig. 5.1). In plan,
on the bcddmg undersurface, they are
clpnga.te to triangular (*heel-shaped’)
with either a rounded or pointed up-
stream end, flaring in a downstream
direction. In section they are asym-
metric, with the deeper part at the
upstream end. Flute marks vary in
length from millimetres to tens of
centimetres. Flute marks form
through local scouring by eddies in
currents and are typical of turbidite
beds. They also occur on the under-
side of fluviatile and other sandstones.

Flute marks are reliable indicators

of palaeocurrent direction; their

orientation should be measured

(Chapter 7).

5.2.2 Groove casts

Groove casts are elongate ridges on
bed undersurfaces, ranging in width
from a few millimetres to several tens
of centimetres (Fig. 5.2). They may
fade out laterally, after several




description and/or figures in this book

Table 5.1 Index of sedimentary structures: main tyﬁes

bedding surface structures

ripples: look at symmetry/asymmetry
and crest shape; current, wave or
wind nipples? Section 5.3.2, Fig.
35:55,57.58

shrinkage cracks: desiccaton or
synaeresis cracks: Section 5.3.6,
Fig. 5.21 |

partung lineation (primary current
lineanion) Section 5.3.1, Fig. 5.4

raimspot tmpressions:

2o Section 5.3.7, Fig. 5.22

o  tracks and trails: crawling, walking,

", grazing, restng structures. Section

5.6.2, gI"ablt:s 5.5, 5.6, Figs. 5.39-

5.46

bedding undersurface (sole)
structures

flute casts: triangular, asymmetric
structures. Section 5.2.1, Fig. 5.1

groove casts: continuous/discontinu-
ous ridges. Section 5.2.2, Fig.5.2

tool marks: various types, Section
5.2.3

load  casts:  bulbous structures.
Section 5.5.5, Fig.5.33

scours and channels: small and large
scale. Section 5.2 .4 and 5.2.5, and
Figs. 5.3,5.18

mnternal sedimentary structures

bedding and lamination:
Section 5.3.1, Table 5.2

graded bedding: normal and reverse.
Secuon 5.3.4, Fig. 5.20

Cross-stratification: many types, see
Table 5.3 and Section 5.33

massive bedding: Section 5.3.5

slumps and slumped bedding:
Section 5.5.1, Fig. 5.32

deformed bedding: various specific
types, Section 5.5.2

sandstone dykes: Section 5.5.3

dish structures: concave-up laminae,

pillars between. Section 5.5 4

& nodules: Section 5.5.7, Table 5.4
2 stylolites: sutured planes. Section
; 5.5.6, Fig. 5.35

burrows: feeding and dwelling bio-
g genic structures, Section 5.6, Figs.
; 5.39-5.46

structuresrestrictedto or predominant
in limestones

cavity structures: usually infilled with
calcite. Section 5.4.1. Geopetal
structures (Fig. 5.23), birdseyes
(Fig. 5.24); laminoid fenestrae,
usually in crypralgal limestones;
Stromatactis: cavity with flat base
and irregular roof (Fig. 5.25)

stromatolites:  planar  laminated
sediments, columns, domes, bio-
stromes, bioherms. Section 5.4.4,
Figs. 5.28-5.30

hardgrounds: recognized by
encrusted and bored surfaces,
Section 5.4.2, Fig. 5.26

tepees: pseudoanticlinal strucrures.
Section 5.4.2, Fig. 5.27

metres, or persist across the expo-
sure. Groove casts on a bed under-
urtace may be all parallel or they
\ay show a variation of trend, up to
ral tens of degrees or more.

Groove casts form through the infill-
ing of grooves cut chiefly by objects
(lumps of mud or wood, etc.) drag-
ged along by a current. Groove casts
are common on the undersurfaces of
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Fig. 5.1

e e
e

i

Flute marks on undersurface of siliciclastic turbidite. Current flow from left 1o

right. Silurian, N.W. England. Field of view 50 cm.

turbidites and on the soles of other
deposits such as fluviatile and storm-
deposited sandstones. Groove casts
indicate the trend of the current and
their orientation should be measured

(Chapter 7).

5.2.3 Tool Marks

These form when objects being
carried by a current come into
occasional contact with the sediment
surface. The marks are referred to as
prod, roll, brush, bounce and skip
marks, as appropriate, or simply as
tool marks. An impression left by an
object may be repeated several times,
if it was saltating. Objects making the
marks are commonly mud clasts, and
fragments of animal and plant debris.
As with flutes and grooves, tool
marks are seen as casts on the soles of
beds, particularly of turbidites.

5.2.4 Scour marks and scoured
surfaces

These are eroded by currents. Scour
marks are small-scale structures,
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generally less than a metre across,

occurring on the base of beds and

within them. In plan they are usually

elongated in the current direction.

With increasing size, scours grade
into channels (Section 5.2.5). Typical
features of scoured surfaces are the
cutting out of underlying sediments,
the truncation of underlying laminae
and the presence of coarser sediment
overlying the scoured surface (Fig.
5.34). The scoured surfaces are often
irregular, with some relief, but can be
smooth.

Scour marks and scoured surfaces
are neither restricted to lithology nor
environment but occur wherever cur-
rents are sufficiently strong to erode
into underlying sediment. They often
form during a single erosional event.

5.2.5 Channels

Channels are larger-scale structures,
metres to kilometres across, that are
generally sites of sediment transport
over long periods of time. Many chan-
nels are concave-up in cross-section
(Fig. 5.3) and their fills form elongate

Ll T
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Fig. 5.2 Groove marks on undersurface of siliciclastic turbidite. Carboniferous, §,W,
England. Field of view 2m, '

(shoe-string) sediment bodies when
mapped in plan. As with scours, chan-
nels can be recognized by their cross-
cutting relationship to underlying
sediments (Figs. 5.3 and 5.18). Chan-
nels are frequently infilled with
coarser sediment than that below or
adjacent, and there is often a basal
conglomeratic layer. Cross-bedded
sandstones infill many channels.

~ Some large channels may not be
immediately apparent: therefore,
view quarry faces and cliffs from a
_ distance and take careful note of the
_ lateral persistence of sedimentary
units,

Channels are present in sequences
f many different environments,

including fluviatile, deltaic, shallow
subtidal-intertidal, and  submarine
fan, With fluviatile and deltaic chan
nels, check for evidence of lateral
accretion  (Section  5.3.3))  which
would indicate  lateral  migration
(meandering) of the channel (Fig.
5.18). Try to measure the orientation
of the channel structure; this usually
indicates the direction of the palaco
slope, important in palacogeographic
reconstructions,

Depositional structures

5.3

are the familiar
lamination,
ripples  and

In this group ¢
structures,  bedding,
cross-stratification,
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Depositional structures
e upper surface of beds
and within them. In limestones
additional structures are frequently
present, including various types of
cavity, algal stromatolites, features
produced by  synsedimentary
cementation  (hardgrounds and
tepees) and subaerial  solution

(palaeokarstic surfaces).

mudcracks.
occur on th

5 3.1 Bedding and lamination

d lamination define strati-

dding is thicker than 1 cm
thinner than 1

Bedding an
fication. Be

whereas lamination is
cm. Parallel (also called planar or

horizontal) lamination is a common
‘nternal structure of beds. Descrip-
tive terms for bed and lamination
thickness are given in Table 5.2.

5.3.1a Bedding 1s produced by
changes in the pattern of sediment-
Jtion: it may be defined by changes in

Fluvial cha

Fig. 5.3
ks. The cliff is cut perpendic

mudroc

=
A
' rﬂ [#/»f"

wrL,
V@

Table 5.2 Termi
‘ 3 erminolo 0
thickness. B ol bed
B very thickly bedded |
1 metre
thickly bedded
—— 03m
medium bedded
—— 01 m
thinly bedded
— 003 m
very thinly bedded
— 10 mm
thickly laminated
—— 3 mm
thinly laminated

sediment grain-size, colour or miner-
alogy-composition. Bedding planes
can represent long or short breaks in
sedimentation; bed junctions can be
gradational. Check for evidence of
erosion (scour) at bed boundaries,
examine bedding planes for such
structures as ripples and mudcracks
and look at bed undersurfaces for

down into finer s_andstones_ and

nnel infilled with coarse sand, cutun
ular to the long axis of the channel. Permian, S. Afnca.




erosional structures such as castslof
flutes, grooves and tool marks..A )
examine bed cross-sections for inter-
nal sedimentary structures such as
cross-stratification and graded bed-
ding. With limestones3 bedding
planes can be palaeokarstic surfaces,
denoting emergence, or hardgrouqd
surfaces produced through synsedi-
mentary cementation (Sections 5.4 .2
and 5.4.3). Be aware, however, that
bedding planes, particularly those in
limestones and dolomites, can be
modified by pressure solution to ive
stylolites (Section 5.5.6). Bed bound-
aries can be deformed by compaction
and loading; the contacts between
sandstones and underlying mudrocks
are commonly affected |

(Section 3.5.5). Tectonic movements,
bedding plane slip for e

xample, and
the formation of cleay

_ | age, can also
modify bed junctions. Bed thickness

ful parameter to

n this way

s, for example, the
Ship between bed thickn
MENt grain-size (
Some current-de
turbidites for ey

ecreases in a do

ess and sed;i-
Section 4.6). With
posited sediments,
ample, bed thickness
Wwn-current direction .

5.3.1b  Payallel lamination  (also
t’E?I'fmtd. flat bedding) 15 also defined
Y grain-size, mineralogjcal compo-
Stional or coloyr changes. Parallel
laminatjon can be produced in several
Ways but two basic types are: those
ormed  through deposition from
Strong currents, referred to as upper
plane-bed phase lamination, “and
those formed through deposition
fom suspension, low-density tur-
idity currents or from weak traction

_ Currents, the last being referred to as >
: _'-plane-bed phase lamination. s

Upper plane-bed phase lamination
predominantly occurs in sandstones
and forms through subaqueous depo-
sition at high flow velocities in the
upper flow regime (see sediment.
orogy texts). Laminae are several mjl-
limetres thick and are made visible by
subtle grain-size changes. This type
of parallel lamination is characterized

y the presence of a parting lineation,
also called primary current lineation,
on lamina surfaces (Fig. 5.4). Such
surfaces, when seen in the right
‘light’, have a visible fabric consisting
of low ridges only several grain dia.
meters high. This lineation s pro-
duced by turbulent eddies close to the
sediment surface. Parting lineation s
formed paralle] to the flow direction,
SO Its orientation will indicate the
trend of the palaeocurren;.

Lower plane-bed phase lamination
lacks parting lineation and occurs in
sediments with 2 grain-size coarser

than 0.6 mm. It forms through the
movement of sediment as bed load,

Y traction currents at low flow velo-
city in the lower flow regime.

Fig. 5.4 Panin lineation ((or primary
current lineauon?: trending trom top to

ottom  of photograph.  Devonian,

Belgium. Field of view 40cm.




Lamination formed .largelyl b)_z
deposition from suspension (:lrr : (i):,::
density turbidity currents (_)ccd in3
wide range of .fme—grame . 1 :
ologies, but especially mudrocks an
some limestones. Laminae are typi-
cally normally graded (Section 5.3.4)
if deposited from suspension cur-
rents, as is the case with varved sedi-
ments of glacial and non-glacial lakes.
Laminae can arise from the periodic
precipitation of minerals such as
calcite, halite or gypsum-anhydm_c,
and from the blooming of plankton in
surface  waters  with subsequent
deposition of organic matter. Many
finely-laminated  sediments are
deposited in protected environmen_ts
such as lagoons and lakes and in

relatively deep-water' marine basins
below wave-base.

In the field, use a han

dlens to see
the cause of the lamination; is it a fine

Intercalation of different lithologies
Ora grain-size change or both? Ifina
sandstone, split the rock and look for
parting lineation on bedding surfaces.

5.3.2
wWave

s Ripples, dypes and sand

5.3.3), which is one of the most
common internal depositional sedi-
mentary structures. Both wind anq

water can move sediment to produce
these structures.

5.3.2a Wave-formed ripples  are
formed by the action of waves on
non-cohesive sediment, es ecially
the medium silt to sand grades, and
are typically symmetrical in shape;
asymmetrical varieties do occur and
may be difficult to distinguish from
straight-crested current ripples. The
crests of wave-formed ripples are
generally straight and crest bifur-
cation is common (Fig. 5.5), some-
times  rejoining o enclose smal|
depressions. In profile, the troughs
tend to be more rounded than the
crests which can be pointed. The
ripple index (Fig. 5.7) of wave.
formed ripples is generally around ¢
or 7. Wave length is affected by sedi-
ment grain-size and water depth,
I;u;Fer ripples occurring in coarser
sediment and deeper water.
Wave-formed ripples can be affec.
ted by changes in water depth to pro-
duce modified rig‘oles; ripples with
At crests or double crests For exam-
Ple. If there js 4 change in the direc-



Fig. 5.5 Wave-formed ri
Devonian, Libya.

three types of current ripple are com-
mon: straight-crested, sinuous or
undulatory, and linguoid ripples
(Fig. 5.8). Lunate ripples do occur
but are rare. With increasing flow
velocity of the current, straight-
crested ripples pass into linguoid rp-
Ples via the transitional sinuous
ripples. The ripple index (Fig. 5.7) of
current ripples is generally between 8
and 15. Current ripples do not form
in sediment coarser than 0.6 mm dia-
meter (coarse sand).

Subaqueous dunes (also called
megaripples) and sand waves (bars)

_are larger-scale structures of similar

pples. Some trace fossils are pre

sent in the ripple troughs.

shape to ripples. Although rarely pre-
served intact the cross-bedding which
is produced by their migration is a
MOst  common structure (Section
5.3.3b). Dunes are generally a few
metres to more than ten metres in
length and up to 0.5 m high. Dune
shape varies from straight-crested to
sinuous to lunate with increasing
flow velocity. Ripples ftrequently
occur on the backs and in the troughs
of dunes. Sand waves are larger than
dunes, being hundreds of metres in
length and width, and up 10.scvcrl.1!
metres in height. Many are linguoid
in shape. Sand waves are present in
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Fig. 5.6 Current nipples. These asymmetric ri[pFles are transiuonal berween straight-
et

crested and linguoid. Current flow from right to

rivers and similar structures occur on
shallow marine shelves. In rivers,
sand waves form at lower velocities
and at shallower depths than dunes.

5.3.2c Wind npples and dunes are
asymmetric like the current ripples.
Wind ripples typically have long
straight parallel crests with bifurca-

. Trassic, N.W. England.

tions like wave-formed ripples. The
ripple index is high (Fig. 5.7). Wind
ripples are rarely preserved. The
dunes produced by wind action are
also rarely preserved but the cross-
strauficauon produced by their
migration is a feature of ancient desert
sandstones (Section 5.3.3i). The two
common aeolian dune rtypes are

Fig- 5.7 The ranges of wavelength (L), height (H) and ripple index for wind, wave-

formed and current npples.

H

wind ripples

wave ripples

current npples L<60cm H< 6cm

R A" N

L25-25em HOS - 1.0cm ]
I

LO9-200cm HO.3 - 25cm

rppie index = L/H

—_—

mostly 10 - 70
—_—

| : e
{ 4-13 mostly 6 - 7
——— ,_.t.._ — — e e e —_—
]
|

>S5 mosily 8 - 15
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Fig. 5.8 Crest plans of
lunate current nipples are
current flowing to right.

barchans (lunate structures) and seifs
(elongate sand ridges). The existence
of large seif dunes an

d draas may be
revealed by mapping the distribution

and thickness of aeolian sandstones
over a wide area. Aeoljan sandstones
have a characteristic large-scale cross.

dding (Section 5.3.31).

333 Cross—stratzﬁcation

Cross~stratiﬁcation
s

. Terms fonnerly
h as curren bedding, false or
festoon bedding are best avoided.
uch Cross-stratification s formed
rom ripples, dunes and sand waves,
Cross-straufication in
sediments can also be
ugh the infilling of ero-
sional hollows and scours, the
growth of small deltas (as into a lake
or lagoon), the development of anti-
unes, the lateral migration of point
ars in a channel and deposition on a
beach foreshore. lCross-beddmg can
50 form in conglomerates. ;
o Cross-stratificgation deserves care

: Ry s
| observation in the field as it is £

wave ripples, current npples and dunes. 1
rare. Stoss sides (less st

Dunes are larger scale b

nguoid dunes and

P, upstream facing) are stippled, thar s
ed forms than ripples (see texg.

ce

most  usefy] Structure for ged;-
mentological Interpretations, inclyd-

ent analysis (Section
3.3 gives reference to

the appropriate section for further

information_

5.3.3a Cross-lamination ang cross-
bedding Cross-stratification forms
either a single set of many sets (then
termed a coser) within one bed (Fig.
5.9). On size alone, the two principal
types of cross-stratification are grogs.
amination, where the set height is
less than 6 cm and the thickness of the
cross laminae is only a few mill;-
metres, and cross-bedding where the
set height is generally greater than 6
¢m and the individual cross-beds are

many millimetres to a centimetre or
more in thickness.

5.3.3b Shape of crossstrata Cross-
stratification anses from the {iowg}
stream (or downwind) mngrauonhen
ripples, dunes and sand waves wside
sediment is moved up the gmlss Be
and then avalanches down the f,cf A
of the structure. The s];}ape B ot
cross strata reflects the s t;pednmc_
lee slope and depends on the
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Table 5.3 Cross-stratification in sandstones: how to deal with it

—

1

Measure (a) set thickness, (b) coset thickness (c) cross bed/cross lamina thick-
ness (d) maximum angle of dip of cross strata (¢) direction of dip of cross strata

3 If cross lamination:-

(b) st climbing-npple cross

tion 5.3.3¢, Fig. 5.14)
(d) are there mud drapes giving

4 If cross bedding:—
(a) examine shape o
uon 5.3.3b, Fig. 5.12).
contact.

5.3.3b, Fig. 5.10).

(Secuon 5.3.3g).

for palaecocurrent analysis (see Chapter 7).
2 Ascertain whether cross lamination (set thickness < 6 cm, cross laminae < a

few mm thick) or cross bedding (set thickness usually > 6 cm, cross beds more
than few mm thick) (Section 5.5.3a).

(a) examine shape of foresets: tabular or trough (Secuon 5.3.3b, Fig. 5.12),
lamination (Section 5.3.3d), are stoss sides

crosional surfaces or are stoss-side laminae preserved (Fig. 5.13)?
(c) st current-ripple or wave-n

discordant laminae, draping

lamination all of which charact

oreset laminae, undulating or chevron
enze wave-formed cross lamination (Sec-

flaser bedding or interbedded mud honizons
giving wavy bedding or are there cross-laminated lenses in mudrock
giving lenticular bedding (Section 5.3.3f, Fig. 5.15)?

{ cross-bed sets: trough, tabular or wedge-shaped (Sec-

(b) examine foresets: planar or trough beds, angular or tangenual basal

(c) check bottom sets for cross laminae: co-flow or back-flow (Secton
(d) examine texture of sediment: note distribution of grain-size, look for

sorting and grading of sediment

and fine beds (Secuon 5.3.3¢c).
(¢) look for evidence of current reversals in herring-bone cross-bedding

() look for internal erosion surfaces within cross-bed sets; are they reacu-
vation surfaces (Section 5.3.3h)?

(g) look forlow-angle surfaces within the cross-bedded unit; are they lateral
accretion surfaces (Section 5.3.31)?

(h)  consider an acolian origin (features are thick cross-bed sets and high dip

oreshore origin (features are low-angle

cross strata in truncated sets, Section 5.3.3k) or formauon through

progradation of small deltas (Section 5.3.31).

angles, Sect. 5.3.3)), a beach-f

ple cross lamination? Look for form-

in cross beds and alternations of coarse

teristics of the flow, water depth and
sediment grain-size. The steeply-dip-
ping parts of the cross strataare refer-
red to as foresets and can have either
angular or tangential contacts with
the horizontal: in the latter, the lower
less steeply dipping parts are called
bottom sets. Cross-lamination, up-
stream-directed (back-flow) or down-
stream-directed (co-flow), can be

54

developed within the bottom sets of
large-scale cross-beds as a result of
ripple formation in the dune trough
(Fig. 5.10). The upper bounding sur-
face of a cross-bed set is invariably an
erosion surface; this i1s the case with
most sets of cross-lamination too, but
occasionally stoss-side laminae are
preserved (Section 5.3.3d).

Where the original bedform pro-
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Fg. 5.9 A coset with three sets of Cross-

ucing the cross-stratification s
:mscrvcd (usually a ripple) and the
Cross tfication s concordant

5.10 e-scale cross bedding (set height 60cm) with tan
. sy o i nek
mazerial m the

ftom sets with cross-lam;

the foresets as 2 result of de
orm. Current flow from lcﬁ to

¢, the cross-stratified
0 as a form ser.
iImensional shape of

units defines rwo
common types: tabulsy Cross strata,

where inter-ge; boundaries  are
generally planar, and trough cross
Strata, where the inter-set boundaries
are festoon (trough) shaped (Fig.
5:11); Wedge—shaped Cross-stratified
units also occyr (Fig. 5.12). Tabular
and  wedge cross-bedding

consists of planar beds which have 2n
angular contact wich the basal surface

with this shaj)

unit is referre

¢ three-d
/ Cross-stratified

Ination.

nght.



F}%. 5.11 Planar cross-beds in wedge-shaped sets, together with %ronounced overturning
0

oresets. Current flow from left to right. Carboniferous, N.E.

of the set. Trough cross-bedding
consists of scoop-shaped beds, with
tangential bases.

Tabular * cross-stratification s
produced by straight-crested, i.e.
two-dimensional, bedforms whereas
trough  cross-stratification  results
from curved-crested, i.e. three-
dimensional, bedforms. Tabular
cross-lamination is formed by
straight-crested  ripples; tabular
cross-bedding is mainly produced by
sand waves, and also by straight-
crested dunes. Trough cross-
lamination is chiefly produced by
linguoid ripples and trough cross-
bedding is mainly formed by lunate
and sinuous dunes.

5.3.3c Sorting in cross-beds Close
observation o? the individual cross-
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ngland.

beds will show variations in the grain-
size distribution. Where avalanching
of sediment down the lee slope was
intermittent, cross-beds show good
sorting with coarser particles con-
centrated towards the outer (down-
stream) part and towards the base.
Coarser and thicker beds formed by
avalanching can alternate with thin
beds of fine material deposited from
suspension  between  avalanche
events. Where avalanching was con-
tnuous then sorting is less well
defined and fine beds are absent.
Finer sediment and plant debris are
often concentrated in bottom sets of
cross-beds and cross-laminae, since
these are carried over the ripple or
dune crest and deposited in the
trough.

Sections 5.3.3d to 5.3.3n give




examples of some particular types of
cross-stratification

5.3.3d Climbing-ripple ross-lam; -

nation  When ripples are migrat'mg
and much sediment is being deposi-

ted, ripples will climb up the backs of

ripple cross-lamination,
npple dnft. Wi ra
uon, stoss-side

preserved so tha,

continuoyg (Fig. s, 13).
5.3.:3e

pid sedimen,_
laming

Wﬂ‘ve-gen erated
e internal
ed' ripples

Current direcuion




E

W
sSs===
1 (b) stoss side
laminae preserved

hmbing-ripple cross-lamination

(a) stoss side
erosion surfaces

Fig. 5.13 Two types of climbing-ripple
cross-lamination (ripple drift). In %a), sets
of cross-laminae are li)oundcd by erosion
surfaces; in (b) stoss side laminae are
preserved so that cross-laminae are

continuous.

shape of the bedform. They can occur
in tidal sand deposits through tidal
current reversals (where the current
of one direction is of insufficient
strength to cause much sediment
movement and thus cross-bedding in
that direction), in fluviatile sediments
through changes in river stage, and in
aeolian sands through changes in
wind strength.

5.3.3i Aeolian cross-bedding

Compared with cross-bedding of
subaqueous origin, cross-bedding
produced by wind action generally
forms sets which are much thicker;
the cross-beds themselves dip at
higher angles (Fig. 5.17). Sets of
aeolian cross-beds are typically
several metres (up to 30 m) in height.
Cross-beds can be trough or planar in
shape and they most commonly have
tangential bases. Foresets often dip at
angles in excess of 30°. Aeolian sand-

stone sequences icall :
solely of large-scﬁ::p cro)sys-lfgcriljx
sets. If an aeolian origin is suspected
then also look at the composition and
texture of the sediment (Sections 3.2
and 4.2). Cross-bedding formed s.ul.y
aqueously is generally less than 2 m in
thickness and cross-bed angles of dip
are generally less than 25°.

5.3.3j Lateral accretion surfaces/
epsilon cross bedding Within cross-
bedded channel sandstones there can
sometimes be discerned a larger-scale
cross-bedding, oriented normal to
smaller-scale cross-stratification (Fig.
5.18). This epsilon cross-bedding
forms through lateral migraton of
the channel and represents the succes-
sive growth of point bars. Usually
only a few of these lateral accretion
surfaces will be present in a field sec-
tion, spaced at distances of several
metres. They are generally a metre or
more in height and continue laterally
for several metres to more than ten
metres. Lateral accretion surfaces are
typical of meandering river channel
sandstones but they can also occur in
delta distributary and tidal channel

deposits.

5.3.3k Small-delta  cross-bedding
Where small deltas build into lakes

Fig.5.14 Three types of internal structure of wave-formed nipples.

(a) bundled upbuilding

form discordant
internal laminae

(b) chevron upbuilding

irregular, undulating
lower sel boundary

{c) unidirectional cross
lamination

draping foreset lamina
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flaser bedding

lenticular bedding ]
LO0em

wavy bedding

Fig. 5.15 Sketches of flaser, lenticular and wavy bedding.

ns, large-scale cross-bed-
Z?Sg l::;gaﬁodwdog which represents
the prograding front of the delta
(delta slope). The thickness of the
cross-bedded unit (generally a few
metres) reflects the depth of water
into which the delta was building.
Foresets dip atangles of 10° to 25° and
consist of sand, passing into much
finer-grained and well-developed
bottom sets of silt and clay, deposited
largely from suspension in front of
the cKzlta. Top sets are also well
developed and can consist of lenticu-
lar gravels, sands and finer sediments,
deposited by streams on the delta top.
Small-delta cross-bedding is identified
by the presence of well-developed
top sets and bottom sets (the former

contrasting  with cross-bedding

formed from dunes and sandwaves)

and the presence of one thick set; it

occurs as a wedge or fan in marginal
lacustrine or lagoonal settings.

3.3.31 Antidune cross-bedding is
rare but important since it indicates
high-flow velocities in the upper flow
regime. Antidunes are bedforms in
sand-grade sediment which migrate

upstream through deposition of sedi-
ment on the u

pstream-facing slope of
the bedform. The cross-bedding
formed by the migration of antidunes

1s directed upcurrent, so other evi-
dence of flow direction s required to
be certain that the supposed antidune
cross-bedding is oriented against the
flow. This type of cross-bedding
generally has a lower angle of dip and
is less well defined than that formed
by lower flow velocity subaqueous
dunes. Antidune cross-bedding is
known from turbidite and fluvial

Fig.5.16 Herring~b0ne cross-bedding and a reactvaton surface in cross-bedding.

reactivation surface




sandstones, and volcaniclastic base
surge deposits (Fig. 3.15).

5.3.3m Beach  cross-stratification
Siliciclastic and  carbonate sands
deposited on a beach of moderate to
high wave activity, are characterized
by a low-angle planar cross-stratifi-
cation arranged in truncated sets (Fig.
5.19). The low angle flat bedding is
typically directed offshore, butshore-
ward-directed bedding also develops
through sand deposition on the land-
ward side of a beach berm. Bound-
aries berween sets represent seasonal
changes in the beach profile. The
lamination is formed by wave swash-
backwash and commonly possesses
primary current lineation (Section
5.3.1b). The texture and composition
of the sediment may help to confirma
beach origin (Sections 4.2 and 3.2.1).

5.3.3n  Cross-bedding in conglom-
erates 1s not uncommon and is usu-
ally in single sets, with set heights in
the range of 0.5 m to 2 m. Cross-
beds, usually planar, can occur in
tabular, wedge and lenticular units.
Cross-bedding is common in conglo-
merates deposited in fluviatle envi-
ronments (braided streams and
stream floods) where it forms from
the downstream migration of bars at

high stage.

5.3.4 Graded beds

These show grain-size changes from
bottom to top. The most common is
normal graded bedding where the
coarsest particles at the bottom give
way to finer particles higher up (Fig.
5.20). The decrease in grain-size up-
wards can be shown by all particles in
the bed or by the coarsest particles
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only, with little change in the grain-
size of the matrix. Composite of
multiple-graded bedding is where
there are several graded units within
one bed.

Less commonly reverse (or inverse)
gradingis developed, where the grain-
size increases upwards. This can occur
throughout a bed, or more common-
ly 1t occurs in the bottom few centi-
metres of the bed, with normal graded
bedding following. Reverse grading
may only affect the coarse particles.
Graded bedding can be observed (and
measured) in conglomerates with no
difficulty and in sandstones with the
aid of a handlens.

Normal graded bedding often
results through deposition from
waning flows; as a flow decelerates so
the coarsest (heaviest) particles are
deposited first and then the finer

Fig. 5.17 Aeolian cross-bedding charac-
terized by set heights of several to many
metres, and high angles of dip (often more
than 30"};J Height of exposure 15m.
Permian, N.E. England.
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Fig. 5.18 Lateral accren
« .18 ccrenon surfaces = 4
stratification, seen in 3 ¢} ‘ (arrowed) giving 2 fare .
el Plicocurent dheecsooom <75 Small channel whighsy £0¢ (¢Psilon) cross.
ing within the sand wards observer, as dedyce act1s cut by a larger
channel-fills are overlain ?)tonc units and the onentation ucftd from smaller-scale croiis-
o Y a coarsening-y ot the channel-fill jtse :
€rous, NE, En I d . P“’Ill‘d S:lndsm : 1 “SL". nc
Bland. Height of ¢l f 7m. ne capped by a thin cog] seam
particles. Such
N graded bedd; :
typical of turb;d; ing 1s 5.3 .
current deposli?ltyéuﬂent and storm 2:2 Massive beds
. s‘ :
bcddmg can reﬂeC‘:mposue graded Massive beds have no appa
: ren -
current. Pulses in the na Structure. It is first l:\eces;;:"tu
Reverse grad ascertain that this really : Gl
INCreac, INg can arse f and that it ; ' 20y 1s the case
(CAINg strength of fl rgm e th:lt g, Bl Py due to surfac
Sedimentay; OW dunn weatherin ¢
on 8 8- Blocks collected ;
ackwagh On beaches b oratory may sh © e
are . Y show that struc S are
graded and frequentl)f reversel indeed res Stain: ructures are
Nd reverge grad y - Present. Suaining the surface
Hl the lowest parts of Ng can occur  Or using x~radiography at the local
do“'_de OSits such mass sediment ospital may bring to light structures.
ebris floyw depos; s grain flow and It the bed really is strucrureless
i 505 Its. then this is of interest and attempts
SiSting. of Bcach~f0reshore bedding co should l?e made to deduce why. Two
P“alﬁl-lam;t;‘;?cimd sets of lowg-ang'}; alternatives are that it was deposited
Uon). Uniys gf sand (Wlthpanjng\inea- without any structure or that the
pecur, together wi‘imsﬁ-lammauon may depositional structure has since been
€aVY minera) Concem::;?w burrows and  destroyed by such processes as bio-
S turbatuon (Section 5.6.1), recrystal-

lization, and dewatering (Secuon
5.5). Where an original structure has
been destroyed, careful examination
of the bed, or again of cut and stained
blocks, may reveal evidence for l:h;::
wisps of lamination may remain, t ;
sediment may appear chumed bal:i
homogenized. Truly massive b€ s
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d in this condition mostly
rough rapid sedimentation
(‘dumping’), where there was insuffi-
Gient time for bedforms to develop.
Massive bedding is a feature of some
turbidity current and grain flow
candstones, and debris flow deposits.

deposite
arise th

5.3.6 Shrinkage cracks (mud-
cracks)

These are present in many fine-grained
sediments and most form through
desiccation on emergence, causing 3
shrinkage of the bed or lamina and
thus cracking. Many desiccation
cracks define a polygonal pattern on
the bedding surface (Fig. 5.21). Poly-
gons vary enormously in size, from
millimetres to metres across. Several
orders of crack pattern may be pre-
sent. Sediment clasts can be liberated

by desiccauton.

Fig. 5.20 Graded bedding in sandstone,
from very coarse sand grade and granules at
the top.

the base to medium sand at
Precambnan, Scotand.
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Sediments also crack subaqueously:
synaeresis cracks form through seJY )
ment dewatering, often resulting
from salinity cﬁanges. Synaeresis
cracks are characterized by an incom-
plete polygonal pattern. The cracks
are often trilete or spindle-shaped
(Fig. 5.21) and can be mistaken for
trace fossils.

Desiccation and synaeresis cracks
are often infilled with coarser sedi-
ment, seen in vertical section as
wedges, although these can be de-
formed and folded through compac-
ton. Desiccation cracks indicate sub-
aerial exposure and so are common in
sediments of marine and lacustrine
shorelines. Synaeresis cracks are not
uncommon in shallow sublittoral

lacustrine deposits.

5.3.7 Rainspots

Rainspots are small depressions with
rims, formed through the impact of
rain on the soft exposed surface of
fine-grained sediments (Fig. 5.22).

5.4 Depositional structures of
limestones (including dolomites)

5.4.1 Cavity structures

Many limestones contain structures
which were originally cavities but
were infilled with sediment and/or
carbonate cement soon after deposi-
uon. These include geopetal struc-
tures, fenestrae including birdseyes,

stromatactis, sheet cracks and nep-
tunian dykes.

fé:r.nla Eeopetq[ structures This
i can I": applied to any cavity (not
% n:ralm 4 limestone) infilled with in-

12 seine tand cement (normally




(bJ

Shn e cracks. (2) formed by
ggfdlon. f"V1PnlJ‘:ﬁV complete polygons,
an be straight-sided as shown, or less

formed throu synaeresis,
rq;f:ru‘ ggon?;;;tc with eiﬁf'er bird’s foot
gr?spmdle shape. In (a), the cracks are
depicted as having suffered livde subse-

ton and so appear V-shaped
.%ms;fg:pafn {b) the cnﬂiumﬁlls are
prygmancally folded through compaction.

sparry calcite). The whole cavity in-
lling is a most useful way-up indi-
cator (the white sparite at the top) and
the surface of the internal sediment
provides a ‘spirit-level’,
posiuon of the horizon
after deposition. Geopetal structures

commonly form beneath and within
skeletal grains (Fig-5.23).
Careful measureme

structures can show
imestones had an or
dip. This is often t
reef limestones._

showing the
tl at or just

nt of geopetal
that a series of
ginal depositional
he case with fore-

Fig. 5.22 Rainspots on surface of mud-
stone. Permian, S[.)?\frica.

5.4.1b Fenestrae (ndudmg brrdseyes)
are cavity structures, usually infilled
with sparite, occurnng in micritc,
often pelleted, limestones or dolo-
mites. Two common types of fenes-
trae are: equant to irregular fenestrae
(birdseyes) and laminoid fenestrae.
Birdseyes are typically a few mill;-
metres across and are formed through
§as entrapment and desiccation in
udal flat carbonate sediments (Fi

g-
5.24). Laminoid fenestrae are elon-
Bate cavity structures, parallel 1o the

straufication, often occurring  be-
tween crypualgal laminae.

>.4.1c  Stromatactis
specific type of cavity w
actenized by a smooth f]

nal sediment, an irregular roof and a
cement infilling,

usually fibrous cal-
cite followed by drusy sparry calcite
(Fig. 5.25). Stromatacts js common
in mud-mound limestones (massive
biomicrites), but

Its origin is unclear.
Sediment dewate

ring, local seafloor
cementation and sediment scouring

are likely explanations.

is another

hich is char-

oor of inter-

5.4.1d  Sheet cracks and neptunian
dykes are continuous cavities either
parallel to or cutung the bedding.
Both can vary considerably in size,
parucularly the neptunian dykes
which can penetrate down many
metres. They can be infilled with
sediment of either similar age and
lithology to the host scdlment‘, or
with quite different and much later
material. Sheet cracks and reprunian
dykes form through peneconte:;_
pOraneous tectonic movements ca

: e SRS ]
ing cracking and fissuring of a m
stone mass.

o t
Somewhat similar strucrures, ?cl).l

often on a larger scale, canhdew:it E

within a limestone mass when
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uplifted and brought into contact
with meteoric waters. Solution (kar-
stification) of the limestone can result
in cave systems being formed which
are subsequently infilled with sedi-
ment, usually red and green non-
marine marls and coarser sediments.

5.4.2 Hardgrounds and tepee
structures

These are limestones showing evi-
dence of synsedimentary subtidal
cementation so that the sediment was
partly or wholly lithified (hard) on
the seafloor. The top surface of the
hardground usually provides the best
evidence for a cemented seafloor. A
hardground surface is usually encrus-
ted by sessile organisms such as
oysters, serpulid worms and crinoids,
and penetrated by the borings of such
organisms as annelids, lithophagid
bivalves and sponges (Fig. 5.26).
Many hardground surfaces are planar,
having formed by corrasion, and can
often be traced over considerable
areas. Other hardgrounds have a
more irregular surface with some
relief where a degree of seafloor solu-
tion has taken place.

As a result of the synsedimentary
cementation of carbonate sediments
the cemented surface layer can expand
and crack into a polygonal pattern.
The cemented crust can be pushed up
to form tepees (pseudo-anticlines,

:‘ﬁ.ﬂf.ﬁ Geopetal structure beneath

way
up

calcite infilling cawity

L]
-]
[

9 a

] ]
flat sediment surtace
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Fig. 5.24 Birdseyes (fenestrae) infilled
wlngth sparite with)irn g&i_lﬁted h)mestonc.

Carboniferous, Wales imetre scale.

Fig. 5.27), and where cracked the
crust can be thrust over itself.
Cavities can develop beneath the
cemented surface layer and be infilled
with sediment and further cement.
Tepee structures can develop i
shallow subtidal sediments, in con-
junction with hardgrounds, and n
tidal-flat carbonates. Hardgrounds
and tepee structures are not common
but they do give important environ-
mental and diagenetic informauon.

5.4.3 Palaeokarstic surfaces

Palaeokarstic surfaces showing the
effects of subaerial solution will have
an irregular topography, possibly
vw_th potholes, and be overlain by 2
thin clay bed which may represent a
soil; the mineralogy of this clay may
be distincuve. '

Also associated with palaeokarstic
surfaces are laminated crusts. These
occur on the top of the limestone,
although they may be cut by the solu-
tion surface. They typically consist of
pale brown micritic carbonate with a
poorly-defined lamination; small
tubes may be present which were the




18:5.25 Stromatactis cavities (irr

; _ 165 (irregular roof, fibrows and drusy calcite infill, and smooth
ofinternal sediment) within biomicnite Carboniferous, N W England.

sites of rootlets. Palaecokarstic syr-
ieces are important since they indi-

€ate prolonged periods of subaerial
exposure,

5.4.4 Stromatolites

- Stromatolites are Organo-sedimentary

- Structures consisting of laminations
- Which define 4 variety of growth
:forrns,‘_ They develop through the
- rapping and binding of carbonate
Particles by a1 surficial mat mainly
composed of blue-green algae. Stro-
matolites are very common in Pre-
cambrian carbonate sequences but
also occur in many of Phanerozoic
age,
. Stromatolites vary from th-f
~ laminations, called C")’P‘l‘l‘lg‘i’nl”:;:e
nites (Fig. 5.28), often showing

effects of desiccation, to domes (like
cabbages) and columns (cigar-shaped).
Laminations are less than several milli-
metres in thickness and consist of
micrite, peloids and fine skeletal
debris. With planar forms the cryptal-
gal origin of the laminae is showq by
small corrugations and undulations
and preferential thickening over small
surface irregularities. Elongate cavi-
ties (laminoid fenestrae, Secuon
5.4.1b) are common in crypralgal
laminites. o
A useful notation for .dcs.cnbu}g
stromatolites in the field is given in
Fig. 5.29. The morphology of stroma-
tofitcs frequently changes upwards,
as a response Lo environmen
changes, and large stromarolite struc;'
tures may consist of lower orders of
domes and columns. The notauon o
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Fig. 5.26 View of hardground surface showing encrusting oysters

holes). Jurassic, W.England.

Fig. 5.29 provides a convenient short-

hand for describing such changes and
vanations.

Oncolites are spherical to subsphe-
rical, unattached crypralgal struc-
tures (algal balls), often with con-
centric laminations (Fig. 5.30).

5.5  Post-depositional
sedimentary structures

A variety of structures are formed
after deposition, some through mass
movement of sediment (slumping)
and others through internal reorgan-
1zation by dewatering and loading.
Post-depositional Physico-chemical
and chemical processes produce stylo-
lites, solution seams and nodules,
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and borings (circular

5.5.1 Slumpsand slides

: e
Once deposited, either upon Oz;rl,ot:e
to a slope, a mass of sechmvle]me o
transported downslope. Wher £ e
is lictle internal deformauon © ase
sediment mass, more often Lk
with limetones, then the [ranspol’l’e_
mass is referred to as a shide. Breca®”
tion of the sediment mass can take
place to produce large and sm
blocks. Where a sediment mass
internally deformed during down-
slope movement, then the term slump
is more appropriate. A slumped mass
tyrically shows folding; recumbent
folds, asymmerric anticlgines and syn-
clines and thrust folds are common,
on all scales (Fig. 5.31). Fold axes are
Oﬂf!ﬂtcd parallel to the strike of the

15




metres or  Kilometres. Many are
tnggered by earthquake shocks.
The presence of slump or shide in
1 Sequence can be deduced from the
ovcurrence  of  undisturbed beds
above and below, and 3 lower contact
(the surface upon which the slump or
shde took place), whj

ch cuts ACross
the bedding (Fig. 5.32). 1t is neces.

STV 10 convinee yourself that latera|
MISS - movement  of sediment by
By : in lmingeg  '2Ken placc;somcwhatsimilar convo-
327 Tepee structure in aminat e S o i

£ .Tnasmc,Wales.Fncldom‘ewlm. lutions ang breceiations of Strata can
E be produced by

¥ dewatering (see
) ¢low) and othe
erturning

3 - [ processes.
9peand the direction of ov P

of fol 51sdownslop
€ Measuring the o
ol

64l platie o dump 3.5.2 Deformed bedding
10 ascertain the direction of D_eformed beddin

1srupted, convo
the scale of bedd,

g and terms sych g5
lute and contorted

ding can be applied where the bed-
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occurs in cross-laminated sedimad
with the lamination defo ments,
ro“s,_ small anticlines a:gd"
synclines. Such convolutiowh

frequently asymmetric or gy, o

Certically stacked| 10 the  palaeocurrent directiop
il b areds (LLH) hg-'ﬂ”b‘i‘h{”U'('fs CO?”O"!(’d ﬂnd dﬁmpted bf .
(SH) applies to less regular deformation

;;—iﬁ*ﬁ—,j @ @ with_in a bed, involving ;
—— = O folding, contortions and ﬁlslr:;m

laterally-hinked
3

L T L TR S O O

1

| ——m == = .

len ptalgal taminites,  oncolites without any Prefermd orientation or
lirreguiar crinkly symmetric of arrangement. Wholesale or logal
l aminae. desiccated. asymmetric brecciation of some beds can occur
i\\ ith fenestrae growth B Owverturned cross-bedding affectsth;
| uppermost part of cross-beds and the

P 2 = { [ {
5.29 Four common crypualgal o o rning is invariably in the

Fig.

structures, domal, columnar and planar > n

stromatolites, and oncolites. downcurrent direction.
Deformed bedding can arise froma

number of processes. Shearing by

ding, cross-bedding and cross-lami-  currents on a sediment surface and
nation produced during sedimentation frictional drag exerted by moving
have been subsequently deformed,  sand are thought to cause some con-
but where there has been no large-  volute bedding and overturned cross-
scale lateral movement of sediment. bedding. Dewatering processes such
Convolute  bedding  rtypically  as fluidization and liquefaction (often

Fig. 5.30 Oncolites. Carboniferous, N.E. England.




Fig. 5.31 Slym

. fold :
¢many.Field of view ({dgmttht and brecciated nodular limestone beds. Devonian,

~ indu

e ::d by earthquake shocks) give
_ .m convolutions, contortions and
_disruptions.

relatively rare structures

and readily identifiable, the dykes
from their cross-cutting relationshi

with bedding and infilling of samﬁ
and the sand volcanoes (formed
where sand moving up adyke reached
the sediment surface) from their
conical shape with a central depres-
sion, occurring on a bedding plane.
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Fig.5.32 Principal features of a slumped bed. Slumps can occur on a scale of centimegers

to kilometres.

Dewatering, often earthquake-shock
initiated, 1s the cause of these

Sstructures.

5.5.4 Dish and pillar structures

These consist of concave-up laminae
(the dishes), generally a few centi-
metres across, separated by structure-
less zones (the pillars). Dish and pillar
structures are formed by the lateral
and upward passage of water through
a sediment. Although not restricted
to sandstones of a particular environ-
ment or depositional mechanism,
they are common structures of sedi-
ment flow deposits which occur in
submarine fan sequences.

5.5.5 Load structures

Load structures are formed through
differential sinking of one bed into
another. Load casts are common on
the soles of sandstone overlying mud-
rock, occurring as bulbous, rounded
structures, generally without any

referred elongation or orientation
(Fig. 5.33). Mud can be injected up
into the sand to form flame structures
(Fig. 5.34). Also as a result of
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loading, a bed, usually of sand, cap
sink 1nto an underlying mud and
break up into discrete masses
forming the so-called ball and pi”ou:
structure.  On a  smaller scale,
individual ripples can sink into
underlying mud, producing sunken
ripples or sandstone balls.

Close attention should be paid to
sandstone-mudrock junctions since
it will often be found that graviry-
loading has taken place (Fig. 5.34).

5.5.6 Pressure solution and
compaction

A result of overburden and tectonic
pressure is that solution takes place
within sedimentary rock masses
along certain planes. Pressure solu-
tion effects are commonly seen at the
junctions of limestone beds and with-
in limestones in the form of stylolites,
sutured to irregular solution seams
with insoluble material (chiefly clay)
concentrated along them (Fig. 5.35).
Solution seams with less relief occur
in more argillaceous limestones and
D e o s e
Of pressure solud;r.l . € occurrence

an be demon-




; of view Im.
. strated by the paruial loss of fossils
~ across stylolites. Extreme pressure

* solution can give a limestone a brec-
. cated appearance. Stylolites also
- occur in sandstones and berween
~ pebbles in conglomerates.

- Compaction of muddy sediments
- begins soon after deposition and the
- main effects are the crushing of fossils
* and reduction of deposited sediment
* thickness by a factor of up to 10 (best
~ seen where there are early diagenetic
. nodules in the mudrock: Section
© 3.5.7). Compaction coupled with
- pressure solution also enhances lime-
* stone-mudrock contacts.

5.5.7 Nodules

. Nodules, (also called concretions)
ko form in sediments after
(Fig. 5.36). Minerals often

i . 533 Load structures on underside of sandstone bed. Late Prec

ules are fine-grained

ambrian, Norway.

vaneues of calcite, dolomite, siderite,
pynte, collophane and quartz (chert).
Calcite, pyrite and siderite nodules of
a few millimetres to a few tens of
centimetres in diameter are common
in mudrocks; chert nodules are com-

Fig. 5.34 (a) scoured surface at base of
sand bed; truncation of mud laminae at
contact. (b) loaded surface, through
sinking of sand into mud. Upward injec-
tion of mud (flame structure) and
depression and contortion of mud laminae.
A scoured surface can be deformed by
loading.
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Fig.5.35 Stylolitesin micritic imestone.

mon in limestones, and calcite and'

dolomite nodules sometimes  of

immense size (metres across) occur in
sandstones. Nodules may be ran-
domly disposed or concentrated
along particular horizons.

Nodule shape can vary consider-
ably from spherical to flactened, to
elongate, to highly irregular. Some
nodules are nucleated around fossils
and others form within animal bur-
row systems, but the majority are not
related to any pre-existing inhomo-
geneity in the sediment. Occasion-
ally, nodules possess radial and con-
centric cracks, infilled with mineral
matter. The cracks in these septarian
nodules, usually of calcite or siderite,
form through contraction (dewater-
ing) of the nodules soon after their

formation.

Nodules can form at various times
during diagenesis; the majority of
nodules 1n muddy sediments form
during early diagenesis, before the
main phase of compaction. Calcare-
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Cretaceous, E. England.

ous nodules are common in marine
mudrocks generally (but they doform
in soils as calcretes, see below); pyritic
nodules are more common 1n Organit-
rich muddy marine sed1m.cnts, wh.de
siderite 1S more common in organic-
rich non-marine sediments. As' a
result of the early diagenetic Orgih,
lamination in the host sediment IS
deflected around the nodules (F1g.
5.37), and the nqdulcs can prcservc'
the original lamina thickness. £
amount of compaction that has taken
lace can be deduced from these
nodules (Fig. 5.37). Fossils and bur-
rows in early diagenetic nodulcs are
protected from compaction and o0
are unbroken and uncompresset:
Early diagenetic nodules .for‘mmg
close to the sediment—water interface
can be exposed on the seafloor or
reworked and thus encrusted an
bored by organisms (the nodules act
as hardgrounds, Section 5.4.2). Chert
nodules in limestones and carbonate
nodules in sandstones are also chiefly




53¢ Dugeneuc calcareous nodules in mudrock. Devonian Germaoy

2 early diagenetic origin. Late dia-  firmed bv pewrographac smady. bz 3
oy c nodules in muddy sediments feature which can be clearis eyl
®m atter compaction so that lami-  in the field when they zre Sy
. manon 15 undeflected from host sed;- INn coarser sediments. i the et
. mexthrough the nodules (Fig. 5.37).  of pebbles and grains. Calcremey 2r» 2
i Fcareous nodules (calrete or  useful palacoclmatic ndicamne, bux
S aabobe) develop in soils of semi-anid
§ @vronments  where evaporauon
« wm P@lglutﬁo?. In the _geo- Fig. 537 Pre-compacsional -
y. ROp ey are rtypically diagenetic) and powm-comoactewes e
i'.'lljm‘j n red-bed sequences, in fluvi- 1agenenc 2 nodules = mmdrocks A=
1 1 z the amount of ooesmanen (T
b ey i e POl e o L
_ . as [(a — b) + a] » 100%
“me<nts, tormed when the latter
emergent. In the field, cal- | crushea foeses ol T Y
rees wsually occur as pale-coloured | i+~ Lo
et nodules, a few centimetres in |
&nm:r. often with a downward |
00 .I'I'I'I (Flg 5-38). They vary '
m y-scartered to densely- e mp——
l nodules: laminated and piso- | P75 .
res can be present. The |

of calcretes is best con- 73
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5.38 Calcrete (calcareous palaeosoil) consisting of e

Fig.
caFcite. Devonian, W. England.

they also reflect lengthy periods of
non-deposition (tens of thousands of
years), during which the pedogenic
processes operated.

A scheme for describing nodules is
given in Table 5.4.

5.6 Biogenic sedimentary
structures

Many structures can be formed in
sediments through the activities of
animals and plants, in addition to the
cryptalgal laminites and stromatolites
described in Section 5.4.4. Strucrures
produced vary considerably from
poorly-defined and vague disrup-
tions of lamination and bedding, 10
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longate nodules of fine-grained

. 5
discrete and well-org.jmlzed tg’:c;_ {?e ’
sils (ichnofossils) which c;}n e
a specific name. Trace fos S the
often be interpreted 1n renjlsrisc .
animal’s activity which gave e
the structure, but the nature f;t o
animal itself is often dlﬁ:j‘g;lferem
impossible to deduce since li;nilar
organisms may often have a SaJ .

mode of life. Also, an amm ot

produce different structures depeed 4
ing on its behaviour and on the s¢
ment  characteristics  (grain-sIz¢
water content, etc). Burrow stru¢
tures are commonly made by crus-
taceans, annelids, bivalves and echi”
noids, and surface trails and tracks by
crustaceans, trilobites, annelids,

ga-StT'OPOdS and vertebrates.
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here are several types of delta (lobate and lnlrfifm;!
S deltaic subenvironments (fh'.frnulu,.ry
especially), ani Taxslzvamps and lakes, mouth and distal bars,
channels .:md LVE; ’s e prodClm slopc)_. Many deltas :‘m,”?frf”
il"'"rfl'strj)lf)tjzewgrkjng and redistribution by marine processes
dominate

2 he rrant. '
can be impo ‘thic ough mudds
, es: mainly sandstones (often lithic) thr ) Jh - 2“5
[J[hf;/fl;lgu'_f. = s1ndy mudrocks to mudrocks; also coal seams
sandstones, S¢

I)f‘/)f)f”l()

S A ——

aNARSE rti d rounding of sand
‘ 1 1 average sorting and ro g
- ' not diagnostic, typically
Lextures: not diag
grains. - : | ey
Structures: cross-bedding of various types in the sandstoncs,dﬂat E de,_,
: rruc]J ‘hannels common. Finer sediments show flaser and wavy
and chq - : SFpareas: .
‘ling Some mudrocks contain rootlets; nodules of siderite common
[§ .

Fossils: marine fossils in some mudrocks and sandstones, others with
‘ossils; ma bl : .
non-marine fossils, especially bivalves. Plants common.

i ' e-parallel or
Palacocurrents: mainly directed offshore but may be shor p
onshore it much marine reworking.

Geometry: sand bodies vary from ribbons to sheets depending on delta
ty pe.
Facies sequence: these typically consist of coarsening upward units

(mudrock to sandstone), through delta progradation, capped by a

seatearth and coal; there are many variations however, particularly
at the top of such units.

Relevant sections: 3.2,3.4,5.2,53
Relevant figures: 5.3 10 5. 16,5.18, 8.3
Rt o SR

"____'_——-____
coal/sonl horizon

sandstone  with Cross
bedding (various types),
flat bedding and charmels
s.‘n1:J:;1mm/mudrock with

lenticular and wa
bl-ddang i
Mudrock
. mudrock or hmestone Fi
y ‘ 1, 8 3 .

e | With marine fogg,| uct Ry ical (sj !
= : hicknes roduced“{yPle} corsening .
- s ses e ta roy a
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0T o 0 - c ‘

N Variation in <
e on in such
ar] fOwards the top if
loped.

\ 'a scqu_ence‘ partr:
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_ ymewhat similar to
i roduced by the
e - . ;Khough the latter

Table 5.4

approach

Nodules: method of

& 1o carbonized cores (Sec-
Care should l?e taken not
e ] ¢ modern organic markings,
s polychaete and sponge bor-
nd Limpet tracks, frequently
* rocks in the intertdal zone,
ace fossils. Confusion can also
“with some sedimentary struc-
uch as synaeresis cracks, tool
dewatering structures and dia-
‘nodules, and spots and line-
 in low-grade metamorphosed

scheme for the examination of

fossils is given in Table 5.5.

}i}.ﬂ.l Bioturbation

‘Bioturbation refers to the disruption
of sediment by organisms. It varies
from scattered burrow structures
- (often infilled with sediment of a
. different colour, composition or
.~ grain-size) to completely disrupted
~ sediment which has a churned
.

&

~ appearance and a loss of depositional
1 ; ”Xhﬂeﬂt&ry structures. A bioturbated
~ bed can take on a nodular texture and
~ segregations of coarser and finer sedi-
~_ment can occur.

5.6.2  Trace fossils

Trace fossils which are well develoPe_d

idered 1n
and preserved are best cons! g

; 0
terms of their mode of forl-_mauo 4
principal groups are C’rlawol:cgn;
and resting trace {OSS:I s‘;n o
bedding surfaces anc o

nnq

grazmg

1 Determine composition  of
nodules and nature of host

sediment.

2 Meas}ure nodule size and
spacing.

3 Descri‘Ee shape and texture.

4 Look for nucleus (such as
fossil).

5 Try to

formed:

(a) early diageneuc: conrain

full-bodied fossils, locally

reworked; pre-compac-

uonal so host sediment
lamination is deflected;

or (b) late diagenetic: contain

crushed fossils, post-

compactional so do not

affect host-sediment

laminauon.
6 Check if calcrete (pedogenic
nodules).

determine  when

animals in transit (not necessarily
crawling), and so are usually straight
or sinuous trails on bedding s.;ur’falces‘i
contrasting with the more 1nvo ve;e
feeding and grazmgb st;t:;ziulfcezd(sby
below). They can be e
many )types of animal in :myt re;::\:srf; i
ment. Common r:ra.wlm.g]ﬂb_ltes I
made by crustaceans, tri _
annelids. Vertebr_atesas
saurs leave footprints

. e ma
traces ar
Resting " sediment
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Table 5.5 Trace fossils: how to describe them and what to look fo,

width, diameter, etc. Points
to note for trails and tracks

and burrows are:

2 Trails and tracks (on bed
surfaces)

(2) Examine trail: note whether
regular orirregular pattern,
whether trail is straight,
sinuous, curved, coiled,
meandering or radial.

(b) Examine trail itself: if a
continuous ridge or furrow
note whether central divi-
sion and any ornamenta-
tion (such as chevron
pattern) exist: with
appendage marks or foot-
prints, measure size and
spacing (gait) of impres-
sions, look for tail marks.

3 Burrows (best seen within beds,
also on bedding surfaces)

(a) Describe shape and onenta-
tion to bedding; possibili-
ties:  horizontal, sub-

. _—_——_—-_-"‘-
1 - Sketch (or photograph) the vertical, vertical; simple
structures; — measure  size, straight  tube, simple
curved or irregularly-

disposed tube, U-tube. [f
branching burrow, note if
regular — or irregular
branching pattern and any
changes  in  burrow
diameter.

(b) Examine burrow wall: is
the burrow lined with
mud or pellets (look for
scratch marks): are laminae
in adjacent sediment de-
flected by the burrow?

(c) Examine burrow fill: is it
different from adjacent
sediment (coarser or finer;
richer or poorer in skeletal
debris), is the fill pelleted;
are there curved back-fill
laminae within the burrow
fill sediments?

(d) Look for Spreite: laminae
associated with U-shaped

burrows.

meandering and radiating patterns
(e.g. Fig.5.40). Grazing traces tend to
occur in relatively quiet depositional
environments.

Dwelling structures (Figs. 5.39
5.41 and 5.42) are burrows varyin :
from simple vertical tubes to U-shapec%
burrow_s, oniented either verticall
subvertically or horizontally to tlf(;
bedding. With U-shaped burrows
concave-up laminae, referred 1o ae
Spreite, occur between and below tl'::‘S
U-tube and form through the upw c’i
or downward movement of the Eni:-:ral
In response to sedimentation o
erosion. Where some burrow; ]
organisms are rapidly buried th:g
can move up to regain their pc;sit' 4
relative to the sediment-water in[l;n
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face; in so doing they leave behind 2
characteristic escape structure which
deflects adjacent laminae to give a
chevron structure. Other burrows,
particularly those of crustaceans, are
simple to irregularly branching
systems, with walls composed ©
pellets or clay (Fig. 5.43). Some dwel-
ling burrows possess curved laminae
mdlcau.ng back-filling by the animal.
dcf:ﬁ)dzng structures are trace fossils
deposi?-efeedwlthm the sediment by
or food. 0}:28 Jr?!‘Ea.rusms searching
simple, ncm_bo the commonest is 2
orizontal ¢ ranChl'}g, back-filled,
lameter 5 t?) 288 bhorizontal burrpw
Urrows are higIE]m)' Other feeding
Some cases wih Yy organized, in
0 . regular branchmg %
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Fig.5.40 Nerewes, 2 grazing trace. Senan. Wales.

Trace fossils can give an mdicanon

of sedlment s.0n515tem -- if the sedi-
ment is soft, th cnds_ made on 2

lamina can be mnsmlttcd throegh ©
lamunae (Fig. 5.46). Where

sediment or are pretcrtn?—ﬂf
lithified during early diageness.
surrounding sediments are rreq&z::”f
compacted around the burrow flls.
Trace fossils can show a preferred
orientation, reflecung contempor-
aneous currents (bivalve resnng races
commonly show this for example ).
Some can be used to show the way-up

of strata.

5.6.4 Rootlet beds

Root systems of plants disrupe the
internal structures of beds in 2 similar
way to burrowing animals. Many
roots and roodets are verncally
arranged  while others  are
horizontally disposed; many branch
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frecly. Roows are ofen carbonized,
L hlack streaks; many are
prescr‘r od 25 impressions. The ident-
Scapon of rootler beds mdxcates =
zm growth of plants and thus sub-

2erial condmooas: coal seams may
oc-'*more 'uoz;er"u.s Plan

DTS
15 62.5'_."‘8 ""LJ.S"O(’EL- however, 0 thar
"‘J.SI m ﬂm*“ are Clm

E_u._.:ne.zﬂun'oeu for rootets: f it
_ 5.41 Skolzhos, xs.-::outtm
hg. 3.41 =& . Wik
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-.-‘C.;'_'.g:’{..".";‘"




y

burrow
em, probably of a crustacean. Jurassic,

gt 5.43 Poorly-organized
England.

Fi
S

Fig.5.42 Rhizocorallium, horizontal U-tube with spreite. Jurassic, N.E. England.

is just a collecton of plant debris
washed in, much of the material will
be of the subaerial parts of the plant:
leaves, stem and branches.

5.7 The geometry of sedimen-
tary deposits and lateral facies
changes

Some sedimentary rock units can be
traced over large areas and show lirtle
change in character (that is facies) of
thickness; others are laterally imper-
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Fig. 5.44 Zoophycos, a feeding burrow system.

view 20 cm.

sistent. The geometry of sedimentary
deposits should be considered on the
scale of the individual bed or rock
unit as seen in an exposure and on a
larger, more regional, scale, in terms
of the shape of the sediment body, or
packet of a particular lithofacies, or
group of related lithofacies.

The geometry of an individual bed
or rock unit can be described as being
tabular if laterally extensive, wedge-
shaped if impersistent but with planar
bounding surfaces, and lenticular if
one or both of the bounding surfaces
curve (Fig. 5.47). For the largerscale
the terms sheet or blanket apply if the
length to width ratio of the shape of
the sediment body is around 1:1 and
the sediment body covers a few to
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Carboniferous, N.E. England. Field of

thousands of square kilometres.
Elongate sediment bodies, where the
length greatly exceeds the width, can
be described as ribbon or shoestring if
unbranching, dendroid if branching,
and a belt if composite. Many elon-
gate sand bodies are channel fulls,
oriented down the palaeoslope. Elon-
ate sediment bodies can also form
parallel to a shoreline, as in beach and
barrier island developments. Sedi-
ment masses can be discrete enutes,
forming pods or patches, the later
term particularly applicable to some
reef limestones. Coarse clastic sedi-
ments often form fans or cones where
deposited at the toe of a slope
Examples include alluvial fan, fais-
delta and submarine fan deposits.




S Facies, defined by the lithological,
textural, structural and palaconto-
logical features of the se%imcntary
rock, frequently change laterally as
well as vertically in a sedimentary
ccession. This can involve a change
n one or all of the parameters defining
‘the facies. Lateral changes can be very
rapid, over several or tens of metres,
- Oor more gradational, when the change
- takes place over several kilometres.

e

3 Fig_- 5.46 Trace made by ammalL o8
* sediment surface transfe to
. laminae to form undertrace,

5

»38

(s

'.5.4'5-Cbondntes, a feeding burrow system. Devonian. §. W England.

Fig. 5.47 Common geometries of beds or
rock units (on a scale of metres to tens of
metres) and sediment bodies (on kilometre
or regional scale).
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Facies changes reflect changes in the
environmental conditions of sedi-
mentation (Chapter 8).

Observations of the geometry of
individual beds and rock units
normally present no problem. In a
quarry or cliff exposure, follow beds
laterally to check on their shape and
then make notes and sketches (or take
photographs). With the larger-scale
geometry of sediment bodies, if
exposures are very good as in some
mountainous and vegetation-free
regions, it may be possible to see the
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lateral changes and sediment body
shape directly. Where exposure is
limited, make detailed logs across the
same part of the rock sequence at
several or many localities. To be sure
that sections are equivalent it is neces-
sary to have either a laterally contin-
uous horizon in the sequence, or the
presence of the same zonal fossils. If
lateral facies changes are suspected in
an area of poor exposure then detailed
mapping and logging of all available
exposures may be required to demon-
strate such changes.
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Table 6.1 Checklist for the examination of fossils in lhcﬁld\
lw

\

A Distribution of fossils in sediment

1 Fossils largely m growth position
(a) Do they constitute a reef?— characterized by : coloni]
isms: interaction between organisms (gu;}; = Organ-
growth); presence of original caviues (infilled whmcr_-._.-s::g
and/or cement) and massive, unbedded appwznc:::::m

3.5.3):
(i) describe growth forms of colonial organisms; do thes

change up through reef?

(i1) are some skeletons providing a framework?
(b) If non-reef, are fossils epifaunal or infaunal? if epifaunal how
have fossils been preserved: by smoothering, for example>
(c) Do epifaunal fossils have a preferred orientation, reflecting
contemporary currents? if so, measure. )
(d) Arefossils encrusting substrate, i.e., isita hardground surface?

(e) Are the plant remains rootlets?

2 Fossils not in growth position
lenses or laterally-

(2) Are they concentrated into pockets,
buted throughout the

persistent beds or are they evenly distr

sediment?

(b) Do fossils occurinap
in the faunal content o

articular lithofacies? are there differences
f different lithofacies?

(c) If fossil concentrations occur, what proportion of fossils are
broken and disarticulated? Are delicate skeletal structures pre-
served, such as spines on shells?> Check sorting of fossils,
degree of rounding; look for imbrication, graded bedding,

cross-bedding, scoured bases and sole structures.
(d) Do fossils show a preferred orientation? if so, measure.

(e) Have fossils been bored or encrusted?

(f) Note degree of bioturbation and any trace fossils present.




Fossil assemblages and diversity
B

ermine the composition of _thc fossil as§emblages by estimating

: :}):.trclativc abundance of the different fossil groups in abed or on a
bedding plane.

3 Is the fossil assemblage identical in all beds of the section or are

there several different assemblages present? if the latter. dayihe
1ssemblages correlate with different lithofacies?

3 Consider the degree of reworking apd transportation; does the
fossil assemblage reflect the community of organisms which lived
in that area?

4 Consider the composition of the fossil assemblage; for example, is
it dominated by only a few species, are they euryhaline or steno-
haline? are certain fossil groups conspicuous by their absence? do
all fossil groups present have a similar mode of life? do pelagic
forms dominate? are infaunal organisms absent?

C Diagenesis of fossil skeletons

1 Is oniginal mineralogy preserved or have skeletons been replaced:
dolomitized, silicified, hematized, pyritized, etc?

2 Have fossils been dissolved out to leave moulds?
3 Do fossils occur preferentially in nodules?

4 Are fossils full-bodied or have they been compacted?




in growth position include
(Fig. 6.1), some
bivalves, corals (Fig. 6.2), bryozoam
and stromatoporoids. It 15 worth
noting the general lc\'fcl of u?faun‘al
activity (amount of bioturbation) in
conjunction with the body fossils

present.
Fossils can
or build-ups
the majority ©
growth position,
organisms growing over af
each other. Colonial organisms can
Jominate and the rock characterist-
ically has 2 massive, unbedded
appearance. Cavities, both large and
small, perhaps infilled with internal
sediment and calcite cement, are
common in reefal limestones.

found
brachiopods

be organized into reefs
(Section 3.5.3); in these
f the fossils are in

perhaps with some
d upon

6.2.2 Current accumulations

Concentrations of skeletal material
(Fig. 6.3) arising from currents can
form in a number of ways. Transpor-
tation of skeletal debris by storm

currents leads 10 the 4
storm beds. These tend 1o be [y
persistent, possessing  shar ally-
scoured bases, They can cithcf ,h(:,ﬁ:'
normal size grading, good son; :
pan‘lclc‘ and lamination, ur' lm‘li
sorting, the deposit having 2 ‘dumped’
appearance with 2 wide range of
grain-sizes and no internal smgu
Storm beds vary from a few ¢m t:‘
few tens of centimetres in thicknq:
and are characteristic of subtidal shelf
and platform  sequences. Fossil
accumulations can also form through
the winnowing action of weaker
currents which remove finer sediment
and skeletal grains. Such fossil lag
deposits  are usually impersistent
lenses and pockets; they oo occur in
shallow shelf carbonate sequences.
Fossil-rich beds can also be formed
through reworking of sediment by
migrating tidal channels.

The degree of current activity and
reworking affects the proportion of
broken and disarticulated carbonate
skeletons within a fossil concentrate.

Aition of

Fig. 6.1 Brachiopods (productids) in growth positon. Carboniferous, Wales.




Fgs.2 Colonal corals ( Lxzbosromos 2.

With an increasing level of agitanon.
fossils grade from perfect preser-
vauon, with all delicare STruCTures
intact and adjoined, to poor preser-
vation where fossils are abraded an,
broken. Points to look for with
specific fossils are rmnoids- the lemert

S 0N

of the stems and whether all ossicles
are separated, if the calyx is presen:
whether this is artached 1o the stem or
not; broalves, brachiopods and
ostracods: whether the valves are dis.
articulated or articulated. if the former
whether there are equal numbers of
each valve, if the latter whether the
~ valves are open or closed: some
" brachiopods and bivalves: whether
the spines for anchorage are sull
attached; trilobites: whether the
exoskeleton is whole or incomplete.

fl (e

{

s R

. Preferred orientations

ate shells or skeletons affected
arrenms frequently have 1 preferrs

-.-‘_.,

SO posmon. . onterons. W ales

S ——
Vs oLl

U0 0 th

: _
o0 o thar long-axes (Fig.
; s ahgnment can be paralle] 1o

— 8 commoaly normal to the
uTent of the skeletal fraemens were
Sude w rolling. Preferred orien-
QJoons are commonly found with
Cnod stems, grapeolites, cricocon-
Ands, elongate bivalve shells. solitarv
corals,  belemnites. orthoconic
nautiloids and plant fragments. Some
onenumnons may reflect current

47 N < Ay > |;
cirecuons dunnyg

lite. Chapter 7 deals

.t | 1 i L
WIlh paiasocurrent analysis.

6.3 Fossil assocations and
diversity
6.3.1 Fossil assemblages

ir relavonship

esent, and their re nship

Thosc_lfrothcr, give ugerul env mc_)ne

- c:;] :nformaunon. First dqtcmjn!;l_

tr;:cnfoﬁ;l assemblage qualitatively by
e

esumating the re

lative abundance of
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1 i hiop
Fig. 6.3 Current accumulation of brac
plogssess geopetal structures. Carboniferous, N

the different fossil groups. For a
recise analysis of the assemblage
farge blocks of the sediment need to
be broken up carefully and all species
identified and counted. This is best
undertaken in the laboratory. If good
bedding plane exposures are available
count the number of each fossil species
in a quadrat; a square of a partcular
area, one square metre, is usuall
taken. By carefully analyzing the
fossil assemblage from different beds
in a section or different but coeval
lithofacies over an area, changes in
the assemblage can be recognized.
Assemblages can be described by their
dominant members;
several characteristic forms present:
e.g. Productid-Lithostrotion assem-
blage (common in the Lower Carbon-
iferous), Micraster-terebratulid-

sponge assemblage (common in the
Upper Cretaceous).

88

choose one or

od shells. Many are still articulated and some

.W. England. Field of view 30cm.

A fossil assemblage is also a dleath

assemblage. l\gan); sul;:h arses;r:igsag{c);

composed of the r

ziﬁmals v.lr)hich did not I}ve in the samet
area. The skeletal debris was brougl?
together by currents and so g?nelra g
consists of broken and dlsamculate
skeletons. Some death assemblages
consist of the skeletons of orga.msmaj
which did live in the same gener
area. In these cases, some fossils may
occur in their original life posituon
and skeletal transportation has been
minimal. Reefs and other build-ups
are obvious examples of in situ death
assemblages.

Where little transport of skeletal
material has raken place after death,
the fossil assemblage will reflect the
community of organisms which lived
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blage, or by an
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Munity g an Mportant s ‘

STep, since 3
Pendent on eNVIron-
i changes in
ndicate changes in
€3 communry
g » 1S passible o
the species nrec
\ € Species Present and deduce
VaNous organisms plaved in
Mt communire 1. G
y MUAIEY. 1t must be remen.
o that much, if no maost, of the
S record - \
oy '}(\F\{ \s_nm preseny t\’l.Th(‘l‘t‘ s
0usly 3 bias towands the preser-
ko mmal hand pants. In
.sl _\.llng 4 commumuy, thought
~f 0u d‘hc AIven to amimals and plants
Or Which there i only circumstantial
Or N0 evidence. Trace tossils, pellets,
olites and algal laminauons are
Ftant in this respect.

Ommunity can

Vation

'ng and boring organisms. Large

CNts can act as substraes
tor others: oysters. bl’y(}zoam, bar.
nacles, certain inarticulate brachio-
pods, algae and serpulid  worms
trequently encrust other skeletons.
Boning organisms such as serpulids,
htho ]ugid bivalves and sponges can
atmE skeletal fragments antr other
hard substrates (such as hardground
surfaces, Section 5.4.2), producing
charactensuc holes and wbes. Boring
and encrusting of skeletal debris tends
1o be more common where sedimen-
tation rates are low. Burrows ::
sediment are also more common
S\ICh Situatons (St'\‘lmﬂ 5.6)

skeletal fragm
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6.3.2  Species diversity

The number :
Present in an azls]:mgpe Of species
: 38&/ C}iepend on
actors, ere
factors (depth, salinity, agitattli]cfrie
Substrate, OXygenation etc.) are at an’
ey e o
iy, unal and epifaunal
and planktonic
orgams[ns areall presen. Where there
are environmental Pressures, species
diversity is lowered and certain aspects
of the faung and flora may be missing.
However, in these situations, species
that are present and can tolerate the
¢nvironment may occur in great
numbers. With increasing  depth
pelagic fossils such as fish, graptolites,
cephalopods, posidonid bivalves and
some ostracods for example, will
dominate. The same situation is found
with an increasing degree of stag-
nation:  benthic organisms  will
eventually be excluded altogether, so
that only pelagic organisms are
present. With higher or lower sal-
inities than normal marine, many
species are excluded completely.
Groups tolerant of normal marine
conditions only (stenohaline forms)
are corals, bryozoans, stromatopor-
oids and trilobites; many specific
genera and species of other groups are
also stenohaline. Some fossil groups
(euryhaline forms) are able to tolerate
extremes of salinity; certain bivalves,

gastropods, ostracods and charophyte
algae are examples. Where sediments
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€ Suspected. [n som
sh eletqns show 3 change i

s1ze with extremes of sallinin
saline condition

€c

'P{XPCT*

resence of :
pseudomorphs (Section 3.6)Wap0me

6.4 Skeletal d.iagenesis

The original composition of fossil
skeletons is frequently altered during
diagenesis. Many carbonate skeletons
are and were composed of aragonite
when the animal was living. With the
majority of such fossils the aragonite
has been replaced by calcite. Other
minerals  which  replace  fossils
include dolomite, pyrite, hematite
and silica. Occasionally fossils can be
dissolved out completely so that only
moulds are left; this can happen
preferentially to fossils - onginally
composed of aragonite.
Where early diagenetic nodules
occur in a mudrock sequence f.ossds
resent within the nodules will be
Eetter preserved, that is less

compacted, compared with fossils in
the surrounding mudrock. Nodule
nucleation can take place preferentally
around fossils; for example the decay
of fish in sediment can set up a
chemical microenvironment

ducive for mineral precipitation.

con-

&

il S et s S




7. Introduction

Palacocurrents  often reflect the
regional  palaeoslope, hence  their
analysis is a vital part of sedimentary
rock studies, providing data on the
palaeogeography and useful infor-
mation for facies Interpretation. The
measurement of palaeocurrents in the
field should become 2 routine pro-
cedure; a palacocurrent direction is

an important attribute of 5 lithofacies
and necessary for g complete
description,

Many different fearyes of a sed;-

; used as palaeq-
current indicators, §

7.2 Palae

OCurrent
ments

) urements you can take
fom either 4

measure-

/

Palaeocurrent analysis

First, assess the outcrop. If only one
lithofacies is present me
can be collected from any or all of the
beds. If measurements from one bed
(or many beds at an outcrop) are al|
similar (a2 unimodal palaeocurrent
pattern, Fig. 7.1) there is no value in
taking 2 large number of readings.
Some 20 1o 30 Measurements from an
¢Xposure would be sufficient to give
N accurate vector meap, (Section 7.4).
You should then find other outcrops
of the same lithofacies ip the
immediate vicinity and farther afield,
50 that the palaecocurrent pattern over

the area can be deduced. 1f within 2
od . :

asurements

depending o
ascertain the meap direction.

casurements collected from dif.
erent sedimentary strucrures should
e kept apart, at Jeast nitially. If they
ar€ very similar they can be com.

bined. Also keep separate measure-

ments from different lithofacies art an

€xposure; they may have bcel}
deposited by ~ different types o
current, or currents from different
directions. Readings should be tabu-

ed or a series of beds,
ate 1s the palacocurrent

obtain, although an
ftant consideration is the varia-
¥ (Spread) of the measurements.

i 1 k.
lated in your field noteboo
: e n)ieasurements you have dtzlark:r_l
may not reprct;enththe cc.urrer thl::t gec
1on if either the shape :
i::ii:m (or both) of the sedimentary
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olymodal
bimodal poly
[ unimodal bipolar oblique
N N
W E W ‘ ;
S

ig. 7.1 The four types of palacocurrent
iF::tge.r:alls). The conve;yt?on is to plot palaeocu

pattern, plotted as rose diagrams (with 3p°
rrent azimuthal d

ataina‘current to’ sense, so

thatin the unimodal case above, the current was flowing from the south towards the north,
atin

structures has been changed by
tectonism. It is important to appreci-
ate that two changes can occur: tilt
and deformation. A simple change in
the inclination of the plane, of which
the sedimentary structure js a part, is
described as the ] Tilt does not
change the shape of sediment

1 Measure the angle and direction
of dip of the bedding surface (or
undersurface) containing the sed;.
Mentary structure and plot the

surface as 5 great crcle on ,
stereonet,

2 Mark on the great

circle the acute
‘ ary angle between the direction of the
s;]ructurfe.l)roqesses which change the sedimentary Structure and g
shape of 3 sedxmentar_‘y Structure are strike of the bedding surface (.
described a5 deformation_ b 5
T _ _ the pitch, of rake, of the sed;-
O ascertain the direction of mentary Structure)
alacocurrenyg from Structures which 3 h
ave been gl 5 1 e = Otate the greqy circle to the hori
"eMmove the cffecys lting, 5 s zontal and wig ;. the pitch of the
Process thag i described later. T, do > '_ll'nentary Structure: (he effect
the same i, deformeg edimenc, t‘:_l "t on the azimy,h of the stryc.
structy : : re is :
an ac (¢S 15 not Stimple requires h "OW removeg and the azi-
. cu]r{ate SESSment of yp, Straj Muth cap pe Calculareq (Fig. 7 2)
roc : | 2).
Mentary. o cstu ign}:alm the sed; The fol]owmg Steps  shoy]
¢yond the Ope of | done is  planyy Structyre (e "ation pf
but an excelle taccouml abndbook that by been chan egd E"OS ~beddmg)
C
:;Lflzagan (1973), Tp tell :_found ! Measure the dg 5 i
0{ nnhed roc ma88es a lgns 0f dlp of the an dlr?cnon f
folcs['iuc fearllres c fesence Stmcture and p] lmentary
defong’ metamo ¢ f > Mingy Plane on 3 s PO ¢ fOr th]s
The el D2 Simp Plot
0 O‘Wn St t Ot e
e e ot
: a
ale Cture that hag been, Q(L a hnear 2l rte the latter to hre'.
‘ “8ed by Nump e 1€ the former '\ i0nta)
er
72 ¥ The newoi;de.grees Y the same
Osiy
R On fther\-'
o B R




Fig. 7.2 An example of correcting the
onentaton of a linear structure for tectonic
ult. A bed dips at 50° to 225° and has a
linear structure with a pitch of 20° to the
SE. The bed is plotted as a great circle on a
stereonet and the pitch of the structure is
marked on that circle (X). The bed is
restored to the honzontal and with it the
structure along a small circle to give its

original orientation at point Y. On rotating
bdc%, the azimuth of Y 1s given: 155°,

the planar sedimentary structure
now gives its orientation with tilt
removed (Fig. 7.3).

Finally a note of warning: if ulted
strata are part of a fold whose axis of
folding is inclined (i.e. plunging) the
fold axis must be brought to hori-
zontal, so changing the orientation of
tilt, before the tilt is removed. Having
completed these corrections can you
,-.‘ be certain that the palacocurrent
: direction is that at its time of
formation? Unfortunately not, for
rotations of outcrop that have
occurred about a vertical axis should
be known and removed; rarely are

making corrections
is given on the inside

7.3 Structures for
current measurement

odd Cross—bedding

This is one of the best strucrures to
use but first determine what type of
cross-bedding is present (Section
5.3.3). If it has formed by the migra-

ton of subaqueous dunes and

sand

waves (much is of this type) or aeolian
dunes, then it is eminently suitable
for palacocurrent (or palacowind)
measurement. Check whether the
cross-bedding is of the planar (tabular)
or trough type (Figs. 5.12 and 5.3.3b).

With planar cross-bedding

¥ thc

palacocurrent direction is simply
given by the direction of maximum
angle of dip. If the exposure is three-
dlmcnsional, or two-dimensional
with a bedding plane surface there is

no problem 1n measuring

this

directly. If there is only one vertical
face showing the cross-bedding then
taking readings is less satsfactory
since 1t is just the orientation of the
face that is being measured, which is
unlikely to be exactly in the palaco-
current direction. Close scrutiny of
the rock face may enable you to see a
little of the cross-bed surface and so
determine the actual dip direction. If

even this is impossible there

1S no

alternative but to measure the

onentation of the rock surface.

With trough cross-bedding, it is
essential to have a three-dimensional
exposure or one with a bedding plane
section, so that the shape of the cross
strata is clearly visible and the dip
direction down the trough axis can be

measured accurately. Because

of the

shape of the cross-beds, verucal

sections ¢

eanjiitds

Vertical seg

an show cross-_bedqung
dipping 90° to current direction.

Cross-




T —
— Stage 201 Stage 2(n)
N 0
Stage !

/ 060°
W57 55°
(2) 50°

S

Staged N Bedding dip 50°, dip direction 035°
Cross bedding. dip 55°, direction 060°
Stage 1 plot poles of bedding (a) and cross
20° bedding (b)
(b) e Stage 2 bring bedding to horizontal by (1) rotating
W A E

stereogram so that pole of bedding (a) comes 1o

equatonial line (1). move pole of bedding (a) to

centre (e through 50° to bring to horizontal) and
/ZZOO move pole of cross bedding (b) 50° along a small

circle
S

Stage 3 rotate stereogram back and read off
original dip direction (i e palaeocurrent) for the
cross bedding

In this case, palaeocurrent direction 1s 120°
and original dip of cross bedding is 20°

w
%
=

fa/ 500

Fig.7.3 Correction of cross-bedding for tectonic il using stereographic projection,

bedding are ¢hys unreliable for

i considerably in orientation and differ
Eho ;ﬁcg;eng mgasurelmems and substanually from the palaeocurrent
€ use 1 i 1
y as a last resory irection recorded in the sole struc-
13 tures. The cross-lamination forms
(32 x ipples  4pd cross-  When the tubidity curren, has slowed
ation OWn somewhat and ; deri

1s wandering or

Palaeocurren

- S o mings, if there is
fpples (steeper leeasy(;nm o) of the strucrureer rore Sléltable directional
h lee-side Present (cross-bedd;
and the direcy; -0 Sream)  gole v % ng or
Ver, ripples 44 . M€asured ) Ing the Onentaton of the ripp|
they give the crogs. | Inatio nd cross. | inatiop ppics
¥ local flgn, 12 7€ often Prody 3 ve-f, .
ref] dir €ctions w},; N
€
b ap




r
713 Soff-’ structures

]:[u[c casts prrwidc acurrent .‘u’,imuq.;h
ion 5.2.1); some tool mark.? will
e rovide a currentazimuth, if not
alscl).Ps‘ a line of movement; groove
3 :: providc a line of movement,
;ﬁtc casts are generally all oriented
in the same direction and so several
measurements from one bed together
with measurements from other beds
at the exposure are sufficient, With
ove casts, there can be a substantial
variation in orientation and a larger
number (more than 20) should be
measured, from which the vector
mean can be calculated for cach bed
(Section 7.4).

7.3.4 Preferred orientations of
clasts and fossils

~ Pebbles and fossils with an elongation
~ ratio of at least 3:1 can be aligned
~ parallel to or normal to prevailing
- currents. Check for such a preferred
~ orientation and if you either suspect
~ or see its presence, measure and plot
~the elongation of a sufficient number
of the objects. In many cases you will
~ obtain a bimodal distribution with
~ onemode, that parallel to the current,
~ dominant. Pebbles, grains and fossils
~ mostly give a line or trend of move-
ment; with some fossils, orthoconic
cephalopods and high-spired gastro-
pods for example, a direction of
movement can be obtained (the
- pointed ends preferentially-directed
pstream).

B n s the tren(il of
d presents no problem

2 _

SCOMT structures can also preserve the

;_rf;‘r}d of the palacocurrent, Slump
0f%s record the direction of the

pa‘l‘acoslopc down which slumping
occurred (fold axes parallel to strike
ol palacoslope, anticlinal over-

tun{)m s downslope). Glacial striations
on bedrock show the direction of jce-
movement.

7.4 Prgscntation of results and
calculation of vector means

Palacocurrent measurements  are
grouped into classes of 10°, 15°, 20° oy
30” intervals (depending on number of
rcadmgs and vanability) and then
pl(_)ttc on a rose diagram, choosing a
suitable scale along the radius for the
number of readings. For data from
structures giving current azimuths the
rose diagram is conventionally con-
structed showing the current-to sense
(in contrast to wind roses).

Although the dominant palaco-
current (or palacowind) direction will
usually be obvious from a rose
diagram, for accurate work it is neces-
sary to calculate the mean palaeo-
current direction (that is the vector
mean). It is also worth calculatin
dispersion (or variance) of the data,
Vector means and dispersion can only
be calculated for a unimodal palaeo-
current pattern (Fig. 7.1).

To deduce the vector means from
structures giving azimuths each obser-
vation is considered to have both
direction and magnitude (the magni-
tude is generally considered unity but
it can be weighted); the north-south
and east-west components of each -
vector are then calculated by muluply- =
ing the magnitude by the cosine ';I]:d
sine of the azimuth respectvely. The -
components are summed and a divi-
sion of the summed E-W components -
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ives the
N-S com onents gnw;i.nl 4
> __.‘ i r. - )
¥ d:t of the resultant vector:
tange - |
the vector mean. e -
E-W compon¢ Ao Znsia
N-S component = '
Snsino

—— o T e
tan 0 = Sncoso

azimuth of each obs:c,:r—
vation from 0 to 360
n = observation Vt;‘t;&(])r
magnitudg, generally
I, but if data are
grouped into classes
(0-15, 16-30, 31-45,
etc.) then itis the num-
ber of observatons in
each group
azimuth of resultant
vector (1.e. vector
mean) ,
If trends only can be measured then
each observaton, measured in the
range 0 to 180° i1s doubled before the
components are calculated:

where O

E-W component = Ensin20
N-S component = 2 ncos2o
B 2E 2Znsin20

X ncos2o

The magnitude (r) of the vector mean
gives an indication of the disper<:

ghe_dqta, comparable to the standard
€V1ation or variance of linear daga -
pe= \/(Ensino)‘
azimutha] data, and

= V(ZnsinZO)z-

On-azimuthal day, Encas 20)? for

+(Z 7 cos 0)? for

azimuth group. In a vector magnitude
of 0% the distribution is completely
random. There would be no vector
.an in this case.
'[ngf nﬂlj':‘ther discqssipr} and methods
for testing the significance of two-
dimensional orientation distnbutions
see Potter and Pettijohn (1977).
Vector means can easily l?e calcu-
lated in the evenings after fl(::]dWork
and then entered on the geological map
or graphic sedimentary log. The raw

data should be kept.

7.5 Interpretation of the
palaeocurrent pattern

Four types of palacocurrent partern
can be obtained (Fig. 7.1): unimodal:
where there is one dominant current
direction; bimodal bipolar: two oppo-
site directions; bimodal oblique: two
current directions at an angle less than
180° and polymodal where there are
several dominant directions. Analysis
of the palacocurrent pattern needs to
be combined with a study of the litho-

facies for maximum information. The

features of the Palaeocurrent (palaeo-
the 1

d,
shallow shelf and t‘::ll:idite

A basi
shown in Table 7 1 s RO

- In ﬂuvgal, deltaic

regiona] Palaeos]o
Case of turbidite—':?:ssi;:] i

OW along by » Currents 5o
SI;IEH €nvirg me::‘ses. In shoreline-
go :eocun. . Bal and deserts

s aeowin ’
Palaeoslo oF relateq to 3 d direc.
palaeoge d terpreg, regional
Care h T t.l()ns Of the

1



-!-"""—--—-—___ = 2 . . &
ble 7.1 Palacocurrent patterns of principal depositional environments,
Ta ther with best and other directional structures.
toge

s il
$8 environment directional structures typical dispersal patterns
|y . | _
. large scale cross unimodal common, also bimodal
_ bedding and polymodal; dependent on
P . wind directions/dune type
' flavil cross bed_dingl, also unimodal down palaeoslope,
! parting lineation, ripples  dispersion reflects river sinuosity
: deltaic cross bedding, also unimodal directed offshore, but
parting lineation, ripples  bimodal or polymodal if marine
processes important
marine shelf cross bedding, also bimodal common through tidal
ripples, fossil orienta- current reversals but can be
i uons normal or parallel to shoreline;
§ unimodal and polymodal
, patterns also
f turbidite basin flutes, also grooves, unimodal common, either down-
_ parting lineation, ripples  slope or along basin axis if
: turbidites, parallel to slope if
contourites

A
{.




Having collected all the field data on
the sedimentary sequence it remajns
to interpret the information. Many
studies of sedimentary rocks are con-
cerned with elucidating the condi-
tions, environments and processes of
deposition. The field data are particu-
larly pertinent to such considerations.
Other studies are concerned more
with particular aspects of the rocks,
such as the possibility of there being
cconomic minerals and resources
present, the origin of specific struc-
tures  or the diagenetic history.
Following the fieldwork, laboratory
examination of the rocks js necessa

In many instances, not least to deduce
or confirm sediment composition.

Facies analysis

Present within the
Sequence should pe identified A
facies is defined by a Particular sep of
sediment attributes: 5 characterig,.
lithology, texture, suijte of sedimen-
ary structures, fosgs;] Content, coloy,,

geometry, palacocurren, Pattern, er.
A facies is produced by one or severa]
processes Operating in 5 depositional
€nvironment, although of course the
appearance of the facies can be ¢op.
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s_lderably modified t,, .
tional, diggen ey Procesies 5,
sedlmentary Sequence there -,
many differen, facies preger,
usually the number ;5
Particular facjes | often
several or many times ;n 2 se0m
A facies may als, change vericag, o,
laterally ingo another facies
change in one or severs] of its charzc-
teristic features. In some cases ¢ wil
be possible to recognize subfacie
sediments which are similar «
other in many respects bur whacs

show some differences. g
Facies are best referred 1o obyec-
tively in 'Purely dFSCﬁPE"f .
using a few pertinent adyectrves,
examples could be cross-bedded.
Coarse sandstone facies o T
Pebbly mudstone facies. Facies .
numbered or referred 1o by lemer
(facies A, facies B, etc. ). HO“W?:
facies are frequently referred e
their environment such as flumanic
facies or lagoonal facies, or by ther
€positional mechanism, such 25
turbidite sandstone facies or storm
bed facies. In the field and dun'n’g d}e
early Stages of the study, oS
should pe referred to only in the
ESCriptive senge. Interpretations m
terms of Process and/or environment

€an come Japer.

oSl Y, o, camin
etail, look closely at the

X = = 3

fals
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~

3 -

with all the sediment anribul.cst
log ledd and look for 'b.cds or units
wi:l‘lnsimilar features. lak“c Thcldcr—
C o ananal structures f‘n:sn since these
l,:,ml:-:ﬂca the depositional process;
- |h::l check the texture, lithology and
~ jossil content. You will probably find
~ that there are a number of distinct
sediment  types with  similar
aributes; these will be of the same
facies. Name or number them for
~ reference, . _

Once the vanous facies have been
differentiated, they can then be inter-
- preted by reference 1o published
- accounts of modern sediments and
ancient sedimentary facies, and by
the erection of facies models. Many

textbooks contain reviews of modern
- depositional

cnvironments,  their
iments and  their  ancient ana-
- logues: see Further Readin , but

ucularly Reading (1978) and Walker
. (1979). Some facies are readily inter-
preted in terms of depositional envi-
~ronment and conditions, while others
are not environmentall diagnostic
and have to be taken in th context of
adjacent facies. As

an example, a
fenestral pelleted limestone will al-

most certainly have been deposited in
a udal flav environment

cross-bedded coarse
uvial, lacustrine,

par-

2

-

whereas a
sandstone could
deltaic, shallow-
marine, even deep-marine, and could
l[“ﬁ been deposited by a variety of
rént processes. A number of
d_¢Pﬂ§itional processes produce dis-
- unctive facies but can operate in
. sevenal environments; for example,
% Wbidity currents occur in lacustrine
id marine basins. o
Facies interpretation is often facili-
i by considering the vertical facies
. Where there is a conform-
A e 'mion Of facles' Wlh
k. the facies are the
ot s i which

i

were onginally laterally adjacent,
This concept has been appreciated
since Johannes Walther expounded
his Law of Facies in 1894. The vertical
succession of facies is produced by
the prograding (building out) or late-
ral migration of one environment
over another. Where there are breaks
in the sequence, seen as sharp or ero-

sional contacts berween facies, then
the facies sequence need not reflect
|

aterally-adjacent environments, but
could well be the products of widely-
separated environments. Other envi-
ronments whose sediments have been

eroded could be represented by the
break.

In a sedimentary sequence it is often
found that groups of facies occur to-
§ethcr to form facies associations. The

acies COmMPprising an association are
generally deposited in the same broad
environment, in which there are
either several different depositional
Processes operating or fluctuations in
the depositional conditions.

The relatonships between facies in
a succession, or within a facies asso-
ciation, can be completely random.
However, in many instances there 152
regular repetition of the various facies
to give cycles of sedimentation (also
called cyclothems or rhythms). With
many cyclic sequences there is a dis-
tinct boundary at the top (and there-
fore also bottom) of each cycle. This

is frequently an emergence hcr:rlcz:;;
(rootlet bed, soil honzon_rgere aré
seam) or an erosion surface. ki

matic changes 1 h
often syste diments up throug
character of the seci dual increase or
a cycle, such as a gr",ze change in
decrease in gral'?l' s;on,tcntw or scale
lichology and 1% Gimentary struc-
and abundance of §

ically well deve-
foped 'Cy‘:les '“Fl ry:;d deltaic clasuc
lo?l?d ;:tsﬂ::cllaitr: ihe field such cycles
sedim
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st olten immediately — apparent
becatse of major Hithological and rex-
fural changes within |nvm. Cycles
alsor vecur 1o the sediments of many
other environments, With limestone
sequences the cycles may not be so
abvious i the field, so that labora-
tory work to determine microfacies
may he necessary,

Although  with some sequences
cyeles may be obvious in the hield, or
on examination of the graphie log, in
other cases a cyclic pattern of sedi-
mentation may be more subjective or
not apparent at all. Various tech
niques are available to test a sequence
for facies relationships, randomness
and repetitions,  Simple  methods
involve counting the number of times
each facies is overlain by the others
and noting the type of boundary
(sharp or gradational) between facies,
A facies relationship diagram can be
constructed from the data or the data
can be tabulated (in a ‘data array') and

oy

mudrock. often red with
catcareous nodules (caicrate!)
daposihon by vertical
acereton on Hoodplam

firing up sandstoneg, Cross
laminated Cross bedded
irmadtly troughl, flat bedded
8 depasition on point bat

& TR € "‘"“"tl“ln} channel
scoured surtace J oo

'1 'm' ‘(‘l

et sanag
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compared with a table of values for a
random arrangement of the facies: for
details see Reading (1978) or Walker
(1979). For a more rigorous statistical
treatment of the data Markov chain
analysis can be used.

The principal features of the main
depositional facies are given in Tables
8.1 to 8.10. These are superficial
indeed and are only intended to givea
broad indication of the appearance of
the various facies. They are in no way
complete and in fact it is toually
impossible to summarize adequately
the features of the various facies in 2
page or two. Facies interpretation

_ rcjutrcs much more thought and

industry than just looking at a few
wables. Very detailed analyses of
facies can now be made and for help
vou should refer in the first instance
to the textbooks cited in the ‘Further
Rcading‘ section and then to the

scientific journals,

i A ical fning-up sequence
l;nl{.)dm.“i bg?;':eml mi;:r-;t?on%f meander-

ing steeam., Such sequences vary from a few

metres to a few tens of metres thick. La
accretion surfaces may occur within
¢ member,
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Table 8.2 General features of acolian facies

s aiatala

r Deposition: wind-blown sand is typical of deserts but also o
- marine shorelines. ure alony, i
|

Lithology: clean (matrix-free) quartz-rich sandstones, no mics

Textures: well-sorted, well-rounded sand grains (‘millet seed’), —
1 » ¥ 1] . ' 1
with a frosted (dull) appearance; sandsones often il o /’
through hematite; any pebbles may be wind -faceted y

Structures: dominantly large-scale cross-bedding (set heights seversf
to several 10’s of metres); cross-bed dips up 10 35, .

Fossils: rare, occasional vertebrate footprints and bones,

Facies associations: water-lain sandstones and conglomerates may be
associated; also playa-lake mudrocks and evaporites and arid-zome

soils.
Relevant sections: 5.3.2¢,5.3.31
Relevant figure: 5.17

Table 8.3 General features of lacustrine facies

vary in size, shape, salinity and depth, Waves
portant in shallow water, turbidity currents,
deeper water, Biochemical and chemical
Strong  climatic control on lake |

Deposition: in lakes which

and storm currents im
often river underflows, in

precipitation ~ common.
sedimentation.

ies: diverse including conglomerates through sandstones
Is, evaporites, cherts, oil shales and

Litbo[og

mudrocks, limestones, mar
coals.

Structures: wave-formed ripples, desiccation cracks and stromatolites |
common in lake shoreline sediments; rhythmic laminations, pos-
sibly with synaeresis cracks, typical of deeper water lake deposits,
together with interbedded graded sandstones of turbidity current
origin.

Fossils: non-marine mycrtcbrates (especially bivalves and gastropods);
vertebrates (footprints and bones); plants, especially algac.

Facies sequences: often reflect changes in water level through climatic or
tectonic events.

Facies associations: fluviatile and aeolian sediments often associated ; soil

. . g » . ]
horizons may occur within lacustrine sequences.

Relevant section: 5.3
Relevant figures: 5.5,5.14, 5.21
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4 Deposition: akes place in a variety of environments: beneath flae

vanous types, in glacial lakes, on g
marine shelves and basins. and by
moving and melting glaciers,
density currents and 1cebergs.
Lithologies: lymictic conglomerates
mugdy sediments with dispersed clasts
Texture: poorly-sorted,

acial outwash plains and glacio
a V.lrit‘lv ol Processes |m|u|r,
melt-water streams, melt water

termed  ullite, sandstones,
(dropstones),

malrix-suPPurtcd conglomerates tulll;t ’)
angular clasts Possibly with striations and facets, and elongate <lasts
- possibly showing preferred oricntation,
- Structures: tllites Benerally massive but some layering may occur,
J ththiCall |amin.1tcd ('\';lf‘\'(‘d') mmltly sediments Commimmen
uvigglaciar sandstones show cro

ss-bedding and lamination, flas
INg, scours and C

Fossils; Benerally absen,
Ceomctry: tillites latery

acies Sequences: no ty

Relﬂmm section: 4 ¢,
Rel,

vant figures: 4.5 g 5.

(or derived), excepuin glaciomarine sedimernts

lly extensive.

pical sequence,
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sasa ltaic facies
N i | features of de

pray . 8.5 (enera

I'able 8.2
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5

here are several types of delta (lobate and lnlrfifm;!
S deltaic subenvironments (fh'.frnulu,.ry
especially), ani Taxslzvamps and lakes, mouth and distal bars,
channels .:md LVE; ’s e prodClm slopc)_. Many deltas :‘m,”?frf”
il"'"rfl'strj)lf)tjzewgrkjng and redistribution by marine processes
dominate

2 he rrant. '
can be impo ‘thic ough mudds
, es: mainly sandstones (often lithic) thr ) Jh - 2“5
[J[hf;/fl;lgu'_f. = s1ndy mudrocks to mudrocks; also coal seams
sandstones, S¢

I)f‘/)f)f”l()

S A ——

aNARSE rti d rounding of sand
‘ 1 1 average sorting and ro g
- ' not diagnostic, typically
Lextures: not diag
grains. - : | ey
Structures: cross-bedding of various types in the sandstoncs,dﬂat E de,_,
: rruc]J ‘hannels common. Finer sediments show flaser and wavy
and chq - : SFpareas: .
‘ling Some mudrocks contain rootlets; nodules of siderite common
[§ .

Fossils: marine fossils in some mudrocks and sandstones, others with
‘ossils; ma bl : .
non-marine fossils, especially bivalves. Plants common.

i ' e-parallel or
Palacocurrents: mainly directed offshore but may be shor p
onshore it much marine reworking.

Geometry: sand bodies vary from ribbons to sheets depending on delta
ty pe.
Facies sequence: these typically consist of coarsening upward units

(mudrock to sandstone), through delta progradation, capped by a

seatearth and coal; there are many variations however, particularly
at the top of such units.

Relevant sections: 3.2,3.4,5.2,53
Relevant figures: 5.3 10 5. 16,5.18, 8.3
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Table N.6  General features of shallow-marine siliciclastic facies

T e

Deposition: takes place in a variety of environments and subenviron-
ments including tidal flat, beach, barrier island, lagoon and near-
shore 1o offshore shelf, Waves, tidal and storm currents are the most
IMpOrunt processes,

/ Mbnh’jm; mainly sandstones (often quartz arenites) through muddy
sandstone, sandy mudrocks to mudrocks; also thin conglomerates.

Textures; not diagnostic although sandstones often have well-rounded
and well-sorted grains,

Structures: in the sandstones: cross-bedding, possibly herring-bone in
character and with reactivation surfaces, flat bedding (in truncated
sets if beach), wave-formed and current ripples and cross-laminauon,
flaser and lenticular bedding, desiccation cracks, thin graded sand-

- stones of storm current origin; mudrocks may contain pyrite

nodules; bioturbation and various trace fossils common.

k" Fossils; marine faunas with diversity dependent on salinity, level of
turbulence, substrate, etc.

Palaeocurrents: variable, farzllel t0 and normal to shoreline, unimodal,
bimodal or polymodal.

(}mmerry.- linear sand bodies if barrier or beach, sheet sands if extensive -
epeiric-sea platform.

Facies sequences: vary considerably depending on precise environment
and sea-level history (rising or falling); both fining up and coarsen-

INg Up uNIts occur.

Facies associations: limestones, ironstones and phosphates may occur
within shallow-marine siliciclastic facies.

Relevant sections: 3.2,3.4,5.3,5.6
Relevant figures: 5.4 10 5.16,5.19,5.39 t0 5.45, 8.4, 8.5
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in thickness. s
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Table 8.7 General features of deeper-marin

'
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4

fans and 1n

on submarine slopes, submarine _
debris

articularly by turbidity currents,
| deposition from suspension.
cke in composition) and mud-

sition: takes place
basins of many types, p
flows, contour currents anc

; ses: sandstones (often greywa

rocks; also conglomerates.

) SHIC, Sé Jes often matrix-rich; conglomerates

oxture: not diagnostics sandstor . i
i T and of debris flow orgin.

mostly mamx-suppormi | |
W‘ in sandstones of turbidity current nrlrm: graded hv(‘!s ( inter-
bedded with hemipelagic mudrocks) which may show Bm"m.

ie. 8.6); sole marks common, channels

sequenc Af structures (F1g. . hannels
< scale, also slump and dewatering structures, Som¢
» ~

sandstones may be massive. Mudrocks may be finely laminated.

Fossils adrocks chiefly contain pelagic fossils; interbedded sandstones
Ayt ‘ved shallow water fossils.
de
may contan n it
. variable, may be downslope or along basin
ons may show upwards coarsening

P rurbadite successi uf ars
Fagres SOquenceEr — eds, or upwards fining and thinning.
udmd sandstone b p

§2,5.3
2.5.31,5.32, 8.6,8.7,8.8 |
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Bouma divisions

parallel tammated

L ripple Ccrass

8 parallel-|

famimated

lammmated

L+ parting lineation)

A graded or massive
&

+ sole structures

Nemipelaqic mudrock

r—-ﬁﬁ—-rj
tmc

mud sand

I'm. 8.6 Anideal ¢
amvisions.  In many
divisions are deve

urbidite, with Bouma
turbidites, not all
0 loped; AE, BCE, CDE
and CE sequences are common. Turbidite
beds range from a few centimetres to a
metre or more in thickness. \

Fig.8.7 A turbidite bed showing an ABC
sequence: a lower coarse massive division
‘.‘\\. overlain by a finer-grained parallel-
aminated division (B), and then the upper
part consisung of cross-laminatons with a
convoluuon at the top (C division). This
turbidite s a bmckastic limestone.
Devonian, S.W. England.

Fig. 8.8 (below) Turbidite beds regularly
interbedded with hemipelagic mudrock.
These wrbidites are limestones (full of
shallow -water fossils) and the succession is
inverted. Devonian, S.W. England.




Table 8.8 General features of shallow-marine carbonate facies

Deposition: takes place in a variety of environments and subenviron-
ments: tidal flats, beaches, barriers, lagoons, nearshore to offshore
shelves and platforms, epeiric shelf seas, submarine shoals and reefs
(shelf-margin and patch reefs especially). Biological and biochemical
processes are largely responsible for formation and deposition of
sediment, although physical processes of waves, tidal and storm
currents are important.

Lithologies: many types of limestones, especially biosparites, oosparites, |
biomicrites and pelleted limestones; also dolomites. Limestones
may be silicified. Evaporites, especially sulphates (or their replace- |
ments) may be associated. i

Textures: diverse.

; Structures: diverse including cross-bedding, flat bedding, scours, rip-
SN TR ples, desiccation cracks, stromatolites, fenestrae, stromatactis and
SR stylolites; reef limestones: massive and unbedded, many organisms 2
o in growth position. :
: Fossils: vary from diverse and abundant in normal marine facies to
restricted and rare in hypersaline or hyposaline facies.
Palaeocurrents: variable: parallel and normal to shoreline.

- Facies sequences: many types but shallowing-up sequences are common
& o (Fig.. 8,9).
 Relevant sections: 3.5,5.3,5.4,5.6,6.1t0 6.4

Relevant figures:3.3103.7,5.23 10 5.30, 5.39 to 5.45,6.1106.4, 8.9
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! , Fagies Sequences: no typical sequences; pelagic facies may overlie or f
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|
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Table 8*. 10 General features of volcamclastc factes

e ; ine (she lhwm deep)

Deposition: takes place in subaeral 2nd submarine lcamichiste flows such as
environments by pyroclasuc fall-out, ine and resediment
ignimbrites, lahars 2nd base surges, and mhg
ation by waves, tidal, storm and t-hﬁym‘

L:'tbo[ogie:: tuffs, hplﬂlaonu, agzlomerates and breccias.

Textures; diverse, include welding in ignimbrites and matnx-support
fabric in lahar deposits.

y » s structures
Structures; include (Fradmg in zir-fall ruffs, current and wave
In reworked a1,

redeposited tuffs, planar and cross-bedding in
surge tuffs,
Fossils: do oceyr although may be rare. :
. . . th
Facies associations; submarine 'wﬁwmmd 0
Pillow lavas, cheres and other pelagic sediments.
Relevant secyipy,. 311

Relevan, figures: 3,13 4 3.15
Tableg

'3.4,3.5
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