1.1 Ohbjectives

This book is designed as a basic
guide to the ficld mapping and
interpretation of geclogical struc-
tares. Emphasiz is placed upon the
ideatification of structures and the
systematic recording of stucrural
dara, as both should bea fundamental
part of any mapping programme,
The identification and description of
structures, together with an under-
standing of their development, ie,
their movement patterns {Kinemaric
analyriss and an appreciation of the
forces and stresses responsible for
themn {Dhynamic analyiis) are extremely
useful for interpreting particular
structures, and for kaowing what
geometry to expect whilst mappiug
it 4 particular terrane,

Structural data canniot be recorded
or used In a vacuum. They must be
accompanied by full lithological,
sedimentological, petrological and
palasontological  descriptions  for
their complete interpretation.

The following aspects are empha
sised in this Handbook;

1 Recognition of structures,

2 What to measure and what to
describe.

3 How to analyse the data col-
ected.

1
Introduction

4 How to interpret the data and
meotporate 't ointo the  stra-
tigraphy,  interpremation  and
regiona syntiesss for an area,

In al cases emphasis is placed
upon systematic feld observations,
accurate measurcments of the onen-
tations of structural elements, careful
recording of the data in the feld
notebook, sketching and  photo-
grapning the structures, and ana.ysis
in the fizld using the siereographic
projection.  Above ail, structural
geology requires the appreciation of
the three dimensional nature of
structures, Think in 3D and learn to
extend your view of structures above
and below the map sheet,

1.2 Fieldwotk

The importance of careful, accurate
and systematic Heldwork cannot be
overemphasised.  Basic  geologic
mapping technicques are described in
Barnes 71981}, and the field descrip-
dons of sedimentary, metamorphic
and igneous rocks are outlined In the
companion Handbooks by Tuacker
{1982}, Fry {1984}, and Thorpe and
Brown 1985} respectively.



This Handbook describes the Zeld
reckniques for mapping geological
structures and for the identifcation
and mapping of particuar types of
structure. It also  gives 4 Dbrief
summary of the Interpretation and
analysis of structures.

Remember the following points:

1 Accarate measurement, obser
vation and recording of all struc-
tural clements is essential. Avoid
data selection in the field, other-
wise you may find that upon fur
ther Imterpretation in the lai
oratory, you have faied to
measure a key structural fearure.

2 Carry out an ongoing interpret-
ation whilst in the field (draw
sketch cross-sections and maps).
This will kel vou recognise key
areas wnere further work may be
necessary.  Your interpretation
will be governed by your experi-
ence and knowledge of regional
structure, bus andy accsrale and well-
recorded data witl have a permanent
valwe and permii continseus rein-
ferpretation.

3 Data should always be plotred on
maps and cross-sections whilst in
the feld. Oely in these dr-
cumstances  can an  effective,
ongoing interpretation be ach-
ieved,

4 Structural data must be collected
in conjungtion with other litho-
logieal, petrological and palaco-
atological data.

Conduct and safety in the field

Fleldwaork frequency puts geoiogists
in hazardous situations. S:¢ructural
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geologists comemonly work in rug-
ged and exposed terrain where 30
exposure is good. Be safety con-
scious and aware of the possible dan
gers, particuiarly from loose rock
underfoot, and from rock falis.
Barnes (1981} outlines fieldwork
safery, and in addition to reading this
the reader should also consulc the
safery checklist on v, 16 of this Hand-
ook before commencing fieldwork.
Always carry out feldwork in com-
pliance witk: the Geologists” Assod -
ation Code of Conduc: {see Bames,
981,

1.3 Tectonic and structural
regimes

It is bevond the scope of this Hand-
book ta deseribe regional structural
relationships in detail, but it is usetul
to identify the dominan: features
assoclated with particuiar tectonic
sertings, as they provide a useful
guide to the structures thar may be
found whilst mapping [Table 1.7).
Characreristic families of srrucires
may be expected to occar ‘o a par
weular environment, eg. shalow
krust faults and parallel folding in
fromal regions of foreland fold and
thrust belts, and this knowledge can
greatly ald any ongeing interpret-
atiors. Table 1.1 iz neither exbhaustive
nor exclasive in its contents and you
should always be prepared for other
structures <o occur and record all the
structura. information from the ous
crops In your mapping area,
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14 Bedding

In sedimentary and many meta-
morphic rocks, bedding sarfaces (sur-
faces of primary accumulation) are
our principal  reference  frame {or
datum). There are many possibic
pedforms in sedimentary sequences
{see Tucker, 1982 for details) and the
structural geclogist must be aware
that significant departures from lay
er-parallel stratigraphy can occur in
certain sedimentary environments,
e.g. deltas; thus structura, data soust
always be coliected i conjunction
with sedimentological and srrarj-
graphic data,

Bedding is one of the most import -
ant structural elements and the struc-
tural data that shonid be collected for
bedding are cutlined in Tabie 1.2
Tée spatial disirikation of bedding ar
compositional banding {e.p. in preisstc fer-
ranes ), Wil define the magor foid and fasls
FEPREIHPES WD JonY mapping area.

14.1  Way-wnpfyoanging and facing
Way up/younging is the direction i
which  stratigraphically  younger
bedsfunits are found. (The term fops
is also sometimes used in this con-
text,)

‘T'he stratigraphic way-up is of fun-
damental importance in determining
the structure of an area. It is based
upon a knowledge of strarigraphy
and of small-scale sedimentary soruc-
fures which indicate the stratigraphic
way-up and the sequence of depo-
sition. Sedimenrary struciutes which

6

indicate way-up are discussed in
Tucker, 1982 and are summarised in
Fig. 1.1. Always look for and record
way-up features when mapping.

The tructural way-ip refers 1o the
bedding/ceavage relationships that
indicate the position within a major
fold structure {e.g. on the overturned
limi of a recumbent fold}, This may
kave no relationskip to stratigruphic
way-up, Take cate to distingnish the
two—see Chapter 3 for greater
detail,

Facing 15 the direction within a
structure Le. along the fold axial
plane or cleavage plane, in which
younger bedsfunits are found, This
term s generally applied to folds, or
cleavage reationships.

1.5 ‘Synsedimentary” versus
tectonic structures

In many areas of deformed sedi-
mentary rocks it is difficult to dis-
tinguish between structures formed
during deposition or eatly dlagenesis
when the sediment was uncon-
solidated, ard those formed after
litkification in response to tectonic
forces. On  cursory etamination
many Csynsedimentary’  structures
such as slump folds have superheial
geometric similarities to ‘tcetonic”
folds (Fig. 1.2a}. Syndepositional
fatits are also common Fig. 1.2b:
and ‘n  some Instances  syn-
depositiona!l cleavage fabrics have
been observed (Fig. 1.2¢), It is there-

fore  eatremely Important  when
mapping o distingnish  between
syndepositional {prelithification}
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DESCRIPTION PRIMARY STRUCTURE

CROS§-BTRATIFICATION

Tabular cross-steatifisation

Trough cross-sirat Hoation

NORMAL GRADED BEDRING

Ooarso grains af the
baso passing anwards
[nto {Iiner grain sizes;
sypica 0 toitite
typicas 0F foekidite
BEUAELAE.

SCOUR STRUCTURES

Sequr surface at base

of sandstone kad cvorlying
udrock, Coarse-gra‘ned
Lt dexposlt may oacar tn
the ssour.

wa na
E —
v e - — Q

e

LOAD STRUCTURES
Hunusiane overlying mudrock

Ly Casts
Flame Stuctlres

WUarweard i']juctk‘m of muae Inis
the sandsiene

FLUTE CASTS i Palagocurrent i

Sevinoped en the underside
of RBedding umts n
Sandglones.

Good Palasocurmen?t
indicators.

Fig. 1.1 Prirar
(Consd oo W

¢ sstogtures thar may be used to derermone the stracigraphi; way-up of beds




BESCRIPTION

PRIMARY STRUCTURE

Gewatering Structures

Hithar structures
forman in sandstunes
and slistores as warer
aszaped Lpwarda

Bewatering Structures

Sara yolzaross
1 mudrocks o siltstones.

May be underain by
sardatons oykes.

Shrinkage Struclures

Mugsrasks ‘n¥iiled
wIth overiylng sandslone.

Dish stzuctures in mogrock
tha! hast undergona
dasizeatizn

Voleante Structures

Lobate Pitlow
structures on iavas.

Valeanie Structures

Blecky, -ubbly and
wagthered tops to
lava flows.
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structures and post-lithification, "tee-
ronic’ structures. In some situations
e.g. active continental marging, sedi-
ments are deformed by tectonic
forces very soon after deposition,
vefore complete lithificarion, Hence
you may fnd a complete spectrum of
structures, from those formed during
deposition to those formed deeper in
the cruss.

1.51  Disrimination of
prefithification {  synsedimentary’} from
pait-lithification (tectonic] folds

‘Synsedimentary’ folds or ‘slump’
folds have many geometric simi-
larities to the shapes, wavelengths
and size distributions of ‘tectonic
folds’. Slump folds are generally
tight to isoclinal with variable shapes
at low fold amp.itudes. Their fold
axes are commonly dispersed in the
plane of the slump sheer and recurn-
bent folds are dominant (Fig. 1.2¢),
The fold axial surfaces may be
slightly imbricared fstacked up like
shingles) and the folds face and verge
down the inferred palacoslope.
Axial-planar cleavages are sometimes
developed, particularly in the hinge
tegions (probably due to later com-
paction during buriall. Lincations
and grooving are sometimes pro-
duced by the mortion of the slump
sheet, and these may be refolded
along with other minor structures,
Slump sheet contacts may be gra-
dational. Their upper boundaries
may exhibit sharp erostonal trenc
ations. Synsedimentary  fractures
within slumped sequences are gen-
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erally not sharp, and fracture open-
ings are not maintained. Veining is
absent although the fracture plane
may be infilled with mobilised sedi-
menr sturry, In general, stump folds
have no genetic or geometric
relationship to large macroscopic
folds,

Syndepositional folding is com-
monly associated with disturbed
sedimentary  sequenices—synsediv
mentary extensiondl faulting, con
volute laminations, ball and pillow
structures, dewatering  structures,
sand and mud velcanoes. Remern-
ber that slumps are characterised
by extensional structures at the rear,
whereas the front of the slump
sheet will be marked by localised
compression, with  the develop
ment of folds, thrust faults and
imbrications. The characteristic fea-
tures of syndepositional folds are
listed in Table 1.3 and are compared
with the features of “tectonic” folds
(sec Chapter 3.

1.5.2 Diwcrimination of
synsedinentary faulting from tectonic
Sfarlting

The artributes of tecronic faults are
described in Chapter 6. They are
characterised in particular by thefr
geometric reatfonships with associ-
ated strucrures, folds, fractures and
veining, amd most importancy, by
the development of fault rocks along
the fault planes {Chapter 6.6}, The
presence of faults bounding major
basin margin: will be revealed by
regional mapping, by the associated



Table 1.3 Criteria used to distinguish between synsedimentary folds asd “tevronic
folds’. A is the mast reliable eriterion and C is the least reliable, Note that several
criteria must be used {n confunction in order o determine the origin of a particular

foid.

Sedimentary folds Relability Tectonic folds Reliabiliry
index index
Truncation by A Limited spatial A
overlying beds disteiburion —
Burrowing or boring by A correlated with regional
OTEAnlsms SLruclare
Cut by syasedimentary A Fold vergences and axiat A
dewatering structures planes symmettica)
Undeformed clasts or A arouad large folds
fossils. Symmettical fracture A
Folds with no axial BC patterns and veins
planar cleavage —cul saddle zeefs developed
by later tectonic Crystaliographic fabries A
cleavage in non-phylosilicates
Fold axes strongly BC {(possibly associared
dispersed in plane of with fanning axial-
shee planar cleavage in
Dominantly recumbent G phyllosilicates?
fold axial planes, may be Slickensides arid B
irmbricated {with respect MCERICTDHC
to sheet dip’ lineatioons — down fald
Botn extensional and C lisnbs and around foud
compressional features hinges
with no veing developed Assaciated with britle B
thrus: fawits  folds
gencmated by ramps
Kink-like folds with B
upright axial planes
{with respect to the
shect dip)
Cortinvity of axial B
plares across several
heds
Parasitic telazionships B
between major and
minar folds
Fasaing axial plane ¢
cleavage n
phyllosilicates




facies distribucions of coarse-graized
fault derived sediments adjacent te
ke fault scars, by inereased sediment
thicknesses adjacent o the fault, and
oy associared smaller syndeposirional
faulss and slwnps indicating active
rectonism  during  sedimentation.
Here, attention ‘s focussed on out-
crou scae features indicative of syn-
sedimentary faults.

1 Synsedimentary fauits :ypical.
dc not affect 4if of the strari-
graphic sequence and are owver-
tain by urfaulted sediments in
depositional contact.

2 The fauls are typicaly Ustric in
shape {Fig. 1.2b}.

3  The faulrs are typically frregular

in plan- —ofter curved (Fig.

1.2d).

The down-thrown side of the
fau.t is comunonly infilled with
a triangular wedge of sediments
{Fig. 1.3a) which in some cazses
may be coasser grained than the
surrounding sediments,

There is an absence of veining
and fault rocks wypical of britte
deformation {Chapter 5.6).

The fault planes ace not generaly
stunoth planar fractures, but are
ofter irregular on a small scaie
iFig. 1.3b), commonly  with
injected sediment sluery wlong
the fault plane.

The faults are often associated
with syndepositona. slumping
and  disturbed  sedimentary
sequences  convolute lamij-
nations, dewatering  structires
and sand voleanoes,

Fig. 132 S¢ndepositional extensjon faslis () showing resstion of faule blocks and infiling o
e ballgrahen with o wedpe of sedimen: W)
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| Fig.1.3b
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Fig. 1.4 Slump fold with a Jac-

wnlt i san

|rre§,ula: fanle place and
sluery along che (i

g sy ndeposis

1.5.3  Sowdepositeonal cleavage

This i commonly found in the
deformes mudstores of slumped
secuences. The foliations are planar
and parallel w0 the sheer die of the
sediments, and cypically have the
appearance of u slarv cleavage or very
closely spaced, fine fracture cleavage
(Fig. 1.4 T"’):’}-‘ ave axial-planar to
recumbens sump folds (Fig .2¢
and gar‘efa] y do nor penerrate sand-
stone lavers but are restricted to
mudscones. Shight fanning of the
cleavage may occur bur the strong
refraction of cleavages commonly
found in lithifed rocks (Chaprer 4.3
does rot usualy ocout.

If there s evidence of sya-
sedimentary deformation, then great
care has 1o be taken in recognising
and mapping cleavage fearures. I
such che tances  carciul  oxam-
ination of 22 of the feld relationships
is r”c*uire" sefore a cleavage can be
aseribed to syadepositonal processes

or 0o .aler fectonism,

pranar cleavage {cl). Field o
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1.7 Safery

Do not ran dowr kills.
2. Do not climb rocx faces wniess
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f.

vou are a trained climber and you
Fave 1 friend present,

Do not enter old mine workings
o cave  systems  excent by
arvangsmrens,  and  always  in
company.

Wear easily seen clothing.

Alwavs wear a safery helmet In
quarries, under steep chffy and
scree slopes, and undergrournd,
anc wear gopres when ham-
mering rocks,

Note weather forecasts ' moun-
talnous countrsy and ¥ you are
going into 2 remote part of an ares
ieave with a responsible person
your roste map and the tme you
expect to returs,

Keep a first aid kit and manzal in
camp. Carry @ sma.. emergency
kit i your rocksack, lncludicg
dressings ‘ot blisters, a whistle
amd a fashlight for signaling {and
amireor if your compass dees not
have one). Include, also, ma
sealed ina warerproo? pastic bag,
and ar 2luminized foil ‘space blar-
ket' {1t weighs almost rothing).
Iz hor climates, carrv 2 water
bottle and a vacker of effervescent
water swerilizing tabless. Always
carry some form of em wergency
ration in casc you have o spend
a right on a2 »iliside in mist or
SNOW,

Tue accepred neid distress signal
iz six blasts on a whistle or six
flasnes with a mirror or fashligr,
repeated at minu e intervals. Res-
cuers reply with only three blasts
or flashes repeated at minute
intervals 1o prevent rescue parties
homing in on cach other.






