GEOLOGICAL MAPPING

In this hand-out, the main methods whereby a geologist records his
observations of rock structures on a map and in a field note book will be
outlined. The techniques employed for mapping vary somewhat from person to
person, but there are a number of basic ground rules, and these are formulated
here. Field investigations and the production of a map record of field
observations form important keys to our understanding of the structure of the
Earth. We can see exposed at the surface today a complete range of depths of
erosion through the crust and even, at some localities, into the upper mantle.
The field geologist is able to build from these observations a complete picture
of the type of variation in structural style and the nature of the deformation
that has occurred during the tectonic activity of the past. -

EQUIPMENT

Topographic base map

Before starting any mapping project it is important to be clear about the
aims of the investigation, for this decision will guide the choice of map scale
and control the nature of the techniques which are needed to cover the area in
the detail necessary to resolve the problem. For exploration work, map scales of
1:100,000 to 1:25,000 are ideal. For more detailed geological work, mapping is
normally carried out at scales of 1:25,000 to 1:5,000, and it will be possible to
record most of the important geometric features of folds and fractures. For very
detailed surface mapping, such as would be appropriate to investigating a mine
claim, scales of 1:1,000 to 1:50 may be the most convenient, and these often
require the geologist to make his own topographic base. In many regions no
suitable topographic base maps that are of sufficient accuracy exist and the
geologist will have to rely on air photographs or satellite images. Even where a
good topographic base 1is available, air photographs or satellite images are
especially useful in aiding a geological interpretation of an area. 1In the field
it is possible to make geological observations in ink directly on a transparent
overlay. However, air photographs are not maps because they are often slightly
tilted with respect to the vertical and, in hilly or mountainous terrain, the
photographic image is falsely located because of parallax. This positional error
increases from the center towards the edge of each photograph. In some countries
air photographs are compiled into photographic mosaics. These can be controlled
or uncontrolled depending upon whether or not the centers of each photograph
making up the mosaic are correctly related in scale and position. It is quite
easy to make an uncontrolled mosaic oneself, but the production involves cutting
away the edges of each photograph and pasting the prints on to a hard base board.
If a second set of air photographs is not available to make a mosaic, it is
sometimes useful to make a loosely controlled print lay-down of the existing
photographs and to prepare a photographic version of this assemblage. In all
mosaics and print lay-downs the detail between adjacent photographs will not line
up because of variations of surface topography, air photo tilt and airplane
flying height. The availability of maps and air photographs is, in certain
countries, restricted for military or political reasons. Remember, however, that
Landsat images over a wide range of color and infra red bands can be obtained of
all of the Earth’'s surface, and that various high quality processing and



enlarging techniques can transform these images into a practical working
topographic base suitable for many types of regional geological investigation.
The topographic base map will generally be too large for direct work in the
field. It should never be folded because information recorded near the folds
will be subjected to excessive wear and tear during use, and eventually will
disappear. It is best to cut the base map into sheets of a size that is
conveniently contained in your map case. Do not make these sheets too small or
you will always be frustrated by finding yourself near an edge or, worse still,
near a corner, and you will constantly have to shuffle your map sheets like a
card player. The size 20 x 30 cm is ideal. Each of the cut map sheets should be
mounted onto a base card, leaving a small margin around the map to protect its

edges from wear. On the corner of each card number the sheets sequentially
(Al1.A2.A3,...,B1,B2,B3,..., etc.) so that you can quickly locate the next sheet
as you move across the area. Indicate in ink the reference numbers of an

existing (or personal) grid system so that you can refer exactly to individual
map localities in your field note book. You will need some hard base (or map
case) in order to be able to write effectively on your field map, together with
some protection of the map from rain, dust or sweaty hands. Map cases can be
highly sophisticated constructions with flaps, pockets for mnote books, air
photographs, etc. and holders for pencils. The minimum requirements are a base
of hard board, plastic or aluminium with a strong spring clip at one end to
attach the map and a moveable elastic band at the other end to stop the map
lifting in the wind, together with a plastic sheet for a cover. Field techniques
generally require constant use of a number of black graphite and colored pencils,
and it is useful to have pencil holders on the map case or incorporated in a
shoulder bag (where you can also have space for a note book, eraser and pencil
sharpener and any other constantly used field equipment).

Pencils

Black pencils are used to record orientation data, and colored pencils are
used to record rock lithology on the field map. Colored pencils should be of a
waterproof type and should have a relatively thin colored lead which has a strong
consistency. You will have to acknowledge that pencils will get lost during the
course of your work. Thus, you will need at least one spare set of colored
pencils at the base camp, and you will definitely need to carry spare black
pencils with you in the field.

Never record any field information directly onto the map in ink. Everyone
makes mistakes at some time and it is very difficult to erase inked data. It is
best to record information with a sharp, relatively hard pencil and to ink in
this information at the end of every field day. A rule that must be observed
without fail is never to go into the field with a map that contains data that has
not been previously inked.

In using colored pencils for recording lithology always keep your color
scheme simple, and the colors well contrasted. Choose a color scheme for the
various mapable formations that, wherever possible, conforms to a previously
accepted set of standard colors. However, remember that the color schemes that
appear on published maps are not always the most practical schemes for the field
map: five different shades of green might be perfect on a published map, but
such a sophisticated scheme is unrealistic on a working field map subject to
everyday wear and tear.

Compass and clinometer
These are absolutely essential instruments for recording azimuths and
inclinations. The magnetic compass must be robust and simple to use. There are




a great variety of instruments available today and many which are especially
convenient for geologists combine a compass and clinometer in one instrument.
Geological azimuth data need to be recorded to the nearest degree, so choose a
compass with a scale which enables this to be done. It is occasionally necessary
to find your location on the topographic base map by resection from distant
landmarks, and this means that the compass must have some system of glass prism
or mirror sight to be able to observe these landmarks and the compass scale at
the same time. Another extremely important feature for a geologist’s compass is
that the magnetic needle or magnetic plate system should have a damping mechanism
(an oil filled compass is best) so that the azimuth point comes quickly to rest.
The magnetic field of the earth can be represented by an array of 1lines
that run from one magnetic pole to the other. At a given locality on the earth,
the moving element of the compass, the magnetized needle, aligns itself with the
magnetic field line at that locality. The needle is usually balanced so that it
lies parallel to the horizontal plane at the point of measurement and therefore
gives the horizontal component of the magnetic field. Averaged over long periods
of time, the magnetic dipole of the earth corresponds to the spin axis of the
earth, so that the magnetic poles are the same as the geographic poles (the
geographic poles are the points at which the spin axis pierces the earth). At
any given time, however, the magnetic poles may be located at a distance from the
true poles. Today, for example, the north magnetic pole is located in northern

Canada. The acute angle between the direction of true north (a line of
longitude) and the direction that the compass needle points in the present-day
magnetic field is called magnetic declination. A declination of 12° east means

that the angle between true north and magnetic north is 12°, and that true north
lies 12° counterclockwise from magnetic north. Values for magnetic declination
at a given time in the United States can be plotted on a map. The magnetic pole
drifts slightly every year, so such maps must be constantly updated. :

As we noted earlier, the reference frame used to specify locations and
orientations on the earth'’s surface is keyed to the geographic poles. Therefore,
a correction must be made in order to account for magnetic declination. By
making this correction, the compass pointer is pointing to true north when the
white end of the needle is lying on 0°, even if the needle is not parallel to the
pointer. A Brunton compass may be set for the magnetic declination of a map area
by turning the screw on the side of the compass; this screw rotates the compass
card with respect to the pointer. Figure 1 shows compasses set for two different
magnetic declinations. ’

A compass is such a key field instrument that its loss during field work
could lead to disaster. Keep your compass firmly attached either to your map
case, field bag or your person with a strong nylon cord. If you plan to work in
a very remote region, you should take a spare compass to be kept in the base camp
for emergencies.

A clinometer is most conveniently incorporated into the compass, and many

equipment models do this. Like azimuth directions, the angle of inclination must
be measured to the nearest degree.

Field notebook

Information that cannot be recorded on the geological map is written in the
notebook. The most convenient size for such a book is about 20 x 10cm, it must
be strongly bound and made of good quality paper. It is a personal choice
whether the pages are unlined, lined or with a grid system. You will constantly
be needing to find your next entry point in the book -- some notebooks have a
tape marker embedded in the binding. If your notebook does not have this,
organize an elastic band to provide a moving book mark. A lost field book is a




geological tragedy, and a brightly colored notebook binding will reduce the risk
of casual loss. In any case, always write your name, address and telephone
number on the first page. It might be useful to include that postage will be
repaid to the finder of your notebook.

Whether field notes are recorded in pencil or ink is a matter of personal
choice. Soft pencil produces a strong black line without problems of interpage
smearing. Personally, I do not favor direct recording of written or diagram
data in ink. However, many geologists today use barrel and wire pens and record
their field notes directly in ink. Although these pens are excellent for ink
work in the base camp, there are a number of practical disadvantages in the
field. Pens with a fine diameter (<0.3mm) often dry out and become blocked in
the field, and all of these pens are extremely susceptible to changes in

temperature and pressure and often extrude ink in a totally uncontrollable manner
with atmospheric changes.

Hammer and soft steel chisel

A hammer is a critical tool for obtaining rock specimens for laboratory
work and for chipping away weathered rock surfaces. In many classic localities
the outcrops have been literally pulverized by the activity of geologists. There
is a code of hammer activity: never destroy interesting structures by
uncontrolled hammering and never remove fossils from a natural outcrop unless
there is a good scientific reason for doing so. Remember that, for most
purposes, the information about rock types can just as well be obtained by
observations on naturally fallen blocks. If you wish to obtain a particular
block of rock from an outcrop, it is best to use a soft steel rock chisel with
the hammer. Never strike one hammer against another because hard steel shards
are likely to break from one of the hammers and fly around like shrapnel.

Although a geologist should never lose his hammer, let us admit that many
of us do. A good practical tip for lessening your chance of leaving your hammer
at an outcrop is to paint the handle of your hammer some strikingly bright color

(e.g. orange) so that it can be easily distinguished from the color of the local
rock and vegetation.

Haﬂa lens

A good hand lens with a moderate magnification (x10) is absolutely
essential for the examination of a fresh rock surface to determine such features
as mineral content, grain shape and micro fossils in a rock. Tie your hand lens
to your field bag with a piece of strong nylon cord or, even better, wear it
around your neck where it is ideally positioned to make frequent observations.

Drafting materials

Only the simple equipment that is necessary for base camp work after a day
in the field are discussed here. A firm board for providing a stable base for
"inking-in" the maps is essential. Inks are essential for making the pencil
record made during the day permanent. The ink should be waterproof. You will
need a soft eraser to remove the pencil lines and, because everyone makes errors,
a razor blade and hard ink eraser. The type of pen used is a matter of personal
taste; barrel pens (Rotring, Rapidograph, Faber-Castell, Staedler, Kern) are
excellent. A protractor and ruler will often be required at some stage in the

redrafting, and a stereogram or equal area projection will be required to analyse
orientation data.



Other equipment

Most geologists carry extra items of equipment in addition to those listed
above, depending on their personal approach to field work and upon the special
nature of the problem in hand. A measuring tape is useful if very detailed
mapping is to be undertaken so that features such as bed thickness, joint
spacing, etc., can be accurately recorded. A bottle of 10% concentration
hydrochloric acid is most useful in areas where calcite needs to be distinguished
from dolomite. More elaborate chemicals can be carried where the geological
problem in hand demands these. A small field stereogram or equal area projection
can be used to make geometrical computations directly in the field. Although
most interpretation of air photographs will be done in the base camp some
geologists like to carry a folding pocket stereoscope to be able to make these
observations in the field. If a good topographic base map with well-controlled
contours is available, an altimeter is a great assistance to position location in
the field. In the mountains, where certain exposures may be inaccessible,
binocular field glasses are a great aid to observe structural detail. Finally,
"~ do not forget to bring a raincoat and, especially, lunch!

GEOLOGICAL MAPPING PROCEDURES

The aims of the investigation and the amount of time available for field
work will dictate the data collection. In regional exploration mapping is it
important to plan so that the distribution of available field time will enable a
complete cover of the whole area. This will mean that you will generally have to
rely on traverse mapping, and you should plan these traverses so that they cross
the strike of the different rock units. With a more detailed mapping project,
such as those at field camp, it is possible to visit practically all the rock

exposures. Whatever problem faces the geologist three basic constraints are
applicable to every type of field mapping:
1. The field map must be legible. This means that it is essential to

use the right type of equipment and that you must be accurate and
neat. The field map must be a permanent record of your observations
B in ink.

2. The field map must be readable by another geologist. This requires
that the observations must be plotted using consistent standard
symbols (see Appendix) rather than haphazard personal hieroglyphics
and that, somewhere in the collection of field sheets, there must be
a key to the symbols used and a legend to the color code used to
represent the different rock types.

3. A field map must distinguish between observed facts and inferences
drawn from these facts. 1t is therefore necessary to indicate the
differences between exposed and unexposed terrain, between observed
and inferred contacts of different rock units. The limits of actual
rock exposures need to be indicated on the map and a practical map
technique to show exposed and inferred rock types is to color
outcrops with a strong color, and regions where the same rocks are
believed to exist in a weak color of the same hue (Figure 1).

At the start of the field investigation it is usually a good idea to make a
preliminary traverse through the area to obtain a general impression of the
nature of the geological problem, to decide on the main lithological subdivisions
you might record on the map, and to decide on the types of small-scale structural
features that require mapping. It is sometimes a good idea to spend a little
time looking at the boulders in streams because these can give a useful first







impression of the rock types likely to be encountered in the catchment area of
that particular stream. It is best to commence mapping where the
weathered, best exposed and most accessible exposures are located.

Having arrived at a rock outcrop the first thing to do is to find your
position on the map, either from simply identifiable features recorded on the
topographic base or aerial photograph, or by resection of distant features using
the compass to ray-in your position (two or three features are required for
this). Mark the locality on the map and note the lithological type and any
general and special features of the rock (mineral composition, grain size,
weathering) in your field book. If the rock is of sedimentary origin, look for
diagnostic sedimentary structures and, if possible, determine their geometry so
that it will be possible to reconstruct the directions of transport of the
sediment depositing current (cross bedding, ripple marks, bottom structures in
turbidites). If the area is tectonically complex, these primary sedimentation
features can be used to determine the younging direction of the beds (normal or
overturned strata). In sedimentary rocks search for fossils which might give an
indication of rock age (zone fossils) or indicate the conditions of deposition
(paleoecology). Search for tectonically produced structures (cleavage, folds,
lineations, joints, etc.) and for deformation markers that might be used to
establish the principal strain directions and values. Note all these features in
the field book and sketch particularly important geometric relationships. You
may decide that the outcrop shows certain features so well that it should be
placed on photographic record. Remember to include a scale in the photograph, to
note the exposure number and to make a quick sketch in the notebook of the field
of view, recording rocks types and nature of any structures. However, do not
rely on a photographic record alone. When making a photo, always remember to get
as close to the outcrop as possible while keeping the subject material in the
field of wview. So many photographs are disappointing because the object of
importance is subsidiary to a mass of vegetation or of rocks showing no features
in particular. Most modern cameras can focus down to <0.5m, and with lens rings
or a macro lens unit it is quite possible to take photographs at distances of a
few centimeters from the object. Remember that greater range of depth of focus
occurs where the f-number requires a longer time of exposure, which may give

least

movement problems if the camera is held in the hand. Before you take a
photograph remember to clean up the outcrop surface by removing stones, leaves
and distracting vegetation. In the field one may not notice the effect of a

blade of grass or its shadow, but when the film is printed these geologically

insignificant things may often detract from the features that are of geological
importance.

The field map

On the map indicate in pencil the 1limits of the actual outecrop as
accurately as possible and then, also in pencil, lightly color the mapped outcrop
according to your lithological color scheme. Measure any planar structure
(bedding, cleavage, banding, jointing, etc.) first recording the strike with a
compass to the nearest degree and second the angle of dip and its directional
sense; e.g., 143/76 SW. Make sure that the magnetic azimuth reading is corrected
to true north. You record this information in your field book, but you should
also record the most important geological readings directly on the map in the
field. With a protractor accurately draw the strike line and indicate with a
side tick the dip direction. These data are recorded on the map in symbol form
(see Appendix), and the dip measurement made should be written next to the
symbol. Two methods of recording the numerical data in your note book are in
common use. The first records the strike direction together with the angle and



approximate direction sense of the dip, e.g., 143/76 SW. The second method
describes the direction of the dip using a 360° compass notation followed by the
angle of dip, e.g., 233/76. With the second method the direction sense is not
necessary because it duplicates the information of the dip tick symbol, but it
does give a useful check to avoid mistakes. To avoid confusion, it is wise
always to use three numbers for the strike or dip direction, and two for the dip;
e.g., 007/04. Which of the measurements of planar structures you record directly
on the map will depend upon the nature of the geological problem you are trying
to solve but, in principle, record as many features as possible. Geological
mapping is often a very stimulating exercise just because the geological
significance of individual outcrops gradually emerges during the course of the
work, just like a jig-saw puzzle picture is gradually revealed as the separate
pieces are assembled. A criticism that can be made of many field maps is that
they do not contain enough measurements and records of structural information. A
novice will clearly take quite some time to identify, measure and record a
particular structure, but an experienced field geologist can be expected to make
between 50 and 200 measurements each day. Such a large data base is absolutely
invaluable in providing a firm base for a geologic interpretation. Another
important aspect of measuring orientations of structures is that it forces the
geologist to observe carefully and identify features which, with a more casual
investigation, might be overlooked. The second type of basic orientation
information relates to the orientation of 1linear structures (fold axes,
intersection lines of cleavage and bedding surfaces, stretching directions in
deformed rocks, striae on fault planes, etc.). The trend or azimuth of the
lineation is measured with the compass and the angle of inclination from the
horizontal, i.e. the angle of plunge, with the clinometer. These data should be
accurately recorded in pencil on the map in the field using an arrow symbol and
in your note book; e.g., 252/26. Remember that a linear structure plunging
towards the WSW has a different arrow sense from that plunging ENE, and that the
plunge should be recorded by the symbol. All primary and secondary structures
can be classifed either as planar or linear features, and it is normal to denote
different types of these features using variations in the basic notation or in
color of the symbols. Some geologists use color coded symbols when they make a
permanent record of their data in ink at the end of the day; black for basic
features (bedding, polarity sense) and red for tectonic features (cleavage, fold
axes). There are no unique symbols for the various types of features you will
record, but a list of suggestions is given in the Appendix. Whatever you use
from this list, make a record somewhere on the field sheets of your notation.

The field map will develop day by day as information accumulates.
Comparing the maps of different geologists, one sees a wide range of different
techniques and approaches, some of which are to be discouraged whereas others can
be recommended in helping to provide useful and high quality data collection.
Beginners often produce a map which is just a series of locality numbers. All
the data are placed in the field book and little or none on the map. Such a
record is practically useless, and the geologist who uses such a technique is
unlikely to see many of the major geological and structural problems of the
region. These will only emerge when the data are plotted back at the office, and
one may find it necessary to return to the area or leave the problem in an
unsatisfactory and unresolved state. Furthermore, with this technique it is most
unlikely that, during the data collection in the field, the geologist’s mind has
been actively working and thinking about the outcrop relationships from locality
to locality. Many of those geologists making such a data record find field work
boring and regard the activity as only necessary for supplying themselves with a
series of hand specimens for later work in the laboratory.



Another technique which can be criticized is the production of a solid
geological map of the bedrock formations directly in the field. With this
technique it is not always clear what evidence there is behind the construction
of geological boundary lines, what is reasonable inference and what is just
guesswork. It is best to clearly demarcate the observations and the inferences
made from them (Figure 2). The differences between exposed and inferred
boundaries are clear, and so are the differences of degree of certainty between
different types of inference. Any geologist who later has to use such a map will
know exactly where to find the exposures and where to seek additional information
should that be necessary. With this technique do make interpretations in the
field. For example it is often relatively easy to see where unexposed boundaries
might be located during the course of the field work, especially if the
topography is varied and complex. On such a field map it will be possible to
record many features which may provide excellent indicators of sub-soil geology:
slope changes, springs, soil color, vegetation changes, etc. Without interfering
with the solid geology record it is also possible to indicate information about
Quaternary deposits (moraine, alluvium, rock falls, etc.) using a variety of
different point, circle and triangle symbols. After a day in the field it is
often an excellent idea to make a full-colored pencil interpretation of the sub-
surface geology using weaker color intensities than those of exposed outcrops.

Sample collection and record

During the course of a field investigation you may need to collect samples
of rocks for later investigations of features in the laboratory. 1In the field
you will need to mark each rock specimen clearly with a sequential number using a
waterproof felt tip marker pen and to record with grid coordinates the rock type
and location in the note book. The sample number can also be recorded on the
map. One convenient technique is to make a pin prick on the map at the sample
locality and to record the specimen number on the back of the map sheet. For
specimens which show important structural characteristics the collected sample
should have an orientation mark so that any information resulting from further
laboratory study can be directly related to the field. It is recommended that
all samples are oriented in this way. To collect an oriented sample a surface of
the outcrop is selected which preferably shows some clearly marked planar
surface. Often this surface will have some structural significance, e.g., a
bedding, cleavage or joint plane. The sample is then broken from the outcrop and
then placed back on to its parent, perhaps with the assistance of sticky tape.
The strike azimuth and dip orientation of the surface are then measured, and the
data recorded in the note book. The strike and dip directions are then marked on
the rock sample with a felt tip pen, perhaps together with the orientation
numbers, before the specimen is detached from the outcrop. Do not forget to
number your samples and record this in your note book. It is convenient to use
the same number for the specimen and the outcrop, e.g., 1l4A or 88-14A.

CONCLUDING REMARKS

The maps produced by geologists vary from scruffy, torn, illegible pieces
of paper to near works of art. You will probably not make ideal field maps when
you take your first steps in field mapping. However, with increasing experience
and continuous self-criticism of your efforts, even those who are not born with a
sense of neatness, or who have little or no inherent drafting ability, can
produce good quality geological maps. Aim at the highest standard possible. If
you are working in a group making a geological map, compare your efforts
critically with those of your colleagues.



Field mapping is an enjoyable and stimulating intellectual activity.
Remember, however, that it 1is mnot only an academic exercise. For the
professional geologist a good accurate mapping technique provides the fundamental
data necessary for much research and development. The investment of large sums
of money on major civil engineering, mining or petroleum development may partly
depend upon the reliability of your field observations and your map. If your
data collection and record was poorly made, you will, at best, be unpopular with

your project chief and, at worst, you may find yourself looking for new
employment.
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Appendix: map symbols

Primary structures
A. Planar: lithology, layering, banding in gneisses, flow banding and flow
layering in igneous rocks. ‘

4o
\\<\ strike and dip, basic notation

\\k\ vertical
\74‘ horizontal

polarity of layering

Lo
\\(\ "normal" layering
Lo

\w’Q\ "overturned" layering

N exposed lithological contact
P g
N o -7 7 inferred (certain) lithological contact
inferred (undertain) lithological contact
B. Linear: bottom markings in turbidities (flute casts, groove casts, bounce
casts, etc.), ripple crests, flow lineations in igneous rocks.
azimuth and angle of plunge

horizontal

vertical
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Secondary structures

A. Planar: fold axial surfaces, cleavage, schistosity, fracture planes, shear
zones, joints.

40
uo \\K\ strike and dip, basic notation

m\\"\\ suggested variations on basic symbol

™~a vertical
\7\‘ horizontal
‘-)O

/&/ exposed fault contact (with dip tick)

- -—,inferred (certain) fault contact

]
e®* ¢’ inferred (uncertain) fault contact
[ ]

/u_/ normal fault (u upthrown side, d downthrown side)
P

)/reversed or thrust fault (triangle on hanging wall side)
‘%strike slip fault (right-hand displacement)

_/,-}6 antiform axial surface trace (vertiéal)

,—-/?{ antiform axial surface trace (nyerturned

synform axial surface trace (vertical)

__AR" synform axial surface trace (gyertdrned

B. Linear: fold hinge lines, mineral orientation lineation,, long axes of
elongated particles, cleavage-bedding intersection, stretching fabric, pencil
sturcture, striae or fibrous crystals on fault surfaces.

Yo
/' azimuth and angle of plunge, basic notation
wo 4o
//'suggested variations on basic symbol
o
horizontal
90

/1 vertical
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True North True North

A

350 " 340

*

N\

Declination Setting = 15°W Declination Setting = 15°E

Figure 1. Compass correction for magnetic declination. (a) declination of 15°W,
(b) declination of 15°E. Each compass is shown pointing due North. Note that
the needle is not parallel to the sides of the compass.

Figure. 4. Types of map record of the same base data. A: records only locality
numbers, B: is a solid geological map interpretation and C shows the mapping
style recommended, clearly distinguishing facts and inferences.
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