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Geologic mapping involves remote sensing studies and is conducted repeatedly at the beginning and subsequent stages
of the mapping project until a finished geologic map is produced. The study embodies extraction of geologic features
through the analysis of images of the earth\s surface acquired by aerial cameras (aerial photographs) or landsat
multispectral scanners. The Regional mapping division of the Geological Survey of Ethiopia has so far utilized hard
copies of aerial photographs as main image source for its mapping activities. The department now extends the use of
digital landsat (ETM +) and digital elevation (DEM/SRTM) data in conjunction with GIS system for facilitating the routine
mapping activity and compilation work, and improve regional geologic map coverage of the country. For successful digital
remote sensing studies, it is essential to have the required resources, and follow the working steps and guidelines
indicated in the respective sections.

Purposes and advantages of digital remote sensing data

Main required inputs

Preliminary works

Elements of image interpretation

Easy interpretation of geologic features through various image enhancement
facilities & 3D visualization of images overlaid on a topographic surface

Identification and mapping of different rock units (Lithostratigraphy)

Marking of regional structural trends (lineaments, faults, foliation, folds and etc)

Tracing of visualized geologic features directly on a computer screen

Navigation during field geologic traverse

Examine and interpret geologic features of large area from a single landsat
scene or mosaics in few days

Evaluate the association of morphology & drainage pattern to geologic features
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GIS application softwares: for image processing, DEM extraction,
image interpretation and geologic (vector) map production, etc.

Digitize base map features from topographic maps: Main & subsidiary roads,
Major rivers, Places and localities, spot heights, contour lines (50 m interval)

Extract geologic features from previous available geologic map: Geologic units,
Geologic structures,lithostratigraphy and associated description

Produce physiographic maps from processing of DEM data: Painted relief,
Slope, Slope aspectDrainage network,

Overlay different maps and note important geologic information that may be
visualized or observed

Thoroughly Examine and study the information acquired individually

Make physiographic divisions, produce vector map & write their characteristics

Identify drainage pattern and note their attributes

This involves building up of
different databases for easy
image interpretation.

The data has to be studied
and take summary notes
which will be also included
in the remote sensing report.

Proper analysis of physiographic
information is essential to
delineate structures & extent of
lithologies

Extraction of geologic features from remote sensing imagery is based on visual interpretation and/or
automatic processing of image data by the computer. Visual interpretation is the most intuitive way of
mapping geologic features from remote sensing images, displayed either on screen or on hard copy.
Visualization of different geologic features is achieved by closer inspection of the following image elements.

Tone

Interpretation
elements General characteristics

Shape

Size

Pattern

Texture

Site

Association

Digital elevation model data (DEM)

Hard copy of topographic maps: 1:50,000 and 1:250,000 scale

Scanned and mosaic of aerial photographs

Processed multispectral digital image (Landsat ETM, three or more bands)

Previous geologic maps and reports on the area/adjacent, and/or the country

Computer with latest advanced technological hardware

DEM = digital elevation model
ETM + = enhanced thematic

mapper plus
SRTM = Shuttle radar

topographic mission

Relative brightness of black and white image and hue for colored pictures in HIS system

Form also height of an object (in 3D)

Relative dimension of different objects

Spatial arrangement of objects and implies characteristic repetition of certain forms or
relationships. It can be described as concentric, radial, check board, etc

Relates to the frequency of tonal change and is expressed as coarse, fine, smooth or rough,
even or uneven, mottled, speckled, granular, linear, wooly, etc

Occurrence of an object to a particular easily identifiable feature

Close relationships/links of different or combination of objects.



Start actual on screen interpretation of lithologic boundaries and structures, i.e,
digitizing identified contacts & geologic structures as line features

Visualize geologic features by employing different functions of image analysis

Note the band combination and GIS image analysis functions,
which allows best visualization of geologic features

Note the type and spatial location of geologic features that you may have
spontaneously identified/recognized

Note image properties of identified features and establish key properties for
identification of other geologic features

Make lithologic polygons from the line features marking lithologic boundary

Complete your map by providing map symbols for the lithologic units &
Structural features

Appropriate stratigraphic legend

Lithologic units

Geologic structures

Geologic cross sections

Base map features

Selected traverse routes and possible field camping sites

ABSTRACT
a) Location, b) tasks performed, c) Brief list and summary of interpreted
geologic units and structures, d) General statement on pre planned field tasks,

OBJECTIVES AND SCOPE
a) Statement on objectives and location, b) Materials, methods, techniques
employed and time invested, c) General summary of the output and
content of the report

BACKGROUND INFORMATION
a) Statement on available previous works in the area/adjacent areas,
b) Summarized description of lithologic units and structures in the area as
identified by early workers or references from country wide geologic maps
and reports

PHYSIOGRAPHY
a) Statement on the general morphology, relief and slope gradient,
b) Physiographic divisions and their characteristic features,
c) Drainage network and type of drainage pattern

LITHOLOGIC UNITS
a) Brief list of interpreted lithologies, b) Preliminary stratigraphic outline &

their position in a geologic time correlated to early works,
c) Image and/or other characteristics of remotely sensed lithologic units,
d) Distribution and physiographic expressions, e) Relationship among

adjacent units

STRUCTURAL FEATURES
a) General overview of interpreted geologic structures, b) Attributes of the
structures, and c) Its influence on the landscape & distribution of lithologic units

PRELIMINARY TRAVERSE ROUTES AND FIELD TASKS
a) Summarized overview of the physiography, lithologic units and structures,
b) Outline of geologic problem conceptualized/identified in the course of
remote sensing study, c) Statement on proposed field traverses & purpose
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Interpretation and mapping procedure

Initial remote sensing map

Attributes of Initial remote sensing report

Indicate additional basis of
remote sensing interpretation
(Add geologic map)

(Add physiographic map)

(Add geologic map, lithology
and structure)

(Add traverse route map, and
table of preplanned traverses,
on the appropriate form)

Record image attributes of
interpreted geologic features,
on the appropriate form

Follow standards in part two
for the geologic map

Provide brief idea on importance
of the report

Present clear orientation into
different section of the report
(Add location map)



Field preparation involves collecting of the necessary instruments, tools, materials and etc, which are listed below. Before
departing to the field it is essential to make sure that all required items have been gathered from the appropriate store,
section and office.

I-2. CHECK-LIST OF FIELD EQUIPMENTS, MATERIALS, TOOLS & OTHERS (FE)
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Code CodeComponent name /content Component name /content

Geographic positioning system (GPS)
Geologic Compass
Geologic hammer
Hand lens
Pocket Stereoscope
Table Stereoscope
Altimeter
Meter tape
Photo camera

Copies of topographic map of the map sheet, and
adjacent sheet at 1:250, 000 scale
Copies of topographic maps of the study area,
1:50, 000
Aerial photographs covering the map area
Copies of interpreted geologic map, 1:100,000 scale
Hard copies of remote sensing image/s covering
the map area, 1:100,000 scale

Professional Instruments/equipment

Base maps

Mapping guidelines, forms & supportive items

Stationary Materials/items

Sampling tools & related items

Field note book
Note pad
Ball point Pen
Pencil/with refill
Colored pencil (full set)
Eraser
Sharpener
Marker (water proof)
Tracing paper
Millimeter paper
Typing paper
Rapidograph with ink
Ruler
Masking tape
Clipboard

Sledge hammer
Chisel (both flat & sharp tipped)
Sample bag
Rack sack
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Logistics and related materials/tools

Four wheel Drive car
Fuel/copoun
Empty barrel
Shovel
Mattock
Axe
‘Dijino’
Bush knife

Kitchen items/materials

First Aid kit box

Field work Information

Cooking set
Frying pan
Kerosene stove & Kerosene (gas)
Butagas stove & Butagas cylinders (filled)
Matches and/or lighters
Can opener
Tea kettle
Kitchen ladles, forks and knifes
Spaghetti Strainer
Dinning plates, ladles & forks
Water & tea cups and tea spoon
Water filter 3" with extra candles
Water canvas
Washing basin
Plastic bucket

Standard procedure & guideline for field mapping

Standard forms for lithostratigraphic section logging,
and field data recording

Remote sensing report & pre-planned traverse
table

Diluted HCL &other chemical stain for field tests

Camping materials/field luggage items

Tent
Sleeping bag
Foam mattress
Folding cot canvas
Air mattress
Pillow
Mosquito net
Insecticide sprays
Duffle bag
Side bag
Aluminium water flask
Field shoe
Water jerican
Field table
Field stool
Flash light (hand battery) with extra batteries
Butagas cylinder
Gas lamp with extra glasses
Shower bag

Letter of cooperation to Wereda/Kebele office,
written from the GSE & Regional government
office

Bandage
Medicinal Alcohol/dettol
Iodine and/or GV
Medicinal cotton
Medicated Plaster
Antipain medicine
Cutting knife and scissor
Sewing needle &



Many of the geological problems currently under investigation (either using the modern laboratory facilities) are
basically originated from field studies. The sophistication of the problems narrows, if one gives regard to field data, and
devoted his time and energy to collect much geological information as possible. For many reasons, however,
field activities (example, procedures of field data collection) have not always been respected.

Field work may seem at times routine, unproductive or even boring, especially when traversing a monotonous rock unit
that extends for several tens of kilometers in the region under consideration. Our knowledge on the geology of the
country will advance more effectively if we can be able to produce or collect significant geological data in the field itself.

Hand held GPS
Altimeter,
Aerial photographs and topomap,
Geological compass,
Pocket stereoscope,
Hand lens,
Geological and Sledge hammer
Field note book, pencil, colored pencils, pen and marker
Meter scale
Chisel (both flat and sharp edged),
Masking tape and plastic sample bag

These are the main mapping
instruments, to navigate,
locate, describe, sample and
sketch the geological
information that can be
obtained in the field. and
should be held in day-to-day
activity of any field traverses

1
2
3
4

5
6
7
8
9

10
11

FM-1 Equipment and materials

Field work include the observation, study and investigations of natural materials, features, phenomena and processes
in their natural setting, mainly by using our eyes and walking several kilometers on our feet. In general field
geologic mapping involve surprises and complications, so it requires patience and demand decision. If field mapping
is conducted with keen interest, awareness of many of the facts on the ground, synthesis and systematic interpretation,
it is likely to have a map showing the real relationships between geological units, their structural setting and write
a comprehensive geological history at the end. The main objective of this brief guide is to provide a working check-list
of major geological features that should be assessed, analyzed and described during field regional geologic mapping.
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FM-2

FM-3

Field note book format & main notes

Field traverse line & order of information record
The observed and written
records at each observation
point need be comprehensive
and legible to be of use to
any other geologist

Do not use pencils for writing
field notes

Cross-sections should also be
made at a point, where the
geology is complex

Do not leave a gap of
information between stations
along a traverse route.

Write field notes on hard covered note book: 14cm wide and 18cm long

Use waterproof ink for writing field notes

The first inside page of the note book must have the following information:
A) Name and address of the geologist making the observation,
B) Name and index of topomap sheet, subsheets and year of project, and
C) Names and addresses of field party members

The right side page (description page) of the notebook should be used
to write field attributes of observed geologic features.

The left side page of the note book should be used for the following purposes:
A) Sketching outcrop features,
B) Recording structural measurements (in both symbol and numerical figures),
C) Information on rock samples, and etc.

Start of each daily traverse should contain the following information written on
the top of the description page: A) Date and time, B) Serial and strip number of
aerial photograph/s, C) Name of traverse and intended purpose
D) Name/s of professional partner (if any)

Record the spatial attribute of each observation point/station along field
traverse lines:
A) Station number (number preceded by two initial letters of geologist’s name)
B) Geographic location (Easting and northing) in UTM units,
C) Spot elevation in meters, and
D) Specific locations with respect to localities or permanent landmarks

Briefly describe attributes of geologic features as they appear on the outcrop,
at each field observation point

Label the station number at the back of the aerial photograph

Color mark lithologies & structures continuously on the topographic base map

At the end of each traverse write summary notes and make general
cross-sectional overview of geologic features observed along the traverse line
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FM-5

FM-6

FM-7

FM-8

Note the morphology of the outcrop area: hill, flat, river, creek, road, cliff, etc

Based on the outcrop analysis, decide what to sample (rock, fossil or mineral)
and its purpose

Mark the position of sectioning of specimens for simple petrographic study

Samples for specific petrographic/polished section studies
(ex. structural study) should have compass orientation marks and attitude of
geologic feature to be studied

Write the station number on the sample, on the wrapping masking tape, and
on the plastic bag

Record specimens collected and reasons for further study on the note book

The weekly field data has to
be evaluated & summarized
at the field camp

Transfer observation points on the topographic base map and color mark
sample locations

Delineate contacts of lithologies on the base map

Summarize acquired field data and identify problems to be worked out

Outcrops with significant geologic information have to be sketched and/or
photographed

Sketched or photographed features must show appropriate scale and compass
orientation

Write down the locality, direction of view, attitude of the topographic surface
and attributes of sketched/photographed geologic features in the note book

Note the nature of exposure: continuous, partly covered, blocky, fragmental

Note the homogeneity and heterogeneity of exposed rocks

Note the economic significance of exposed lithologies

Note appearance of rocks on weathered surfaces

Describe the type of contact in adjacent rock units: sharp, gradational

Note the nature of structural features on the outcrop: simple, complex, etc

Describe identified structures: type, attitude, geometry, age

Take rock samples for comparisons with other similar outcrops, further
microscope characterization of rock units and/or solving particular problems
noted on the outcrop

Make sketches/photographs of outcrops with significant information
on the geologic history

Conclude the outcrop analysis with interpretation remarks on the genesis,
lithostartigraphy, structural history and/or problems of interpretation

Describe each identified rock type: color, texture/grain size, mineralogy, etc

Inspect for color, textural and mineralogical variations occurring in a
relatively homogeneous outcrops

Outcrop analysis and record

Sampling

Field sketches and photographs

Compilation of field data

Closely examine the lithostratigraphic relationships among different kind of
rocks in heterogenous outcrops

Identify structures in each of rock units: primary (formational), secondary
(deformational)

Keep observations or facts
on the ground distinct from
interpretations

It is desirable to make
as much observations on
good outcrops

Fresh unaltered samples
are required for petrographic
study of components of
lithologies

This is to familiarize with
ground attributes of geologic
features and find-out access
routes to reach outcrops of
interest identified by remote
sensing study

1
2

4

5

3

FM-4 Preliminary (reconnaissance) field work

Make road geological traverse in the first few days of the field work

Collect information on available motorable roads or foot paths

Take short notes of the geologic observations made

Write outlines of the new traverse plan and changes made to previous schedule

Plan main traverses ahead, based on the acquired actual information and
pre-planned purposes identified during remote sensing study

In most cases it is essential
to make rough sketch of
all photographed features

Code RemarkComponent name /content
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GROUP: Employed to a succession of two or more or associated
formations with significant and diagnostic lithologic properties in common.
The component formations need not be the same everywhere.

contiguous

Aggregation of
formations simplifys lithostratigraphic divisions in certain localities

FORMATION: Primary formal unit of lithostratigraphic classification. Its
establishment varies with the complexity of the geology of a region and the
detail needed for geologic mapping and to work out its geologic history.
This is the only formal lithostratigraphic unit into which the stratigraphic
column everywhere should be divided completely on the basis of lithology.
Its thickness may range from less than a meter to several thousands.

Ranking of stratotypes as
formation is done to
successions that can be
mapped at the scale of mapping

MEMBER: Possesses lithologic properties distinguishing it from adjacent
parts of the formation. No fixed standard is required for the extent and
thickness of a member. Some formations may be completely divided into
members; others may have only certain parts designated as members.
A member may extend from one formation to another. Specially shaped
forms of members (or of formations) are lenses and tongues. A lens is a
lens-shaped body of rock of different lithology than the unit that encloses it.
A tongue is a projecting part of a lithostratigraphic unit extending out beyond
its main body.

1

LU-2

LU-1

Lithostratigraphic rank terms

Procedures for establishing lithostratigraphic unit

Do not use compound lithologic
terms for naming

Avoid the use of non-lithologic
terms and adjjectives such as
volcanics, metamorphics, etc

Thickness of a succession
is not a criteria for grouping
formations

Identify stratigraphic types based on detailed mapping in certain localities

Determine the type locality where the stratigraphic unit is best exposed

Supplement the lithostratigraphic designation by mapping other reference
sections with similar lithologic character

Note and designate lower and upper stratotypes, in poorly exposed areas

Decide on where to place the lithostratigraphic boundar: lithologic change, or
arbitrarily based on vertical/lateral lithologic gradation, or intertongung

Desiginate separate names for similar stratigraphic types separated by
unconformities or major hiatuses

Derive simple lithologic term to name
designated lithostratigraphic unit

from the predominant lithologic type

Extend the use of lithostratigraphic designation to stratified volcanic rocks and
metamorphic rocks with little deformational history

Define a separate criteria for lithostratigraphic designation of non-layered
intrusive units or metamorphic rocks with complex deformational history

Use supplementary geographic locality to accommodate lateral changes in
lithostartigraphic character

This section provides basic international stratigraphic principles and guidelines for definition, characterization and
establishment of lithostartigraphic units in the course of mapping.

Group
Formation

Member
Bed

Flow
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Boundaries of designated
lithostratigraphic units can cut
across time surfaces, fossil
ranges, etc

Local or minor hiatuses, within a
similar stratigraphic sequence
(lithologic units) should not be
used for designation of more than
one lithostratigraphic unit

Avoid terms such as "lower",
"middle", and "upper for formal
subdivisions of lithostratigraphic
units

Use local geographic term
combined with either a unit-term
or a simple field lithologic term,
such as gneiss, schist, etc or
complex, ophiolite, melange
to metamorphic stratotypes

Division of formation into
members should be made
for a particular purpose

Ranking into distinctive beds
(key beds, marker beds) should
be made to serve particular
stratigraphic purpose.

Formal stratigraphic
hirearchy
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I-4. GUIDELINES FOR FIELD IDENTIFICATION & NAMING OF LITHOSTRATIGRAPHIC UNITS (LU)

(adapted from international commission on stratigraphy)

Lithostratigraphic units are bodies of rocks, bedded or unbedded, may be sedimentary, or igneous, or metamorphic
in origin. They are defined and characterized on the basis of their lithologic properties and their stratigraphic relations
observed in the field, and/or recognized by a combination of both. The geographic extent of a lithostratigraphic unit is
controlled entirely by the continuity and extent of its diagnostic lithologic features.

BED: The smallest formal unit in the hierarchy of sedimentary lithostratigraphic
units, e.g. a single stratum lithologically distinguishable from other layers
above and below.

FLOW: A discrete extrusive volcanic body distinguishable by texture,
composition, or other objective criteria.

The designation and naming
of flows as units is limited to
those that are distinctive
and widespread



LU-3

LU-4

Miscelaneous lithostratigraphic ranking terms

Procedures for extending lithostratigraphic units and Correlation

Do not designate
lithostratigraphic name
for succession that are not
fully described and
characterized

1

1

2

2

3

3

lithostratigraphic unit and its boundaries are extended away from the type
section or type locality only as far as the diagnostic lithologic properties on
which the unit is based may be identified

Where lithologic identity is difficult to determine because of poor or no
outcrops, a lithostratigraphic unit and its boundaries may be identified and
correlated on the basis of indirect evidence: geomorphic expression,
wire-line logs, seismic reflections, distinctive vegetation, etc

Use the top or the base of a marker bed as a boundary for a formal
lithostratigraphic unit where the marker bed occurs at or near a recognizable
vertical change in lithology
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I-4. GUIDELINES FOR FIELD IDENTIFICATION & NAMING OF LITHOSTRATIGRAPHIC UNITS (LU)

(adapted from international commission on stratigraphy)

SUPER GROUP AND SUBGROUP: Commonly used for several associated
groups or for associated groups and formations with significant lithologic
properties in common. Exceptionally, a group may be divided into subgroups.

COMPLEX: A lithostratigraphic unit composed of diverse types of any class
or classes or rocks (sedimentary, igneous, metamorphic) and characterized
by irregularly mixed lithology or by highly complicated structural relations.

LITHOSTRATIGRAPHIC HORIZON (LITHOHORIYON) A surface of
lithostratigraphic change, commonly the boundary of a lithostratigraphic unit,
or a lithologically distinctive very thin marker bed within a lithostratigraphic unit



Sedimentary rocks occur in the southeast, central-west and northwest parts of the country, overlying basement rocks.
They range from terrigenous clastic deposits to marine calcareous rocks. The general lithostratigraphy has been
previously established by early workers based on surface mapping and drill cores in certain localities. The lateral and
vertical variation in the sedimentary succession is not yet known at many places. In view of this, the regional
geologic mapping is expected to provide additional data for better understanding of the sedimentary rocks exposed
in the areas of mapping. The task includes establishment of proper lithostratigraphic units, their depositional
arrangement/organization and origin.

General field working steps & observation record

Make measured stratigraphic section logs at different localities where

the succession is very well exposed

Carefully note the type of lithologies, facies change, occurrence of fossils and

primary sedimentary structures, in both lateral and vertical section

Examine the contact relationship of adjacent layers, and measure thickness &

attitude of individual beds

Record attitude of observable secondary structures such as joint, fault, etc.

Sample lithologies for further petrographic study

Take small chips of the setion logs for comparison with other sections

Make sketches or take photograph of the section and other essential details

Note lithologies of economic significance

Summarize the observation and make interpretation of the provenance, mode

of transport & depositional environment of the sequence

Correlate stratigraphic sequences logged at different localities in the area

Based on the correlation establish lithostratigraphic units

Extrapolate the clearly identified sequence to localities with poor outcrops

Steps of outcrop analysis in clastic sedimentary sequence

Classify the sequence according to grain size to determine the root name

Look at the composition of classified units and note the proportions of gravel,

sand & mud

Closely inspect the texture of individual layers: grain morphology & sorting

Note the colour, look for important clastic grains/mineral and name the layer

Identify type of sedimentary structures and record their geometrical properties:

A) Soft sediment (load-casts, flames, sand volcanoes, mud cracks, rain pits)

B) Depositional (planar bedding, planar lamination, ripples, cross bedding,

cross lamination, graded bedding, imbrication bedding)

C) Erosional (sole, marks, scour marks, flute casts, tool marks, furrows & rills,

channel scars and slump scars), and/or

D) Impressions of organic or skeletal forms (tracks, trails, & burrows)

Steps of outcrop analysis in calcareous sedimentary sequence

Classify the sequence according to proportions of carbonate mud with

respect to larger grains; very fine-grained carbonate grains versus allochems

(intraclast, oolite, pelloid & fossil fragment) to determine the root name

Closely inspect the structure of individual layers

Note the colour, look for important fossils and alterations

Record the distribution of fossils with respect to bedding

Look for any depositional or diagenetic structures and record their properties
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SR-1

SR-2

SR-3

SR-4

Remote sensing studies

Use base map information,
morphology and slope of
the area to select good
exposures that are fairly
accessible

Selected sites can be stream
course, cliff faces, hill or ridge
sides & artificial excavations
(road cut, quarry)

Look for any sedimentary bedding and note its frequency & spatial variation

Define certain image analysis key and delineate contacts of different

sedimentary formation

Note any tilting of beds and investigate for related tectonic structures

Select sections for field logging



Volcanic rocks are widespread in the country. They vary mainly from felsic to mafic lava flows and pyroclastic rocks.
Alternation and intertonguing of different types of volcanic rocks is common in most places. Besides there are layers
of volcano-clastic sediments (tuff, lacustrine & alluvial fan deposits) & patches of paleo soils making part of the volcanic
formation in some places. Recent volcanic rocks form prominent caldera, plugs, cinder cones, etc. Their formation is
associated with the development of the East African Rift System in Cenozoic Era.
Regional geologic mapping on this terrain began much recently & will be continuing in the future. The mapping is
expected to reveal the type & distribution of lithologies and tectonic structures, stratigraphy, nature of Cenozoic basins
and their relation to extensional faults.

General field working steps & observation record

Make lateral and vertical logs at different localities where thick volcanic

formation is very well exposed

Examine the volcanic sequence for any lateral and vertical variations in the

type of lithology or intertonguing and note the nature of contact

Examine for the slightest tilting of the volcanic sequence and note attitude of

volcanic layering

Closely inspect nature of volcaniclastic sediments and/or paleosoils, which may

occur in a volcanic sequence

Note type of jointing and its geometrical properties: Columnar, platy/slabby,

ramp (shape, dimension and orientation)

Sample lithologies for further petrographic study

Take small specimens of lithologies from the sequence for comparison

with other sections

Look for any displacement of contacts (from far distances) to identify faults

Look for collapse & eruption structures in a caldera, crater, spatter cones/ramparts

Make sketches or take photograph of any importantvolcanic features

Note lithologies of economic significance

Summarize the observation and make interpretation

Correlate the different sections logged in the area

Establish lithostratigraphic units based on field data

Steps of outcrop analysis in volcanic lava flows

Classify volcanic rocks based on color & texture

Note the type & proportion of phenocrysts in a porphiritic rock

Look for primary/secondary volcanic structures & note their properties:

A) Lava flows; ropy, smooth, blocky or flow folding (shape and dimension)

B) Vesicles & amygdules

Inspect the outcrop area for any variation in grainsize, texture or color

Steps of outcrop analysis in pyroclastic volcanic rocks

Classify pyroclastic volcanic rocks based on grainsize

Note the relative proportion of component grains and name the rock

Record the composition of different clasts and other physical attributes

Note the nature of welding
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VR-1

VR-2

VR-3

VR-4

Remote sensing studies

Identify prominent volcanic landforms/features within or adjacent areas

Delineate volcanic lithologies based on image properties & volcanic features

Note any observable faults and tilting of lithologies

Select accesible traverse routes for closer field study of the lithologies

and also the faults
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Look for outcrops with moderate metamorphic fabric & recognize the type

of rock association

Measure/Estimate their relative size, proportion & establish their relationship

in detail

Identify metamorphic mineral assemblage in each of the rock types

Note the main fabric elements (texture & structure|): their orientation, symmetry

and relative age

Determine sequence of deformation, vein types & intrusion events

Record stable mineral assemblages for each event being established

Make sketches of outcrop features with significant geologic information

Cross check the established metamorphic events at other outcrops

and expand or modify it based on new observations

Continue with the analysis of other outcrops until no important addition or

modification to the expanded scheme of events is required

Establish lithostratigraphic units based on field association & visuallized

scheme of metamorphic evolution
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MR-2

MR-3

Remote sensing studies

Use formIdentify metamorphic fabric and note its strength & spatial distribution

Delineate localities with strong fabric

Mark major structural trends

Outline image properties & define metamorphic fabric keys to differentiate

metamorphic lithologies

Look for any intrusive body & mark its outline

Compare trends of intrusive bodies with the metamorphic fabric to

characterize their relative age

Delineate suitable traverses for further field study

Note & describe all the variation in colour, grain size, fabric and mineralogy of
relatively monotonous metamorphic rock exposure and analyze the factors,
which possibly govern this variation.

Examine the nature of banding/layering (frequency, gradation, sharp), its
continuity both along and across the strike of gneissic rocks.

Describe and also sample any veins and pegmatites that possibly occur in a
sequence of metamorphic rock and massive intrusives. Their aerial extent,
attitude, contact relationship (chilled/normal margin) and relative age should
also be clearly identified and noted. Check for the presence of any kind of
zoning (mineralogical or texture) and any structural fabric. Compare the attitude
of the preferred orientation with that occurring in the host.

Make note of xenoliths/roof pendants or inclusions of a different type of rock
occurring in a metamorphic formation. Describe their abundance, geometry,
orientation with respect to the local tectonic fabric, boundary relationship with
the host rock and their physical properties. The nature and geometry of the
internal fabric of individual xenoliths is also an important notable feature.
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General field working steps & observation record

Outcrop analysis and record of lithologic data

Regional Geological Mapping Section
Geological Survey of Ethiopia

Wide exposures of metamorphic rocks occur in the south, west and north peripheries of the country, underlying
Phanerozoic rock formations. The metamorphic rocks are comprised of simple to composite high-grade gneisses,
low grade ophiolite sequences & associated metasediments. Different generation of acidic to intermediate intrusives
puncture the metamorphic formation at various stages of Neoproterozoic orogenic activity.

Much of the metamorphic terrain has been covered by regional mapping in the past three decades. There are still
some localities and unmapped metamorphic exposures in deeply excavated valleys. Field mapping in metamorphic
rock terrain represent quite a very difficult task and demands a variety of technique that cannot be explained in a very
simple manner. The mapping activity involves identification of metamorphic lithologies, fabric, regional structures
and understanding of the origin, complex deformational & intrusion history.



Care must be taken using the
vergence of folds for any
structural interpretation.
Assigning of asymmetric folds into
S, Z or M folds can be made if the
exposure surface allows the
measurement of the axis and
axial plane. This also applies in
regions where the foliation
appears vertical.

In a layered sequence of schists,
certain layers may show two or
more foliations and in others not.

Using stereographic net check if
the lineation plots on the great
circle defined by the foliation plane
in which the attitude of lineation
is measured.

Foliation
A) Note the morphological characteristic of foliations (when hammered):

Continuous, Spaced/fracture cleavage & Crenulation
B) Measure and note the attitude of foliation (dip direction/amount of dip).
C) Check and note any slight variation in the intensity/attitude of foliation in

different bands or layers. Also analyze why the intensity of foliation varies
between different layers.

D) Closely inspect for overprinting relationship of foliations.

Lineation
A) Note the type of lineation: mineral (preferred orientation of mineral grains),

stretching (stretched mineral grains or aggregates of deformed grains),
rods (preferred orientation of elongated bodies of quartz), etc. and the
minerals that best define it.

B) Measure and note the attitude of lineation (direction of plunge and
amount of plunge) or pitch.

Folds
A) Note the geometrical feature (cylindrical/noncylindrical) of the fold.
B) Determine direction of closure (antiform, synform, recumbent, etc.)

and style of folding (tightness, curvature, symmetry, etc.)
C) For folds where the hinge zone is clearly exposed, measure the attitude of

the axis (direction of plunge/amount of plunge) and axial plane (direction
of dip/amount of dip).

D) Record wavelength and amplitude of cylindrical folds
E) For folds with unclear hinge zone, measure orientation of axial trace.
F) Note any development of foliation (axial planar) associated with the folding.
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MR-3

MR-4

Outcrop analysis and record of lithologic data

Outcrop analysis and record of structure data

In regions where an alternation of massive, coarse grained intrusive pods occur
note the changes in the mineralogical composition as well as structural fabric of
the host rocks towards the intrusive (both across and along the strike). It is also
desirable to note the physical properties and other parameters that can be
observed within the intrusive rock.

All locally assumed minor constituent rocks (example, lenses or layers of rocks
from few mm to several meters thick) should be properly described and their
relationship correctly identified.

Gbbroic rocks should be carefully examined for any kind of compositional
(magmatic) layering both in outcrop scale as well as in a regional scale. Any
supposedly minor constituents (dikes, sills etc.) should be noted and sampled.

The deformation history of a metamorphic rock is recorded by: foliation, lineation, fold, boudinage, joint and etc.
A detailed (reliable) data of any structure can be obtained from an outcrop surface showing the three
dimensional picture of the structure. The most important features of the common structures in a metamorphic
rock that need careful attention are listed below.

Boudinage
A) Make note of the rock types that show the boudinage structure
B) Note the geometrical features of the boudins (pinch & swell, detached, etc.)
C) Measure the orientation of the axis
D) Note any structures or growth of minerals (veins) along boudin necks
E) Determine any relationship between the boudinage structure and

other type of structure

Joints (fractures)
A) Note the distribution of joints (random/sets)
B) For every set of joints record their frequency, lateral dimension and

orientation (dip direction/amount of dip)
C) Determine the relationship between the joint sets and other structual

fabrics (foliation, folds, etc.)

Minor rock types occurring in any
metamorphic terrain are potential
marker horizons for structural as
well as petrogenetic studies and
their occurrence shall be recorded
on the face of the airphoto and/or
topographic base map.
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MR-5 Outcrop analysis and record of high deformation zones

Natural deformation of the Earth\s crust is usually concentrated along narrow planar zones commonly referred
as SHEAR ZONES. High strain zones are marked by grain size reduction & development of an associated
structural fabric different from adjacent undeformed part of a certain lithologic unit. Analysis of shear zones
includes recognition of set of structures & establishment of the deformation path.
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Note the approach of highly deformed rock along traverse line, either on
exposed metamorphic sequence or any other rock formation

Look for outcrop surfaces that allow 3 dimensional view of sets of structures

Classify the highly strained part according to grain size & texture: Cataclasite
or mylonite

Look for the occurrence of different planar fabric elements, record their
characteristic relationships and measure their attitude

Look for the occurrence of linear fabric elements, record their
characteristic relationships and measure their attitude

Closely inspect the high strain zone for porphyroclasts, broken mineral grains,
folds and other deformational structures, and record their properties and
relationships with the main fabric elements

Assess the nature & direction of displacement based on direct observation of
displaced marker layer/lithology or asymmetry of porphyroclasts or geometric
arrangements of sigmoidal vein arrays

Summarize the outcrop analysis with interpretation remarks on deformation
path, relative age & metamorphic grade/depth of development

Make 3D sketches and/or photographs of all notable shear zone features

Take oriented samples for further microstructural study and/or proper visual
structural analysis from polished slabs

Identify relatively highly deformed & undeformed parts of the same rock,
note variations in grain size, texture & mineral assemblage/components,
and orientation of fabric elements along their boundary

Code RemarkComponent name /content

Ministry of Mines and Energy
Professional Advisory Task Force

Standards for regional geologic mapping activities

Regional Geological Mapping Section
Geological Survey of Ethiopia

I-A12 I7-3

3 of 3I-7. PROCEDURES AND GUIDELINES IN METAMORPHIC ROCK TERRAIN MAPPING (MR)



1

1

1

4

4

8

2

2

5

5

9

3

3

7

7

6

6

10

2

3

4

5

7

8

9

6

PS-1

PS-2
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General steps of petrographic study

Petrographic steps & main attributes of clastic sedimentary rocks

Petrographic steps & main features of calcareous sedimentary rocks

Use formIdentify main components contained in thinsection

Determine the relative percentage proportion of the components

Note and record textural attributes: grain size & grain morphology

Note & identify nature of crystal zoning & twining in individual grains

Closely examine individual grains for any dicontinuty

Inspect grain boundaries, note relationship of adjacent grains & outline the

various relationships a grain has

Note & record the overall fabric of the rock

Name the rock

Describe the petrographic characteristics of the rock with conclusion remarks

on the petrogeneses & solved field interpretation problems

Make sketches of important textural relationships

Determine the modal average grain size & define the root name of the rock

Identify the type of main components: Mineral grains,lithic fragments, matrix

Estimate percentages of the individual principal components & classify the rock

Look for the distribution of grain size and note the degree of textural maturity

Inspect for the occurrence of other important mineral grain/s (accessory)

Name the rock based on the composition, textural maturity & its grain size

Closely examine the individual form & textural relationship of the components

Note & describe notable sedimentary structures

Briefly describe the petrographic observation with remarks on the mode of

sediment provenance, transportation & deposition

Assess the thin section & determine percentages of the principal components:

Allochems (depositional products), sparite & micrite

Identify the types of Allochems & estimate their relative proportions

Name the rock based on proportion of identified components

Look for other detrital components & primary porosity, estimate their

percentages and use as adjective modifiers to given name

Closely examine for diagenetic products: cementation, dissolution, mineral

replacement & fracturing of the component grains

Briefly describe the petrographic observation with remarks on the mode of

formation & subsequent diagenetic processes

Petrographic study of rock thinsections is an essential tool to name rocks according to their major components and
also decipher their petrogenesis provided that all the textural attributes are properly investigated. The textural
attribute of a rock includes: grainsize, morphology and the general fabric or relationship between the constituents.
These features are controlled by the physicochemical and dynamic processes/environment by which rocks
formed/evoloved.

Most thinsection descriptions are limited to enumerating the constituents and their relative percentages and
generally lack a proper textural description of the rock section examined. For appropriate analysis of the
petrogenesis of rocks it is essential to follow the procedures and guidelines outlined below.

Calculate proportions of the main

components summed to 100% &

use QFL diagram to classify

the rock
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Petrographic steps & main features of volcanic lava flows

Petrographic steps & main features of pyroclastic volcanic rocks

Petrographic steps & main features of intrusive igneous rocks

Petrographic steps & main features ofmetamorphic rocks

Note the primary texture and classify the rock: Aphanitic or porphyritic

Identify the type & crystal property of phenocryst minerals & estimate

their percentages

Assess the thin section & determine the composition of matrix

Look for vesicle s & amygdules, note their characteristic features & estimate

their percentages

Name the rock based on mineralogy of matrix and add adjective modifiers

using one or more of minor components

Inspect the relationship between phenocrysts and matrix

Look for magmatic flow structures

Briefly describe main petrographic features with interpretation remarks

on the volcanic processes and later alterations

Determine the modal grainsize & classify the rock

Identify the type of components & estimate their percentages

Name the rock based on dominant component type & grainsize

Identify the composition of clasts

Note the relationship between matrix and clasts

Briefly describe main petrographic features with interpretation remarks

on the extrusive volcanic process and later alterations

Determine the modal grainsize & classify the rock: Hypabysal or plutonic

Identify the type of components & estimate their percentages

Name the rock based on dominant component type & grainsize

Note textures and properties of individual crystals

Identify the relationship between main minerals & accessories

Briefly describe main petrographic features with interpretation remarks

on the magmatic crystalization process and later alteration effects

Identify & note the overall metamorphic fabric

Make list of stable mineral assemblages & estimate their percentages

Determine composition of important mineral phases such as plagioclase

Note grain size, shape, orientation and relationships of main mineral grains

Look for other textural features such as coronas, overgrowths & pseudomorphs

and establish sequence of mineral growth & deformation events

Determine the metamorphic grade based on index minerall/principal mineral

paragenesis and metamorphic fabric

Give appropriate name accounting field relations

Briefly describe overall petrographic features with interpretation remarks

on the type of parent rock, conditions of metamorphism & deformation,

and later alterations
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I-1) Relational data model for regional geologic mapping

A) Relational schema (ER-diagram)

B) Main features of relation instances in the data model

made out of
consists of

measured at

located at

found in

ROCK
SAMPLE

GEOLOGIC
RESOURCE

THINSECTION

MINERALOGY

STRUCTURE

PLANAR

type

LINEAR

COORDINATE

taken from

observed by
observed at

worked on

S.no. Name of relation Definition Number
of fields

contained in

OBSERVATION
STATION

GEOLOGIST SUBSHEET

MAPSHEET

Subsheet

Sheet

Geologist

Observation_Station

Rock_Sample

Planar

Linear

Thinsection

Mineralogy Mineralogical content of rock determined after petrographic study of thinsection

A very small portion of rock slice on a glass slide for microscopic investigation

A very small portion of rock representing lithological units exposed in an area

Positional reference of a point on the earth’s surface

A point along traverse route where one make a note of geological features

Professional earth scientist assigned for geological mapping of a certain region

Topographic base map of scale 1:50,000

Topographic base map of scale 1:250,000

Planar structural features measured during field geologic traverse

Linear structural features measured during field geologic traverse

Indications of geological resources identified in the course of field geologic traverse

Coordinate

Geologic_Resource

1 4

2 3

3 3

4 4

5 5

6 5

7 8

8 7

9 4

10 4

11 5

Standard database for regional geologic mapping
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I-2) Fields of relation instances and referential integrity of regional geologic mapping data model

Subsheet

Sheet

Geologist

Observation_
Station

Rock_Sample

Planar

Linear

Thinsection

Mineralogy

Coordinate

Geologic_Resource

Mineralogy & thinsection

Thinsection & rock sample

Rock sample & observation station (obst)

Observation station & coordinate

Geologist & observation station

Geologist & subsheet

Geologic resource & subsheet/ observation station

Subsheet & sheet

Planar, linear & coordinate via observation station

ss_index

ms_index

ss_name

ms_name

ssb_xll

msb_xll

ssb_xur

msb_xur

ssb_yll

msb_yll

ssb_yur

msb_yur

t_id ms_id

cr_z

p_id name title int t_no

os_no locality date g_id scn

rs_sno flithology_name f_texture

p_cn p_type dd da

l_cn l_type pd Pa

ts_sno

ts_sno

rs_sno

ts_sno

ps_sno

ps_sno

os_no

os_no

os_no

ms_id

l_ssid

p_cn l_cn

os_no scn

p_id

t_no

ms_index

ss_index

scn scn

c_id

g_id

t_id

rs_sno

p_texture

major_components minor_componets

plithology_name

secondary_components

c_id x_coord y_coord elevation

gr_sno

gr_sno

r_class r_type r_association l_ssid

A) Diagram showing fields (domains) of individual relations & their relationship

B) List of linked relationships

made out of

consists of

located at/measured at

located at

found in/observed at

taken from

observed by

worked on

contained in

S.no. Linking reference Connected (linked) relation instances Related domains

1

2

3

4

5

6

7

8

9

Standard database for regional geologic mapping
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I-3) Domain names and associated data type for regional geologic mapping database schema

Standard database for regional geologic mapping

S.no.
Name of relation

(Entity set)
Domain (Field) Definition

Data type
(Attribute)

Constraint

Mineralogy

ps_sno Petrographically studied sample number

Thinsection identification number

Texture of rock under thinsection

Petrographically determined lithology name

Rock sample identification number

Coordinate identification number

Longitudinal position of a point in meters

Latitudinal position of a point in meters

Vertical height of a point in meters

Observation station identification number

Name of locality at or close to station

Day, month & year of observation

Geologist identification number

Coordinate identification number

Geologist identification number

Geologist name

Position/work title of geologist

Station initial bearing geologist’s name

Mapping team identification number

Assigned mapping team identification no

Topomap sheet in which subsheet found

Index number of 1:50,000 scale topomap

Index number of 1:250,000 scale topomap

Name of 1:50,000 scale topomap

Name of 1:250,000 scale topomap

Lower left longitudinal boundary point

Lower left longitudinal boundary point

Upper right longitudinal boundary point

Upper right longitudinal boundary point

Lower left latitudinal boundary point

Lower left latitudinal boundary point

Upper right latitudinal boundary point

Upper right latitudinal boundary point

Projected coordinate reference (UTM) zone

Coordinate number of planar structures

Coordinate number of linear structures

Type of planar structure

Type of linear structure

Dip direction (azimuth) of planar feature

Plunge direction (azimuth) of linear feature

Amount of dip (inclination) of the plane

Amount of plunge of linear feature

Station no. where resource observed

Resource class

Resource type

Resource association

Subsheet index where the resource found

Name of lithology given in the field

Texture of lithology given in the field

CHAR (8)

CHAR (8)

CHAR (8)

CHAR (8)

CHAR (12)

CHAR (12)

CHAR (12)

CHAR (12)

CHAR (15)

VARCHAR (10)

VARCHAR (8)

VARCHAR (8)

VARCHAR (15)

CHAR (3)

DATE (10)

INTEGER (4)

INTEGER (4)

INTEGER (4)

INTEGER (4)

INTEGER (4)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (8)

INTEGER (4)

INTEGER (4)

INTEGER (3)

INTEGER (3)

INTEGER (2)

INTEGER (2)

CHAR (3)

CHAR (12)

CHAR (12)

CHAR (8)

CHAR (12)

CHAR (10)

CHAR (20)

VARCHAR (10)

INTEGER (2)

INTEGER (2)

INTEGER (8)

INTEGER (8)

CHAR (20)

CHAR (20)

CHAR (20)

VARCHAR (20)

VARCHAR (20)

VARCHAR (20)

ts_sno

p_texture

plithology_name

major_components Main identified constituents in %

Minor identified constituents in %

Alteration products identified in % or other

minor_components

secondary_components

1

2

3

4

5

6

7

8

9

10

11

Subsheet

Sheet

Geologist

Observation_
Station

Rock_Sample

Planar

Linear

Thinsection

Coordinate

Geologic_
Resources

ss_index

ms_index

ss_name

ms_name

ssb_xll

msb_xll

ssb_xur

msb_xur

ssb_yll

msb_yll

ssb_yur

msb_yur

t_id

ms_id

cr_z

p_id

name

title

int

t_no

os_no

locality

date

g_id

scn

rs_sno

flithology_name

f_texture

p_cn

p_type

dd

da

l_cn

l_type

pd

pa

c_id

x_coord

y_coord

elevation

gr_sno

r_class

r_type

r_association

l_ssid

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY

KEY
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II-1) Essential geologic map components and layout information

Ob.
ID

Ob.
ID

Row
index

Row
index

Component
Code

Comp.
Code

Component name
Map

elements

1 R2-2 SMC-1 Main map area, Base map features P, L, S, T

2 R2-3 SMC-2 Main map area, Geologic features P, L, S, T

3 R4-1 SMC-3 Cross sections P, L, S, T

4 R2-4 SMC-4 Map key (Legend) P, L, S, T

5 R2-1 SMC-5 Inset maps area P, L, S, T

6 R1-1 SMC-6 Country & Organization T

7 R1-2 SMC-7 Map title T

8 R1-3 SMC-8 Report number T

9 R1-4 SMC-9 Logo R

10 R3-1 SMC-10 Base map information T

11 R3-2 SMC-11 Map scale T, L

12 R3-3 SMC-12 History of geological mapping & map preparation T

13 R4-2 SMC-13 True & magnetic north arrows L, T

14 R4-3 SMC-14 Geologic map information T

Length (X)

Dimension (mm)

Corner points from origin (mm)

Distance from paper margin (mm)

Length (Y) Top Bottom Left Right

1 R2-2 SMC-1 696.00 443.00 64.00 254.00 246.50 246.50

2 R2-3 SMC-2 666.00 443.00 79.00 319.00 261.50 261.50

3 R4-1 SMC-3 800.00 200.00 597.00 44.00 194.50 194.50

4 R2-4 SMC-4 210.00 613.00 79.00 152.00 947.50 31.50

5 R2-1 SMC-5 210.00 733.00 64.00 44.00 31.50 947.50

6 R1-1 SMC-6 75.00 15.00 44.00 782.00 261.50 852.50

7 R1-2 SMC-7 130.00 15.00 44.00 782.00 529.50 529.50

8 R1-3 SMC-8 40.00 15.00 44.00 782.00 887.50 261.50

9 R1-4 SMC-9 30.00 30.00 44.00 767.00 1037.50 121.50

10 R3-1 SMC-10 200.00 50.00 542.00 249.00 261.50 727.50

11 R3-2 SMC-11 256.00 50.00 542.00 249.00 466.50 466.50

12 R3-3 SMC-12 200.00 50.00 542.00 249.00 727.50 261.50

13 R4-2 SMC-13 50.00 40.00 692.00 109.00 1027.50 111.50

14 R4-3 SMC-14 158.00 60.00 737.00 44.00 999.50 31.50

C) Size and positional attributes of map components

ID R_index C_Code X_ll

X_ll X

X_ll - Lower left (X)

X_ur - Upper right (X)

Y_ll - Lower left (Y)

Y_ur - Upper right (Y)

Y_ll

Y_ll

X_ur

X_ur

Y_ur

Y_ur

Y

1 R2-2 SMC-1 246.50 254.00 942.50 777.00

2 R2-3 SMC-2 261.50 319.00 927.50 762.00

3 R4-1 SMC-3 194.50 44.00 994.50 244.00

4 R2-4 SMC-4 947.50 152.00 1157.50 765.00

5 R2-1 SMC-5 31.50 44.00 241.50 777.00

6 R1-1 SMC-6 261.50 782.00 336.50 797.00

7 R1-2 SMC-7 529.50 782.00 659.50 797.00

8 R1-3 SMC-8 887.50 782.00 927.50 797.00

9 R1-4 SMC-9 1037.50 767.00 1067.50 797.00

10 R3-1 SMC-10 261.50 249.00 461.50 299.00

11 R3-2 SMC-11 466.50 249.00 722.50 299.00

12 R3-3 SMC-12 727.50 249.00 927.50 299.00

13 R4-2 SMC-13 1032.50 109.00 1072.50 144.00

14 R4-3 SMC-14 999.50 44.00 1157.50 104.00

D) Boundary limits of map components from origin (lower left & upper right corner points)

ID Code Feature Type

1 P Polygon

2 L Line

3 S Symbol

1) Map paper size; International A0 = 1189 X 841 (mm), Landscape. 2) Maplayout size = 1126 X 753 (mm).
3) Margins: Left & right = 31.5mm, Top & bottom = 44mm. 4) Map origin (reference): Lower left corner of map paper.

4 T Text

5 R Raster

Codes of map elements

B) Map paper format

A Names, codes & elements of map components)

Standard layout & components for regional geologic maps
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II-3) General layout and major elements of main map area components

15
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1
5
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55 5

MAIN MAP AREA

SMC-6

SMC-10 SMC-11

SMC-7

SMC-1

SMC-2

SMC-8

SMC-12

Base map features

Geologic features

IN
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T

/T
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A
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A

P
S

A
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P
K
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C
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C
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NB. 1) This map layout is not to scale of actual printing size.
2) Numeric figures are distance measurements in millimeter according to scale.

NB. 1) Detailed component list with cartographic
attribute is shown in section IX

NB. 2) Detailed component list with cartographic
attribute is shown in sections III-VIII and X

A) General layout (reduced format)

B) List of major map elements and feature group in the main map area

Map Element Map ElementFeature Type Feature Type

Water bodies/Wetlands Lithostratigraphic/
Lithologic unit

Places

Map frame

Lithologic contactCoordinate grid

Megascopic fault structureElevation contour

Megascopic fold structureStream/drainage

LineamentTransportation

Miscellaneous geologic features

Field measured planar structures

Field measured linear structures

Volcanic features

Fluvial/alluvial features

Paleontological/fossil features

Geologic resource indication sites

Boundaries

POLYGON
POLYGON

SYMBOL

SYMBOL

LINE
LINE

SMC-1) BASE MAP FEATURES SMC-2) GEOLOGIC FEATURES

Standard layout & components for regional geologic maps
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Qvs
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NQlf
NQip

NQuf NQufNQuf

NQuf

Nub
Nub Nub

NQip

Nlp
Nlp

Nup

NupNQlf

NQlf

Nlb
Nlb

Nup

Vertical = Horizontal

Jima
River

U D

SCALE: 1:60,000

2 kilometers0

SMC-3

SMC-3.1
SMC-3.2

SMC-3.7

SMC-3.8

SMC-3.3

SMC-3.4

SMC-3.5

Cross section

1) Title for the profile section 1) Arial, normal 7 & capital

2) Arial, bold 7 & capital

3) TNR, normal 6-7 & rivers in italics

4) Similar to map area, reduce font size to 5 where appropriate

5) Similr to map area, TNR, normal 7

6) Line weight 0.2-0.3mm & black, TNR, normal 6

7) Line weight 0.175-0.2mm & tick marks 1-2mm, TNR, normal 6

7) TNR normal 6, lineweight 0.15mm,
scale distance range 0-5km (for 1:250,000 geologic maps)

2) Compass direction for section ends

3) Reference localities, rivers, roads, etc.

4) Lithology polygons with letter symbols

5) Direction of relative displacement along faults

6) Stratigraphic and/or structural correlation lines

7) Vertical elevation scale marks at section ends

8) H
umeric and visual format
orizontal and vertical scales, in both

n

CODE COMPONENT
NAME/CONTENTS

TEXT

TEXT

TEXT

REGIONS, TEXT

SYMBOLS, TEXT

LINES, TEXT

LINES, TEXT

LINES, TEXT

FEATURE TYPE ATTRIBUTE

2
0
0

5 67

5

800

5 567
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0
0 CROSS SECTIONS/ PROFILES AREA

Base map information Map scale area
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M
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History of geological mapping & map preparation
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NB. 1) This map layout is not to scale of actual printing size.
2) Numeric figures are distance measurements in millimeter according to scale.

A) General layout (reduced format)

B) Content and cartographic attributes

C) Example
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Professional Advisory Task Force
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II-4) General layout, content and cartographic attributes for geologic cross sections/ profiles

Standard layout & components for regional geologic maps



Align text center

Align text center

Symbol attribute as in the
map area, following
standards in section X

Symbol attribute as in the
map area, following
standards in section IX

Align text center

Align text center

Include both formal
(Previous) and informal
(New) names

Color fill is inherited from
the map area, following
schemes in section IV

Follow standards of map
features

Follow standards of map
features

Lithologic symbol is
inherited from the map area

Describe main property of
lithologies not rock type

Geologic time scale
according to
recommendation of
International Union of
Geological Sciences (IUGS)
as shown in section III.

The first three geologic ages
should be aligned vertical
and the last two horizontal

REMARK

LEGEND

LITHOSTRATIGRAPHIC UNITS

GEOLOGIC SYMBOLS

GEOGRAPHIC SYMBOLS

Geologic time scale

Formation/Group

Lithology Box

Lithologic symbol

Lithologic description
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2
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5 5

5 15
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36 3435 40 3431
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5 5
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SMC-4

SMC-4

SMC-4.2 SMC-4.3

SMC-4.1

SMC-4.1

SMC-4.2a SMC-4.3aSMC-4.2b SMC-4.3b

SMC-4.1c
SMC-4.1b

SMC-4.1a

SMC-4.1a

SMC-4.1d SMC-4.1e

CODE COMPONENT NAME CONTENT & APPEARANCEFEATURE TYPE & ATTRIBUTE

SMC-4.1b

SMC-4.1c

SMC-4.1d

SMC-4.1e

SMC-4.2

SMC-4.2a

SMC-4.2b

SMC-4.3

SMC-4.3a

SMC-4.3b

1) EON

P
H

A
N

E
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O
Z

O
IC

2) ERA

M
E

S
O

Z
O

IC

3) Period

J
u
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s
ic

4) Epoch

Lower
Jurassic

5) Age (Stage)

Title

Sub title

Sub title

Symbol

Symbol

Symbol explanation

Symbol explanation

Sub title

TEXT & LINE

REGION

TEXT

TEXT

TEXT

SYMBOL

SYMBOL

TEXT

TEXT

TEXT

TEXT

TEXT

1) Arial normal, 10 & capital

2) Arial bold, 9 & capital

3) Arial bold, 9

4) Arial normal, 8

5) Arial normal, 7

Color
filled

Rectangle, 12mm long (horizontal)
6mm wide (vertical) and boundary
line weight 0.15 mm

Times New Roman normal, 8 (Formal)

Times New Roman italics, 8 (Informal)

Times New Roman normal, 7

Times New Roman normal, 7

Times New Roman normal, 7

Times New Roman normal, 7

Arial normal, 9 & capital

Arial normal, 9 & capital

Arial normal, 9 & capital

With or without text

With or without text

Arial bold, underlined, 10 & capital

Lower Hamenli

J1h

Grey brown, shaly limestone & fine grained
skeletal limestone

A) General layout (reduced format)

B) Content and cartographic attributes

NB. 1) This map layout is not to scale of actual printing size.
2) Numeric figures are distance measurements in millimeter according to scale.
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II-5) General layout, content and cartographic attributes for legend (map key) components

Standard layout & components for regional geologic maps



Location map
(Graphics)

Physiographic map
(Graphics)

Lithologic domains map
(Graphics)

Natural resources map
(Graphics)

Air photo flight diagram
(Graphics)

Reliability diagram
(Graphics)

Topomap subsheets
diagram (Graphics)

Index of adjacent
topographic maps
(Graphics)

SMC-5.1A SMC-5.1B Explanation (Text)

1) Horn of African regions

1) Relative location of the study area in refernce to capital city

2) Location of the study area

2) Region/s in which the study area is found

3) Main & secondary acess routes to the area

3) Limits of the area in both geographic and UTM coordinates

4) Main places along the routes including capital city

4) Size of the area in sqkm, specifying measuring system

5) Coordinate frame

(spherical / cartesian)

6) Legend

(95X85)

(140X95)

(180X120)

(180X120)

(115X80)

(115X80)

(115X80)

1:20,000,000

1:10,000,000

1:1,250,000

1:1,000,000

1:1,000,000

1:1,500,000

1:1,500,000

1:1,500,000

7) Map scale (Numeric & visual)

SMC-5.1A1 1) Boundaries of 8 adjacent topomap sheets

2) Location of the study area

3) Name of each map sheet

4) Index no. of each map sheet

5) Geographic coordinate

6) Map scale (Numeric & visual)

SMC-5.2A
SMC-5.2B Explanation (text)1) Phsiographic divisions

1) List of physiographic divisions2) Drainage system & basin

2) Morphological characters of each division3) Coordinate frame

3) General feature of drainage basin and related stream courses4) Legend

4) Type of drainage network & relation with geology-structure5) Map scale (Numeric & visual)

SMC-5.3A

SMC-5.3B Explanation (text)

1) Lithostratigraphic/lithotectonic divisions 1) Basis of division

2) Major structural trends
2) List of divisions & typical characteristics

3) Crossection/profile lines shown in the main map area
3) Significant stratigraphic features (discovered)4) Important places

4) Stratigraphic correlation diagram, not shown in main map legend5) Coordinate frame

5) Types and nature of significant structural features6) Legend

7) Map scale (Numeric & visual)

SMC-5.4A

SMC-5.4B Explanation (text)

1) Regions/zones of major economic mineral deposits 1) List of natural resources, metallic, industrial, construction, etc

2) Major rock alteration trends/zones with mineralization 2) Characteristics of the resources indicating dimension

3) Trends of mineralized veins, pegmatites, etc 3) Nature of alteration zones and relation to geology-structure

4) Spot sites of economic mineral indications 4) Characteristics of small scale intrusions and relation with host

5) Spots of spring, geothermal sites, etc

6) Coordinate frame

7) Legend

8) Map scale (Numeric & visual)

SMC-5.6A 1) Principal points of aerial photographs

2) Flight paths

3) Scenes of landsat image covering the area

4) Coordinate frame

5) Legend

6) Map scale (Numeric & visual)

SMC-5.5A 1) Regions of variable traverse conditions/ data source (if any)

2) Traverses routes

3) Coordinate frame

4) Legend

5) Map scale (Numeric & visual)

SMC-5.7A
1) Regions of individual subsheets

2) Name of each subsheet

3) Index no. of each subsheet

4) Boundaries of each maaping team area

5) Coordinate frame

6) Legend

7) Map scale (Numeric & visual)

2

4

2

2

3

2

INSET MAPS

LOCATION

PHYSIOGRAPHY

LITHOLOGIC DOMAINS

NATURAL RESOURCES

RELIABILITY

AIR PHOTO INDEX

SUBSHEETS INDEX

SMC-5

SMC-5.1

SMC-5.2

SMC-5.3

SMC-5.4

SMC-5.5

SMC-5.6

SMC-5.7
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II-6) General layout, content and cartographic attributes for inset map components

Standard layout & components for regional geologic maps



GEOLOGIC MAP OF XXXXXXX AREA

XXXXXXX

ACCOMPANYING REPORT
MEMOIR 000

000

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

MINISTRY OF MINES AND ENERGY

GEOLOGICAL SURVEY OF ETHIOPIA

SMC-6
Country and
organization

Map title

Report
number

Logo

Name of ( )study area topographic map sheet

Memoir serial number

CODE COMPONENT
NAME CONTENT AND APPEARANCE

TEXT

TEXT

TEXT

RASTER

FEATURE TYPE
and ATTRIBUTE

SMC-7

Arial Normal, 8

Arial Normal, 9

Arial Normal, 9
Capital

Bitmap/Jpg format,
colored (CMYK),
30 mm in diameter

Arial Normal, 11

All capital

Arial bold, 18
capital

SMC-8

SMC-9

Main map area

Legend area

SMC-6 SMC-7 SMC-8
SMC-9

110

15

105

1
5

3
0

40 30

5

105

90130

65 65

696

228
15

75

1
5

5

193 1
5

5
NB. 1) This map layout is not to scale of actual printing size.

2) Numeric figures are distance measurements in millimeter according to scale.

A) General layout (reduced)

B) Content and cartographic attributes
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II-7) General layout, content and cartographic attributes for first row (top) geologic map components

Standard layout & components for regional geologic maps



Geological mapping by: Tadesse Alemu, Ilfious Tesfaye, Ferede Chumbro,
Lulu Tsige, Getahun Seid, Endashaw Hailu,
Takele Chekole, Kinini Woldemariam,
Tsegay Hailu, Aweke Neussie,
Tsgaye Abebe, Daniel Meshesha, Bizuayehu Ayele,
Solomon Gera, Wokineh Haro, Assaye Woldu,
Tesfaye Demisse, Ezedin Abdulahi, Ashebir Wolde Giorgis (2000-2001)

Field geological checking by:
Draft mosaic geological map compiled by:
Geological map produced by:

Bedru Hussien and Tewodros Nigussie (2002-2003)
Bedru Hussien and Tewodros Nigussie (2002-2003)

Bedru Hussien (2005)
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SCALE

1:250,000

SMC-10

SMC-10

SMC-11

SMC-11

REGIONAL GEOLOGY AND GEOCHEMISTRY DEPARTMENT

SMC-12Base map information

Base map from Ethiopian mapping Agency, P.O.Box , Addis Ababa, Ethiopia
Tel., , email: website:

Map scale History of geological mapping and map preparation

1) Base map provider and address 1) Numeric scale (Ratio) 1) List of geological mapping teams & year of project

2) Map series, edition & year of publication 2) Visual scale (scale bar) in kilometers 2) Compiler/s name & year of field checking

3) Sheet index no. & name 3) Visual scale (scale bar) in miles 3) Draft map maker & year

4) Final map maker & year

5) Department/section

4) Horizontal & vertical datum

5) Projection & grid

6) Comments on amendments made (if any)

7) Disclaimer note on country/region boundraies (if any)

COMPONENT NAME/CONTENTSCOMPONENT NAME/CONTENTSCOMPONENT NAME/CONTENTS

All TEXT

Use TNR normal 8-9

Map series: EMA 3, Edition 1, 1979

Amendments: Some place & river names has been modified from information provided
by local people, during geological mapping

Use line weight 0.2 & 0.4 mm,
TNR normal 8-9

Use Arial bold/normal 8-9

Use TNR bold-underline/
normal 11

TEXT

All TEXT
LINES, TEXT

FEATURE TYPE & ATTRIBUTEFEATURE TYPE & ATTRIBUTEFEATURE TYPE & ATTRIBUTE

NB. 1) This map layout is not to scale of actual printing size.
2) Numeric figures are distance measurements in millimeter according to scale.

A) General layout (reduced format)

B) Content and cartographic attributes

C) Example

Sheet Index: NB 37-15
Sheet Name: WACHILE

Horizontal Datum: Adindan
Vertical Datum: Mean sea level
Spheroid: WGS 1984
Projection: Universal Transverse Mercator (UTM)
Grid zone: 37 N

Disclaimer: The delineation of international or regional boundaries on this map is not authoritotive
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II-8) General layout, content and cartographic attributes for geologic map components, below main map area

Standard layout & components for regional geologic maps
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History of geological mapping & map preparation
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SMC-13

SMC-13

SMC-14

Published by Ethiopian Mapping Agency, 1999, P.O.Box Addis Ababa, Ethiopia

SMC-14

True & magnetic north arrows

Geologic map information

1) Direction of grid north

1) Copy right symbol, organization & address

2) True north arrow

Line weight 0.2mm, length 20mm, TNR normal 6, capital

Line weight 0.15mm, TNR normal 7

TNR normal 7 & capital

TNR normal 7

Line weight .15mm, 2mm in diameter, Arial normal 7 & capital

Arial normal 6

Line weight 0.2mm, length 20mm, arrow head star sign
(2mm diameter, line aeight 0.15mm), TNR normal 6, capital

Line weight 0.2mm, length 20mm, half arrow (4x1mm, line weight 0.15mm)
head facing future decliniation direction, TNR normal 6, capital

2) Publisher, address & year

3) Magnetic north arrow

3) Geologic map series

4) Declination mark and angle

4) Price

5) Reference & year

5) Geologic map provider (sales) & address

6) Comments on further declination variation

CODE COMPONENT
NAME/CONTENTS

ARROW, TEXT

ARROW, TEXT

LINE, TEXT

SYMBOL, TEXT

LINE, TEXT

TEXT

All TEXT

TEXT

FEATURE TYPE
and ATTRIBUTE

NB. 1) This map layout is not to scale of actual printing size.
2) Numeric figures are distance measurements in millimeter according to scale.

A) General layout (reduced format)

B) Content and cartographic attributes

C) Example
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II-9) General layout, content and cartographic attributes for bottom-right geologic map components

Standard layout & components for regional geologic maps
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