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Luke is a structural and economic geologist with 
advanced structural geology, 3D modelling and GIS 
capabilities and experience in several deposit 
styles including mafic complexes, structurally 
controlled gold and base metal deposits, placer 
gold deposits, and granite / pegmatite-hosted 
deposits. 

His experience covers a wide range of 
commodities and he has technical and 
management experience in both exploration and 
mining, including targeting, project development, 
scoping and feasibility studies, and due diligence 
reviews. 

Luke is a registered Professional Geoscientist 
(P.Geo.) with the Association of Professional 
Engineers and Geoscientists of British Columbia 
(APEGBC).
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Geology, BSc Geology & 
Chemistry, P.Geo.(BC)



Structural Geology –
Basic Principles
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In order to properly interpret the structural context of a Mineral System, we need to understand 
the following:

• Pre-mineralization (pre-existing) structures

• Fold architecture

• Faulting/Shear architecture

• Syn-mineralization structures

• Fault Bends

• Fault stepovers

• Intersection between structures

• Post-mineralization structures

• Folding

• Faulting

3 Main Structure Groups Relevant to Mineral Exploration
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Folds
• Plunge and plunge direction
• Position around folds 

(vergence)
• Style of folding

Faults and shearing
• Sense of movement
• Characteristics to recognise 

sets



• Many different structures can form from a single 
deformation event or stress field.

• These structures can all have different orientations.

• If related, they can all be understood as part of a 
single system.

Remember That Structures are a Response to a Stress Field
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From Fossen, 2010



E.g. fold vergence, brittle/ductile 
deformation, and thickness of 
deformation zone.

The Same Structure Appears Different Depending on 
How/Where it is Viewed
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From Fossen, 2010



E.g. fault ramps, fault-propagation folds, and non-cylindrical folding.

Structures are Finite
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From Fossen, 2010



Kinematic Indicators are Key to Putting it All Together
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Extension Veins

Striations

Slickenfibres

S-C Fabrics

Synthetic or 
Antithetic Faults 

Bending/ 
Wrapping 

Offsets
En-Echelon 

Arrays

Object 
Asymmetry

Foliation and 
Mylonite

Kinematic 
IndicatorsBrittle Ductile



Using two planes to 
calculate absolute 
transport vector

Kinematic Indicators – Sense of Movement
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Transport vector will be the 
intersection of this plane, 
and along the shear plane.

Direction of transport along 
this vector determined based 
on relative movement.

1. Plot the two planes.

2. Plot plane normal to the intersection.



Why are structural geologists always looking for them?

They allow us to associate stress fields and fault kinematics 
to specific mineral assemblages (i.e. the composition of 
the vein and/or alteration halos around the vein).

So we want to know their:

• Composition

• Texture

• Cross cutting relations

• Associated alteration

Extensional Veins
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For absolute transport measure: 
1. Vein orientation 
2. Principle fault plane 



Many Different Kinematic Indicators
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Object asymmetry

S-C fabricsSlickenfibres

Wrapping/bending foliation Reidel shears

Striations

From Hansman, 2015



• It often takes effort to 
understand a complex 
system.

• You should be thinking 
about this while you 
collect data.

• Different structures may 
give you clues to 
different pieces of the 
puzzle.

You Need to (Try to) Put it All Together
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From Longridge et al., 2010



Structural Geology: Deadly Sins
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Get the Most Junior Geologist to do Your Mapping

Often in the early stages of projects, managers send junior geologists to do 
mapping – this is a mistake!

• They may not have the experience to identify all rock types.

• They may not have the ability to infer structures from subtle features.

• They may not have the experience to identify kinematic markers.

Rather send a senior geologist or hire a specialist mapper.

BONUS TIP – have the junior geologist join along with the more experienced 
mapper!
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http://geo.mtu.edu/volcanoes/research/djsofiel/cortez/maps.html



“This Deposit is Not Structurally Controlled”

Structures are always important!

• Large-scale structures control 
crustal-scale occurrence of 
deposits.

• Smaller-scale structures directly 
control mineralization.

• Mineralization affected by 
younger structures.

16



• Cross-sections and maps are the foundations of 3-dimensional geological understanding.* 

• As you figure out a deposit, you should be constantly drawing and redrawing cross-sections.

• Even if you have software such as Leapfrog, hand-drawn sections are important.

• You should be correlating multiple attributes across sections: lithology, grade, structures, and 
alteration.

Not Using Cross-Sections
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(*since 1815)



• Stereonets can be messy – so can geochemical data.

• You need to tease answers from the data.

• There are ways to do this – domaining, classification, etc.

Not Using Stereonets

18



Using Unsubstantiated Geological Models 
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Data 
Collection

Data Analysis

https://fs.blog/2017/05/confirmation-bias/

Make sure your model is backed-up by data, and is testable.

• Geological models are hypothetical constructs, they are 
always wrong.

• You want them to be “less wrong”.

• You can only do this by testing them and applying evidence –
if it’s not falsifiable, it’s not scientific.



• At the very least, recognise and log major structures 
(shear zones, fault gouge, lithological contacts).

• Even if you don’t have oriented core, you can still take 
note of cross-cutting relationships, shear sense indicators 
and changes in relative orientation between structures.

• Logging is only one type of data collection.

Not Collecting ANY Structural Data
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1 cm



How to Collect and Organize 
Structural Geology Data
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Collecting Data From Drillcore

Beware of cumulative error!

• There are several steps to collecting structural 
data.

• Small errors or inaccuracies at each stage of 
the process can accumulate  over multiple 
stages and will result in significant error that 
can affect the quality of the results.

• Core orientation and markup are critical – if 
these are not done correctly and accurately, it’s 
almost impossible to fix.
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Drilling & 
orientation

Core 
Markup

Measuring 
structures



• Several good electronic core orientation tools available – e.g. REFLEX ACT, TRUCORE, DEVICORE 
and BBT.

• Drillers will usually have a preferred tool.

• Drillers should be closely supervised!

Drillcore Orientation
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• Core mark up = first part of the QAQC process. 

• Opportunity to identify and correct any errors 
with the drillers before they become systematic 
in the drill core. 

• Should occur as soon as possible from when 
the core comes out of the barrel (i.e. as the 
hole is being drilled) so issues can be raised 
and corrected immediately. 

• Apply an orientation confidence attribute to 
each core interval.

Pay Attention to Core Markup
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• Focus on observation and make data “queryable”.

• Data collection template - a range of structural data types and values.

• Standardized!

• Should be tailored to specific projects or company databases.

• Not every value needs to be completed – only complete the observations made.

• If set up correctly, little or no information will be in the “Comments” column.

Set Your Database Up
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• Marker structures should be identified as those 
that have the most consistent dip and dip 
direction on the site being drilled. This will most 
likely be a cleavage, foliation or metamorphic 
banding but could also be particular vein sets of 
known consistent orientation.

• Know what the orientation of the hole is, and 
watch the orientation of the marker structure 
relative to the orientation line. If you observe 
significant changes in dip and dip direction 
relative to the orientation line, you should check 
the orientation of the core and note the 
potential issue in the logging.

Think About the Orientation of Drillcore and Structures
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• Geologists will generally recognize cross-cutting relationships 
between features easily but capturing this information in a clear 
and usable way can be difficult.

• Relationships in this template are set using a unique identifier for 
each structure (based on the geologists initials and the date).

• Relationships can be set in the Relationships fields using 
dropdowns in the Crosscuts or Coeval with timing columns.

Relative Timing is Important 
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You would measure these 
mineralised veins and fault –
how would you record the 
relationship between them?



• You want a representative dataset, and an estimate 
(quantifier) of the frequency of that structure type.

• By taking representative measurements, and adding a 
spacing qualifier between similar structures you can 
weight statistical analysis of data to get a better 
representation of the abundance or importance of 
different structural types.

Data Density – How Many Measurements to Take?
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Same vein data with multiplier 
applied based on estimated 

vein spacing 
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• Sense of movement is important. 

• When working with oriented drillcore it is critical to recognise and record this.

Pay Attention to Shear Sense 



• We cannot fix poorly oriented drill core, but we can 
recognize data from poorly oriented core and omit it from 
our analytical dataset.

• To validate the oriented drill hole data:

1. Identify a structure type in the dataset with a relatively 
consistent orientation (e.g., a cleavage, foliation, vein 
set, or bedding).

2. Subset the data by drillhole plunge and plunge direction.

3. Plot poles to planes for the marker structure for each 
drillhole plunge/plunge direction.

4. Is there evidence of core spin?

5. If there is core spin, is it present in all drillholes, or are 
specific drillholes or programs of drillholes affected?

Use Stereonets to Recognise Data from Poorly Oriented Core
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Assessing Structural Data Quality from Oriented Drill Core

1. Core mark up: Follow procedures for matching orientation marks and applying orientation line 
confidence. Identify problems (mismatches) between orientation marks and communicate to the 
drillers.  

2. Structural measurement: Measure as accurately as possible. Be aware of the orientation of 
drillholes and mindful of the likely orientation of key structures – if the strike and dip of key 
structures appears unusual, check the orientation marks and make a note in the log.

3. Stereographic assessment: Check the resultant data from each individual hole for indications of 
‘core spin’.
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Structural Geology: Easy Wins
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• Treat each structure as you would a lithology –
what alteration, sense of movement, 
deformation style, fill, etc.

Log Structures and Correlating Them 
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• A lot of companies 
collect LIDAR data and 
orthophotos – necessary 
for mining studies and 
Resource estimation.

• There can be a wealth of 
information hidden in 
this LIDAR data.

• Can enable a basic 
structural assessment 
prior to commencing 
fieldwork.

Use That Lidar Data
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• Airborne magnetics and IP data are almost routinely collected in the early stages of projects.

• Often only a rudimentary interpretation is carried out.

• Interpreting this data can shed light on structures, but can also help in posing question or 
formulating hypotheses to test.

• The value is in the interpretation rather than the data.

Use Your Geophysics
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Nabighian et al. 2005



• High-quality structural observations are key in recognizing common 
characteristics shared by populations of structures.

• Requires good, consistent observation and characterization – that is, 
consistent recording of mineral associations, sense of movement, 
textures, etc. as well as the orientation.

A Few Good Measurements > Lots of Bad Ones
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OUTCROPS
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Logging is data collection – if you 
split up the tasks you are more 
likely to do each well.

1. Lithological logging

2. Alteration Logging

3. Mineralization Logging

4. Structure Logging

5. Stratigraphy logging

Focus on Different Logging Types and do Each as a Separate Task



• Rock quality designation.

• Can reveal faults when continuous zones of low 
RQD can be identified.

Collect RQD Data
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Length of core pieces > 100 mm
Total length of core run

x 100%RQD =



Spatial domaining or inverted spatial 
domaining:

• Spatial domaining – domain by fault 
block, lithology, northing, easting, 
etc. to recognise differences in 
statistical relationships between 
structures.

• Inverted spatial domaining – select 
geometric clusters on the stereonet 
and then observe the spatial 
distribution of data within each 
cluster.

Use Spatial Domaining to Understand Data
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• High-resolution

• Wet/dry

• Cropped

• Each photo labelled with 
hole number and from/to 
for easy reference

Take Proper Core Photos
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• Grouper vs splitter.

• Marker units can be critically important to 
understanding structure.

• They can be subtle.

• Stratigraphic sequences can make order out of 
a chaos of lithologies.

• Very useful for understanding displacement, 
syn-sedimentary structures, and folding.

• Can be important controls on mineralization.

Work Out Your Stratigraphy
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Apply Multi-Level Domaining



What data sets can be used to spatially domain 
our structural data?

• Lithology

• Structure

• Assays

What type of relationships can be recognized?

• Changes in vein population orientation and 
frequency.

• Changes in fold architecture.

• Changes in fault architecture or kinematics.

Apply Multi-Level Domaining
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Use Multiple Different Models and Test Them

Apply the scientific method

• Especially in the earlier stages of the project.

• Applies to broad-scale targeting and deposit-scale modelling.

• A useful way of avoiding unsubstantiated models.

• Move from Inductive reasoning to deductive reasoning.
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LEARN MORE!

Enjoyed today’s workshop and would 
like to learn more? 

REGISTER your interest to attend the 
CSA Global “Principles of Structural 
Data Collection and Controls” 1 Day 
Workshop.

Continue your structural geology journey…
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https://www.csaglobal.com/training/structural-data-collection/


CSA Global supported by a further 160 ERM offices



Connect with the Presenter

Dr Luke Longridge

Senior Structural Geologist

Luke.Longridge@csaglobal.com



Any Questions?
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