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Structural Geology Laboratory.Structural Geology Laboratory.Structural Geology 

Wikipedia - Structural geology is 

the study of the three-

dimensional distribution of rock 

units with respect to their 

deformational histories. The 

primary goal of structural geology 

is to use measurements of 

present-day rock geometries to 

uncover information about the 

history of deformation (strain) in 

the rocks, and ultimately, to 

understand the stress field that 

resulted in the observed strain 

and geometries. This 

understanding of the dynamics of 

the stress field can be linked to 

important events in the regional 

geologic past; a common goal is to 

understand the structural 

evolution of a particular area with 

respect to regionally widespread 

patterns of rock deformation (e.g., 

mountain building, rifting) due to 

plate tectonics. Rider Structural Geology 310 2012 GCHERMAN
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Structural geology is used to quantify the depth, thickness, and angular relationships of 

geological features that contain hydrocarbon, mineral and water resources for anthropogenic 

uses.  It is used in conjunction with stratigraphy, geophysics, and geography in order to 

characterize oil and gas reservoirs, precious and semi-precious mineral deposits, and 

aquifers.

Traditional structure degree BS-->MS-->PhD, structure, advanced structure,  Masters, 

Dissertation. 

Scope of this laboratory

•Learn core principals of traditional structural geology and modern means of 

communicating 2D- and 3D geological relationships. 

•Introduction to advanced structural concepts grounded in material engineering 

and geophysics. 

•Will focus on the role structural geology plays in fractured-bedrock aquifer 

analyses

•Will use geographic information systems (GIS), computer-aided drafting (CAD), and 

Google Earth (GE) to portray structural geological relationships of outcrop and 

subsurface (drill and well) data
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1. A. Intro

B. Flash drive contents (Rider/GCH_310_Lab.doc)

C. Overview with Primary & Secondary rock structures  (Rider/Powerpoint/Introduction.ppt) 

D. Trig, Descriptive and Analytical Geometry (Rider/Powepoint/1B. Descr_Trig_Anal_Geom.ppt)

2. A Map projections, coordinates, scales, north.

B. Plane Dip and Strike, Lineation Plunge and Trend, 

C. Structural Measurements conventions, the Brunton Compass, and Field Book

D. Intro to the NJGS Field data Management System (FMS)

3.  Field Trip I or 

A.  Geologic maps, topographic maps, and outcrop patterns.

B.  Structure contour (elevation), isopach (thickness),and isobath (depth) maps

Drawing cross-sections

4. Same as 3

5. A. Fractures and Faults

B. Folds and Cleavage

C. Histograms and Stereographic projections

EXAM 1

Rider Structural Geology 310 2012 GCHERMAN



4

6.  A. Balanced cross-sections

B. Measuring compressional and extensional strains 

7. A. Structural analysis of fractured-bedrock aquifers.

B. Borehole imaging techniques, and virtual fracture rendering, GIS and GE..

8. Field Trip II: Kittatinny Valley Field Trip: Martinsburg Rt.46 and Federal Springs RR cut

A. Kittatinny Valley exercise 1

9. A. 2D and 3D Geological analyses in compressional fold-and-thrust belts 1

B. Complex folds and faults

C. Kittatinny Valley exercise 2

10. 2D and 3D Geological analyses

Kittatinny Valley  GE and GIS exercises

3D structures and well-fields

11. A.  2D and 3D Geological analyses in extensional terraine 1

B. Geological analysis Newark basin exercise 1. 

12. Field Trip III: Mine Brook Park (Trl-JTRp-Jo) or Pennington RR cut (JTRp).

Geological analysis

13. Project Presentations
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Introduction to Primary and Secondary Geological StructuresIntroduction to Primary and Secondary Geological Structures

Primary Geological Structures develop at the time of formation of the rocks 

They commonly are found in sedimentary and igneous, and are sometimes preserved 

in metamorphic rocks.

Primary structures include sedimentary bedding and compositional layering in igneous 

and metamorphic rocks.

Secondary Geological Structures develop in rocks after their formation from being 

subjected to external forces including heat and pressure. 

Compound structures form by a combination of events some of which may be 

contemporaneous with the formation of a group of rocks 
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Primary Geological Structures  - Sedimentary bedding

A primary consideration is their 

orientation, flat-lying, tilted 

(dipping), upright or overturned?

Sedimentary and stratigraphic 

features that help identify primary 

layers and their orientation 

include mud cracks, grading 

bedding, ripple marks, fossil 

burrows, and load casts.
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Primary Geological Structures  -
Igneous layering within intrusions (sills 

and dikes) and extrusions (pyroclastic 

and lava flows)
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Primary Geological Structures  - Metamorphic compositional layering

Compositional layering seen at 

greenschist through amphibolite to  

granulite facies, but definition becomes 

more obscure and questionable 

increasing metamorphic grades

Sedimentary beds of varying 

composition and texture are commonly 

seen in low-grade (greenschist-facies) 

metamorphic rocks 
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Metamorphic Textures  -
Schistosity
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Metamorphic Textures  -
Gneissic layering
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Secondary Geological 

Structures  - Fractures, 

Cleavage, Folds, and Faults

Kittatinny Valley and Jenny Jump Mt. Overthrust, 

Warren and Sussex Counties, New Jersey
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Secondary Geological Structures  - Fractures, Folds, and Faults
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Secondary Geological Structures  - Fractures, Folds, and Faults
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Secondary Geological Structures  - Fractures

Brittle fracture
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Secondary Geological Structures  - Folds
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Secondary Geological Structures  - Folds
Rider Structural Geology 310 2012 GCHERMAN



18

Secondary Geological Structures  - Cleavage

PROFILE VIEW
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Secondary Geological Structures

Faults
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Google Earth KMZ file of the bedrock 

geology of the Flemington, NJ area. 

Flash Drive:\

Rider\GE\KMZ\Flemington2012a.kmz 

Base image is from a NJGS project map 

showing basalt flows (orange polygons 

labeled Jp and Jo), bedding strike and 

dips, and faults (U – up thrown, and D –

down thrown fault blocks).

Green (bed) and blue (fracture) ellipses 

are 3D Collada models that are 400 m 

long and 200 m wide with respect to 

strike and dip length (for a 2:1 aspect 

ratio). 

Light blue lines are hydrography digital 

line graph shapefiles.
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