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OUTLINE

MAP PARTS
STRATIGRAPHY
GEOLOGIC STRUCTURES
FLAT LAYERS, DIPPING LAYERS (& map
expression)
FAULTS
FOLDS
STRIKE & DIP
CROSS SECTIONS
TYPES OF CONTACTS
INTRUSIONS



Other stuff they want:

Construct topo profile and geol cross section
Know plate tectonics, rocks, and geol principles
Stereonets

Map projections

Structural geometric problems?

Geohazards

Groundwater and exploration stuff

Measure S/D and T/P with Brunton



Map Components

Scale, north arrow,
coordinates, contour lines,
etc. (a topographic base
map)

Description of map units
Explanation of symbols
Cross section

Other supplemental
components

=USGS




a. Map

» Geologic Units (Formations):
1 Color
= American and International Standards
= Palette for Different Rock Types

2 Symbols: patterns on colors

@ Set of letters
= First letter: Age = Geological Time Scale ‘
= Follows: Name of Rock Unit or Rock Type e.g.: Ksh W

@ Contact lines = Cretaceous shale [+

- = Contact Types
. DeDOS'_t'O”al = Unconformities
= Tectonic

» Geologic Structures
® Faults = Symbols Standards
® Folds = Types and Genesis
@ Strike/Dip, Plunge/Trend | = Plate Tectonics

» Topography
Contour lines
© Roads, Towns

Rivers, Lakes




THE GEOLOGICAL TIME SCALE

APPROX. AGE
ERA/EON PERIOD RANGE LIFE FORMS
(M.Y.B.P.)1
Quaternary (Q) 2 - present humans
CENOZOIC
ERA Tertiary (T) 65 -2 mammals and flowering plants
Cretaceous (K) 146 - 65 dinosaurs peak and then go
extinct
MESOZOIC Jurassic (J) 208 - 146 first birds; large dinosaurs
ERA Triassic (B 245 - 208 first dinosaurs; conifers
reptiles and amphibians; many
Permian (P) 286 - 245 marine invertebrates go extinct
Pennsylvanian (P) 333 - 286 coal swamps; insects
Mississippian (M) 362 - 333 crinoids
PALEOZOIC Devonian (D) 418 - 362 fish and marine invertebrates
ERA Silurian (S) 443 - 418 coral reefs; fish; simple land
plants
Ordovician (O) 490 - 443 graptolites; molluscs
Cambrian (€) 544 - 490 marine invertebrates (e.g.
trilobites)
PROTEROZOIC?2 Z-youngest 2,500 - 544 bacteria; algae; fungi, worms
EON Y-middle toward end
X-oldest
ARCHEAN?2 A 4,600 - 2,500 algae and bacteria
EON

T M.Y.B.P.: million years before present
2 The Proterozoic and the Archean together are referred to as Precambrian.




Stratigraphic Principles

1. Original Horizontality of Sedimentary Beds. Sedimentary rock layers are deposited in sheets
that are horizontal, or nearly so, parallel to the Earth’s surface. If they are no longer horizontal, then
they have been tilted or folded.

2. Original Lateral Continuity of Sedimentary Beds. Sedimentary layers are deposited in
continuous sheets that gradually disappear at their edges (like a pancake). If a layer is no longer
continuous, then erosion must have removed part of it.

3. Principle of Superposition of Sedimentary Beds. In a sequence of rock layers, the layers on top
are younger than those underneath (unless the whole package has been turned upside down).

4. Concept of Inclusions. A rock which contains pieces of another rock within it (inclusions) must
be younger than the inclusions. In an igneous rock, the inclusions are xenoliths; in a sedimentary
rock, the inclusions are clasts.

5. Principle of Cross-Cutting Relationships. If one rock body cuts across another rock body, the
one that does the cutting is younger and the one that gets cut is older.

6. Direction of Dip. Unless they are overturned, sedimentary beds in a dipping sequence dip toward
the younger beds. This can be easily demonstrated by tilting a sequence of layers.
7. Deformed or Metamorphosed Rocks. If folding or regional metamorphism has affected some

rocks in an area but not others, then the unaffected rocks must be younger, unless the rocks are
separated by a fault.

8. Principle of Unconformities. The presence of an unconformity within a sequence of rocks
means that the area was uplifted and subjected to erosion that removed some layers. This erosion
took place after the deposition of the layer beneath the unconformity, but before the layer above was
deposited.

9. Law of Faunal Succession. In a sequence of sedimentary rocks, the animal and plant fossils
follow a consistent evolutionary sequence, which does not reverse itself.




Plummer/McGeary/Carlson Physical Geology, 8e. Copyright & 1969, McGraw-Hill Companies, Inc. All Rights Reserved.
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Geologic Map and Map Units for
a
Portion of Grand Canyon

http://www.wired.com/images_blogs/wiredscience/2013/07/Gr
and_Canyon_national_park_geologic_map.jpg

MIDDLE PROTEROZOIC SEDIMENTARY ROCKS
Great Unconformity

Lower Cambrian

Unconformity

L Unkar L Middle

Unconformity

EARLY PROTEROZOIC CRYSTALLINE ROCKS
Greatest Angular Unconformity

PROTEROZOIC

Moenkopi Formation (Lower Iriassic)
I e st s

order, Harrisburg and Fossil Mountain Members, undivided

- Toroweap Formation (Lower Permian),undivided  —Includes, in descending
order, Woods Ranch, Brady Canyon, and Seligman Members, undivided

Coconino Sandstone (Lower Permian)
Hermit Formation (Lower Permian)
Supai Group (Lower Permian, Pennsylvanian, and Upper Mississippian)

Esplanade Sandstone (Lower Permian)
(Upper (Middig
and

(Lower nd Upper
Mississippian), undivided
Surprise Canyon Formation (Upper Mississippian)
Redwall Limestone (Upper and Lower Mississippian), undivided —Includes,
i rder, He hoe Mes: Falls, Thunder Springs, and

Whitmore Wash Members
I vervote e Formation (Upper and Middie Devorian)
Tonto Group (Middle and Lower Cambriar)

Muav Limestone (Middle Cambrian)

Bright Angel Shale (Middle Cambrian)

Tapeats Sandstone (Middle and Lower Cambrian)

2|29

MIDDLE PROTEROZOIC SEDIMENTARY ROCKS
Grand Canyon Supergroup
Unkar Group (Middle Proterozoic)
Unnamed diabase sills and dikes
Dox Formation —Includes part of the Escalante Creek Member
Shinumo Quartzite
Hakatai Shale
Bass Formation —Includes basal Hotauta Conglomerate Member

EARLY PROTEROZOIC CRYSTALLINE ROCKS

Intrusive rocks
Young granite and pegmatite
Granite, granitic pegmatite, and aplite
| Granodiorite complexes
Ultramafic rocks
— Metamorphic rocks
E Vishnu Schist
Brahma Schist
Rama Schist

‘Orthoamphibole-bearing gneiss
Elves Chasm pluton




Describing Faults

Reynolds and others, Exploring Geology, McGraw-Hill 08.04.a



Parts of Fault

Sense of Movement
Normal fault
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Crust is lengthened

Reynolds and others, Exploring Geology, McGraw-Hill
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Footwall

Reverse fault or thrust fault
Crust is shortened

08.04.b,c



Roadcut somewhere in Colorado
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Palmdale, California
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Strike-Slip Faults

Two sides move horizontally relative to one another

Left lateral

lateral

Block on opposite Block on opposite
side moves to left side moves to right

Reynolds and others, Exploring Geology, McGraw-Hill 08.04.c



Carizzo Plain, California




a. Map

» Geologic Units (Formations):
1 Color
= American and International Standards
= Palette for Different Rock Types

2 Symbols: patterns on colors

@ Set of letters
= First letter: Age = Geological Time Scale ‘
= Follows: Name of Rock Unit or Rock Type e.g.: Ksh W

@ Contact lines = Cretaceous shale [+

- = Contact Types
. DeDOS'_t'O”al = Unconformities
= Tectonic

» Geologic Structures
® Faults = Symbols Standards
® Folds = Types and Genesis
@ Strike/Dip, Plunge/Trend | = Plate Tectonics

» Topography
Contour lines
© Roads, Towns

Rivers, Lakes




Geologic Map of portion of California
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http://www.conservation.ca.gov/cgs/information/Publishinglmages/california_geology_simplified_map.jpg



Map Symbols for Structures

X" ~,

strike and dip (of a plane) trend and plunge (of a line)

DR PN

anticline syncline plunging Plunging
anticline  syncline

D
\ y\\ w on upper plate
U

normal fault strike-slip fault thrust fault



08.05.a

Layers can be folded

Crust is shortened




Fold axis
Fold axial plane (surface)
Fold limbs
Plunging folds
Asymmetric folds
Overturned folds
Recumbent folds

o Fodmes _

 Umbo

20 [/

o°
d
2

http://faculty.chemeketa.edu/afrank 1/structure_time/structure/structure %20diagram3.jpg

Anticline

Symmetrical fold

Normal limb
Overturned limb e

Asymmetrical fold

Overturned fold

http://geophysics.ou.edu/geol1114/notes/structure/recumb-overturn.gif




Anticline: beds dip out away from the middle (fold
axis); on a geologic map, the oldest rocks are exposed 1n
the middle.

Syncline: beds dip in foward the middle (fold axis); on a
geologic map, the youngest rocks are exposed in the
middle.




Parks and Plates, ©2005 Robert J. Lillie



Roadcut on I-81, Pennsylvania
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Old Woman Mountains,
California




Undeformed
Layers

Folds

Parks and Plates
©2005 Robert J. Lillie



Undeformed
Layey
Folds

Anticline

An Anticline is an upfold,
with older layers in the
center.

Parks and Plates
©2005 Robert J. Lillie



Undeformed
Layet/
Folds

Anticline Syncline

A syncline is a downfold,
with younger layers in the
center.

Parks and Plates
©2005 Robert J. Lillie
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Folds

Anticline Syncline

bl » .Aftﬂ'""ﬂl: 5

Anticlines and .
Synclines Folded layers form a series

of anticlines and synclines,
like pushing on a rug.
Viewed from above, they
make a striped pattern.

Parks and Plates
©2005 Robert J. Lillie




Plunging

Undeformed
Lay“’y folds make
Folds horseshoe-
I shaped
patterns.

Anticlines and

Synclines

Parks and Plates
©2005 Robert J. Lillie
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Reynolds and others, Xploring Geology, McGraw-Hill 08.05.a



Aerial view, Wyoming




Ozark Mountains, Arkansas
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Roadcut on I-84 near New York-
Connecticut Border

Complex Folds

Mosquito Range
near Alma
Colorado
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Geologic Map of
Michigan (and a

- 2, Little piece of Wisconsin)

T -

http://www.geo.mtu.edu/svl/geoscience/figures/digital%20geologic%20map%200f%20michigan.jpg



Geologic Map of the
Black Hills, SD

10 15 20mi :
20 30km  Edgemont Lso i S http://library.ndsu.edu/exhibits/text/gre

atplains/figl0.jpg
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Geologic Map of Central Pennsylvania
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Map Symbols for Structures

X" ~,

strike and dip (of a plane) trend and plunge (of a line)

DR PN

anticline syncline plunging Plunging
anticline  syncline

D
\ y\\ w on upper plate
U

normal fault strike-slip fault thrust fault



Strike and Dip

Strike: the compass direction of a
horizontal line 1n a dipping bed.

Dip: the downward angle from
horizontal that the bed makes. Dip
direction 1s always perpendicular to

strike.

Example: N35° E,20° NW


















Tilted rock layers
showing strike and
dip

T
\\\\

Measuring strike and
dip with a Brunton
compass



» Compass

@ Types of Compasses

= Brunton | - Differences
= Others | - Applications

@ Parts of a Compass
* |dentify > Uses




a. Taking Measurements

» Bearing > Geologic Map (e.g. type)
- Magnetic Declination

> Planes

@ Strike
@ Dip




b. Recording Measurements

» Bearing
1) Azimuth: 247° » Definition
; > b
® Quadrant; S 670 W } ] irrerences

Uses




Map Symbols for Structures

X" ~,

strike and dip (of a plane) trend and plunge (of a line)

DR PN

anticline syncline plunging Plunging
anticline  syncline

D
\ y\\ w on upper plate
U

normal fault strike-slip fault thrust fault



a. Map

» Geologic Units (Formations):
1 Color
= American and International Standards
= Palette for Different Rock Types

2 Symbols: patterns on colors

@ Set of letters
= First letter: Age = Geological Time Scale ‘
= Follows: Name of Rock Unit or Rock Type e.g.: Ksh W

@ Contact lines = Cretaceous shale [+

- = Contact Types
. DeDOS'_t'O”al = Unconformities
= Tectonic

» Geologic Structures
® Faults = Symbols Standards
® Folds = Types and Genesis
@ Strike/Dip, Plunge/Trend | = Plate Tectonics

» Topography
Contour lines
© Roads, Towns

Rivers, Lakes




Cross sections

Shows interpretation of what the rocks do
underground

Based on surface observations and geologic
principles

May have vertical exaggeration

A block diagram has two cross sections
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GEOLOGIC MAP AND
CROSS SECTION OF OHIO

0
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0 10 20 30 40 50 kilometers

GEOLOGIC SYSTEM (million years before present)
Mississippian (360-320) [ ] sirian (438-408)

I ordovician (505-438)

Permian (286-245)

Pennsylvanian (320-286) - Devonian (408-360)
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ity
Geological cross section

Constructing a cross section

Conglomerate
(youngest formation)

Limestone

t= Shale

Red sandstone

1 Brown sandstone
(oldest formation)



» Cross Section
a. Topographic Profile

- Map Symbols
-> Vertical exaggeration

400rm -
H0m
200m
100m

Om

100m -

200m 2

10074 50 o

L-200m. 3




» Cross Section

b. Projecting mapped features
- Map Symbols

- Apparent Dip
-> True Dip

e~ 400m
L 300m
b 200m !
— 100n

om Om

~100m 4 b--100m

~200m J L-200m

http://www.see.leeds.ac. uk/stepup/pdfs/ Introductlon%ZOto%ZOmaps pdf

45§57 §8¢88




Types of contacts on a geologic map

 Conformable (beds 1in sequence) contact

e Unconformity (period of erosion before
younger layer deposited)

— Disconformity (sed rx below), nonconformity
(1g/met rx below), angular unconformity

e Fault contact

e Intrusive contact
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Geologic Map
of the southern
Appalachians.
Note the
Nashville
Dome, folds,
faults, and an
unconformity.

http://image.slidesharecdn.com/geologicmaps-
141012161350-conversion-
gate01/95/geologic-maps-21-
638.jpg?cb=1413130482




Intrusions, such as this dike,
typically cut across layers

JNertbey, Four
E: vghn
gaealell

fazor
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Torner:
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On a geologic map, look for . | .. & = 0 T
truncation of contacts by an e o P P N
igneous rock type | :
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Contacts

confident

\
\

. inferred
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Map Symbols for Structures

X" ~,

strike and dip (of a plane) trend and plunge (of a line)

DR PN

anticline syncline plunging Plunging
anticline  syncline

D
\ y\\ w on upper plate
U

normal fault strike-slip fault thrust fault



Rule of V' s

On a geological map, when contacts
cross a stream valley, they make a

“V” that points in the same direction
that the layers dip.






GEOLOGIC MAP OF PENNSYLVANIA
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QUATERNARY TERTIARY JURASSIC AND PERMIAN PENNSYLVANIAN MISSISSIPPIAN DEVONIAN SILURIAN ORDOVICIAN CAMBRIAN LOWER PRECAMBRIAN
(0-2 mil. yrs) 12-67 mil. yrs.) TRIASSIC (250-290 mil. yrs) (290-330 mil. yrs) (330-365 mil. yrs.) (365-405 mil. yrs) (405-430 mil, yrs.) 1430-500 mil. yrs) (500-570 mil, yrs.) PALECZOIC (older than 570
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Geologic
Map of parts
of Nevada
&M ) N and
s RS s L neighboring
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http://www.gly.uga.edu/railsback/DPT/Basin&RangeGeolMapforDPT.jpg



TECTONIC MAP OF TEXAS http://www.lib.utexas.edu/geo

/pics/tectonic?.j
1997 p Jpg

BUREAU OF ECONOMIC GEOLOGY
THE UNIVERSITY OF TEXAS AT AUSTIN
University Station, Box X
Austin, Texas 78713-8924
(512) 471-1534

nc EXPOSED UNITS*

le - Deformed Cretaceous strata
Ist - Cretaceous straty

Farcland:

[t
- Upper Paleozoe
- Lower Paleozoie

Marathon:

- Upper Paleozoie flysch
- Lower Paleozoic

_ Precambrian igneous
- Precambrian metamorphie

0 50 100 150 200 miles
0 100 200 300 km

TECTONIC EXPOSED UNITS* SUBSURFACE CONTOURS*
FPISODE (clevation mn kilometers* *)

OTHER FEATURES




c. Representing Measurements

» Strike and Dip of Planes
@ Map Symbols

l , = |nclined, horizontal, vertical

= Legend
(2 Stereonets
- Definitnion  Equa area LR =
- Uses a great &7 N\ 40° strikes
circle § # 50
€0
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1. Reading

Map Components

a. Map

b. Legend

Map Margins
Cross Section

Correlation Map Unit

- o a o

Geologic Structure map

Source of Geological Data

e

g

=USGS
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1. Reading

Map Components

a. Map

b. Legend

Map Margins
Cross Section

Correlation Map Unit

- o a o

Geologic Structure map

Source of Geological Data
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g

=USGS




a. Map

» Geologic Units (Formations):
1 Color
= American and International Standards
= Palette for Different Rock Types

2 Symbols: patterns on colors

@ Set of letters
= First letter: Age = Geological Time Scale ‘
= Follows: Name of Rock Unit or Rock Type e.g.: Ksh W

@ Contact lines = Cretaceous shale [+

- = Contact Types
. DeDOS'_t'O”al = Unconformities
= Tectonic

» Geologic Structures
® Faults = Symbols Standards
® Folds = Types and Genesis
@ Strike/Dip, Plunge/Trend | = Plate Tectonics

» Topography
Contour lines
© Roads, Towns

Rivers, Lakes




Resources

Reading geologic maps: http://education.usgs.gov/
http://geomaps.wr.usgs.gov/parks/gmap/index.html#what
http://geology.about.com/

Download geologic maps: http://store.usgs.gov/

Map Projections: http://pubs.usgs.gov/fs/2001/0077/report.pdf
http://egsc.usgs.gov/isb//pubs/MapProjections/projections.html

Geohazards: http://geohazards.usgs.gov/




Other Links

http://avenzamaps.com

http://store.usgs.gov

https://www .nc-maps.com/

https://deq.nc.gov/about/divisions/energy-
mineral-land-resources/north-carolina-

geological-survey/ncgs-publications

https://ngmdb.usgs.gov/ngmdb/ngmdb_hom
¢.html



http://avenzamaps.com
http://store.usgs.gov
https://www.nc-maps.com/
https://deq.nc.gov/about/divisions/energy-mineral-land-resources/north-carolina-geological-survey/ncgs-publications
https://ngmdb.usgs.gov/ngmdb/ngmdb_home.html

