
Midterm #1 Info 

  Midterm info: 

   Midterm exam on Thursday, September 24th 

   50 multiple choice/true-false questions 

   Covers material from Lectures 1-8 

   1 page “cheat sheet” hand-written allowed (double-sided ok) 

   Things to help you study: 
1.  Lecture notes 
2.  Midterm practice exam (posted on web) 
3.  Homework  
4.  Assigned reading 



If you could travel back in time to when the 
Earth first formed as a planet, approximately 
how many years back in time would you have 
to travel? 

A. 4 hundred years 
B. 4 hundred thousand years 
C. 4 million years 
D. 4 billion years 
E. 4 trillion years 



The gaseous outer planets are composed of 
mainly ___. 

A.  nitrogen and ethane 
B.  oxygen and carbon dioxide 
C.  sulfur dioxide and argon 
D.  hydrogen and helium 



What planet is shown in the image below? 

A. Mars 
B.  Venus 
C. Mercury 



Which of the following is NOT a dwarf planet? 

A.  Pluto 
B.  Eris 
C. Neptune 
D. Makemake 



10. The lithosphere is the part of the mantle that 
flows like silly putty or modeling clay when you hit 
it with a hammer. 

A.  True 
B.  False 



Olivine is a ___ mineral. 
A.  Sulfide 
B.  Sulfate  
C.  Native element 
D.  Oxide 
E.  None of the above  



Oceanic crust is ___ in composition. 

A.  Basalt 
B.  Andesite 
C.  Rhyolite 



The cartoons show magma cooling (a) above 
ground and (b) deep in the crust.  Which setting is 
more likely to produce a rock with coarse-grained 
phaneritic texture? 

A.  (a) 
B.  (b) 

(a) (b) 



Karst topography is the result of 

a. Soil erosion 
b. Biological weathering of silicate rock 
c. Chemical weathering of carbonate rock 
d. Spheroidal weathering 
e. All the above 



Metamorphic rocks form when 

a.  magma cools and solidifies. 
b.  sediments are lithified and compacted. 
c.  seawater precipitates out of sedimentary rocks through 
 hydrolysis. 

d.  igneous, sedimentary, or other metamorphic rocks are 
 transformed because of high temperature and/or 
 pressure, or changing chemical conditions. 

e.   igneous and sedimentary rocks are transformed because 
 of cooling temperatures, decreases in pressure, and 
 oxidation. 



1. What you should know :"

2. 1.  Describe the solar nebula hypothesis "
3. 2.  Understand the Sun and how it works"
4. 3.  State the ways that Mercury, Venus, and Mars are different from Earth"
5. 4.  Describe each of the gas giant planets"
6. 5.  Define a dwarf planet"

Chapter 2:  Solar System 



•  The Solar Nebula Hypothesis – ours began about 5 billion years ago 

2. The nebula collapses and 
  begins to rotate 

4. Gravity pulls planetesimals 
    together to form planets 

1. Initial cloud of interstellar gas 
  (the solar nebula) 

3. Accretion of cooler outer 
    disk into planetesimals 

How Did the Solar System Form? 



Our Solar System Consists Of: 
•  1 unordinary star  
•  8 classical planets 
•  5 dwarf planets 
•  240+ known satellites (moons) 
•  Millions of comets and asteroids 
•  Countless particles; and interplanetary space  

Earth, the Sun, and other objects in the Solar System 
originated at the same time from the same source and have 

evolved in varying ways since then 



Our Sun 
• Solar core is site of 

nuclear fusion.  

• H is converted to He, 
which has less mass.  

• Mass differential is 
expelled as energy 
(light and heat).  

• The Sun is getting 
“lighter” through time. 

• The Sun has enough 
fuel to last another 4 
to 5 billion years. 



Mercury Venus Earth Mars 

Terrestrial Planets 

Main components: O, Fe, Si, Mg, Ca, K, Na, Al  

Terrestrial planets are small and rocky, with thin atmospheres, 
silicate & metallic shells. 



Jupiter Saturn 

Uranus Neptune 

Gas Giant planets are massive with thick atmospheres. 
Main components: He, H, CO2, H2O, N2, NH3, CH4 

Gas Giant Planets 



a. Pluto, Venus, Earth, Mars, Asteroids, Jupiter, Saturn, Neptune, Uranus 

b. Mercury, Venus, Mars, Earth, Asteroids, Jupiter, Saturn, Uranus, Neptune 

c. Asteroids, Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune 

d. Mercury, Venus, Earth, Mars, Asteroids, Jupiter, Saturn, Uranus, Neptune 

e. Neptune, Mercury, Mars, Venus, Earth, Jupiter, Asteroids, Saturn, Uranus 

Which lists the correct order of the planets? 
Closest to the Sun    Most distant from the Sun 



May 7, 2004 

• Icy bodies left over from formation of Solar System   

• Possibly brought water & organic material to early Earth 

Comets 



Defined in 2006 
 Orbit the sun (not a planet) 
 Have a rounded shape 
 Has not cleared its neighborhood of objects (unlike planets) 

Asteroid belt: 
  Ceres 

Kuiper Belt: 
  Pluto/Charon 
  Eris 
  Haumea 
  Makemake 

Probably 
hundreds more! 

Earth’s 
Moon 

for scale 

Dwarf Planets 



• What you should know :"

• 1.  Describe the sources of heat of early Earth and the 
consequences of heat build-up"

• 2.  Describe Earth’s internal layers"
• 3.  Describe major processes of these layers"
•  "

Chapter 3:  Planet Earth 



What did Earth’s 
surface look like when 

it first formed? 



Early Heat Within The Earth 
Early Earth began to heat as the last collisions subsided 

1. Initial heat from impacts (bombardment) 
2. Collisions produced heat that was stored (rock good insulator) 
3. Radioactivity 
4. Gravitational contraction 



The Iron Catastrophe  

Friction & energy release from sinking iron 
releases even more heat! 

•  Began once Earth heated to melting point of iron (1538°C)  
•  Iron and nickel sink to the core – chemical differentiation 

Differentiation: A layered Earth 
Archean Eon and ever since 



How is Earth organized? 

a. Earth has an inner and outer core, a mantle, and a crust. 
b. Earth has an inner mantle and an outer lithosphere,             
    with a liquid inner core. 
c. Earth’s crust rests atop the liquid mantle and the  
    solid outer core. 
d. The inner core is solid, the mantle is solid, and the  
    crust is solid under the continents and liquid under     
    the oceans. 
e. None of the above. 



Earth’s Major Layers: Core, Mantle, Crust 



 Where does Earth’s magnetic field come from? 

A. Core 
B. Mantle 
C. Crust 
D. Atmosphere 



•  Fluid motion of liquid iron in the outer core generates 
Earth’s magnetic field 



  Made of solid rock:  Silicate (silicon + oxygen) 
  2900 km thick 
  Moves heat around through convection 
  Mantle rock also deforms as a fluid 
   

Like Silly Putty, behaves as a: 
Solid – over short time 
Fluid – over long time 

Earth’s Mantle 



Continental Crust (~35 km thick) 
  Formed early in Earth’s history 
  Rocks less dense than mantle rocks 
  Is essentially “floating” on the mantle 

Oceanic Crust (~7 km thick) 
  Is currently being formed 
  Is denser than continental crust (more iron + 

magnesium) 

Like floating ice extends 
deeply below water level 

Earth’s Crust 
granite 

basalt 



1. What you should know:"

2. 1. Define the term mineral"
3. 2.  List 5 useful minerals, describe their composition and how 

they are used"
4. 3.  Describe the structure of an atom"
5. 4.  Describe the formation of silicate structures"
6. 5.  List some common rock-forming minerals"
7.  "



What is a Mineral? 

•  natural occurrence 
•  inorganic 
•  solid 

•  has a crystalline structure* 
•  has a definite chemical composition* 

Minerals are natural, inorganic, solid crystalline compounds 
with a definite (but variable) chemical composition 



Olivine (Mg,Fe)2SiO4  

Halite (NaCl) 

Ice (H2O) Copper (Cu) 

Gypsum 
(CaSO4)-2(H2O) 

Pyrite (FeS2) 

Minerals 

Fool’s Gold Salt 



Which are minerals? 

a.  Diamonds and pearls 
b.  Pearls and ice 
c.  Ice and diamonds 
d.  Synthetic gemstones 
e.  Amber and diamonds 

iClicker Question 

diamonds 

synthetic gemstones 

pearls 
amber ice 



  Is the nucleus positively or negatively charged?  

  What gives the nucleus its charge? 
    
  If an atom has a neutral charge (no charge), how 
    many electrons & protons does it have? 

Particle  Mass Charge 

Proton  1  +1 

Neutron 1     0 

Electron 0   -1 

nu
cl

eu
s 

Atom Review 
Positive 

Protons 

Equal # 



Mineral Classes (7) 
  Classified by abundant chemical elements 
  Understanding how they form tells us where to 

look for them 

Halides 

Silicates 
Native  

Elements Oxides 

Sulfides  Sulfates 
Carbonates 



Silicates (Si + O) 
•  Si & O are most common elements 
•  Fundamental unit: silicate tetrahedron (4-sided pyramid) 

•  -1 Si + 4 O atoms 

Si 

O 

O O 
O 

Garnet: high temp & pressure 

Under special conditions, 
rare silicates may crystallize 

Most silicates are formed 
from cooling magma. 



Carbonates 
  Contain carbonate anion (CO3)-2 

  Form in waters saturated by calcium (oceans) and as 
a result of biological processes 

  Examples: calcite CaCO3  -->  limestone 

limestone Calcite is calcium carbonate 



1. What you should know:"

2. 1.  Describe igneous rock"
3. 2.  Identify the information revealed by igneous texture"
4. 3.  Identify how igneous rock color relates to chemical "
5.      composition"
6. 4.  Describe the process of igneous evolution and the role of "
7.      plate tectonics in it"
8. 5.  Describe the environments where basalt accumulates "

1.  Chapter 5:  Igneous Rocks"



Fundamental Rock Types 
  Igneous Rocks:   
    form when magma solidifies   

  Sedimentary Rocks:   
    form when sediment  
    becomes cemented into solid  
    rock 

  Metamorphic rocks:   
    form when heat, pressure, or  
    hot water alter any preexisting  
    rock 



Types of Igneous Rocks 
  Extrusive  (volcanic) 
    - forms when magma erupts &    
       solidifies on the surface 

   Intrusive  (plutonic) 
    - forms when magma solidifies  
       within the crust 



Extrusive Igneous Rocks 
  Lava:  fluid magma that flows from a crack  
    or volcano onto Earth’s surface 

  Magma cools quickly =  
    less time for crystals to form 

  Ex.:  Basalt - common volcanic rock,  
         ocean crust, few crystals 

Porphyric rock 

Obsidian 

Basalt 

Lava 

Rhyolite 



Intrusive Igneous Rocks 

  Magma cools slowly, more time for crystals to form  

  Ex.  Granite:  most abundant rock in continental crust 
          medium- to coarse-grained crystals 
   

Granite Gabbro 



iClicker Question 

Granite has large 
crystals and is an 

intrusive rock. 

1.  Where is granite formed?    
2.  Where is basalt formed?  Basalt has small 

crystals and is 
an extrusive 

rock. 

X 

Y 

a.  (1) X    (2)  Y 
b.  (1) Y    (2)  X 



Composition:   assemblage of minerals (Si vs. Mg) 

Texture:  size and arrangement of crystals (cooling history) 

Igneous rocks are classified based on 
their composition and texture   



Composition 

Te
xt

ur
e 

The Major 7 Types of Igneous Rocks 



Composition Types 

  Felsic: Feldspar & Silica 
 Granite (large grains), Rhyolite (small) 

  Mafic:  Magnesium & Iron (Fe) 
 Gabbro (large), Basalt (small)  

  Ultramafic:  High Mg & Fe 
 Peridotite (mantle material, rare) 

  Intermediate:  
 Andesite 

Felsic Mafic 

Ultramafic 

Andesite 



Composition vs. Color 
Igneous color (gray scale) is used to estimate chemical composition 

 Felsic    Intermediate   Mafic 

Mg/Fe content 
 Si/O content 

more less 
less more 



Texture Styles 

Phaneritic: 
•  Slow cooling, larger crystals 
•  Coarse texture 
•  Intrusive or plutonic 

Aphanitic: 
•  Rapid cooling, smaller crystals 
•  Finer texture 
•  Extrusive or volcanic 

Other textures are glassy, pyroclastic,  
 vesicular, and porphyritic Volcanic bomb - aphanitic 

phaneritic 



Phaneritic   
large minerals 

Large crystals had 
a long time to 

crystallize.  

Texture 

Example: Granite 

iClicker Question 
Is this rock intrusive or extrusive? 

A.  intrusive 
B.  extrusive 



Texture 

Aphanitic  
mineral grains too small to 
see with the unaided eye  

Small crystals 
had a short time 

to crystallize.  

Example: Basalt 

iClicker Question 
Is this rock intrusive or extrusive? 

A.  intrusive 
B.  extrusive 



What you should know:"

1.  Compare/contrast 3 types of weathering"
2.  Describe types of physical weathering"
3.  Describe the role of water in chemical weathering"
4.  List and define typical soil layers"
5.  Describe ways by which sediments are eroded"

Chapter 7:  Weathering"



Weathering 
  Def.: processes that decompose rocks & convert 

them to loose gravel, sand, clay, & soil 

  Three primary types:  
 Physical   Biological  
 Chemical  

Arches Nat’l Park,!
Utah!



Types of Physical Weathering 
 Pressure-release fracturing 
 Abrasion 
 Freeze-Thaw (frost wedging) 
 Hydraulic Action 
 Growth of Salts 



Chemical Weathering 
  Def.:  transformation of one mineral into another 

via chemical processes 

  Types:  
 Hydrolysis (just add water…) 
 Oxidation (“rusting”)  
 Dissolution (“dissolving”) 



Biological Weathering 
  Involves both physical and chemical 

processes 

Lichens, !
Irish Sea!

Plant roots!

1.  Simple breaking 
2.  Movement and mixing 
3.  Carbon dioxide produced by respiration forms 

carbonic acid 
4.  Organisms influence moisture in soil 



12 Major Types of Soil 

Five Soil Forming Factors:!
 Climate   Parent Rock     Time   Topography   Biological Processes!



Soil 

•  Def.:  upper layers of  
   regolith that support  
   plants  

•  Regolith:  thin layer of  
    loose rock, clay, & sand  
    that overlies bedrock 



What you should know:"

1.  Understand why geologists study sedimentary rocks"
2.  Compare 3 types of sediment"
3.  Describe processes that act on sediments"
4.  List primary clastic sedimentary rocks "
5.  List primary chemical sedimentary rocks"
6.  List primary biogenic sedimentary rocks"

Chapter 8: Sedimentary Rocks"



Sedimentary Rocks 

  Generally, made from older rocks 
  Make up only ~5% of Earth’s crust, but….. 
  Make up 75% of all rocks exposed at the 

surface 



Why Study 
Sedimentary Rocks? 

•  Reflect physical and 
chemical characteristics 
of source environments 

•  Contain direct and 
indirect evidence of life 

•  Can be interpreted to 
recreate Earth history 

•  Source of “fossil fuels” 



Sedimentary Rock Types 

  Clastic – broken down rocks (clasts)  
 Ex.:  sandstone 

     Chemical – directly !
      precipitates out of water!
      Ex.:  rock salt!

     Biogenic – remains of living !
       organisms! !    !    ! !    !
!   Ex.:  limestone, chalk, coal!



Distance Traveled?!

Think:  roundness? sorting?!

iClicker Question:!
Did these rocks travel a 
short or long distance?!

a.  Short!
b.  Long!



Four steps: #1!

#2!
#3!#4!

Clastic Sedimentary Rock Formation!



Step 4:  Lithification 
  Def.: when loose sediment becomes compacted & cemented 

  Compaction: pressure of 
overlying sediments packs 
grains & squeezes water 
from pores!

  Cementation:  pore 
spaces fill with ions that 
precipitate from water 
(calcite, quartz, iron oxide)!



From Sediments to Rocks!
  sediment + compression + time = rock!



Types: Chemical Sedimentary Rocks!
  Precipitation of minerals from a solution 
  Ex.: Salt, gypsum 

gypsum!
Salt deposit!

salt!



rock salt rock gypsum limestone 

travertine 

micrite dolostone 

chert 

Types: Chemical Sedimentary Rocks!



  Lithification of “organic” (plants, etc.) material 
  Ex.:  Coal is formed from preserved plant material in 

swamps 

Types:  Biogenic Sedimentary Rocks!

coal! chert!

Coal swamp forest!



skeletal limestone 

coquina 

chalk coal 

Types:  Biogenic Sedimentary Rocks!



What you should know:"

1.  Describe the process of metamorphism"
2.  Compare/contrast regional and contact metamorphism"
3.  Describe the role of water in metamorphism"
4.  Describe the metamorphic grades and how they are 

identified  "

Chapter 9: Metamorphic "
       Rocks"



Metamorphic Rocks 
  Metamorphism:  process of rising temperature & pressure,  
  or changing chemical conditions, that transforms rocks & 

minerals 

  Ways:     1.  Heat     2.   Pressure     3.  Fluid activity 



  Def.:  intensity of metamorphism that formed the rock 
  As you go deeper in the Earth, it gets hotter, pressure increases 
  Rocks evolve through a sequence of metamorphic grades … 

Metamorphic Grade 



Metamorphism 
tells us a rock’s 
tectonic history 

slate 

phyllite 
schist 

gneiss 

Metamorphic Grade 



They serve as 
geothermometers and 

geobarometers 

Index Minerals tell us a rock’s temperature 
and pressure history 



Types of Metamorphism 

 Contact 

 Regional 

 Hydrothermal 

separate processes, 
but can happen @ 
same time 



  when magma comes in contact with basement rock at 
shallow depth and heats it up 

  magma also brings reactive fluids 

Contact Metamorphism 



  When major crustal movements build mountains and deform 
rocks 

  Rocks deformed & heated at same time 

Regional Metamorphism 

regional metamorphism 



Regional Metamorphism = stress 
= foliation 



Hydrothermal Metamorphism 

Basalt 

Serpentinite 

Water 

• Heat and pressure release chemically active fluids from rocks. 
• These fluids transport heat, ions dissolve in hot water 
• Reactions promote recrystallization 



  Slates 

  Phyllite 

  Schists 

  Gneisses 

Common Metamorphic Rocks 
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