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GEOLOGY 
Greek        Earth 

Geology = The study of Earth 

The study of 



 Geology                                                                                                    

What is the meaning of geology ? 

The meaning of geology is the science which study the 
minerals and chemical composition of the earth, issues of earth 
and the inner and outer processes which affected it , since its 
issue to this day. 

 



  The relationship between geology and other sciences 
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1. Physics -----------  Geophysics  

a.         Gravity. 

b.          Magnetic. 

c.          Seismology. 

d.           Electrical.                              
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Biology---------Paleontology  (Remaining of Animals and Botanical) 

 Chemistry ----------- Geochemistry 

Engineering ---------- Engineering geology 
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A-Pure geology:- 

1. -Crystallography .    

2. -Mineralogy . 

3. Petrology . 

4. - Paleontology . 

5. -Stratigraphy . 

6. -Dynamic geology . 

7. -Historical geology . 

 

 

Geological  Branches 
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B-Connected Branches:- 
 
 
1. Geochemistry . 
2. Geophysics . 
3. Geomorphology . 
4. Structural geology . 
5. Photo geology . 
6. Field geology . 
7. Oceanography . 
8. Glacial geology .  
9. Volcano logy . 
10. Cosmic geology . 
11.     Geodesy . 
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C-Applied geology:- 
 
1. Economic geology . 
2. Engineering geology . 
3. Petroleum geology . 
4. Hydrogeology . 
5. Mining geology . 
6. Agricultural geology . 
7. Military geology . 

 



 :قٛز ٔی پطزاذتٝ ثبلا ٔٛاضز اظ تؼسازی تٛضیح ثٝ ازأٝ زض•

 .وٙس ٔی ٌمتٍٛ آٖ زٞٙسٜ تكىیُ ٔٛاز تطویت ٚ ظٔیٗ قیٕیبیی ذٛال ثٝ ضاجغ :غئٛقیٕی1.

 اظ اؾتفبزٜ ٘حٜٛ قٛز، ٔی ذٛا٘سٜ ػّٕی غئٛقیٕی ٘بْ ثٝ وٝ ضقتٝ ایٗ اظ لؿٕتی زض

 .ٌیطز ٔی لطاض ثحث ٔٛضز ٔٙبثغ اوتكبف زض ظٔیٗ ی زٞٙسٜ تكىیُ ػٙبصط قیٕبیی ذٛال

 آٟ٘ب قٙبؾبیی ٘حٜٛ ٚ تكىیُ عطظ ظٔیٗ، زٞٙسٜ تكىیُ ٔؼس٘ی ٔٛاز زضثبضٜ :قٙبؾی وب٘ی2.

 .وٙس ٔی ٌفتٍٛ

 تكىیُ چٍٍٛ٘ی ٚ ثٙسی تمؿیٓ ظٔیٗ، ٞبی ؾًٙ آٖ ثحث ٔٛضٛع :قٙبؾی ؾ3ًٙ.

 .آٟ٘بؾت

 .وٙس ٔی ثحث آٖ ٔكرصبت ٚ ٞٛا ثٝ ضاجغ :ٞٛاقٙبؾی4.

 



 لؿٕت زٚ ثٝ ذٛز ضقتٝ ایٗ .اؾت ظٔیٗ آثٟبی زضثبضٜ آٖ ثحث ٔٛضٛع :قٙبؾی آة5.

 .قٛز ٔی تمؿیٓ ظیطؾغحی آثٟبی ٚ ؾغحی آثٟبی

 .وٙس ٔی ثحث ظٔیٗ عجیؼی ٞبی ؾبذتٕبٖ زضثبضٜ :ؾبذتٕب٘ی قٙبؾی ظٔی6ٗ.

 .وٙس ٔی ثحث ظٔیٗ عجیؼی ٔكرصبت زضثبضٜ :فیعیىی قٙبؾی ظٔی7ٗ.

 ظ٘سٌی قطایظ ٚ وطز٘س ٔی ظ٘سٌی لسیٓ زض وٝ ای ظ٘سٜ ٔٛجٛزات ثٝ ضاجغ :قٙبؾی زیطی8ٗ.

  ٔحبؾجٝ ضا ظٔیٗ ٔرتّف عجمبت ؾٗ تٛاٖ ٔی ضقتٝ ایٗ اظ اؾتفبزٜ ثب .وٙس ٔی ثحث آٟ٘ب

 ٕ٘ٛز

 .وٙس ٔی ثحث آٟ٘ب تكىیُ ٘حٜٛ ٚ ضؾٛثبت ثٝ ضاجغ :قٙبؾی ضؾٛة9.



 ٔی یىسیٍط ثب آٟ٘ب اضتجبط ٚ ظٔیٗ ٔرتّف عجمبت ثرف ایٗ ثحث ٔٛضٛع :قٙبؾی چیٙٝ 10.

 .ثبقس

 .وٙس ٔی ثحث ثّٙسی ٚ پؿتی پیسایف عطظ ٚ ظٔیٗ ػٛاضض ثبضٜ زض :غئٛٔطفِٛٛغی11.

 .وٙس ٔی ثحث حطاضت ٚ فكبض ثمُ، جبشثٝ، ٘ظطیٝ ظٔیٗ، فیعیىی ذٛال زضثبضٜ :غئٛفیعیه12.

 زض فیعیىی ذٛال اظ اؾتفبزٜ ٘حٜٛ ػّٕی، غئٛفیعیه ٘بْ ثٝ ضقتٝ ایٗ اظ لؿٕتی زض

 .قٛز ٔی ثحث ٔؼس٘ی ٔٙبثغ اوتكبف

  اضظـ وٝ ظٔیٗ ٔٛاز اظ آ٘سؾتٝ زضثبضٜ قٙبؾی ظٔیٗ اظ ضقتٝ ایٗ :التصبزی قٙبؾی ظٔی13ٗ.

 .زٞس ٔی لطاض ثطضؾی ٔٛضز ضا آٟ٘ب تكىیُ قطایظ ٚ ٘حٜٛ ٚ وٙس ٔی ٌمتٍٛ زاض٘س التصبزی

 وبضٞبی زض قٙبؾی ظٔیٗ اعلاػبت اظ اؾتفبزٜ چٍٍٛ٘ی زضثبضٜ :ٟٔٙسؾی قٙبؾی ظٔی14ٗ.

 .وٙس ٔی ٌمتٍٛ آٖ ٚ٘ظبیط ؾبظی جبزٜ ؾبظی، ؾس ٘ظیط ٟٔٙسؾی



 ػىؽ اظ اؾتفبزٜ ثب تٛاٖ ٔی آٖ اؾبؼ ثط وٝ اؾت قٙبؾی ظٔیٗ اظ لؿٕتی ضقتٝ ایٗ :فتٛغئِٛٛغی 15.

 .زاز ا٘جبْ ضا قٙبؾی ظٔیٗ ٔغبِؼبت ثؼضی ٚ وطز تٟیٝ قٙبؾی ظٔیٗ ٘مكٝ ٞٛایی ٞبی

 .ٌیطز ٔی لطاض ٔغبِؼٝ ٔٛضز ِطظٟٞب ظٔیٗ آٖ زض :قٙبؾی ظِع16ِٝ.

 .اؾت ظٔیٗ فكب٘ی آتف فؼبِیت ٚ ٞب آتكفكبٖ زض ثحث آٖ ٔٛضٛع :قٙبؾی فكبٖ آتف17.

 .ٌیطز ٔی لطاض ثطضؾی ٔٛضز ٞب الیب٘ٛؼ ٔضؼیت قبذٝ ایٗ زض :قٙبؾی الیب٘ٛؼ18.

 .قٛز ٔی ثحث ظٔیٗ ٌصقتٝ ازٚاض زض ظٔیٗ زضیبٞب ٚ ذكىیٟب تٛظیغ ٚ قىُ زضثبضٜ :پبِئٛغئٌٛطافی19.

 .قٛز ٔی ٌفتٍٛ آٟ٘ب قٙبؾبیی چٍٍٛ٘ی ٚ ا٘س ظیؿتٝ ٔی لسیٓ زض وٝ ٌیبٞب٘ی ثٝ ضاجغ :پبِئٛثٛتب٘ی20.

 .ٌیطز ٔی لطاض ثطضؾی ٔٛضز ٔبٞٛاضٜ اظ اؾتفبزٜ ثب ظٔیٗ ثطضؾی ٘حٜٛ :زٚضؾٙجی21.



History of geology 

1. Humorous 600 B c      :-Thinking about the shape of Earth and he descript 

the earth as disc surround by water  

2. .Aresto 384-322 B C :-He is provided that the Earth is a ball by scientific method 

. by observation he notice the matter collection to the same center . 

3. Herodotus 424-484 B c:-The first scientist who noticed the remaining of Botany 

and Animals on the earth crust of mountains which prove that the present 

mountains were oceans surfaces in the deep past. 

4. Khalelo 1546-1642 c :-Pr0vided Earth motion around its axis from west to east . 

5. William Smith 1769-1839 c :-He is the first scientist whose established 

stratigraphy  and correlation by its contents of fossils and drawing a geological 

map for e England in 1845 . 
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   History of geology – Other scientists 

1. Ibin Siena died 1049 :-The first one who established the 

geology and also studied the minerals . 

2. Al Bairony d 1271 :-He described an expensive crystals 

minerals in scientific methods . 

3. Alrazi d 1369 :- Divided the minerals into six groups in his book 

(secrets of the secrets) . 

4. Other scientist such as Jahith Takishkhandy Sarkhasy et . 
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The site of Earth within Galaxy 
                (Milky Way) 
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SUN 



Relative Sizes of the  
Sun and Planets 



Solar System Configuration 



The Planets 

• Terrestrial Planets 

• Mercury  
• Venus 
• Earth 
• Mars  

• small, composed of rock, 
with metal cores 

• Jovian Planets 
– Jupiter  
– Saturn 
– Uranus 
– Neptune 

• large, composed of 
hydrogen, helium, 
ammonia, 
methane, relatively 
small rocky cores 



               Hypothesis issues of Earth and global system 

• Since 18th century ,the scientists were beginning searching methods about the Astronomy or 

cosmic geology without Church affection. 

 

• 1- Buffoon Ht 1707-1788 (France) :- The first scientist whose gave idea 

• For the source of Earth in his book (Natural the history). The idea is the present global system 

is result from very hard attack between the sun and one of big solar mass, then the result 

were many big masses separated swimming in different distances around the sun gravity. 

 

• 2-Kants Ht 1755 (German) :-This hypothesis proposed that the whole solar system was very 

much of small solid parts swimming in the global system in high speed. This parts collected 

together by gravity with high heating due to attachment between the parts which result very 

hot gases  (NEBULA) rotation around together in great speed. This conditions give a gas rings 

and by the force out of center which result our sun system.  19 
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3-Nebular OR Lab lass Ht 1796 C( France) :-The solar system in the beginning 

were a ( NEBULA) occupied about four sizes of our solar system. With the time ,there 

are heating loss ,contraction which result rotation with high speed around it s axis .at this 

time the force out of  center makes a cycle with irregular out line which result a big 

masses named the solar system. later the contraction of masses due to the continuous 

cooling and rotation to consist the solar system. 

4-Other hypothesis:- 

          a-Planetesimal Ht(Chamberlin-American Geologist and Moulton- Am sc 

              1905). 

           b-Gaseous Tidal Ht(Jemis and Jeffery 1929). 

 



    New theories in origin of solar system 

1-The Nuclear Explosions Th 1931:-This Th suggests that a part of Global Space was 

composed of Dense Gases (Protogalaxy). 

With time these gases collect together to form ( Nuclear Cells). So at same time Great 

explosions happened for global bodies which separated it faraway from its original 

space and form (Global Galaxy). After that the Gases began cooling and space 

reduction with rotation and finally birth new solar Galaxy in space before about 13-

10 Billion years ,while the Gases condensation about 250 million years ago. 

2-Great Gas Cloud  Th 1942 -1948:-In the beginning the Sun and Stars were a Global cloud 

consist of Gases and dust which condensed under stars light pressure, dust and gases 

gravity forces. This conditions lead to Great rotation to form (Primary Nucles),The 

remain clouds stays in the center forming the Sun. Later this theory considered that  

Electromagnetic force played as important agent in global system. 

 21 



Embryonic Sun and Rotating Cloud 

• Planetesimals have formed  

• in the inner solar system,  

 

 

 

 

 

• and large eddies of gas and dust  

• remain far from the protosun 



Origin of the Earth 



Evaluation of the Earth 

Since 6 Billions years , the Earth was separated from Sun. So by rotation , continuous 

cooling ,the mass of gas became Ball-shape covered by solid crust called ( Earth crust 

),while the inner  of Earth still in Fusion state. 

There are four stages at Evaluation of Earth :- 

1-Anhydric Period:-In this period the elements consists Earth differentiated into three 

zones depend on gravity, rotation of Earth,( mass of gases and liquids) as :- 

        a-Silicate-Sulfides zone--------Outer part. 

        b-Iron- Nickel zone-----------------Middle part. 

        c-Earth crust---900-1000 million years cooling time. 

2-Oceanic Period( water Basins):-This period of Rains fall due to the Temperature changes 

within about 300- 400 million years. 
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3-Contraction Period:-A big water Basins such as oceans seas as a result of continuous 
cooling for earth crust ,association with mountains building within about 1000 -1700 million 
years. 
4-Continintal Drift period:-There are many evidence says the Dry part of earth( CRUST) was 
connect in the ancient time. By Earth agents (Hypogene Processes) the crust moves along 
the fusion zone of Earth which result sedimentary basins due to the big Oceanic sediment.  
       

        Conclusions:- 
           a-The Earth crust and air cover  were buildup at first stage. 
           b-The water cover was buildup at second stage. 
           c-The ancients evidence of life is before 2500 million years. 

                                                  



  Nature of Earth 
 

A-Dimension of Earth :- 

     1-The polar Radius =6357 km . 

      2-Equator Radius =6378 km . 

      3-Polar Circumference = 6357 km x 2 x 22  ÷ 7 = 40 009 km . 

      4-Equator Circumference = 6378  km x 2 x 22 ÷ 7 = 40 077 km . 
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Equator 
Polar 

Dimension 



Earth Science Literacy Principles 
Earth is a complex system of interacting rock, 
water, air, and life.  
 



جرم کلی  درصذ جرم
 (گرم)

جرم هخصوص 
گرم بر سانتی )

 (هتر هکعب

حجن 
 هیلیوى)

کیلوهتر 
 (هکعب

ضخاهت 
 هتوسط

 (کیلوهتر)

 قسوت هواد تشکیل دهنذه حالت فیزیکی

0.00009 0.005E24 - - - زی-آة-اوؿیػٖ-٘یتطٚغٖ ٌبظی 
 ...اوؿیسوطثٗ ٚ

 وطٜٞٛا

0.024 1.41E24 1.03 1370 3.8 آثىطٜ ید-ثطف-ٕ٘ه-آة ٔبیغ ٚ جبٔس 

0.4 25.1E24 
 

 پٛؾتٝ ؾیّیىبتٟبی ٔؼِٕٛی جبٔس 33 8870 2.8

67.2 4016E24 
 

 ٌٛقتٝ ؾیّیىبتٟبی ثبظی جبٔس 2883 899000 4.5

32.4 1936E24 
 

لؿٕت  3471 175000 11
-ذبضجی جبٔس

لؿٕت زاذّی 
 ٔبیغ

 ٞؿتٝ آٞٗ ٚ ٘یىُ

100 5976E24 
 

 ظٔیٗ 3671 1083220 5.52

 اجعای تكىیُ زٞٙسٜ ی ظٔیٗ



 ٞٛا وطٜ

 ٔٛجٛز غجبض ٚ ٌطز ٚ ٌبظٞب زؾتٝ زٚ ثٝ تٛاٖ ٔی ضا ظٔیٗ ٔجبٚض ٞٛای یؼٙی ٔؼِٕٛی، ٞٛای تطویت•

 .ٕ٘ٛز تمؿیٓ آٖ زض

قٛز ٔی تمؿیٓ ٌطٜٚ ؾٝ ثٝ ذٛز زؾتٝ ایٗ :ٞٛا زض ٔٛجٛز ٌبظٞبی: 

 ذٙثی ٌبظٞبی ٚ ٞیسضٚغٖ اوؿیػٖ، ٘یتطٚغٖ، ٕٞب٘ٙس اؾت، ثبثت تمطیجب آٖ ٘ؿجٗ وٝ ٌبظٞبیی1.

 اوؿیسوطثٗ زی آة، ثربض ٕٞب٘ٙس .وٙس ٔی تغییط آٖ ٘ؿجت ِٚی ٔٛجٛزا٘س ٞٛا زض ٕٞیكٝ وٝ ٌبظٞبیی2.

 .ؾِٛفٛض اوؿیسٞبی ٕٞب٘ٙس قٛز، ٔی یبفت ٘مبط اظ ثؼضی زض فمظ وٝ ٌبظٞبیی3.

ثؿتٝ آٖ ٔمساض وٝ ثبقس ٔی غجبض ٚ ٌطز ضیع ثؿیبض ٔٛاز حبٚی ٕٞٛاضٜ ٞٛا :ٞٛا زض ٔٛجٛز غجبض ٚ ٌطز 

 .اؾت ٔتفبٚت اضتفبع ٚ ٔٛلؼیت ثٝ



ٞٛایی وٝ ظٔیٗ ضا احبعٝ وطزٜ اؾت زاضای لایٝ ثٙسی ٞبیی ٔی ثبقس وٝ زض قىُ ظیط ٘كبٖ  •
 .زازٜ قسٜ اؾت

 



 .وطز تمؿیٓ ظیط صٛضت ثٝ ضا ظٔیٗ ٞبی لایٝ تٛاٖ ٔی زٔبیی ٘ظط اظ•

  یه اظ أب یبثس ٔی وبٞف زٔب حس یه تب اضتفبع افعایف ثب قىُ ایٗ زض•

 ثرف ایٗ زض اظٖٚ حضٛض ػّت وٝ یبثس ٔی افعایف ٔجسز زٔب اضتفبع

  ٔی ثرف ایٗ زض زٔب افعایف ؾجت ثٙفف ٔبٚضاء اقؼٝ جصة ثب وٝ اؾت

 .قٛز





 ٔیبٍ٘یٗ زٔب زض ؾغح وطٜ ظٔیٗ

 ٌطْ قسٖ ظٔیٗ زض اثط افعایف ٌبظٞبی ٌّرب٘ٝ ای



 آثىطٜ

  جٛیجبضٞب، ٚ ٞب ضٚزذب٘ٝ ثٝ ضا آٖ تٛاٖ ٔی وٝ اؾت ظٔیٗ آثٟبی تٕبْ قبُٔ آثىطٜ•

 عجیؼی یرچبِٟبی ٚ ظیطظٔیٙی ٞبی آة ٔطزاثٟب، ٚ ٞب زضیبچٝ زضیبٞب، ٚ ٞب الیب٘ٛؼ

 .وطز تمؿیٓ

 3 ٚ زضیبٞب ٚ ٞب الیب٘ٛؼ آثٟبی ضا آثىطٜ 97 اظ ثیف وٝ ٌفت تٛاٖ ٔی وّی عٛض ثٝ•

 .ثبقس ٔی ٔٛاضز ؾبیط ثبلی زضصس

  ٕٞیكٝ وٝ ثبقس ی ایٗ آٔس حؿبة ثٝ آثىطٜ جعء ٞب یرچبَ ثحث ایٗ زض ایٙىٝ ػّت•

  زٔب افعایف ثب وٝ ٌٛ٘ٝ ثسیٗ اؾت، لطاض ثط تؼبزَ ٞب الیب٘ٛؼ ٚ ٞب یرچبَ ثیٗ

 ثب ثّؼىؽ، ٚ قٛز ٔی اضبفٝ ٞب الیب٘ٛؼ آة ثٝ ٚ قسٜ آة ٞب یرچبَ اظ ٔمساضی

 .قٛ٘س ٔی تیسیُ یرچبَ ثٝ ٞب الیب٘ٛؼ زٔب وبٞف

 



 ٚاحس ٞبی ٟٔٓ آثىطٜ

 شرح واحذ هقذار

1410E15 ٗٚظٖ آة الیب٘ٛؼ ٞب ٚ زضیبٞب ت 

0.51E15 ٗٚظٖ آثٟبی قیطیٗ ت 

20-50 E15 ٗیرچبَ ٞبی عجیؼی ٚظٖ ت  

200E15 ٗٚظٖ آة ٔٛجٛز زض ضؾٛثبت ت 

0.013E15 ٗٚظٖ ثربض آة ٔٛجٛز زض ٞٛا ت 



 .زض ظیط چطذٝ آثىطٜ ضا ٔكبٞسٜ ٔی ٕ٘بییس•

 



 :ٔئب٘سض•

 حطوت ؾطػت وٝ ٔٙبعمی زض .اؾت آٖ ٔؿیط ٞب ذٓ ٚ پیچ ٞب ضٚزذب٘ٝ ٔكرصبت اظ یىی•

 ٔی ػٛض آؾب٘ی ثٝ ضٚزذب٘ٝ ٔؿیط زضیبچٝ، یب زضیب ٘عزیه ٘ٛاحی ٕٞب٘ٙس اؾت وٓ ضٚزذب٘ٝ

 ؾطػتی ثب ضٚزذب٘ٝ فطػی قبذٝ ایٙىٝ یب ٚ ٌیطز لطاض ٔؿیط ضاٜ ؾط زض ٔب٘ؼی اٌط ٔثلا .قٛز

 ایٗ .قٛز ٔی ضٚزذب٘ٝ حطوت ٔؿیط تغییط ثبػث ثپیٛ٘سز، آٖ ثٝ اصّی قبذٝ ؾطػت اظ ثیف

 .قٛز ٔی ذٛا٘سٜ ٔئب٘سض ٘بْ ثٝ ٔؿیط ذٕٟبی ٚ پیچ

 ٔئب٘سض ٔٙحٙی یه ا٘تٟبی ٚ اثتسا ٚلتی ثبلا ٚ قٛ٘س ٔی ٚؾیغ وٓ وٓ تكىیُ، اظ پؽ ٔئب٘سضٞب•

 ٚ قٛز ٔی لغغ ضٚزذب٘ٝ ثب آٖ اضتجبط ٚ قسٜ ٔتطٚن وٓ وٓ ٔٙحٙی لؿٕت ایٗ ضؾیس، ٞٓ ثٝ

 زایطٜ لٛؼ قىُ ثٝ وٝ آیس ٔی ٚجٛز ثٝ وٛچىی زضیبچٝ ثبقس، آة زاضای لؿٕت ایٗ اٌط

 .قٛز ٔی ذٛا٘سٜ ٌبٚ قبخ ٘بْ ثٝ ٚ اؾت







 قیت لبضٜ

 .ٔحُ ثطذٛضز الیب٘ٛؼ ثب لبضٜ ٞب ضا قیت لبضٜ ٔی ٌٛیٙس•





 



 جطیبٖ ٞبی الیب٘ٛؾی

 .ثبقٙس ٔی ٔٙكب زٚ حبصُ الیب٘ٛؾی ٞبی جطیبٖ•

 قٛز، ٔی قسیسی ٞبی ثبز ایجبز ؾجت زضیب ٚ ذكىی ثیٗ زٔب اذتلاف :ٞب جطیب1ٖ.

 ثؼضی زض )قٛز ٔی ؾبحُ ثٝ زضیب اظ آة ٞبی جطیبٖ ایجبز ثبػث ثبز ایٗ ٚضظـ

  ٔی زضیب ثٝ ذكه اظ ثبز جٟت وٝ ٌٖٛ ثسیٗ ایجبز ثطػىؿی ٔٛلؼیت ٔٛاضز اظ

 (ثبقس

 ایٙىٝ ػّت ثٝ آثٟب ایٗ ٞب، یرچبَ زض ٔٛجٛز ٞب ید قسٖ شٚة اظ حبصُ ٞبی آة2.

 ٔی ٞب الیب٘ٛؼ وف زض ٞبیی جطیبٖ ایجبز ؾجت ٚ ثٛزٜ ؾٍٙیٗ زاض٘س پبییٙی زٔبی

 .قٛ٘س







 ؾًٙ وطٜ

 ؾٝ زاضای وٝ ثبقس، ٔی ٚظٖ ٚ حجٓ ٘ظط اظ ظٔیٗ لؿٕت ٟٕٔتطیٗ ؾٍٙی لؿٕت•

 .ثبقس ٔی ثرف

 ٔی (ٞب الیب٘ٛؼ ظیط ٚ ٞب لبضٜ زض )ضا ظٔیٗ ؾط ؾطتب ثرف ایٗ :ظٔیٗ پٛؾت1ٝ.

 .اؾت ویّٛٔتط 33 اٖ ٔتٛؾظ ضربٔت ٚ پٛقب٘س

  ثٝ ذٛز ٚ زاضز ٌؿتطـ ویّٛٔتطی 2900 ػٕك تب ٚ  ظٔیٗ پٛؾتٝ ظیط :ظٔیٗ ٌٛقت2ٝ.

 .قٛز ٔی تمؿیٓ وٛچىتطی ٞبی ثرف

 زٚ ثٝ ذٛز ٚ زاضز تٛؾؼٝ ظٔیٗ ٔطوع تب ویّٛٔتطی 2900 ػٕك اظ :ظٔیٗ ٞؿت3ٝ.

 .قٛز ٔی تمؿیٓ زاذّی ٚ ذبضجی لؿٕت



 



 



 

 تطویجبت پٛؾتٝ



 پٛؾتٝ ظٔیٗ
  ٞب الیب٘ٛؼ ظیط زض پٛؾتٝ ضربٔت ثبقس، ٔی ویّٛٔتط 33 حسٚز زض ظٔیٗ پٛؾتٝ ٔتٛؾظ ضربٔت•

 زض ویّٛٔتط 10 ثطاثط ضربٔتی حسالُ اظ پٛؾتٝ وٝ صٛضتی ثٝ ثبقس ٔی ٞب لبضٜ اظ وٕتط ٔطاتت ثٝ

 .زاضز وٟٛٞب ٚ ٞب لبضٜ ظیط زض ویّٛٔتط 60 حساوثط ٚ زضیبٞب ظیط

 



 .وطز تمؿیٓ پبییٙی ٚ ثبلایی لؿٕت زٚ ثٝ ضا پٛؾتٝ تٛاٖ ٔی قیٕیبیی تطویت ٘ظط اظ•

 زاضا ػّت ثٝ وٝ اؾت قسٜ تكىیُ ٌطا٘ٛزیٛضیت ٚ ٌطا٘یتی ؾٍٟٙبی اظ پٛؾتٝ ثبلایی لكط•

 .قٛز ٔی ذٛا٘سٜ ٘یع سیال ٘بْ ثٝ آِٛٔیٙیٓ ٚ ؾیّیؿیٓ ظیبزی ٔمساض ثٛزٖ

 ثٛزٖ زاضا ػّت ثٝ ٚ قسٜ  تكىیُ ثبظاِت تطویت ثب ٞبیی ؾًٙ اظ ثیكتط پٛؾتٝ ظیطیٗ لكط•

 .اؾت ٔؼطٚف ؾیٕب ٘بْ ثٝ ٔٙیعیٓ ٚ ؾّیؿیٓ ظیبزی ٔمساض

 ایٗ ثط فطض أطٚظٜ ٚ ٘یؿت یىؿبٖ ٔرتّف ٞبی لؿٕت زض ظٔیٗ پٛؾتٝ ٔرصٛل جطْ•

  ٞب لبضٜ ظیط زض آٖ ٔرصٛل جطْ اظ ثیف وٕی ٞب الیب٘ٛؼ ظیط زض ٔرصٛل جطْ وٝ اؾت

 .ٌطفت ٘ظط زض 2.8 اِی 2.7 ضا آٖ ٔتٛؾظ ٔمساض تٛاٖ ٔی ِٚی (ایعٚؾتبظی ٘ظطیٝ)اؾت
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Section in Earth Crust 

S . L 

Sial 

      Conrad Discontinuity           Moho discontinuity 

Sial Layer 

Sea Level 

Sial=Silicone, Aluminium Minerals Sima=Silicone, Magnesium Minerals 

M            a            n            t            l            e 



 ٌٛقتٝ ظٔیٗ

  ظٔیٗ ٌٛقتٝ زاضز لطاض ٌٛتٙجطي ٚ ٔٛٞٛضٚیچ ا٘فصبَ زٚ ثیٗ وٝ ظٔیٗ اظ لؿٕتی•

  ویّٛٔتطی 2900 تب 33 ثیٗ وٝ ظٔیٗ اظ لؿٕتی تطتیت ایٗ ثٝ .قٛز ٔی ذٛا٘سٜ

 .اؾت ٌٛقتٝ زاضز ٌؿتطـ



 ٔثُ قٙبؾی ظٔیٗ ٞبی پسیسٜ اظ ثؿیبضی ٔٙكب وٝ اؾت زازٜ ٘كبٖ ٔغبِؼبت :ثبلایی ٌٛقتٝ•

 .ثبقس ٔی ثبلایی ٌٛقتٝ اـ ٔؿجت ٞب، لبضٜ ٔىبٖ تغییط ػٕیك، ٞبی ظِعِٝ ٔبٌٕبیی، فؼبِیت

 اوّٛغیت ٚ پطیسٚتیت زٚ٘یت، ؾًٙ ؾٝ احتٕبلا ثبلایی ٌٛقتٝ زض وٝ زازٜ ٘كبٖ ٔغبِؼبت•

 .ا٘س قسٜ اضتجبػی ذبصیت ایجبز ؾجت

 .ثبقس ٔی ٔىؼت ٔتط ؾب٘تی ثط ٌطْ 3.9 حسٚز زض ٌٛقتٝ اظ ثرف ایٗ ٔرصٛل جطْ•



 ایٗ زاضز، لطاض ویّٛٔتطی 2900 اِی 984 اػٕبق ثیٗ وٛقتٝ اظ لؿٕت ایٗ :پبییٙی ٌٛقتٝ•

 ٔثُ اوؿیسٞبیی ٚ آٞٗ ٚ ٔٙیعیٓ ؾیّیىبتٟبی ٚ ضؾس ٔی ٘ظط ثٝ ٔتجب٘ؽ ظٔیٗ اظ لؿٕت

 .اؾت قسٜ تكىیُ اؾپیُٙ ٚ ضتیُ وطیٙسٖ،

 



 ٞؿتٝ ظٔیٗ

 ویّٛٔتط 3471 آٖ وّی ضربٔت ٚ زاضز ٌؿتطـ ظٔیٗ ٔطوع تب ویّٛٔتطی 2900 ػٕك اظ ظٔیٗ ٞؿتٝ•

 .اؾت

 الاؾتیه ذٛال زض ا٘فصبَ یه ویّٛٔتطی، 5120 تمطیجی ػٕك زض وٝ اؾت زازٜ ٘كبٖ ٔغبِؼبت•

 .وطز تمؿیٓ زاذّی ٚ ذبضجی لؿٕت زٚ ثٝ ضا ٞؿتٝ تٛاٖ ٔی آٖ ٔجٙبی ثط وٝ زاضز ٚجٛز ٞؿتٝ

 .زاضز جبٔس حبِت زاذّی ٞؿتٝ ٚ ٔبیغ حبِت الاؾتیه ذٛال ٘ظط اظ ذبضجی ٞؿتٝ•

 .اؾت قسٜ تكىیُ آٞٗ ٚ ٘یىُ جٙؽ اظ (زاذّی ٚ ذبضجی )ظٔیٗ ٞؿتٝ•

 ٞؿتٝ ٔرصٛل جطْ ٚ ٔىؼت ٔتط ؾب٘تی ثط ٌطْ 11.5 تب 8.5 ثیٗ ذبضجی ٞؿتٝ ٔرصٛل جطْ•

 حسٚز زض وّی عٛض ثٝ ٞؿتٝ ٔرصٛل جطْ ٚ ٔتطٔىؼت ؾب٘تی ثط ٌطْ 18 تب 14 حسٚز زض زاذّی

 .ثبقس ٔی ٔىؼت ٔتط ؾب٘تی ثط ٌطْ 11





 وب٘ی ٞب



Minerals and Rocks  



























 ؾٍٟٙب

 .اؾت قسٜ تكىیُ وب٘ی چٙس یب یه اظ ای ٔجٕٛػٝ اظ وٝ ٞؿتٙس عجیؼی اجؿبْ ؾٍٟٙبی•

 .ٕ٘ٛز تمؿیٓ ٌطٜٚ ؾٝ ثٝ تٛاٖ ٔی ضا ظٔیٗ زض ٔٛجٛز ؾٍٟٙبی

 قسٖ ؾطز یب ٚ ٔبٌٕب ا٘جٕبز اظ وٝ قٛز ٔی اعلاق ٞبیی ؾًٙ ثٝ ٘بْ ایٗ :آشضیٗ ؾٍٟٙبی1.

 .ا٘س قسٜ ٘تیجٝ زاؽ ؾبَ یه

 ٔرتّف لؿٕتٟبی فطؾبیف ظ وٝ ٔٛازی ضؾٛة ٘تیجٝ زض ضؾٛثی ؾٍٟٙبی :ضؾٛثی ؾٍٟٙبی2.

 .قٛ٘س ٔی تِٛیس قسٜ حبصُ ظٔیٗ

 ؾٝ اظ ػبُٔ چٙس یب یه تبثیط تحت آشضیٗ یب ٚ ضؾٛثی ؾٍٟٙبی اٌط :زٌطٌٛ٘ی ؾٍٟٙبی3.

 .قٛ٘س ٔی تجسیُ زٌطٌٛ٘ی ؾٍٟٙبی ثٝ ٌیط٘س، لطاض ٌطٔبیی ٞبی ٔحَّٛ ٚ زٔب فكبض، ػبُٔ

 ٕ٘بییس ٔی ٔكبٞسٜ ضا ظٔیٗ وطٜ زض ٞب ؾًٙ چطذٝ ثؼس اؾلایس زض•



 



 



Igneous Rocks 

Igneous rocks form when liquid molten material cools and 
solidifies 

 

• Two types: 

 1.  Intrusive igneous rocks 

 2.  Extrusive igneous rocks 

 

   Magma    Vs     Lava 

 

 



Intrusive Igneous Rocks 

Magma solidifies below the Earth’s surface  

 

They cool slowly  

and therefore develop 

larger mineral crystals  

visible to the eye 

 

Coarse-textured 

 



Intrusive Igneous 

• very durable, resistant to erosion 

Granite     Diorite  



Intrusive Igneous: 
The Sierra Nevada Mountains 

 



Extrusive (volcanic)Igneous Rocks 

 Lava Solidifies above ground 

 

Cool very rapidly  

 

Develop smaller,  

microscopic size  

crystals 

 

Fine textured 
 



Extrusive Igneous 



Igneous Rocks 
A body of 

intrusive 

igneous rock is 

called a pluton  
 

Granite accumulates in enormous plutons, called 

batholiths an area of several thousand square 

kilometers 



Igneous Rocks 
A sill is a plate-like pluton formed when magma forces 

its way between two preexisting rock layers 

  



Igneous Rocks 
  

A dike is a wall-like pluton 

formed when a vertical rock 

fracture is forced open by 

magma 

 



Sedimentary rocks 
Sedimentary rocks are formed when sediments are 

bonded together through compaction and 
cementation 

 

• Only rocks that contain  

 fossils 

 

•  Have layers/bands and  

 break or crumble easily 



Sedimentary Rock Process 
1. Pieces of earth are weathered 

(broken down/worn away by 
wind and water or through 
chemical decomposition)  

 

 

2. Weathered pieces are washed 
downstream           where 
they settle on the bottom of 
the rivers, lakes, and oceans.  

 



3. Over time they are layered and pressed down more and more 
through time, until the bottom layers slowly turn into rock. 

 





Sediment accumulates in more-or less horizontal 

layers, called strata (beds) 

Sediments and Sedimentary Rocks 



3 Types of sedimentary rocks 

 

1. Clastic 

 

2. Organic 

 

3. Chemical 



Clasts  
 

1. Clastic: Pieces of other rocks that 
have been cemented or 
compressed together 



2.  Organic: Rocks that form as 
a direct result of 
something that was once 
alive 



3.  Chemical: rocks that form 
as a direct result of some 
chemical process 



Sedimentary rocks create reservoirs for fossil fuel 

storage 



Metamorphic rocks are formed from preexisting 

rocks by intense heat and pressure, which alter rock 

structure and chemical composition 
 
 
 
 
 
 
 
 
 

Metamorphic Rocks 



Metamorphic Rocks 





 ایعٚؾتبظی

 تؼبزَ حبَ زض ظیطیٗ ٞبی لؿٕت ضٚی ظٔیٗ ؾغحی ػٛاضض ٘ظطیٝ، ایٗ اؾبؼ ثط•

 جب ٕٞٝ زض ظٔیٗ ثط ٔٛثط فكبض قسٖ، ذٙثی ػٕك ثٝ ٔٛؾْٛ ٔؼیٙی ػٕك زض ٚ ا٘س

 .اؾت ٔؿبٚی

 



 جطْ .زاضز یىٙٛاذتی ضربٔت زضیبٞب ظیط زض ظٔیٗ پٛؾتٝ ٘ظطیٝ، ایٗ اؾبؼ ثط :پطات ٘ظطیٝ•

 اضتفبع چمسض ٞط ٚ زاضز ثؿتٍی لؿٕت آٖ اضتفبع ثٝ ٘یع  لؿٕت ٞط زض ظٔیٗ ٔرصٛل

 .قٛز ٔی وٕتط ٔرصٛل جطْ ٘ؿجت ٕٞبٖ ثٝ ثبقس، ظیبزتط

  وٝ ٔتفبٚت ٔرصٛل جطْ ٚ یىؿبٖ ٚظٖ ثب جبٔس اجؿبْ ٌیطی لطاض اؾبؼ ثط ٘ظطیٝ ایٗ•

 حبِت ایٗ زض .ثبقس ٔی ٔبیغ ؾغح ضٚی زض ثبقٙس ٔی ٔبیغ اظ وٕتطی ٔرصٛل جطْ زاضای

 ثبقس وٕتط ٔرصٛل جطْ چمسض ٞط ٚ ٌیطز ٔی لطاض ػٕك یه زض اجؿبْ تٙبْ ظیطیٗ لؿٕت

 .ٌیطز ٔی لطاض ٔبیغ ظ ذبضج آٖ اظ ثیكتطی ٔمساض

 اؾت، ٞبی لبضٜ اظ وٕتط زضیبٞب ظیط زض ظٔیٗ پٛؾتٝ ضربٔت چٖٛ ٘ظطیٝ ایٗ اؾبؼ ثط•

 جطْ افعایف ثب ضا ضربٔت وٕجٛز ثتٛا٘س تب قس ثب ظیبزتط آٖ ٔرصٛل جطْ ثبیؿتی

 .وٙس ججطاٖ ٔرصٛل





 ٚ اؾت یىؿبٖ جب ٕٞٝ زض ظٔیٗ پٛؾتٝ ٔرصٛل جطْ آیطی، ٘ظطیٝ ٔغبثك :آیطی ٘ظطیٝ•

 زض .اؾت ٌطفتٝ لطاض زاض٘س، ثیكتطی ٔرصٛل جطْ وٝ ظٔیٗ، زاذّی لؿٕتٟبی ضٚی پٛؾتٝ

 زض ٚ وطزٜ ٘فٛش زاذّی لؿٕتٟبی زاذُ ثٝ ٞب الیب٘ٛؼ ظیط اظ ثیف ظٔیٗ پٛؾتٝ وٟٛٞب ظیط

 .اؾت آٔسٜ زض تؼبزَ حبِت ثٝ ٘تیجٝ

 زض ضا ٔؽ ٔثلا ٚاحسی جؿٓ اظ ٔرتّف ٔٙكٛضٞبی قٙبٚضی تٛاٖ ٔی ٘ظطیٝ ایٗ تٛجیٝ ثطای•

 عَٛ ثبقس، ظیبزتط جؿٓ عَٛ چمسض ٞط آظٔبیف ایٗ ٔغبثك .ٌطفت ٘ظط زض جیٜٛ ضٚی

 .ضٚز ٔی فطٚ جیٜٛ زاذُ زض ٘یع ظیبزتطی ٔمساض ٚ ٔب٘س ٔی ثیطٖٚ جیٜٛ اظ آٖ اظ ثیكتطی

 وٜٛ ضیكٝ اصغلاح ثٝ یب آٖ ػٕمی لؿٕت ثبقس تط ٔطتفغ وٜٛ چمسض ٞط ٘ظطیٝ ایٗ اؾبؼ ثط•

 .اؾت تط ثعضي ٘یع





 ٚ اؾت لجّی ٘ظطیٝ زٚ اظ تّفیمی حمیمت زض ٘ظطیٝ ایٗ :ٞیعوب٘ٗ ٘ظطیٝ•

  ٔتفبٚت ٞب زضیب ٚ ٞب لبضٜ ظیط زض پٛؾتٝ ٔرصٛل جطْ ٞٓ آٖ اؾبؼ ثط

 .زاض٘س تط عٛیُ ضیكٝ زیىط ٞبی لؿٕت ثٝ ٘ؿجت وٟٛٞب ٞٓ ٚ اؾت

  ٘یع ٚ ٞب، لبضٜ ٚ زضیبٞب ظیط ٔرصٛل جطْ اذتلاف تٛا٘س ٔی ٘ظطیٝ ایٗ•

 .زٞس تٛضیح اضتفبػبت ظیط زض ضا پٛؾتٝ ثٛزٖ تط ضریٓ



 ٔغٙبعیؽ ظٔیٗ

 ٘ٛؾب٘بت اظ پؽ زٞیٓ، لطاض اصغحىبن زٖٚ پبیٝ ضٚی ضا ٔغٙبعیؿی ػمطثٝ یه ٞطٌبٜ•

 ایٗ .ٌٛیٙس ٔی ٔغٙبعیؿی جٙٛة قٕبَ أتساز ضا آٖ وٝ ایؿتس ٔی أتسازی زض ٔتؼسز،

 ٔی ظاٚیٝ اٖ ثب ثّىٝ ٘یؿت، ٔٙغجك جغطافیبیی جٙٛة قٕبَ أتساز ثب ٔؼٕٛلا أتساز

  ثٝ حبِت ثٝ ػمطثٝ ٕٞچٙیٗ .ذٛا٘ٙس ٔی ظٔیٗ ٔغٙبعیؿی ا٘حطاف ظاٚیٝ ضا آٖ وٝ ؾبظز

 ٔیُ ظاٚیٝ ٘بْ ثٝ وٝ ؾبظز ٔی ای ظاٚیٝ افك ثب ثّىٝ ٌیطز ٕ٘ی لطاض افمی حبِت

 .قٛز ٔی ذٛا٘سٜ ٔغٙبعیؿی





  ٔی آٟ٘ب اظ وٝ قسٜ اضائٝ ٔرتّفی ٞبی ٘ظطیٝ ظٔیٗ ٔغٙبعیؽ تكطیح ثطای•

   .اؾت آٖ زاذُ زض ظٔیٗ ثٛزٖ ٔغٙبعیؽ اصّی ػّت وٝ ٌفت تٛاٖ

  ثٝ ٔطثٛط وٝ اِىتطیىی جطیبٖ ٚؾیبٜ ثٝ ظٔیٗ زاذُ ٔغٙبعیؿی ٔیساٖ•

 .قٛز ٔی تِٛیس اؾت آٖ زضٖٚ زض ٔٛاز حطوت

 



 حطاضت ظٔیٗ

 .یبثس ٔی افعایف زٔب ػٕك افعایف ثب زا٘یٓ، ٔی وٝ ٕٞب٘غٛض•

  تكىیُ ظٔبٖ اظ ضا ذٛز حطاضت ظٔیٗ وٝ قس ٔی تصٛض اثتسا زض•

 ٚ فؼُ ضا ظٔیٗ حطاضت ٔٙكب أطٚظٜ أب .اؾت وطزٜ حفظ ذٛز

 .زا٘ٙس ٔی پتبؾیٓ تٛضیْٛ، اٚضا٘یْٛ، ٘ظیط ضازیٛاوتیٛ ا٘فؼبلات

 



 ؾٗ ظٔیٗ

Geologic Time 

  

By examining layers of sedimentary rock, geologists developed a time scale for dividing up earth history.  

Earlier in the 20th century, radiometric-dating techniques allowed scientists to put absolute dates on divisions in the geologic 

time scale.  

In this segment, we will learn how geologists: 

• determine the relative ages of rock units,  

• determine the divisions of the geologic time scale, and  

• how radiometric techniques can be used to date some rocks. 

  

How do geologists determine how old rocks are? 

 

1. Relative dating -- determine whether the rock is older or younger than other rocks  

2. Absolute dating -- use radiometric dating techniques to determine how long ago the rock formed in the exact number of 

years 

*Not all rocks can be dated absolutely, so combinations of techniques are used.  

  



Example of Relative Age Dating and Correlation 



Relative Age Dating 



Absolute Dating:  

• Radiometric Dating Techniques 

• Use naturally-occurring radioactive isotopes  

• Isotope -- form of an element that has additional neutrons  

• Radioisotope -- isotope that spontaneously decays, giving off radiation  

  

Rate of Radioactive Decay 

• Radioisotopes decay at a constant rate.  

• Rate of decay is measured by half-life  

• Half-life -- time it takes for one-half of the radioactive material to decay.  

 

Decay products 

• Radioisotopes may decay to form a different isotope or a stable isotope.  

• May be a series of radioactive decays before a stable isotope is formed.  

• Stable isotope is called the "daughter" formed from decay of radioactive "parent"  

  

Radiometric Age Dating 

Radioisotopes are trapped in minerals when they crystallize.  

Radioisotopes decay through time, and stable isotopes are formed.  

Determining the ratio of parent isotope to daughter product reveals the number of half-lives that has elapsed.  

  

Common isotopes used in age dating  

U-Pb -- half-life of U-238 is 4.5 b.y.  

K-Ar -- half-life of K-40 is 1.3 b.y.  

Rb-Sr -- half-life of Rb-87 is 47 b.y.  

Carbon 14 -- half-life of C-14 is 5730 yrs 

  



 

 Thus, by using the appropriate radioactive isotope (knowing its half-life 

time), and measuring the quantity of the isotope present in the rock, one 

can deduce how long it has taken to decay down to the present amount in 

the rock.  

 

 Example:  A rock has 0.5 (one-half) of the original carbon 14 material in it. 

One can deduce that knowing the half-life of carbon 14 is 5730 years, the 

rock must have decayed (lost) 50% of its original carbon 14 material and is 

now 5730 years old.  In a period of 5730 years from now, the rock will 

contain .25 (25%) of its original carbon 14 material.  Theoretically, there 

will always be some trace of carbon 14 present in the rock…it will never 

decay totally.  

 

 

 

Absolute Dating Example  



Interpreting the rock record:  

Prior to geologic principles, Archbishop James Ussher calculated the age of the 

Earth at 6000 years.  He noted that calculations were made based on the books 

of the Bible (namely Genesis) and pinpointed the origin of the Earth to be 

October 26, 4004 B.C. at 9:00 a.m.  

 

Principle of Uniformitarianism:  

James Hutton, late 1700s – (considered to be "Father of Geology") 

Hutton realized that most sedimentary layers were deposited from gradual, day-to-

day processes. He realized that it took a long time to form these rocks. This was 

far different from what others believed prior to this time. 

  

"Present is the key to the past" -- whatever processes are occurring today (plate 

tectonics, volcanism, mountain building, earthquakes, sedimentation) also 

occurred in the past and probably at the same (or very comparable) rates. 



Principles associated with Relative Dating 

 The comparing of rock units to decipher their age relative to one another 

 

• Principle of Superposition 

 Rock layer above is younger than the ones below it. (Oldest on bottom, youngest on top) 

 May not apply to rocks that have been folded (can get turned upside-down).  

 

• Principle of Original Horizontality 

 Sedimentary layers are deposited in approximately horizontal sheets.  

 If layers are folded, episode of deformation must have occurred after rocks formed. Age of folding 

is younger than youngest deformed rock unit.  

  

• Principle of Crosscutting Relationships 

 Any feature (e.g. fault or intrusion) that cuts across rocks is younger than the youngest rock that is 

cut.  

 

• Principle of Faunal Succession 

 Organisms have evolved and gone extinct through time  

 Fossil content of rock changes in a systematic way, reflecting evolutionary changes  

 Fossil content can be used to help determine age of rock and correlate rocks.  

 Paraphrased as "Organisms within rock units change with time". 

 

 



Illustration of Relative Age Principles 

Superposition 

Cross Cutting 
Relations Original 

Horizontality 



Correlation 

Correlation is determining 
that rocks are the same 
formation (may mean rocks 
are the same age)  



Illustration of Principle of Faunal Succession 



 Unconformities 

Unconformities are surfaces in rock that represent periods of erosion or non-deposition. In other words, 

time has been left out of the physical geologic rock record. 

 

There are three (3) principal types of unconformities: 

1. Angular Unconformity 

 Rocks above and below unconformity have different orientations. Shows that there was a period of 

deformation, followed by erosion, and then renewed deposition. Easiest of the three types to 

recognize because the units are at an angle truncated with the units above them. 

  

2. Nonconformity 

 Rocks in a horizontal fashion were eroded down to igneous bedrock material at which time subsequent 

deposition of sedimentary layers commenced.  Shows that there was a period of deformation, 

followed by erosion, and then renewed deposition. Represents the greatest amount of time left out 

of the geologic rock record. 

  

3. Disconformity 

 Rocks in a nearly horizontal fashion were eroded and an erosional profile remains covered by 

subsequent sedimentary deposition. Shows that there was a period of erosion and then renewed 

deposition in nearly horizontal layers. Most difficult to recognize because the units are nearly 

horizontal and only a small discontinuous layer can be observed (rubble zone or soil profile). 



Unconformity Types Using Grand Canyon as Example 



Geologic Time Scale 

Developed in 1800s from relative dating of rocks  

More recently, radiometric techniques have allowed us to determine ages of units in years 

before present.  

Many of the names relate back to localities in England (Ex: Devonian from Devonshire) 

  

Divisions of Geologic Time Scale: 

Eons Eras: 

Paleozoic -- Mesozoic -- Cenozoic 

Oldest -----------------> Youngest  

  

Periods of the Phanerozoic: Paleozoic Era 

Permian (youngest) 

Pennsylvanian together with Mississippian are called "Carboniferous" in Great Britain  

 

Epochs of Tertiary and Quaternary 

PaleoceneEoceneOligoceneMiocenePliocenePleistocene                                                                     



Earth During the Silurian (430+ million years ago) 



Earth during: 

Devonian ~410 million years 
ago 

 

 

Mississippian ~330 million 
years ago 

 

 

Permian ~250 million years 
ago 



Earth during: 

Triassic ~ 200 million years 
ago 

Jurassic ~190 million years 
ago 

 

Cretaceous ~100 million 
years ago 

 

 

Early Cenozoic ~50 million 
years ago 



The Geologic Time Scale 

Origin of the Earth 
4.55 Billion years 

First multi-
celled 
organisms 

Age of Fishes 

Age of Coal 
Formation 

Major Mass 
Extinction 

Age of 
Dinosaurs 

Major Mass 
Extinction 

“Humans” 
arrive 

Most recent 
“Ice Age” 



Precambrian Time 
• 4.6 billion years before present to 

544 million years before present 

• Longest era with a sparse fossil 
record 

• Origin of earth’s crust, first 
atmosphere, and first seas 

• Earliest fossils of cyanobacteria use 
photosynthesis to produce oxygen 

• Ozone layer in the atmosphere is 
formed from oxygen 

 

Life Sciences-HHMI Outreach. Coyright 2006 President and Fellows of Harvard College. 



Paleozoic era  
 

• 544 million years before present to 
245 million years before present 

• Marine communities flourish 

• Early fishes develop 

• Origin of amphibians, insects & 
reptiles 

• Recurring ice ages/ Appalachians 
mountains form 

• Spore-bearing plants dominate 

 



Paleozoic era 
(continued)… 

• 286 - 248 million years 
before present: 
Supercontinent of Pangea 
forms 

• 248 million years before 
present: MASS EXTINCTION-
90 % of all known families 
lost! 

 

c 

http://www.ig.utexas.edu/research/projects/plates/images/pangea.jpg


Mesozoic Era 

• 245 million years before present - 65 
million years before present 

• The age of the dinosaurs! 

• Gymnosperms dominate land plant/ 
origin of angiosperms - flowering plants 

• Origin of mammals & birds 

• 145 million years before present - 
asteroid impact? MASS EXTINCTION  

• Pangea begins to separate/ Rocky 
mountains form 



65 million years 
before present…. 

• ASTEROID IMPACT! 

• Mass extinction of ALL 
dinosaurs and many marine 
organisms 

• End of the Mesozoic era 



Cenozoic Era 
 

• 65 million years before present -
today 

• Present era we live in 

• Continued evolution and 
adaptations of flowering plants, 
insects, birds, mammals 

• Mammals dominant 

• Major crustal movements & 
mountain building (Alps & 
Himalayan mountains form)  

 



And during the 
Cenozoic era… 
• The most primitive hominid 

(human ancestor) evolves - 
approximately 4.4million years 
before present 

• The first modern humans (homo 
sapiens) evolved approximately 
100,000 years before present 

 



 













Weathering 
Mechanical Weathering -  processes that break a 
rock or mineral into smaller pieces without altering 
its composition 

 

Chemical Weathering - processes that change the 
chemical composition of rocks and minerals 



Processes and Agents of 
Mechanical Weathering 
These are actions or things that break down Earth materials 

• frost wedging 

• thermal expansion and contraction 

• mechanical exfoliation 

• abrasion by wind, water or gravity 

• plant growth 



Processes and Agents of Mechanical 
Weathering 

• Frost Wedging – cracking of rock 
mass by the expansion of water as 
it freezes in crevices and cracks 



Frost Wedging (in soil) 

Ice crystals 



Processes and Agents of Mechanical 
Weathering 

• Thermal expansion 
and contraction – 

   repeated heating 
and cooling of 
materials cause 
rigid substances to 
crack and separate 



Processes and Agents of Mechanical 
Weathering 

• Exfoliation – As underlying rock layers are exposed, there is less pressure on 

them and they expand.  This causes the rigid layers to crack and sections to 

slide off (similar to peeling of outer skin layers after a sunburn).  The 

expanding layers often form a dome. 



Dome Exfoliation 



Processes and Agents of Mechanical 
Weathering 

• Abrasion – Moving sediments or rock 
sections can break off pieces from a 
rock surface they strike.  The sediments 
can be moved by wind or water and 
the large rock sections by gravity. 



Wind Abrasion 



Wind and Water Abrasion 



Processes and Agents of Mechanical 
Weathering 

• Plant Growth – As plants such as trees send 
out root systems, the fine roots find their way 
into cracks in the rocks.  As the roots increase 
in size, they force the rock sections apart, 
increasing the separation and weathering. 



Plant Wedging 



Plant Wedging 



Processes of Chemical 
Weathering 
• dissolving (dissolution) 

• oxidation 

• hydrolysis 



Processes of Chemical 
Weathering 

Dissoalving (dissolution)  

 Water, often containing acid from 
dissolved carbon dioxide, will dissolve 
minerals from a rock body leaving 
cavities in the rock.  These cavities may 
generate sinkholes or cave features 
such as stalactites and stalagmites. 



Limestone 
cave 
feature 
 
 result of 
dissolution 



Processes of Chemical 
Weathering 

Oxidation  

 Minerals may combine with oxygen 
to form new minerals that are not 
as hard.  For example, the iron-
containing mineral pyrite forms a 
rusty-colored mineral called 
limonite. 



Pyrite Oxidation 

Pyrite 

Limonite 



Processes of Chemical 
Weathering 

Hydrolysis  

 Minerals may chemically combine 
with water to form new minerals.  
Again these are generally not as 
hard as the original material.   



Feldspar Hydrolysis 

Feldspar Kaolinite (clay) 



Factors in Chemical 
Weathering 

• Climate – wet and warm maximizes chemical 

reactions 

• Plants and animals – living organisms secrete 

substances that react with rock 

• Time – longer contact means greater change 

• Mineral composition – some minerals are more 

susceptible to change than others 



Weathering and 
Erosion 
Weathering produces regolith (“rock blanket”) which is 
composed of small rock and mineral fragments. 

 

When organic matter is mixed into this material it is called 
soil. 



Erosion Transport Agents or Forces 

• Water 

         rain 

  streams and rivers 

  ocean dynamics 

  ice in glaciers 

• Wind 

• Gravity 



Streams 
Flowing water will lift and carry small  

sediments such as silt and sand. 



Stream Erosion and Deposition 
Where water moves more swiftly there will be more 

erosion.     

Where the water slows down, sediments will be 

deposited. 

 



Ocean Dynamics 
• Tidal action and waves carry away weathered 

materials. 



Glaciers 
Glaciers are large ice fields that slowly 

flow downhill over time. 



Glaciers 
Glacial ice drags rocky material that 

scours the surface it flows over .  The 

glacier deposits debris as it melts. 



Wind Transport of Sediments 

Wind will carry fine, dry sediments over  

long distances. 



Wind Transport of Dust 

Photo shows Sahara Desert sand being transported over 

the Atlantic Ocean. 



Transport by Gravity 
   When sediments are weathered they may be 

transported downward by gravity.  The general 
term for this is mass wasting. 

http://en.wikipedia.org/wiki/Mass_wasting 



Transport by Gravity 
   When sediments are weathered they may be transported 

downward by gravity as a slump. 

Slump 

http://new.filter.ac.uk/database/image.php?id=594 



Transport by Gravity 
   Loose sediments transported by gravity are called scree. 

Scree field 

http://www.dave-stephens.com/scrambles/banff/aylmer/aylmer013.jpg 



Deposition Formation 
Transported sediments are deposited in 

layers and generate strata like those found  

in the Grand Canyon. 



Deposition Formation 



Volcanic eruptions  

Factors that determine the violence of an eruption  

• Composition of the magma  

• Temperature of the magma 

• Dissolved gases in the magma    

Viscosity of magma  

• Viscosity is a measure of a material’s resistance to flow  



Volcanic eruptions  

Viscosity of magma  

• Factors affecting viscosity  

• Temperature (hotter magmas are less viscous)  

• Composition (silica content) 

• High silica – high viscosity (e.g., rhyolitic lava)  

• Low silica – more fluid (e.g., basaltic lava) 
• Dissolved gases (volatiles)  

• Mainly water vapor and carbon dioxide  

• Gases expand near the surface    



Volcanic eruptions  

Viscosity of magma  

• Factors affecting viscosity 

• Dissolved gases (volatiles)  

• Provide the force to extrude lava  

• Violence of an eruption is related to how easily 
gases escape from magma  

• Easy escape from fluid magma  

• Viscous magma produces a more violent 
eruption    



Materials associated with 
volcanic eruptions  

Lava flows  

• Basaltic lavas are more fluid 

• Types of lava  

• Pahoehoe lava (resembles braids in ropes)  

• Aa lava (rough, jagged blocks)   

Gases  

• One to five percent of magma by weight 

• Mainly water vapor and carbon dioxide   

 



 



 



 



 



Materials associated with 
volcanic eruptions  

Pyroclastic materials  
• “Fire fragments”  

• Types of pyroclastic material 
• Ash and dust – fine, glassy fragments  

• Pumice – from “frothy” lava  

• Lapilli – “walnut” size  

• Cinders – “pea-sized”  

• Particles larger than lapilli  

• Blocks – hardened lava  

• Bombs – ejected as hot lava   

 

 



Volcanoes  
General features  

• Conduit, or pipe, carries gas-rich magma to the surface  

• Vent, the surface opening (connected to the magma chamber via a 
pipe)  

• Crater 

• Steep-walled depression at the summit  

• Caldera (a summit depression greater than 1 km diameter)  



Volcanoes  
General features  

• Parasitic cones  

• Fumaroles 

 3 Types of volcanoes  

• Shield volcano 

• Broad, slightly domed  

• Primarily made of basaltic (fluid) lava  

• Generally large size  

• e.g., Mauna Loa in Hawaii  



Volcanoes  

Types of volcanoes  

• Cinder cone  

• Built from ejected lava fragments   

• Steep slope angle   

• Rather small size   

• Frequently occur in groups   



Volcanoes  
Types of volcanoes  

• Composite cone (or stratovolcano)  

• Most are adjacent to the Pacific Ocean (e.g., Mt. Rainier)    

• Large size    

• Interbedded lavas and pyroclastics    

• Most violent type of activity  



Volcanoes  

Types of volcanoes  

• Composite cone (or stratovolcano) 

• Often produce nuée ardente  

• Fiery pyroclastic flow made of hot gases infused 
with ash  

• Flows down sides of a volcano at speeds up to 200 
km (125 miles) per hour 

• May produce a lahar – volcanic mudflow   



Shield volcano 



A cinder cone near  
Flagstaff, Arizona 



    Composite volcano     



   A size comparison of the  
three types of volcanoes 



Other volcanic landforms  

Calderas   
• Steep-walled depression at the summit   

• Formed by collapse  

• Nearly circular  

• Size exceeds 1 kilometer in diameter    

Fissure eruptions and lava plateaus   
• Fluid basaltic lava extruded from crustal fractures called fissures  

• e.g., Columbia Plateau  



Other volcanic landforms  

Volcanic pipes and necks   

• Pipes are short conduits that connect a magma chamber to the 
surface  

• Volcanic necks (e.g., Ship Rock, New Mexico) are resistant vents left 
standing after erosion has removed the volcanic cone  



Formation of a  
volcanic neck 



Intrusive igneous activity  

Most magma is emplaced at depth 

An underground igneous body is called a pluton 

Plutons are classified according to  

• Shape 

• Tabular (sheetlike) 

• Massive 



Intrusive igneous activity  

Plutons are classified according to  

• Orientation with respect to the host (surrounding) rock  

• Discordant – cuts across existing structures  

• Concordant – parallel to features such as sedimentary strata  



Intrusive igneous activity  

Types of igneous intrusive features  

• Dike, a tabular, discordant pluton  

• Sill, a tabular, concordant pluton  

• e.g., Palisades Sill, NY   

• Resemble buried lava flows  

• May exhibit columnar joints  

• Laccolith  

• Similar to a sill  

 

 



    Intrusive igneous structures 
   exposed by erosion 



Intrusive igneous activity  

Types of igneous intrusive features  
• Laccolith  

• Lens-shaped mass  

• Arches overlying strata upward  

• Batholith 
• Largest intrusive body  

• Often occur in groups  

• Surface exposure 100+ square kilometers (smaller bodies are termed 
stocks)  

• Frequently form the cores of mountains  

 

 



  A batholith exposed  
by erosion 



Origin of magma   
Magma originates when essentially solid rock, located in the 

crust and upper mantle, melts 

Factors that influence the generation of magma from solid rock   

• Role of heat 

• Earth’s natural temperature increases with depth (geothermal 
gradient) is not sufficient to melt rock at the lower crust and upper 
mantle 

 



Origin of magma   

Factors that influence the generation of magma from solid rock   

• Role of heat 

• Additional heat is generated by  

• Friction in subduction zones 

• Crustal rocks heated during subduction  

• Rising, hot mantle rocks   
 



Origin of magma   

Factors that influence the generation of magma from solid rock   

• Role of pressure 

• Increase in confining pressure causes an increase in melting 
temperature 

• Drop in confining pressure can cause decompression melting   

• Lowers the melting temperature  

• Occurs when rock ascends  
 



Origin of magma   

Factors that influence the generation of magma from solid rock   

• Role of volatiles 

• Primarily water 

• Cause rock to melt at a lower temperature  

• Play an important role in subducting ocean plates  



Origin of magma   

Factors that influence the generation of magma from solid rock   

• Partial melting 

• Igneous rocks are mixtures of minerals  

• Melting occurs over a range of temperatures   

• Produces a magma with a higher silica content than the original rock  



Plate tectonics and  
igneous activity  
Global distribution of igneous activity is not random  

• Most volcanoes are located on the margins of the ocean basins 
(intermediate, andesitic composition) 

• Second group is confined to the deep ocean basins (basaltic lavas)  

• Third group includes those found in the interiors of continents  



   Locations of some of Earth’s 
major volcanoes 



Plate tectonics and  
igneous activity  
Plate motions provide the mechanism by which mantle rocks 

melt to form magma  

• Convergent plate boundaries  

• Descending plate partially melts  

• Magma slowly rises upward  

• Rising magma can form  

• Volcanic island arcs in an ocean (Aleutian Islands) 

• Continental volcanic arcs (Andes Mountains) 



Plate tectonics and  
igneous activity  
Plate motions provide the mechanism by which mantle rocks 

melt to form magma  
• Divergent plate boundaries  

• The greatest volume of volcanic rock is produced along the oceanic 
ridge system  

• Lithosphere pulls apart  

• Less pressure on underlying rocks  

• Partial melting occurs 

• Large quantities of fluid basaltic magma are 
produced   



Plate tectonics and  
igneous activity  
Plate motions provide the mechanism by which mantle rocks 

melt to form magma  
• Intraplate igneous activity  

• Activity within a rigid plate  

• Plumes of hot mantle material rise 

• Form localized volcanic regions called hot spots  

• Examples include the Hawaiian Islands and the Columbia River Plateau 
in the northwestern United States   



Results of plate movements 

Earthquakes!! 



Results of Plate Movements -

Earthquakes 

• An earthquake is a sudden vibration or trembling in the Earth.  

• Earthquake motion is caused by the quick release of stored potential 

energy. Most earthquakes are produced along faults, tectonic plate 

boundary zones, or along the mid-oceanic ridges.  

• At these areas, large masses of rock that are moving past each other 

can become locked due to friction. Friction is overcome when the 

accumulating stress has enough force to cause a sudden slippage of 

the rock masses.  

• This produces shock waves called Seismic waves into the surrounding 

rocks. 



• During an earthquake, motions are transmitted from the point of sudden energy release, the 

earthquake focus, as spherical seismic waves that travel in all directions outward.  

• The point on the Earth's surface directly above the focus is termed the epicenter. 

• Two different kinds of seismic waves exist: P-waves (primary waves) and S-waves (secondary 

waves).  



Measuring the Intensity of Seismic 

vibrations 

• Earthquake waves are detected by an instrument called 
Seismograph 

 

• The intensity of seismic vibrations is measured on an   0-9 scale 
developed by Charles F. Richter called Richter Scale  

• a) Magnitudes 3 - 4  minor quakes,  

• b) Magnitudes 5 - 6  moderate quakes   

   c) Magnitudes 7 - 8  devastating quakes  



Seismograph: drum & record 



Earthquake Distribution 

• 80% occur on the Circumference of the 
Pacific Belt (Pacific Plate and Nazca Plate – 
“ring of fire”) 
 

• Also Trans-Eurasian Belt 
 

• Fewer still at Mid-ocean ridges  
 

• Intraplate Earthquakes (very few and poorly 
understood) 



   Distribution of earthquakes with a magnitude less than 5.0. 
Each tectonic plate has been given a unique color. This 
illustration indicates that the majority of small earthquakes 
occur along plate boundaries.  



   Distribution of earthquakes with a magnitude less 
than 5 on the Richter Scale  



   Distribution of earthquakes with a magnitude 
greater than 7 on the Richter Scale  



Distribution of Earthquakes 



Pacific Rim “The Ring of fire” 



Earthquake Damage & Destruction 

 

• Structurally damaging buildings, bridges and dwellings,  

• Starting off fires, 

• Causing strong tides called tsunamis 

• Triggering mass wasting (slides, rock falls)  

• Earthquakes can also take human lives 



Tsunamis 
• great sea wave generated by an earthquakes when the epicenter is 

located on the ocean floor 
 

• Tsunamis displace a large mass of water which in turn creates a high 
open water wave with large horizontal dimensions, but little vertical 
height. 
 

• Waves pile up (vertically) when they reach shallow coastal margins and 
may reach a speed of 1000 km  per hr with reached heights in excess of 
65 meters. 



Earthquake Damage – Factors - 1 

• Time of day: Higher losses of life tend to occur on 
weekdays between the hours of 9:00 AM to 4:00 PM. 
During this time of day many people are in large 
buildings because of work or school.  
 

• Magnitude of the earthquake: and duration of the 
event. The longer the duration the more deadly. 
 

• Distance form the earthquake's focus: The strength of 
the shock waves diminish with distance from the focus.  
 

• Geology of the affected area: Some rock types transmit 
seismic wave energy more readily. Buildings on solid 
bedrock tend to receive less damage.  



Earthquake Damage – Factors - 2 

• Type of soil: Unconsolidated rock and soil sediments have a tendency 
to increase the amplitude and duration of the seismic waves increasing 
the potential for damage. Some soil types when saturated become 
liquefied.   
 

• Type of building construction: Some building materials and designs are 
more susceptible to earthquake damage.  
 

• Population density: More people often means greater chance of injury 
and death.  



    A view of a parking lot on the campus of California State University. 
Columns of reinforced concrete failed after the 1994 Northridge 
earthquake (Source: National Geophysical Data Center  

http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml


   The following image looks at downtown Kobi, Japan at about noon on 
the day of the 1995 earthquake. Many areas of downtown Kobi were 
on fire and there was no water pressure to put out the flames. 
(Source: National Geophysical Data Center, NOAA).  

http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml


    The Guatemala earthquake of February 4, 1976 had a magnitude of 
7.5. This earthquake killed about 23,000 people, injured 76,000, and 
caused a number of landslides. Source: National Geophysical Data 
Center, NOAA).   

http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml
http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml


   The earthquake of March 27, 1964, in the Gulf of Alaska generated a 
tsunami. This photo shows a beached fishing boat that was carried 
landward by the tsunami wave. (Source: Image provided by the 
National Geophysical Data Center, NOAA).  

http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml


    Earthquake of June 16, 1964 in Niigata, Japan had a magnitude of 
7.4. Liquefaction of some soils in the area caused large apartment 
buildings to tip over on their sides. (Source:  National Geophysical 
Data Center, NOAA).  

http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml
http://www.ngdc.noaa.gov/seg/fliers/se-0801.shtml
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What is Plate Tectonics 

•The Earth’s crust and upper 
mantle are broken into 
sections called plates 

•Plates move around on top of 
the mantle like rafts 





What is the Lithosphere? 

•The crust and part of the 
upper mantle = lithosphere 

•100 km thick  

•Less dense than the material 
below it so it “floats” 



What is the Asthenoshere? 

•The plastic layer below the 
lithosphere = asthenosphere 

•The plates of the lithosphere 
float on the asthenosphere 

 





2 Types of Plates 

•Ocean plates - plates below 
the oceans 

•Continental plates - plates 
below the continents 



Plate Boundaries 



Divergent Boundaries 

•Boundary between two plates 
that are moving apart or rifting 

      
•RIFTING causes SEAFLOOR 
SPREADING 



Features of Divergent 
Boundaries 

•Mid-ocean ridges 

•rift valleys 

•fissure volcanoes 









Convergent Boundaries 

•Boundaries between two 
plates that are colliding 

       
•There are 3 types… 



Type 1 

•Ocean plate colliding with a less 
dense continental plate 

•Subduction Zone: where the less 
dense plate slides under the 
more dense plate 

•VOLCANOES occur at subduction 
zones  





Andes Mountains,  
South America 



Type 2 

•Ocean plate colliding with 
another ocean plate 

•The less dense plate slides 
under the more dense plate 
creating a subduction zone 
called a TRENCH 





Aleutian Islands, Alaska 



Type 3 

•A continental plate colliding 
with another continental plate 

•Have Collision Zones: 

•a place where folded and thrust 
faulted mountains form. 







Transform Fault Boundaries 

•Boundary between two plates 
that are sliding past each other 

•EARTHQUAKES along faults 





San Andreas Fault, CA 



Questions... 
•What are the three types of 
boundaries? 

•What direction do plates go for 
each? 

•Which boundary has a subduction 
zone…what occurs at a subduction 
zone? 



Causes of Plate  
Tectonics 



Convection Currents 

•Hot magma in the Earth moves 
toward the surface, cools, then 
sinks again. 

•Creates convection currents 
beneath the plates that cause 
the plates to move. 




