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Preview
The volume of a ton of rock depends on the density of the rock, of course.  The density of the rock, in turn, depends on the kind and relative amount of the minerals in the rock and the rock’s porosity.  
Slides 3-6 start with nonporous monomineralic rocks: ice and a chunk of vein quartz.  Slides 3 and 4 go through a preliminary calculation to practice converting units.  Slide 5 asks you to calculate the edge length of cubes of ice and quartz weighing a ton.  Slide 6 asks you to calculate the diameter of spheres of ice and quartz weighing a ton.  For Slides 5 and 6, you need to embed the unit conversions within the cell equations of your spreadsheet.  

Slides 7-9 ask you to calculate the bulk density of igneous rocks (gabbro and granite) consisting of more than one mineral, and Slide 10 asks you to calculate the size of a ton of each of those rocks.

Slide 11 adds porosity into the mix.  Slides 11-12 involve the bulk density of a porous arkose.  Slide 13 compares the size of all five rocks considered in this module.

Slide 14 gives the assignment to hand in.



How large is a ton of ice, given that the density of ice is 0.917 g/cm3?
One way to answer the question with a spreadsheet is to lay it out in a step-by-step list.
Recreate this spreadsheet.
1 kg weighs 2.205 lb. on the surface of the Earth (where g = 9.81 m/sec2).
Question 1


= cell with a number in it
= cell with a formula in it


ice

				B		C		D

		2		A ton of ice

		3		Density		0.917		g/cm3

		4		convert		917		kg/m3

		5		Weight		1		ton, exactly

		6		convert		2000		lbs, exactly

		7		convert		907.029478458		kg

		8		Volume		0.9891270212		m3

		9		Edge length		0.9963624581		m

		10		convert		3.2690652249		ft

		11		rounded		3.27		ft





quartz
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How large is a ton of ice, given that the density of ice is 0.917 g/cm3 AND How large is a ton of quartz, given that the density of quartz is 2.67 g/cm3?
Question 2
You can easily work out other examples of the same problem by copying the formulas.
Add a column to your spreadsheet for quartz. 
Use the copy and paste commands.  If you do this right, all you have to do is replace the density of ice with the density of quartz, and the spreadsheet changes all of the other cells.


ice

				B		C		D

		2		A ton of ice

		3		Density		0.917		g/cm3

		4		convert		917		kg/m3

		5		Weight		1		ton, exactly

		6		convert		2000		lbs, exactly

		7		convert		907.029478458		kg

		8		Volume		0.9891270212		m3

		9		Edge length		0.9963624581		m

		10		convert		3.2690652249		ft

		11		rounded		3.27		ft





quartz

				B		C		D		E

		2		A ton of ice and a ton of quartz

		3

		4				ice				quartz

		5		Density		0.917		g/cm3		2.67

		6		convert		917		kg/m3		2670

		7		Weight		1		ton, exactly		1

		8		convert		2000		lbs, exactly		2000

		9		convert		907.029478458		kg		907.029478458

		10		Volume		0.9891270212		m3		0.3397114152

		11		Edge length		0.9963624581		m		0.6977556795

		12		convert		3.2690652249		ft		2.2893363843

		13		rounded		3.27		ft		2.29





Sheet3

		







How large is a ton of ice, given that the density of ice is 0.917 g/cm3 AND How large is a ton of quartz, given that the density of quartz is 2.67 g/cm3?
Question 2 (cont’d)
Or, rather than using a list, you can set up a table and leave out the intermediate steps.  This means you have to embed the unit conversions within the formulas that calculate the properties (volume and edge length).
Recreate this spreadsheet.


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		1.47E+06		3.73

		6		Granite		1.00		2.66		1.66E+06		3.88

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		1.47E+06		2.32

		12		Granite		1.00		2.66		1.66E+06		2.41

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.67

		14		ρb =				1.63





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.99		1.47E+06		3.73		2.32

		9		Granite		1.00		2.66		1.66E+06		3.88		2.41

		10		Arkose		1.00		1.63		2.71E+06		4.57		2.84

						0.4535147392





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D				E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Granite		Column		Column

		6				density		thickness		Area		length		width		Pressure

		7				(g/cm3)		(m)				(cm)		(cm)		(MPa)

		8		Overburden		2.66		120				75		50		3.13

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







How large is a ton of ice, given that the density of ice is 0.917 g/cm3 AND How large is a ton of quartz, given that the density of quartz is 2.67 g/cm3?
Question 2 (cont’d)
Now you’re in the position to add the dimensions of other geometric shapes.
Add rows that calculate the  size of spheres of ice and quartz, each weighing a ton.






ICE
QUARTZ




3.27 ft
2.30 ft
4.06 ft
2.85 ft


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		4.06

		12		Quartz		1.00		2.65		3.42E+05		2.85

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		1.47E+06		3.73

		6		Granite		1.00		2.66		1.66E+06		3.88

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		1.47E+06		2.32

		12		Granite		1.00		2.66		1.66E+06		2.41

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.67

		14		ρb =				1.63





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.99		1.47E+06		3.73		2.32

		9		Granite		1.00		2.66		1.66E+06		3.88		2.41

		10		Arkose		1.00		1.63		2.71E+06		4.57		2.84

						0.4535147392





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D				E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Granite		Column		Column

		6				density		thickness		Area		length		width		Pressure

		7				(g/cm3)		(m)				(cm)		(cm)		(MPa)

		8		Overburden		2.66		120				75		50		3.13

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







Multi-mineral igneous rock, 1: Gabbro
Usually a rock is composed of more than one mineral.  To calculate the rock density, you need to know the density of the individual minerals and the percentage of each mineral in the rock.  Here is a gabbro as an example (Williams, H., Turner, F.J., Gilbert, C.M., Petrography: An Introduction to the study of rocks in thin section, W.H. Freeman and Company, San Francisco, 1954, p.49). 
Recreate this spreadsheet.
Side issue.  If the specific gravity of quartz is 2.67, what is its density in kg/m3?
Weighted average of the mineral densities. The weighting factor is abundance.
Densities from www.webmineral.com., and Deer, W.A., Howie, R.A., and Zussman, J., 1992, The Rock-Forming Minerals, Prentice Hall.


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		4.81E+06		5.54

		6		Quartz		1.00		2.65		1.66E+06		3.89

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		4.81E+06		3.44

		12		Quartz		1.00		2.65		1.66E+06		2.41

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60		2.69		1.61

		7		Augite		27		3.50		0.95

		8		Olivine		10		3.32		0.33

		9		Apatite		3		3.19		0.10

		10

		11		rock density						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85

		6		Granite		1.00		2.80

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85

		12		Granite		1.00		2.80

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85		1.55E+06		3.79

		6		Granite		1.00		2.80		1.58E+06		3.82

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85		1.55E+06		2.35

		12		Granite		1.00		2.80		1.58E+06		2.37

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =				2.64

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.64

		14		ρb =				1.62





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.85		1.55E+06		3.79		2.35

		9		Granite		1.00		2.80		1.58E+06		3.82		2.37

		10		Arkose		1.00		1.62		2.72E+06		4.58		2.84





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		thickness		length		width		Pressure

		7				(g/cm3)		(m)		(cm)		(cm)		(MPa)

		8		Overburden		2.8		120		75		50		3.30

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







From previous slide
Multi-mineral igneous rock, 1: Gabbro, cont’d. 
The calculation can also be done using the SUMPRODUCT function.  This allows you to use one less column, and it eliminates the intermediate step of abundance times density.
Revise your spreadsheet to eliminate the intermediate step.


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		4.81E+06		5.54

		6		Quartz		1.00		2.65		1.66E+06		3.89

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		4.81E+06		3.44

		12		Quartz		1.00		2.65		1.66E+06		2.41

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60		2.69		1.61

		7		Augite		27		3.50		0.95

		8		Olivine		10		3.32		0.33

		9		Apatite		3		3.19		0.10

		10

		11		rock density						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85

		6		Granite		1.00		2.80

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85

		12		Granite		1.00		2.80

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85		1.55E+06		3.79

		6		Granite		1.00		2.80		1.58E+06		3.82

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85		1.55E+06		2.35

		12		Granite		1.00		2.80		1.58E+06		2.37

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =				2.64

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.64

		14		ρb =				1.62





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.85		1.55E+06		3.79		2.35

		9		Granite		1.00		2.80		1.58E+06		3.82		2.37

		10		Arkose		1.00		1.62		2.72E+06		4.58		2.84





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		thickness		length		width		Pressure

		7				(g/cm3)		(m)		(cm)		(cm)		(MPa)

		8		Overburden		2.8		120		75		50		3.30

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss






size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		4.81E+06		5.54

		6		Quartz		1.00		2.65		1.66E+06		3.89

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		4.81E+06		3.44

		12		Quartz		1.00		2.65		1.66E+06		2.41

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60		2.69

		7		Augite		27		3.50

		8		Olivine		10		3.32

		9		Apatite		3		3.19

		10

		11		rock density				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85

		6		Granite		1.00		2.80

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85

		12		Granite		1.00		2.80

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85		1.55E+06		3.79

		6		Granite		1.00		2.80		1.58E+06		3.82

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85		1.55E+06		2.35

		12		Granite		1.00		2.80		1.58E+06		2.37

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =				2.64

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.64

		14		ρb =				1.62





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.85		1.55E+06		3.79		2.35

		9		Granite		1.00		2.80		1.58E+06		3.82		2.37

		10		Arkose		1.00		1.62		2.72E+06		4.58		2.84





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		thickness		length		width		Pressure

		7				(g/cm3)		(m)		(cm)		(cm)		(MPa)

		8		Overburden		2.8		120		75		50		3.30

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







Multi-mineral igneous rock, 2: Granite from Stone Mountain, Georgia
Revise the spreadsheet of the previous slide to calculate the bulk density for Stone Mountain Granite (Wright, N.P., Mineralogical variation in the Stone Mountain Granite, Geological Society of America Bulletin, v 77, no 2, p 208).
All you need to do is change the mineral names and abundances, and add two more rows, because this rock contains six minerals instead of four.  In other words, use your previous spreadsheet as a template.
As you learned in Introduction to Geology, the density of granite (continental crust) is less than the density of gabbro (oceanic crust).
So, how does a ton of granite compare to a ton of gabbro?


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		4.81E+06		5.54

		6		Quartz		1.00		2.65		1.66E+06		3.89

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		4.81E+06		3.44

		12		Quartz		1.00		2.65		1.66E+06		2.41

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.62

		7		Augite		27.00		3.19

		8		Olivine		10.00		3.22

		9		Apatite		3.00		3.22

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.62		1.57

		7		Augite		27.00		3.19		0.86

		8		Olivine		10.00		3.22		0.32

		9		Apatite		3.00		3.22		0.10

		10

		11		ρb =						2.85





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85

		6		Granite		1.00		2.80

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85

		12		Granite		1.00		2.80

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.85		1.55E+06		3.79

		6		Granite		1.00		2.80		1.58E+06		3.82

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.85		1.55E+06		2.35

		12		Granite		1.00		2.80		1.58E+06		2.37

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.55

		6		Plagioclase		45.40		2.62

		7		mica		4.20		2.83

		8		clay		12.00		2.65

		9

		10		ρg =				2.64

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.64

		14		ρb =				1.62





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.85		1.55E+06		3.79		2.35

		9		Granite		1.00		2.80		1.58E+06		3.82		2.37

		10		Arkose		1.00		1.62		2.72E+06		4.58		2.84





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		thickness		length		width		Pressure

		7				(g/cm3)		(m)		(cm)		(cm)		(MPa)

		8		Overburden		2.8		120		75		50		3.30

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







How large is a ton of gabbro and how large is a ton of granite?
Multi-mineral igneous rock, 3: Gabbro vs. granite
Retrieve your spreadsheet from Slide 6 and revise it to do gabbro and granite instead of ice and quartz.
What about sedimentary rocks?  Can we do them the same way?






GABBRO
GRANITE


2.20 ft
2.29 ft


2.74 ft
2.84 ft


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		2.03

		12		Quartz		1.00		2.65		3.42E+05		1.42

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		3.03E+05		2.20

		6		Granite		1.00		2.66		3.41E+05		2.29

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		3.03E+05		2.74

		12		Granite		1.00		2.66		3.41E+05		2.84

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		38.80		0.00

		13		grains		61.20		2.67

		14		ρb =				1.63





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		4.81E+06		5.54		3.44

		7		Quartz		1.00		2.65		1.66E+06		3.89		2.41

		8		Gabbro		1.00		2.99		1.47E+06		3.73		2.32

		9		Granite		1.00		2.66		1.66E+06		3.88		2.41

		10		Arkose		1.00		1.63		2.71E+06		4.57		2.84

						0.4535147392





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.01		500		9.86E+06

		8		gabbro		2.85		5000		1.40E+08

		9		Total						1.80E+08





stress-1

				B		C		D				E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Granite		Column		Column

		6				density		thickness		Area		length		width		Pressure

		7				(g/cm3)		(m)				(cm)		(cm)		(MPa)

		8		Overburden		2.66		120				75		50		3.13

		9





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







Notation
n = porosity.
Vp = volume of pores.        
Vb = bulk volume.
Vg = volume of grains.
ρb = bulk density.
ρg = grain density.
Relationships
Multi-mineral sedimentary rock: What about porosity?
Revise your spreadsheet from Slide 9 to incorporate porosity.
Grain density is the weighted average of the densities of the constituent grains.
Bulk density of a sedimentary rock is the weighted average of the density of the grains (i.e., the grain density) and whatever is between the grains (i.e., air, unless saturated with water or some other fluid).


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		4.06

		12		Quartz		1.00		2.65		3.42E+05		2.85

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4		p. 208

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		3.03E+05		2.20

		6		Granite		1.00		2.66		3.41E+05		2.29

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		3.03E+05		2.74

		12		Granite		1.00		2.66		3.41E+05		2.84

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)						p. 178

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		23.80		0.00

		13		grains		76.20		2.67

		14		ρb =				2.03





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		9.89E+05		3.27		4.06

		7		Quartz		1.00		2.65		3.42E+05		2.30		2.85

		8		Gabbro		1.00		2.99		3.03E+05		2.20		2.74

		9		Granite		1.00		2.66		3.41E+05		2.29		2.84

		10		Arkose		1.00		2.03		4.47E+05		2.51		3.11





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.03		500		9.96E+06

		8		gabbro		2.99		5000		1.47E+08

		9		Total						1.87E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66				75		50

		9





stress-2

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66		336		75		50		23.4





tunnel-1

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66				0.375





tunnel-2

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66		495000		0.375		436





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss









Multi-mineral sedimentary rock: What about porosity? (cont’d)
By trial and error, use the spreadsheet of the previous slide to find the porosity that results in a bulk density of 2.00 g/cm3 for this arkose.
Change this value until the bulk density becomes the number you want.  


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		4.06

		12		Quartz		1.00		2.65		3.42E+05		2.85

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4		p. 208

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		3.03E+05		2.20

		6		Granite		1.00		2.66		3.41E+05		2.29

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		3.03E+05		2.74

		12		Granite		1.00		2.66		3.41E+05		2.84

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)						p. 178

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		23.80		0.00

		13		grains		76.20		2.67

		14		ρb =				2.03





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		9.89E+05		3.27		4.06

		7		Quartz		1.00		2.65		3.42E+05		2.30		2.85

		8		Gabbro		1.00		2.99		3.03E+05		2.20		2.74

		9		Granite		1.00		2.66		3.41E+05		2.29		2.84

		10		Arkose		1.00		2.03		4.47E+05		2.51		3.11





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.03		500		9.96E+06

		8		gabbro		2.99		5000		1.47E+08

		9		Total						1.87E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66				75		50

		9





stress-2

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66		336		75		50		23.4





tunnel-1

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66				0.375





tunnel-2

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66		495000		0.375		436





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss






size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		4.06

		12		Quartz		1.00		2.65		3.42E+05		2.85

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4		p. 208

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		3.03E+05		2.20

		6		Granite		1.00		2.66		3.41E+05		2.29

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		3.03E+05		2.74

		12		Granite		1.00		2.66		3.41E+05		2.84

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)						p. 178

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		25.10		0.00

		13		grains		74.90		2.67

		14		ρb =				2.00





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		9.89E+05		3.27		4.06

		7		Quartz		1.00		2.65		3.42E+05		2.30		2.85

		8		Gabbro		1.00		2.99		3.03E+05		2.20		2.74

		9		Granite		1.00		2.66		3.41E+05		2.29		2.84

		10		Arkose		1.00		2.03		4.47E+05		2.51		3.11





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.03		500		9.96E+06

		8		gabbro		2.99		5000		1.47E+08

		9		Total						1.87E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66				75		50

		9





stress-2

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66		336		75		50		23.4





tunnel-1

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66				0.375





tunnel-2

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66		495000		0.375		436





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







ICE                   QUARTZ       GABBRO       GRANITE            ARKOSE
How large is a ton of rock?
Rethink your spreadsheet from Slide 10 to show the calculated edge lengths and diameters in columns, so that the spreadsheet will be more compact.   Include all the rocks covered in this module: ice, vein quartz, gabbro, granite, and arkose (with the mineral and pore percentages of the examples).


size-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917

		6		Quartz		1.00		2.65

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917

		12		Quartz		1.00		2.65

		13





size-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Ice		1.00		0.917		9.89E+05		3.27

		6		Quartz		1.00		2.65		3.42E+05		2.30

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Ice		1.00		0.917		9.89E+05		4.06

		12		Quartz		1.00		2.65		3.42E+05		2.85

		13





gabbro-1

				B		C		D		E				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3						Mineral						Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =





gabbro-2

				B		C		D		E		F		Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density of gabbro										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)		C*D

		6		Labradorite		60.00		2.69		1.61

		7		Augite		27.00		3.5		0.95

		8		Olivine		10.00		3.32		0.33

		9		Apatite		3.00		3.19		0.10

		10

		11		ρb =						2.99





gabbro-3

				B		C		D				Petrography An introduction to the Study of Rocks in thin Section

		2		Bulk density using sumproduct function										Williams, Turner, Gilbert, 1954

		3												Pg 49

		4		Mineral		Abundance		Density

		5				(%)		(g/cm3)

		6		Labradorite		60.00		2.69

		7		Augite		27.00		3.5

		8		Olivine		10.00		3.32

		9		Apatite		3.00		3.19

		10

		11		ρb =				2.99





granite-1

				B		C		D

		2		Stone Mountain Granite, Georgia

		3

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =





granite-2

				B		C		D		E		F		Wright, N.P., Mineralogical variation in the Stone Mountain Granite,

		2		Stone Mountain Granite, Georgia										Geological Society of America Bulletin, v 77, no. 2, pp 207-210.

		3												QE1.G4		p. 208

		4						Mineral

		5		Mineral		Abundance		Density

		6				(%)		(g/cm3)

		7		Quartz		35.80		2.65

		8		Microcline		20.50		2.56

		9		Oligoclase		29.90		2.65

		10		Muscovite		13.30		2.82

		11		Biotite		0.40		3.09

		12		Epidote		0.10		3.45

		13

		14		ρb =				2.66





igneous-1

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99

		6		Granite		1.00		2.66

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99

		12		Granite		1.00		2.66

		13





igneous-2

				B		C		D		E		F

		2		SIZE OF CUBES

		3				Weight		Density		Volume		Edge

		4				(tons)		(g/cm3)		(cm3)		(feet)

		5		Gabbro		1.00		2.99		3.03E+05		2.20

		6		Granite		1.00		2.66		3.41E+05		2.29

		7

		8		SIZE OF SPHERES

		9				Weight		Density		Volume		Diameter

		10				(tons)		(g/cm3)		(cm3)		(feet)

		11		Gabbro		1.00		2.99		3.03E+05		2.74

		12		Granite		1.00		2.66		3.41E+05		2.84

		13





arkose-1

				B		C		D		E		F		Arkose, Auvergne, France

		2		Mineral		Abundance		Density						Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)						p. 178

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =

		11

		12		Porosity		23.80		0.00

		13		grains

		14		ρb =





arkose-2

				B		C		D		Arkose, Auvergne, France

		2		Mineral		Abundance		Density		Pettijohn, Potter, Siever, 1973, Sand and Sandstone

		3				(%)		(g/cm3)

		4		quartz		37.70		2.65

		5		microcline		0.70		2.56

		6		plagioclase		45.40		2.68

		7		mica		4.20		2.82

		8		clay		12.00		2.65

		9

		10		ρg =				2.67

		11

		12		Porosity		23.80		0.00

		13		grains		76.20		2.67

		14		ρb =				2.03





arkose-3

				B		C		D		E		F		G

		2		SIZE OF CUBES and SPHERES

		3										Cube		Sphere

		4				Weight		Density		Volume		Edge		Diameter

		5				(tons)		(g/cm3)		(cm3)		(feet)		(feet)

		6		Ice		1.00		0.917		9.89E+05		3.27		4.06

		7		Quartz		1.00		2.65		3.42E+05		2.30		2.85

		8		Gabbro		1.00		2.99		3.03E+05		2.20		2.74

		9		Granite		1.00		2.66		3.41E+05		2.29		2.84

		10		Arkose		1.00		2.03		4.47E+05		2.51		3.11





pressure-1

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000

		7		sat'd arkose		2.01		500

		8		gabbro		2.85		5000

		9		Total





pressure-2

				B		C		D		E

		2		Lithostatic Pressure

		3

		4				Density		Thickness		Pressure

		5				(g/cm3)		(m)		(Pa)

		6		seawater		1.025		3000		3.02E+07

		7		sat'd arkose		2.03		500		9.96E+06

		8		gabbro		2.99		5000		1.47E+08

		9		Total						1.87E+08





stress-1

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66				75		50

		9





stress-2

				B		C		D		E		F		G

		2		Stress on columns

		3

		4

		5				Granite		Granite		Column		Column

		6				density		volume		length		width		Load

		7				(g/cm3)		(m3)		(cm)		(cm)		(MPa)

		8		Overburden		2.66		336		75		50		23.4





tunnel-1

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66				0.375





tunnel-2

				B		C		D		E		G

		2		Columns for tunnel

		3

		4

		5				Granite		Granite		Column		Number

		6				density		volume		area		of

		7				(g/cm3)		(m3)		(m2)		columns

		8		Overburden		2.66		495000		0.375		436





schist-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		Quartz		39.17		2.65

		5		Muscovite		44.53		2.83

		6		Chlorite		13.70		3.00

		7		Ilmenite		1.90		4.75

		8		Magnetite		1.04		5.20

		9

		10		ρg =				2.85





gneiss-1

				B		C		D		E

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =





Gneiss-2

				B		C		D		E		F

		2		Mineral		Abundance		Density

		3				(%)		(g/cm3)

		4		quartz		30.00		2.65

		5		k-spar		19.00		2.59

		6		plagioclase		40.00		2.69

		7		biotite		7.00		3.00

		8		hornblende		1.00		3.31

		9		magnetite		1.00		5.20

		10		ilmenite		0.50		4.75

		11		calcite		0.30		2.80

		12		titanite		0.04		3.54

		13		epidote		0.20		3.44

		14		apatite		0.20		3.22

		15		zircon		0.02		4.65

		16

		17		ρg =				2.71

		18





density table

				B		C		D		E

		2		rock type		rock name		bulk density

		3		Igneous		gabbro		2.85

		4		Igneous		granite		2.78

		5		Sedimentary		sandstone		1.62

		6		Sedimentary		shale

		7		Metamorphic		slate

		8		Metamorphic		phyllite

		9		Metamorphic		schist

		10		Metamorphic		gneiss







End of Module Assignments
	Turn in a hard copy of the spreadsheet in Slide 6 that shows the size of a cube and the size of a
   sphere of iron ore with density 5.5 g/cm3.

	Turn in a hard copy of the spreadsheet in Slide 4 that calculates the size of cubes and spheres of 
   ice and quartz on the moon where g = 0.167 the value of g on Earth.

	Is the ratio of edge lengths (ice to quartz) the same as the ratio of sphere diameters?  Why or 
   why not?

	What are the unit weights of ice and quartz in kN/m3?

	Turn in a hard copy of the spreadsheet in Slide 9 for a granite with the following composition:
   quartz 30%, microcline 45%, oligoclase 10%, and biotite 15%.

	Turn in a hard copy of the spreadsheet in Slide 11 for the same arkose, but contianing water with
   density 1.01 g/cm3 instead of air.

	Turn in a hard copy of the spreadsheet in Slide 11 for the same arkose, but with an air-filled
   porosity that produces a bulk density of 2.50 g/cm3. 

	Turn in a hard copy of the spreadsheet in Slide 13 that shows the size of a two tons of each of
    the rocks.

	What are the factors that control rock density (one short paragraph).

Assignment 1:
Assignment 2:


BCDEFG

2SIZE OF CUBES and SPHERES

3CubeSphere

4WeightDensityVolumeEdge Diameter

5(tons)

(g/cm

3

)(cm

3

)

(feet)(feet)

6Ice1.000.9179.89E+053.274.06

7Quartz1.002.653.42E+052.302.85

8Gabbro1.002.993.03E+052.202.74

9Granite1.002.663.41E+052.292.84

10Arkose1.002.034.47E+052.513.11

3

4icequartz

5Density0.917g/cm

3

2.67

6  convert917kg/m

3

2670

7Weight1ton, exactly1

8  convert2000lbs, exactly2000

9  convert907.0295kg907.0295

10Volume0.989127m

3

0.339711

11Edge length0.996362m 0.697756

12  convert3.269065ft2.289336

13  rounded3.27ft2.29

BCDEF

2SIZE OF CUBES

3WeightDensityVolumeEdge 

4(tons)

(g/cm

3

)(cm

3

)

(feet)

5Ice1.000.9179.89E+053.27

6Quartz1.002.653.42E+052.30

7

BCDE

2Bulk density of gabbro

3

4MineralAbundanceDensity 

5(%)

(g/cm

3

)

C*D

6Labradorite602.691.61

7Augite273.500.95

8Olivine103.320.33

9Apatite33.190.10

10

11rock density2.99

BCDE

2Bulk density of gabbro

3

4MineralAbundanceDensity 

5(%)

(g/cm

3

)

C*D

6Labradorite602.691.61

7Augite273.500.95

8Olivine103.320.33

9Apatite33.190.10

10

11rock density2.99

BCD

2A ton of ice

3Density0.917g/cm

3

4  convert917kg/m

3

5Weight1ton, exactly

6  convert2000lbs, exactly

7  convert907.0295kg

8Volume0.989127m

3

9Edge length0.996362m 

10  convert3.269065ft

11  rounded3.27ft

BCDEF

2SIZE OF CUBES

3WeightDensityVolumeEdge 

4(tons)

(g/cm

3

)(cm

3

)

(feet)

5Gabbro1.002.993.03E+052.20

6Granite1.002.663.41E+052.29

7

8SIZE OF SPHERES

9WeightDensityVolumeDiameter

10(tons)

(g/cm

3

)(cm

3

)

(feet)

11Gabbro1.002.993.03E+052.74

12Granite1.002.663.41E+052.84

BCD

2MineralAbundanceDensity 

3(%)(g/cm

3

)

4quartz37.702.65

5microcline0.702.56

6plagioclase45.402.68

7mica4.202.82

8clay12.002.65

9

10

ρ

g

 =

2.67

11

12Porosity25.100.00

13grains74.902.67

14

ρ

b

 =

2.00

BCD

2MineralAbundanceDensity 

3(%)(g/cm

3

)

4quartz37.702.65

5microcline0.702.56

6plagioclase45.402.68

7mica4.202.82

8clay12.002.65

9

10

ρ

g

 =

2.67

11

12Porosity23.800.00

13grains76.202.67

14

ρ

b

 =

2.03

BCDEF

2SIZE OF CUBES

3WeightDensityVolumeEdge 

4(tons)

(g/cm

3

)(cm

3

)

(feet)

5Ice1.000.9179.89E+053.27

6Quartz1.002.653.42E+052.30

7

8SIZE OF SPHERES

9WeightDensityVolumeDiameter

10(tons)

(g/cm

3

)(cm

3

)

(feet)

11Ice1.000.9179.89E+054.06

12Quartz1.002.653.42E+052.85

BCD

2Bulk density using sumproduct function

3

4MineralAbundanceDensity 

5(%)(g/cm

3

)

6Labradorite602.69

7Augite273.50

8Olivine103.32

9Apatite33.19

10

11rock density2.99

b

g

b

p

V

V

V

V

n

-

=

=

1

g

air

g

b

n

n

n

r

r

r

r

)

1

(

)

1

(

-

=

+

-

=

BCD

2MineralAbundanceDensity 

3(%)(g/cm

3

)

4quartz37.702.65

5microcline0.702.56

6plagioclase45.402.68

7mica4.202.82

8clay12.002.65

9

10

ρ

g

 =

2.67

11

12Porosity23.800.00

13grains76.202.67

14

ρ

b

 =

2.03

BCD

2Stone Mountain Granite, Georgia

3

4Mineral

5MineralAbundanceDensity 

6(%)(g/cm

3

)

7Quartz35.802.65

8Microcline20.502.56

9Oligoclase29.902.65

10Muscovite13.302.82

11Biotite0.403.09

12Epidote0.103.45

13

14

ρ

b

 =

2.66


