
Kesler’s	  Four	  Factors	  

•  Geology	  
•  Engineering	  
•  Economics	  
•  Environment	  

In	  the	  following	  five	  slides,	  we	  examine	  a	  piece	  from	  the	  Oregonian	  in	  terms	  of	  the	  above.	  



Malheur County targeted for gold, uranium mines 
Richard Cockle, The Oregonian 
Published: Sunday, January 08, 2012, 9:50 PM Updated: Sunday, January 08, 2012, 10:09 PM 

ONTARIO -- Sprawling Malheur County could soon be in the spotlight as a 
mining hub -- or a battleground of uranium and gold mining interests vs. 
environmentalists trying to protect its lonesome sagebrush landscape. 
Australian-owned Oregon Energy LLC hopes to mine 18 million pounds of 
yellowcake uranium from the southeastern Oregon high desert 10 miles west 
of McDermitt near the Oregon-Nevada boundary. The go-ahead to mine the 
so-called Aurora uranium deposit could bring up to 250 construction jobs to 
the county, followed by 150 mining jobs. Meanwhile, Calico Resources USA 
Corp., a subsidiary of a Vancouver, B.C., company, may seek permits this 
month to chemically extract microscopic gold from a high desert butte south 
of Vale called Grassy Mountain, a project likely to create another 100 jobs.  

Is	  there	  any	  descripAon	  of	  geology	  in	  these	  paragraphs?	  
There	  is	  a	  bit	  of	  economics:	  employment	  in	  these	  projects.	  
Anything	  about	  engineering?	  
Any	  thing	  specific	  about	  the	  environmental	  impact	  of	  these	  projects?	  



The proposals will be the first real test of the 
1991 chemical processing mining law passed by 
the Legislature in response to a debate over 
mining's future in Oregon, said environmentalist 
Larry Tuttle. The law ushered in tough new 
bonding requirements to weed out marginal 
operators and guarantee environmental cleanup.  

Geology?	  Engineering?	  Economics?	  Environment?	  

Any	  geology	  here?	  
LegislaAon	  impacAng	  a	  project	  comes	  under	  “economics”.	  Any	  specific	  economics?	  
	  



Geology?	  Engineering?	  Economics?	  Environment?	  
Oregon Energy's proposal calls for extracting ore from a mile-long, 600-
foot wide, 250-foot deep open pit 10 miles west of McDermitt and 3 miles 
north of the Oregon-Nevada border.  
 
Plans call for the ore to be crushed and mixed with an acid solution in 
enclosed vats to leach out the uranium, he said. The acid would bond with 
the uranium and when dry become a sand-like powder called uranium 
oxide concentrate, or yellowcake.  

Geology?	  
Engineering?	  Yes!	  
Economics?	  
Environment?	  



Geology?	  Engineering?	  Economics?	  Environment?	  
Tuttle, spokesman for the Portland-based Center for Environmental 
Equity, foresees environmental problems. The likelihood of sulfuric 
acid being used in processing the ore means it could remain in the 
mine tailings after milling, he said. The snag is that sulfuric acid 
tends to continuously leach out heavy metals that occur naturally in 
waste rock and tailings, contaminating ground water. "Just because 
you are through with the processing, years later you still have the 
issue with that interaction," he said. But probably the biggest 
environmental hurdle for the Aurora mine would be the release of 
mercury, Tuttle said. "The whole Owyhee Reservoir has been 
affected by naturally occurring background mercury," and uranium 
mining could release more, he said.  

Geology?	  No	  
Engineering?	  A	  liMle,	  but	  the	  same	  as	  the	  previous	  slide	  
Economics?	  
Environment?	  Yes!	  



Geology?	  Engineering?	  Economics?	  Environment?	  

Public hearings will be held after the companies apply for permits to begin 
mining, said state geologist Vicki McConnell of Portland. Sixty-one acres of 
Grassy Mountain is patented, private mining land, but substantial portions 
of both sites are on federal land administered by the U.S. Bureau of Land 
Management. Both sites are remnant volcanic regions where geothermal 
and hydrothermal activity has pulled heavy metals and other substances 
close to the surface, McConnell said. 

Geology?	  A	  liMle.	  
Economics?	  Yes,	  minerals	  rights	  (“patented”,	  BLM)	  are	  part	  of	  economics.	  
Engineering?	  
Environment?	  



Geology	  

Panorama	  Point	  
Canyonlands	  NP	  

OK,	  from	  here	  on	  today	  we	  do	  geology	  and	  liMle	  else	  



hMp://blog.oregonlive.com/clackamascounty/2007/10	  
/BigMeteor.JPG	  

What	  do	  these	  have	  in	  common?	  

The	  Moon	  and	  Earth	   The	  WillameMe	  Meteorite	  

hMp://eoimages.gsfc.nasa.gov/images/i	  
magerecords/3000/3020/apollo_lrg.jpg	  



http://www.jpl.nasa.gov/spaceimages/details.php?id=PIA09579

Galaxy Messier 81, Hubble and Spitzer telescope composite image

Meteorites,	  Earth,	  Moon,	  the	  Sun	  are	  thought	  to	  have	  formed	  in	  a	  spiral	  driven	  by	  gravity.	  



The	  next	  three	  slides	  
Illustrate	  a	  model	  that	  	  
accounts	  for	  the	  formaAon	  of	  
the	  solar	  system’s	  planet	  
and	  asteroids	  through	  
gravitaAonal	  processes.	  







Slide 8 http://rallen.berkeley.edu/teaching/F04_GEO302_PhysChemEarth/Lectures/Lec5.pdf

4.55 BY

This	  slide	  shows	  some	  chemical	  
data	  that	  suggests	  the	  Earth	  and	  
meteorites	  have	  
the	  same	  age.	  



Boujibar et al 2016

This	  slide	  
shows	  
chemical	  data	  
suggesAng	  the	  
Earth	  and	  eight	  
meteorites	  
have	  similar	  
composiAon.	  
However	  the	  
Earth	  has	  
lower	  
concentrAons	  
of	  volaAle	  
elements,	  
those	  which	  
turn	  to	  gas	  a	  
lower	  
temperature.	  
Why?	  



Boujibar et al 2016

This	  slide	  shows	  a	  model	  suggesAng	  why	  the	  Earth	  has	  loss	  the	  more	  
volaAle	  elements,	  compared	  to	  the	  meteorites	  



hMp://blog.oregonlive.com/clackamascounty/2007/10	  
/BigMeteor.JPG	  

What	  do	  these	  have	  in	  common?	  

The	  Moon	  and	  Earth	   The	  WillameMe	  Meteorite	  

hMp://eoimages.gsfc.nasa.gov/images/i	  
magerecords/3000/3020/apollo_lrg.jpg	  

So	  now	  you	  have	  some	  answers	  to	  this	  quesAon.	  



hMp://www.indiana.edu/~geol116/week2/earthcomp.jpg	  

What	  processes	  concentrate	  some	  elements	  in	  the	  crust?	  

However	  the	  “whole	  Earth”	  has	  a	  different	  composiAon	  from	  the	  crust.	  Why?	  



Wood 2009

Most	  of	  the	  iron	  has	  sunk	  to	  the	  core,	  do	  to	  its	  greater	  density	  relaAve	  to	  other	  elements.	  



What did we just do? What have we learned?

We looked at some data.

We looked at some models.

With more time, we would ask if the data support the models.

The models suggest the Earth formed in a dust cloud.

Formation occurred at about the same time for Earth & meteorites.

Core-mantle formation modified original whole Earth composition.

Crust composition is different from whole Earth



Major	  elements:	  usually	  greater	  than	  1%	  
SiO2	  	  Al2O3	  	  	  FeO*	  MgO	  	  CaO	  	  Na2O	  	  K2O	  	  H2O	  

Minor	  elements:	  usually	  0.1	  -‐	  1%	  
TiO2	  	  MnO	  	  P2O5	  	  CO2	  

Trace	  elements:	  usually	  <	  0.1%everything	  else	  
What	  processes	  concentrate	  the	  trace	  elements?	  

Element Wt % Oxide Atom % 
O 60.8 
Si 59.3 21.2 
Al 15.3 6.4 
Fe 7.5 2.2 
Ca 6.9 2.6 
Mg 4.5 2.4 
Na 2.8 1.9 

Abundance of the elements 
in the Earth’s crust 

This slide modified from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt 

Back to Earth: some useful vocabulary
This	  and	  the	  following	  slide	  define	  
some	  terms	  we	  will	  use	  during	  the	  
term.	  



hMp://www.uwgb.edu/dutchs/Graphics-‐Geol/rockmin/ccrustwt.gif	  

What	  processes	  extract	  trace	  elements	  from	  the	  mantle?	  
What	  geologic	  processes	  further	  increase	  their	  concentraAon?	  	  	  



What	  processes	  alter	  crustal	  composiAon?	  
	  

Take	  minute	  and	  write	  down	  one	  to	  three	  
processes.	  

Yes,	  you	  didn’t	  come	  to	  class,	  so	  try	  to	  do	  this	  before	  going	  on.	  



What	  processes	  alter	  crustal	  composiAon?	  

•  MagmaAsm:	  yields	  igneous	  rocks	  
•  SedimentaAon:	  yields	  sedimentary	  rocks	  
•  Metamorphism:	  yields	  metamorphic	  rocks	  

The	  following	  slides	  show	  where	  these	  processes	  occur	  on	  a	  model	  of	  the	  Earth’s	  
tectonic	  plates.	  There	  are	  also	  some	  slides	  showing	  the	  chemistry	  of	  typical	  rocks.	  



The	  beginning:	  How	  and	  where	  do	  we	  make	  igneous	  rocks?	  

I	  I	  
I	   I	  I	  



What	  is	  a	  mid-‐ocean	  ridge?	  What	  is	  a	  subducAon	  zone?	  	  
Take	  a	  minute	  to	  write	  down	  whatever	  comes	  to	  mind	  	  	  

I	  I	  
I	   I	  I	  



       Chemical analyses of some representative Igneous Rocks 
                          Ultra-Basic      Basic   Intermed     Felsic      Intermed 

Peridotite Basalt Andesite Rhyolite Phonolite 
SiO2 42.26 49.20 57.94 72.82 56.19 
TiO2 0.63 1.84 0.87 0.28 0.62 
Al2O3 4.23 15.74 17.02 13.27 19.04 
Fe2O3 3.61 3.79 3.27 1.48 2.79 
FeO 6.58 7.13 4.04 1.11 2.03 
MnO 0.41 0.20 0.14 0.06 0.17 
MgO 31.24 6.73 3.33 0.39 1.07 
CaO 5.05 9.47 6.79 1.14 2.72 
Na2O 0.49 2.91 3.48 3.55 7.79 
K2O 0.34 1.10 1.62 4.30 5.24 
H2O+ 3.91 0.95 0.83 1.10 1.57 

Total 98.75 99.06 99.3 99.50 99.23 

This slide from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt 
	  

MagmaAsm	  produces	  these	  major	  element	  averages:	  



How	  and	  where	  do	  we	  make	  sedimentary	  rocks?	  

S	  
S	   S	   S	  



Four	  Carbonates	   Some	  Estonia	  Sandstones	  



How	  and	  where	  do	  we	  make	  metamorphic	  rocks?	  

M	  M	  



http://link.springer.com/static-content/lookinside/845/chp%253A10.1007%252F10201894_9/000.png



How	  and	  where	  do	  we	  make	  igneous	  rocks?	  

MagmaAsm	  begins	  with	  PARTIAL	  MELTING	  of	  the	  mantle	  



MagmaAsm	  begins	  with	  PARTIAL	  MELTING	  of	  the	  mantle.	  
It	  is	  easy:	  the	  mantle	  is	  very	  close	  to	  its	  parAal	  melAng	  point.	  

ADD	  Heat	  

ADD	  Water	  
REDUCE	  
Pressure	  

You’re	  almost	  done.	  Just	  one	  more	  slide	  about	  the	  origin	  of	  igneous	  rocks	  through	  magmaAsm.	  



       Chemical analyses of some representative Igneous Rocks 
                          Ultra-Basic      Basic   Intermed     Felsic      Intermed 

Peridotite Basalt Andesite Rhyolite Phonolite 
SiO2 42.26 49.20 57.94 72.82 56.19 
TiO2 0.63 1.84 0.87 0.28 0.62 
Al2O3 4.23 15.74 17.02 13.27 19.04 
Fe2O3 3.61 3.79 3.27 1.48 2.79 
FeO 6.58 7.13 4.04 1.11 2.03 
MnO 0.41 0.20 0.14 0.06 0.17 
MgO 31.24 6.73 3.33 0.39 1.07 
CaO 5.05 9.47 6.79 1.14 2.72 
Na2O 0.49 2.91 3.48 3.55 7.79 
K2O 0.34 1.10 1.62 4.30 5.24 
H2O+ 3.91 0.95 0.83 1.10 1.57 

Total 98.75 99.06 99.3 99.50 99.23 

This slide from: www.whitman.edu/geology/winter/ Petrology/Ch%2008%20Major%20Elements.ppt 
	  

MagmaAsm	  produces	  these	  major	  element	  averages:	  

~Mantle	   ParAal	  Melts	  of	  the	  Mantle	  


