Suggestions for obtaining University of California “d” lab credit designation
In order to attract capable college-bound students into a rigorous Geology or Earth Science course in California, it is advisable to offer a course that qualifies as a lab science for admission to the University of California.  Unfortunately, the UC system has made this difficult.  Currently the UC High School area “d” requirement states that students shall take “two and preferably three courses from the following sciences: biology, chemistry, and physics.”  The UC Academic Committee voted unanimously to reject a recent petition to include Earth Systems Science into the list of sciences.  They do, however, make exceptions.  Both the Harvard-Westlake Geology and Honors Geology courses are exceptions.  Both courses employ college textbooks and have demonstrated a high level of rigor. The Honors Geology course overcame a second hurdle, it is considered an Honors course by the UC system, giving my students the extra grade point average “bump” that accompanies honors and AP courses.  Unfortunately, many schools in California have used their Earth Science courses as a dumping ground for the non-college bound students, resulting in many “dumbed down” courses and the BOARS committee’s skepticism of all Earth Science courses.  The following is my advice for creating a course that has a good chance of deserving and obtaining UC “d” lab credit.
· Wendy Van Norden, Harvard-Westlake School

1. Create a truly rigorous course.  You are welcome to use any materials from the Harvard-Westlake Honors Geology website.  It was created with help from the National Science Foundation with the specific purpose of collaboration with other Earth Science teachers.  
2. Offer the course to older students only.  It is highly unlikely that the UC BOARS Committee will approve any 9th grade Earth Science course at this time. My courses are open to grades 10-12, with the Regular Geology class attracting mostly 10th grade students who have not yet taken Chemistry, and my Honors Geology class attracts more 11th and 12th grade students who have taken Chemistry. 

3. Establish a prerequisite of Chemistry and Algebra.   
4. For an honors class, consider offering dual enrollment with a local university.  My Honors Geology students can earn 5 credit hours on a UC transcript through UCLA Extension. It was difficult for the UC system to claim that a course based upon the UCLA ESS1F curriculum was not a sufficiently rigorous course.  For more about Honors Geology dual enrollment, read “A Call to Action” http://www.hwscience.com/Geology/Honors/teacherworkshop.html
5. Use a college-level textbook. Most high school textbooks are written for lower-level 9th grade Earth Science. 

6. Include many labs and be very specific with the labs.  Often you can include websites where these labs are located.  

7. Because the requirement is for biology, chemistry and physics, the committee will want to see how an Earth Science course includes topics in those sciences. The following chart contains physics, chemistry and biology applications that are present in the Earth Science Systems course, an adaptation of Harvard-Westlake Honors Geology. 

List of topics and Physics, Chemistry, and Biology applications
	Units
	Topics

	Introduction to earth science, and the basic structure of the earth
	Definition of “earth science”, and introduction to the various subdisciplines within earth science (geology, oceanography, meteorology, astronomy).  Formation of the solar system and the earth.  Features of the earth - hydrosphere, atmosphere, biosphere, and geosphere.  Closed and open systems.  Structure of the Earth, physical and chemical properties of layers.

Physics applications:  density, p-wave and s-wave properties, concepts of energy, conservation of energy and matter
Chemistry applications: phase changes of matter
Calculations: density

	Plate Tectonics


	Continental drift, definitions and features of different kinds of plate boundaries, seafloor spreading, seamount formation, magnetic anomaly bands, spreading rates, elasticity,  viscous flow vs. frictional sliding, solution transfer, slab-pull hypothesis
Physics applications: convection cells, magnetic field of Earth and magnetic reversals. 
Chemistry applications:  decompression melting, phase changes
Calculations:  rate of seafloor spreading

	Minerals
	Chemistry of minerals, ionic radius and crystal structure, silicate structure and chemistry, mineral properties, uses and identification of rock-forming minerals 

Chemistry applications: covalent, ionic and Van der Waals bonds, silicate chemistry, carbonate chemistry, physical properties, crystal structure, solid solution, replacement reaction

	Igneous Rocks and Volcanism
	Bowens Reaction Series, fractional crystallization and formation of ocean/continental crust, Pressure/Temperature diagrams, magma diaper movement, volcanic activity, eruptive mechanics, historical eruptions, effects of volcanism on humans (ores, climate, hazards), igneous rocks identification:  volcanic, plutonic, mafic , felsic, and pyroclastic

Chemistry applications: crystal structure

Physics applications:  pressure-temperature graphs, viscosity

	Sedimentary Rocks and Soil
	Mechanical and chemical weathering (dissolution, oxidation), sediment erosion and deposition, sedimentary rocks identification: clastic, chemical, and biochemical.   Soil formation and classification (textural categories), soil profiles and horizons, soil taxonomy, soil erosion.
Chemistry applications: dissolution, oxidation, acids and bases, hydrolysis

Calculations:  rate of weathering

	Metamorphic Rocks
	Causes, P/T diagrams, metamorphic facies, index minerals, identification of metamorphic rocks
Chemistry applications:  crystalline structure, metasomatism

Physics applications:  pressure/temperature diagrams, ductile vs. brittle 

	Geologic Time
	Description of geologic time, relative time and absolute time, principles of original horizontality, inclusion, faunal succession, superposition, cross-cutting relationships, radiometric dating 

Physics applications:  radioactivity, radiometric dating
Biology Applications:  evolution, fossil record, oxygen revolution

Calculations:  half-life 

	Folds, Faults, and Earthquakes
	Tectonic forces and associated fault types and folds (synclines, anticlines, basins, domes, plunging vs. non-plunging), elastic rebound, earthquake scales,   calculation of distance to epicenter, acceleration, p, s and surface waves, earthquake safety and engineering, uses of wave refraction, historical earthquakes, earthquake prediction, fault slip rates
Physics applications:  p-wave, s-wave, body wave properties, triangulation

Calculations: Richter Scale, reading seismograms

	Earth History
	Tectonic features and history of North America: Shield, interior platform, folded mountain belts (Appalachian), sedimentary basins, coastal plain, coastal shelf, Basin and Range, Colorado Plateau, North American Cordillera, Cascades, geologic provinces of California.  Formation of accreted terranes, Wilson Cycle, epeirogeny.

	Mass Wasting
	Kinds of slides and flows, causes (shear stress, friction, fluid pressure), prevention
Physics applications:  angle of repose, stress vs. strain 

	Groundwater and Streams
	Groundwater, discharge, pressure gradients, flux, karst topography, effects of human activity, river profiles, river velocity law, valley development, bed load, suspended load, dissolved load, landforms of river erosion and deposition

Physics applications: velocity, gradient

Chemistry applications: carbonate chemistry

Calculations:  gradient, velocity, discharge

	Deserts
	Transport and deposition of wind-borne sediment, sand dune formation and classification, cross bedding, desert varnish, playa and playa lake, dry wash, alluvial fan, bajada, pediment, plateau, mesa, butte, pinnacle 

Physics applications: angle of repose
Chemistry applications: precipitation reactions

	Glaciers
	Alpine glaciation, formation, landforms of glacial erosion and deposition, Ice Ages (evidence, causes) , landforms of continental glaciation, Snowball Earth
Physics applications:  flow vs. basal slip, energy conversion, Milankovitch Cycle, albedo
Biology applications:  tree ring data

	Geological Oceanography
	Methods used to explore the seafloor and geologic units beneath the seafloor, geological features and processes associated with ocean topography, including: oceanic ridges, deep-sea hydrothermal vents, mantle plumes and seamounts, active and passive continental margins, submarine canyons and turbidity currents
Physics applications: water pressure and density with changing depth

Chemistry applications: phase changes, precipitation reactions

Biology applications: primary productivity and chemosynthesis
Calculations: Water density and pressure

	Meteorology
	Composition and structure of Earth’s atmosphere, atmospheric pressure, large-scale energy flow, heat energy, conduction and convection, Coriolis effect, large-scale surface winds of the Earth, seasons, phase changes of water, relative humidity , air density, lapse rates, cloud formation, high and low pressure systems, fronts, tropical cyclones, weather maps, extreme weather phenomena, climates and climate change, human impact on climate
Physics applications: convection and conduction, pressure, energy conversion, Coriolis effect
Chemistry applications: phase changes, precipitation, gas laws
Biology applications: climate and biological diversity

	Oceanography
	Formation of geostrophic currents and gyres, formation and characteristics of vertical currents, formation and properties of ocean surface waves, transport and deposition of oceanic sediments.  Physical and chemical characteristics of seawater. How light is affected by travel through water.  Large-scale vertical structure of the ocean.  Formation and properties of tides. 
Physics applications: water pressure, density, Coriolis effect, wave properties, wave refraction, thermoclines, gravitation
Chemistry applications: properties of water and aqueous solutions, salinity
Calculations: Water density and pressure, salinity using the principle of constant proportions, salinity and density, residence time of ions

	Astronomy
	History of astronomy (emphasis on development of heliocentric model of the solar system and the theory of universal gravitation, brief summary of general relativity).  The celestial sphere.  Characteristics of electromagnetic radiation of different wavelengths/frequencies.  Observational tools of modern astronomy.  Review of the nebular hypothesis of the formation of the solar system and the Earth.  Properties of stars, stellar evolution, large-scale structure of the universe.  Cosmic expansion and the Big Bang Theory. Dark matter and dark energy.

Physics applications: wave and particle properties of electromagnetic radiation, Doppler effect and red shift, wave refraction and reflection, gravitation, general relativity, nuclear reactions, conservation of energy, energy conversions

Chemistry applications: spectroscopy, phase changes of matter

Calculations: gravitational attraction, rate of expansion, distance to nearby celestial objects using parallax


8. Finally, don’t give up.  The Honors Geology course contained the UCLA curriculum, was more extensive than the UCLA course, fit every requirement for an honors course, and yet it was initially rejected as an honors course.  It took 3 submissions and about 2 years before it finally received the honors designation.  (it did receive the “d” lab designation on the first try). If you have truly created a rigorous course, do what you can to prove it, and keep trying until someone finally acknowledges the fact that a rigorous Earth Science course is deserving of “d” lab status, and perhaps, of honors status as well.
9. Good luck, and don’t hesitate to contact me with questions and updates. 

Wendy Van Norden

Harvard-Westlake School

wvannorden@hw.com
818 487-6665

