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Introduction



For earth scientists, ontologies (for general definitions see :http://www-ksl.stanford.edu/kst/what-is-an-ontology.html, http://en.wikipedia.org/wiki/Ontology_(computer_science) can be viewed as a representation paradigm to capture formal declarative specifications of geologic objects, phenomena, and their interrelationships. Ontologies may be used to capture classification schemes such as those for minerals, rocks, geologic time scale, or geologic structures, and thereby provide an organizational hierarchical structure for automatically classifying earth science data. This is possible because ontologies contain explicit definitions of terms used by scientists to associate meaning to the data or relationships between datasets. Ongoing development and growth of an ontology-based framework for the solid earth requires utilization of existing community-accepted high level ontologies such as SWEET (Semantic Web for Earth and Environmental Terminology, http://sweet.jpl.nasa.gov/ontology/units.owl)  and NADM (North American Geological Data Model, http://pubs.usgs.gov/of/2004/1334).  The high level SWEET ontology contains formal definitions for terms used in earth and space sciences and it encodes structure that recognizes the spatial distribution of earth environments (earth realm) and the interfaces between different realms. These earth realms have associated properties with appropriate units and provide an extensible upper level terminology. GEON (www.geongrid.org) supports extension of these concepts to domain-specific ontologies  to which data  are registered. Additional technical reports will provide the ontologic framework for semantic integration of earth science databases.

We have developed new ontology-based packages (figure 1) containing Planetary Materials (elements, isotopes, rocks and minerals), Planetary Structure, Planetary Location, Planetary Phenomenon, Mathematical and Statistical Functions, Physical Properties and Geo Images. These high-level ontologies and data level ontologies contained within, allow geologists to discover databases as well as datasets within databases using earth science related concepts instead of simple keyword-based search, e.g. American Geologic Institute (AGI) or Global Change Master Directory (NASA). 
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Figure 1. High level packages under development for the semantic discovery and integration of geoscience data. Mapping of concepts contained within packages allows for integration engines to seek relationships not apparent to the end user.
Definitions for Packages 

Planetary Material: The Elements, constituents, or substances of which something is composed of, or can be made. Matter that has qualities which give it individuality and by which it can be categorized (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). Planetary materials include class of elements, isotopes, minerals and rocks , as well as state of matter such as solids, liquids, fluids and gases and all associated properties.

Planetary Structure: Arrangement of particles or parts in a substance or body; aggregate  of elements of an entity in their relationship to each other (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). It includes organization of all geologic structures and their relationship to each other within concepts that range from 0-D to 4-D.

Planetary Location: A position or site occupied or marked by some distinguishing feature (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). All Materials and Structures have a location within a 3-D Body.

Geologic Time: The measured or measurable period during which an action, process, or condition exists or continues (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975).. Includes concepts of duration and geologic events.

Geo-Image: The reproduction of the form of a thing (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). Images are related to techniques used to form the image

Planetary Phenomenon: A fact or event of scientific interest susceptible of scientific description and explanation (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). Events such as earthquakes or volcanism are considered as phenomenon

Physical Properties: An attribute common to all members of a class (from Webster’s New Collegiate Dictionary, G&C Merriam Company, Springfield, Mass, 1975). All Planetary Materials have Physical properties

Mathematical and Statistical Functions: A set of commonly used notations that describe the numerical data and attributes associated with it. Computations such as  standard error, regression, standard deviation are considered as functions
In this report we also show the class structure for the Planetary Material Package. The package contains concepts of elements (necessary for any material to occur), isotopes, minerals, rocks and most importantly the state of matter ( solid, liquid, fluid, gas definitions from Wikipedia).
· Solid: A solid holds a rigid shape without a container. 

· Amorphous solid: A solid in which there is no long-range order of the positions of the atoms. 

· Amorphous glassy solid 

· Amorphous rubbery solid 

· Crystalline solid: A solid in which the constituent atoms, molecules, or ions are packed in a regularly ordered, repeating pattern. 

· Liquid: A mostly non-compressible fluid. Able to conform to the shape of its container but retaining a (nearly) constant volume independent of pressure. 

· Liquid crystal: Properties intermediate between liquids and crystals. Generally, able to flow like a liquid but exhibiting long-range order. 

· Gas: A compressible fluid. Not only will a gas conform to the shape of its container but it will expand to fill the container. 

· Fluid : A continuous, amorphous substance whose molecules move freely past one another and that has the tendency to assume the shape of its container; a liquid or gas.

solid 
One of the three basic states of matter. A solid forms from either a liquid or a gas (the other two states of matter) because, as the energy of the atoms decreases, they coalesce in the relatively ordered, three-dimensional structure of a solid. All solids have the ability to support loads applied either perpendicular (normal) or parallel (shear) to a surface. Solids can be crystalline (as in metals), amorphous (as in glass), or quasicrystalline (as in certain metal alloys), depending on the degree of order in the arrangement of the atoms.
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