

CRUSTAL EVOLUTION: ANATOMY OF AN OROGEN

A Pathway to Discovery for the mid-Atlantic Appalachian Orogen Testbed

The Appalachian Orogen is a continental scale mountain belt that provides a geologic template to examine the growth of continents through plate tectonic processes. The record spans a period in excess of 1000 million years, and preserves the only known example in the world of a completely preserved one and a half Wilson Cycle (the opening and closing of oceans). Complex assembly of plates through collision can be recognized in the rock record of the mid-Atlantic Appalachian orogen through time. It constitutes a great scientific challenge for earth scientists to readily and clearly identify data for the critical separation of overprinted processes involved in the creation of mountain belts. Although the Paleozoic Era in the mid –Atlantic region provides evidence of multiple collisional events (Taconic, Acadian and Alleghanian), the cause and effects of each orogeny is the subject of numerous leading research activities.

In order to develop an IT based understanding of the cause and effects of geological processes associated with crustal evolution, the Appalachian Research Team (ART) will focus most of its resources towards developing an integrated view of collisional processes represented by Siluro-Devonian Acadian Orogeny. This event affects both the pre-Taconic and the Taconic (mid-Ordovician) rock record, and in turn is affected by the Alleghanian (Permo-Carboniferous) event. Integration scenarios that will require IT based solutions will provide ART the focus for designing new ontologies and tools needed to meet these challenges.

Key Scientific Questions for the CREATOR effort

· What defines an orogeny? What types of data are needed to describe the uniqueness of a geologic event and accompanying processes? How will geologists recognize events within an orogeny without ascribing it the status of an orogeny? 

· How are orogenic basins developed in the foreland related to geospatial and temporal petrologic/structural data from the deeply eroded hinterland? Is there a predictable temporal relationship between basinal processes and thermal/uplift processes in the hinterland?

· What are the rates of orogenic processes associated with collision? What is the influence of older structures on the location and growth of younger ones?

· What is the thermal and tectonic response of a continental margin, including control by pre-existing structural and sedimentologic features, to a collisional event? 

· How do we recognize terranes that may be involved in multiple orogenies?

· What is the relationship between present day potential field data and past plate boundaries?

· Are present day seismic images of the crust- mantle convertible to 4-D images of the earth?

· What are the geologic scenarios for thin skinned terrane accretion?

Examples of data requirements:

· Geospatial data on distribution of  faults, rock types, basins, stratigraphic sections

· Data on rock types, mineral compositions, fossil assemblages, facies distribution

· Thermochronology and biostratigraphic  data bases

· Data on palinspastically reconstructed geometries of basins and lithostratigraphic units

· Uplift history of the region inferred from basin geometry, basin fill, and stratigraphy, including sediment dispersal patterns

· Data on paleomagnetic positions of plates or terranes

· Seismic and potential field data

· MOHO depths, temperatures and lithospheric structures

· Heat flow (both measured and reduced)

Some examples of major queries that initially require operator controlled integration of databases and tools, but will lead to web based semantic integration:

· What is the distribution and U/Pb zircon concordia ages of A-type plutons in Virginia? Represent their 3-D geometry through modeling of gravity data.

· What is the present day thickness of the crust in the mid-Atlantic region? Is there a correlation between compositions of igneous rocks of all ages and crustal thickness?

· What are geochemical differences and similarities between plutons that are situated within different terranes? Is there a correlation with the metamorphic grade of the terranes?

· Show the geospatial distribution of the time transgressive middle Ordovician Knox unconformity. Is there any geospatial relationship between the unconformity and the distribution of metamorphic ages recorded in the Piedmont Province?

Some examples of specific science and IT queries:

· Can a chronostratigraphic database designed for the expert user be redesigned to provide relative and absolute age information as part of multi-disciplinary earth science queries from both non-paleontologic geoscientists and the general public?
· Show the geospatial distribution of Fo 80 bearing rocks in the mid-Atlantic region 
· Show the distribution of all rocks with sillimanite in the mid-Atlantic region
· Are there any rocks with similarities to continental margin arc tholeiites? Show their geospatial distribution.

Cybertools needed :

1. The most critical tool needed is a portfolio of domain ontologies as they relate to integration scenarios. We will, in partnership with GEON PI’s and other scientists develop ontologies and workflows that relate to:

· Plate Tectonics

· Igneous rocks, including geochemistry and radiometrics

· Metamorphic rocks

· Sedimentary rocks

· Biostratigraphy

· Structure

2. Implementing access to existing hierarchical ontology for rocks, minerals and geologic time, as well as developing new ones for Plate tectonics and Structure, with definitions

3. Creation of a science language for synonyms as well as concept definitions for semantic integration. Workshops will be organized to facilitate such activities

4. Access to Windows based tools for thermochronology, geochemistry, and others in a web based environment

BROADER SCIENTIFIC RATIONALE FOR OUR INTEGRATIVE STUDIES

The goal of the ARC team is to build the infrastructure of databases and tools to resolve many scientifically challenging questions. For example, although the growth of continents takes place through many tectonic processes, we will focus our attention on understanding collisional tectonics through the integration of the temporal and spatial rock record. Our objective is to discover a more elegant understanding of mechanisms that are preserved in the rock record. For example, the thermal ,petrologic , stratigraphic and structural conditions represented in the passive margin of the continent prior to collision must influence the style of emplacement of allochthons at deep structural levels, and the data required to understand this fundamental relationship is to be analyzed by the ARC team. It clearly leads to questions such as,

· How do terranes accrete? What is the structure in three dimensions of the accreting terrane and its continental infrastructure? Why are some terranes completely decoupled from their roots ?Recognizing structural features in 3-D of deeply eroded terranes and associated suture zones will allow for a more rigorous interpretation of both modern accretionary processes, as well as helping discriminate buried suture zones common in the central United States. This has significant impact on the EarthScope initiative to image and reconstruct the evolutionary history of the North American craton.

· Can seismic data be used effectively to image buried passive margins, foreland basins and infer basin geometry? Can new knowledge of terrane accretionary mechanisms or thrust tectonics be related to presence/absence of long lived depocenters? 

· How will thermochronology and the magmatic record exposed at mid-crustal levels provide new knowledge associated with estimating paleo-geothermal gradients in collision zones? It is the key to understanding crustal rheological properties of even deeper parts of the crust.

· Geodynamic models for collision zones  require datasets from deeper parts of the orogen to more fully understand the coupling of upper crustal and lower crust/upper mantle environments. Why are MOHO depths different in collision zones in other parts of the world? Is there a temporal relaxation of MOHO depths associated with overprinting tectonic events?

· Are data from transgressive seas (sedimentary record) and associated faunal diversity required to constrain flexure models as well as estimate rates of collisional processes? 
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