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Landtype Associations (LTAs) of the Blue Mountain Ecoregion is an ecological inventory that identifies similar physical and biological processes across the landscape.  Information from this inventory can be used to interpret landscapes for many different management purposes.  LTAs integrate three major landscape features to interpret ecological processes.  Features forming the basis for LTAs are landform expression, geology representing similar regolith and bedrock features, and potential natural vegetation used to identify climatic environments. 

The inventory comprises about 5.9 million acres covering the Snow Mountain Area of the Ochoco National Forest, and the Malheur, Umatilla, Wallowa-Whitman National Forests.  The initial map coverage and identification legend was developed by Robert J. Ottersberg in 2002.  Technical review, final correlation, some additional mapping, and completion of documentation have led to this final report in 2006.  

Landtype Associations of Blue Mountain Ecoregion is based upon the National Hierarchical Framework of Ecological Units (USDA 1993) and was guided by the Terrestrial Ecological Unit Inventory Technical Guide: Landscape and Land Unit Scales (Winthers and others 2005).  The hierarchical framework and protocols provide a consistent approach to ecological land unit identification that can be aggregated for regional or national scale analysis or can be further subdivided for forest or project-level analysis. 

 This survey has been conducted at the Landscape level with a primary purpose of identifying concepts useful in forest-level resource planning.  The appropriate scale for map display is 1:100,000.  The focus of this survey is to identify significant differences in the landscape and to aggregate landscape elements with similarities of interpretative significance.  At a larger scale aggregated elements may become mapping differentia and be separated for more detailed analysis, such as project-level planning.   

Other uses for this inventory are: 1) to stratify or help focus monitoring programs; 2) identify areas of general limitations or attributes that may help direct project planning; 3) identify areas of similarities that could serve in developing area-wide management strategies such as for road maintenance or wildlife habitat management areas, and 4) used in synthesis of multiple ecological processes within a given area such as hydrologic response, wildfire patterns, or wildlife movement to understand or predict a certain response to disturbances. 

The grouping of landscape features in itself provides a useful means for interpreting ecological processes, temporally and spatially.  The user is encouraged to learn and understand how the survey was developed and why certain mapping differentia or landscape features were grouped, as this will enhance their understanding of each Landtype Association.  A discussion of survey methods can be found in Part I.  The interpretation tables in Part IV provide a comparison of general properties of landscape features and interpretation ratings for the more common, present-day management applications.  A detailed explanation of how general properties and ratings where derived and how they should be interpreted are included in this section.  It is essential that users understand the basis for these interpretations prior to using in any analysis.  Users should also know that at the landscape level, a property or response rating may not be expressed everywhere within a single polygon of a Landtype Association. Many of the Landtype Associations are mosaics of different ecological types.  The more one understands what feature is linked with the property or rating, the higher utility this tool will serve the user.

How to Use This Report and Maps
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Step One:   Review the introductory pages in the report.  Become familiar with the kind of interpretations that are available from the Landtype Association (LTA) inventory.  Review how the inventory was designed.  As with any map resource, it is important to understand the appropriate scale to apply this information and the relative limits of the interpretations as a result of scale.  This step will help in planning an effective analysis.

Step Two:   Identify LTAs within your area of interest.  
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Step Three:   Make a list of the LTAs within your area of interest.  Turn to Part III, Table 6 -Landtype Association Identification Legend for a description of the landform group, geology group, and potential natural vegetation zone for the LTAs on your list. 
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Forest resource professionals will begin to visualize the setting of each Landtype Association; relating to their past observations.   Overlaying other data layers, such as streams and topographic contour elevations may further enhance the users’ visualization of Landtype Association settings. 

Step Five:   Turn to Part IV, Landtype Association Management Applications in the Report to obtain interpretations that are of interest to your analysis.  Each kind of interpretation and its relative rating or descriptor is defined in the narrative preceding the table.

Step Six:   Maps displaying interpretations may be constructed at this point.  For example, a map display could be constructed of all Landtype Associations with potential habitat for lynx or mule deer or a map could be constructed displaying areas with flashy hydrology or a map that displays areas requiring a higher level of monitoring for erosion after wildfire. 
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PART I:                                                                      Landtype Association Survey Principles and Methods 


Introduction

The Washington Office of the Forest Service provided national direction for ecological surveys in the National Hierarchical Framework of Ecological Units (USDA Forest Service 1993) and in the Terrestrial Ecological Unit Inventory Technical Guide: Landscape and Land Unit Scales (Winthers and others 2005).  This direction established a consistent approach to ecosystem mapping and analysis by providing a mapping and classification system that stratifies the earth into “progressively smaller areas of increasingly uniform ecological potential” (USDA Forest Service 1993).  An overall picture of the hierarchical framework is displayed in Table 1.  This approach was developed from earlier regional “landsystems” mapping approaches that stratified the landscape by integrating several terrestrial features to display multi-resource attributes of the landscape (Wertz 1972 and USDA Forest Service 1976).  

Table 1.  National Hierarchical Framework of Ecological Units

	Analysis Scale

Ecological Unit
	Map Unit Criteria
	Map Scale
	General Use

	Ecoregions:

       Domain



       Division



       Province


	· Broad climatic zones



· Regional climatic types

· Potential Natural Vegetation (PNV) formations

· Soil Orders



· PNV formations or series

· Mountains with complex vertical zonation
	1,000,000’s to 10,000’s of square miles
	National and international planning, modeling, and assessments

	Subregions:

       Section



       Subsection
	· Geomorphology, stratigraphy, surficial geology, lithology

· Climatic data

· Soil Orders, Suborders, and Great Groups

· PNV series
	1,000’s to 10’s of square miles
	Regional planning including multi-forest, statewide, and multi-agency analysis and assessments

	Landscape:

       Landtype Association


	· Geomorphic processes, geologic formation, surficial geology.

· Local climate

· Soil Subgroups, Families or Series

· PNV series, Sub-Series, or Plant Associations
	1,000’s to 100’s of acres
	Forest or area-wide planning and watershed analysis

	Land Unit:

       Landtype



       Landtype Phase
	· Landform and slope position

· Elevation, aspect, and slope

· Soil Subgroups, Families, or Series

· PNV Plant Associations or Phases
	100’s to less than 10 acres
	Project and management area planning and analysis


Level IV Ecoregions (analogous to subsections) of the Blue Mountains were previously delineated and described by Clarke and Bryce (1997) in Hierarchical Subdivisions of the Columbia Plateau and Blue Mountains Ecoregions, Oregon and Washington.  This work stratified seven contiguous basins in the Blue Mountains using broad groups of geology, landform, and potential natural vegetation.  Level IV Ecoregions provide a framework for use at regional and national scales and a basis for further stratification at lower levels in the hierarchical framework.    

This product, Landtype Associations of the Blue Mountains Ecoregion was constructed within the hierarchical framework using the landscape scale to serve Forest-level analysis, such as, for Forest Plans, watershed or landscape analysis, monitoring programs, and initial project planning.   Comparing landscape scale and ecoregion scale in Table 1, there are similarities in map unit criteria but differences in the scale and intensity in mapping landscape features.  Differences are driven by the requirement for a different level of use.  

To develop a sense of what interpretations would be of most use from Landtype Associations for the Blue Mountain National Forests, an interdisciplinary team of forest planners, ecologists, soil scientists, silviculturists, wildlife biologists, hydrologists, and fisheries biologists were consulted and assisted in directing elements of the survey.  One of the highest priorities was to provide a product that could be used for Forest Plan revision.  Many of the expected planning issues relate to wildlife habitat, soil productivity, suitability for timber and range management, hydrologic and soil properties and their response to management activities and natural disturbance.   

Another objective for the Landtype Associations of the Blue Mountain Ecoregion was to allow for logical grouping or aggregation upward in the hierarchical framework to the Subsection Level and to provide a basis for further division to the Land Unit level for continuity within the Terrestrial Ecological Unit hierarchical framework. 

Landtype Association Survey Design 

This section discusses the elements involved in designing Landscape Associations of the Blue Mountains.  These elements include:  1) identification of survey objectives or, “what are the questions the survey needs to address”, 2) definition of mapping criteria that that address survey objective questions, and 3) identification of mappable features or mapping differentia that provide focus for consistent delineation of map units. 

Survey objectives were defined by the Forest Plan revision needs and other landscape analysis needs identified by an interdisciplinary team as discussed in the previous section.   

Guided by discussions and ecological unit concepts in Clarke and Bryce (1997) and others before them (Swanson 1979, Bailey 1996, Wertz 1972),  mapping criteria were selected based upon their capability to identify geomorphic and biological processes affecting today’s landscapes.  Important processes were those directly or indirectly linked to hydrologic regime, sedimentation regime including mass wasting and soil erosion, soil regolith properties and distribution, productivity influencing plant growth and habitat characteristics, and stream channel processes important to aquatic habitat.  Thus, all of the map criteria listed for landscape scale in Table 1 were deemed important to identify.  Local, regional, or national classification systems were used whenever possible to provide consistency in identification of mapping criteria elements.   Grouping of these elements was done based upon the limits of map scale and similarities of processes defined by each classification systems.  

Geomorphic Expression or Landform

Geomorphic expression or landform is an excellent identifier of ecological units because it is the topographic expression of the sum of geomorphic processes as they are influenced by climate, time, geology, and other landscape factors.  Although historic processes may or may not be present today, landform genesis have shaped the topography, soil regolith, and stream patterns that continue to influence present day processes.  

Geomorphic processes of interest to landscape-scale analysis are sedimentation and hydrologic processes, specifically, mass wasting, surface erosion, runoff, channel processes, and subsurface water movement and storage.  All of these processes shape landform expression and can be interpreted in the context of rate and frequency, and time, i.e., relic, dormant, or active.  Slope gradient, density and character of dissection, and slope shape are all individually important to geomorphic process and can be described uniquely for each landform.  Only when the array of these landscape elements are integrated into a landform expression does one recognize the power of using landform as key mapping criteria for interpreting ecological processes.  For example, slope gradients greater than 60% are commonly recognized for high erosion hazard but may or may not have a high mass wasting hazard or high sedimentation hazard.  Slopes with greater than 60% and a concave slope shape have a much higher mass-wasting hazard than those with convex shapes.  Sediment delivery potential of these two landforms varies depending on density of stream channels in the landform and complexity of slope shape.  Less complex slopes  and greater extent of concave shape has higher delivery efficiency than more complex slopes with greater extent of convex shape with variation in slope steepness. 

Relationships between landform and channel geomorphic process have also been observed (Strahler 1964).  More recently, stream classification systems have been developed using channel geomorphology to interpret channel processes important to aquatic habitat (Rosgen 1994, Montgomery and Buffington 1993).  

Geomorphic expression tends to be readily mapped, because of their repeatable characteristics given similar settings , creating landscape patterns and features easily identified on topographic maps and/or aerial photographs.  This consistency can increase the level of confidence in the mapping and allows for extrapolation from one area to another with similar expression.  Landform expression is influenced by geology and comparisons can be made using a landform element on different geologic types.  Interpretation of resistance to erosion or slope stability can be made for different geologic types using geomorphic expression.  An understanding of landform genesis along with climate provides and insight into soil distribution and occurrence.  Synthesis of topographic and geomorphic features with soil distribution can increase capability in predicting variations of runoff dynamics, flow duration and amount, subsurface flow and storage, relative turbidity, sediment delivery efficiency, channel morphology, mass wasting, and surface erosion across the landscape. 

Landforms were categorized for Landtype Associations based upon ability to recognize features consistently at a map scale of 1:100,000 and for important active processes associated with them that are unique when compared to processes associated with other landforms.  A Geomorphic Classification System by (Haskins and others 1996) was used to guide landform classification and nomenclature and to provide structure to examining geomorphic processes.  In the end, some of nomenclature was modified to meet the needs of the mapping scale and for interpretative uses.   

Geology

Geologic characteristics were identified as important mapping criteria because they influence rates of geomorphic processes over the course of landform development.  As described previously, geology as a mapping criterion serves to further refine the interpretative value of the first mapping criteria, geomorphic process.  Geology has a strong controlling influence on landform development, soil formation, and hydrologic response (Bailey 1996).  Some diagnostic site features influenced by geology are drainage patterns, soil regolith properties, topography, and channel substrates.  Weathering resistance, stability, bedrock exposure, stratigraphy, and other characteristics of different geology formations either directly or indirectly influence the rate of a geomorphic process; such as mass wasting, subsurface water recharge and storage, or surface runoff.  

Geologic formations, both bedrock and surficial deposits, are map features useful as an LTA mapping criterion.  Formations were grouped based upon similarities in their influence on rate of geomorphic processes and on soil regolith properties.  

Potential Natural Vegetation (PNV)

Vegetation expression is an indicator of today’s climate and to some degree disturbance regime.  The choice to use potential natural vegetation over current vegetation is that current vegetation is ever changing, responding to both natural and management related disturbance and does not serve as a good baseline.   

Potential Natural Vegetation (PNV) is based upon a plant association classification system established by the hypothesis that communities have identifiable successional sequences and that certain communities of plants are indicative of that specific and unique successional sequence.  A community or plant association is named for a unique suite of plants.  Plant associations are strongly dependent on climate, and other landscape factors such as soil properties that further influence climatic effects on vegetation..  Thus, potential natural vegetation becomes a reliable indicator of different climatic regimes and soil properties across the landscape.  Using PNV as a mapping criterion allows for interpretation for vegetation dynamics spatially and over time which is useful in wildlife habitat interpretation, in timber management, and in predictions of vegetation response to disturbance. 

Plant Associations used to classify PNV were defined in Plant Associations of the Blue and Ochoco Mountains (Johnson, C. and Clausnitzer, R. 1992).  Plant Associations were grouped for use at the Landtype Association scale based upon common soil climatic themes such as limit or not limiting soil moisture and soil temperature regimes.  These groups are called Vegetation Zones. 

Soils 

Soils were not identified as a mapping criterion but are an important map unit component.  Numerous management interpretations in this survey are based upon soils characteristics, e.g., regolith texture and depth, soil climate, and parent material.  Representative soil series for each LTA were identified using existing and draft soil survey information where available.  Some series were extrapolated to other areas without soil survey information using association with certain landform, vegetation, and parent material.  Where extrapolation could not be done reliably, soil series are noted as “undetermined”.  Sources used were the Terrestrial Ecological Unit Inventory (USDA Forest Service in progress), Baker County Soil Survey (USDA Natural Resource Conservation Service 1997, the Soil Resource Inventory – Malheur National Forest (USDA Forest Service 1974), and the Soil Resource Inventory – Ochoco National Forest (USDA Forest Service 1977).  
Soil series, listed with each LTA map unit, were chosen to represent major kinds of soil and soil properties.  Other soils of lesser extent or soils with similar characteristics may occur but were combined under a representative soil series.  For more detailed soils information, users should consult their local soil survey.  Some series taken from the “in progress” Terrestrial Ecological Unit Inventory are tentative or provisional and may change as inventory is completed.  For continuity, all representative soils are listed with their taxonomic name classified to the family level.  The taxonomic name is useful as it often indicates temperature and moisture regime, unique surface layers, and regolith textures. 
Silt-size volcanic ash deposited across the landscape from the eruption of Mount Mazama about 7,700 years ago strongly influence biological and physical properties of soils in the Blue Mountain Ecoregion.  Initial ash mantle deposition was likely not uniform and was redistributed and mixed with other materials by wind and water.  The distribution, depth, and purity of ash in soil surface layers provide insight to past and present ecological processes.  Dunes of ash and loess occur on plateaus exposed to strong winds; the size and orientation often represent the landform’s exposure to dominant wind direction.  Thick deposits are found on gently sloping, leeward positions, north and east aspect backslopes and footslopes, in basins, and on remnant alluvial terraces; all indicating areas of deposition of ash from redistributed by erosion.  Often these areas also have relatively pure ash indicating a stable erosional environment.  Mixed ash occurs on colluvial foot slopes, climatic zones with more frequent fire and areas that receive significant loess deposition.  These areas indicate a less stable, more erosional environment either from slope steepness, less vegetation cover, or episodes of vegetation removal.  Minor amounts of ash remain on steep mountain slopes, areas with frequent fire and wind-swept benches indicating an active erosional environment.  Soil materials in flood plains and low terraces on valley floors are devoid of ash, having been washed away in swift runoff.  This is in contrast with perched stream terraces above the current stream base level that may have thick deposits of relatively unweathered ash representing a catastrophic erosional event soon after the eruption.  These predictable patterns of ash serve as an index to past landscape stability and disturbance regimes and they directly influence today’s processes.  
Ash mantle depth and purity affects vegetation type, productivity, and erosion and runoff processes.  Weathered volcanic ash tends to hold additional soil moisture for plant growth and increases capacity for infiltration during precipitation events than other soil materials.  Soil chemical properties differ from other wind blown and residual parent materials.  It is easily eroded by wind when dry due to its particle size.  The depth of ash mantles range from 7-20 inches.  Purity has been grouped into four classes:  1) undisturbed “relatively pure” ash, 2) ash redistributed and mixed with other colluvial or eolian materials, 3) soil materials with only a minor influence of ash and 4) materials devoid of volcanic ash.  Potential Natural Vegetation is strongly influenced by the presence and quality of ash mantle.  
 Identification of Mapping Differentia

The final step in survey design is to identify the array of mappable features within each mapping criteria and to construct a mapping legend to direct the mapping process.  These features are called mapping differentia.  Table 2 displays the final mapping differentia used to delineate the landscape into Landtype Associations.  There were several steps before final mapping differentia were confirmed.  These steps are discussed in detail in the next section.  Table 2 lists all possible map unit components available for integration to create a Landtype Association.  As will be illustrated later in Table 5, Landtype Associations Identification Legend for Blue Mountains Ecoregion, not all possible combinations occur within the survey area.

Table 2.  Landtype Association Integration Legend - mapping differentia used to develop Landtype Associations

	Vegetation Zones (PNV)
	Geology Groups
	Landforms

	1
	Moist Forest (Grand Fir & Subalpine Fir)
	1
	Basic Igneous Rocks
	1
	Glacial Trough Floors

	2
	Dry Forest (Ponderosa Pine, Douglas Fir, & dry Grand Fir)
	2
	Clay Producing Materials
	2
	Glacial Trough Walls, Cirques & Alpine Ridges

	3
	Dry Non-Forest
	3
	Surficial: 

Glacial, Alluvial, Colluvial.
	3
	Alluvial Valley Floors

	4
	Moist Non-Forest
	4
	Lacustrine Interlays
	4
	Landslides

	5
	Rock, Non-Vegetated
	5
	Acid Igneous Rocks
	5
	Basins

	6
	Water
	6
	Exotic Terrane Rocks
	6
	  Mountainslopes, gentle

	7
	Dry Forest Riparian
	7
	Sedimentary Rocks
	7
	Mountainslopes, steep

	8 
	Parkland
	
	
	8
	Canyons


Mapping Procedures 

Separate map layers for Vegetation Zones, Geology Groups, and Landforms were constructed using a draft list of mapping differentia.  Existing data coverages in digital format were used to construct layers when available.  Development methods of each map coverage are discussed in detail in the sections to follow.  

The three map layers were then integrated using ARCGIS to form an initial Landtype Association (LTA)  map.  The resulting integrated map had 764 map units, many with only one or two polygons  These original map units, referred to as LTA phases, were combined to develop groups of differentia for Landtype Associations.  Broad similarity in ecological processes was the basis for grouping these LTA phases (Ottersberg 2002).  A revised Landtype Associations integration legend and map were produced using these groupings and ARCGIS was used to make the combinations digitally to create the new map.  The new combinations resulted in a map legend of 103 map units.  

In 2006, the LTA map and legend underwent an addition review and revision.  In preparation for development of management interpretations, mapping accuracy and consistency were checked against aerial photo interpretation and the map legend was reviewed for further need of combining small acreage delineations.  Several map units were found to be too small in acreage or small in number and their combining with another map unit made little difference in interpretation of ecological processes at the LTA scale.  Two map units with small acreage and small number of delineations were retained because of important features delineating riparian and slope stability processes.  The aerial photographic review for mapping accuracy revealed errors in the primary vegetation map layer especially in identification of rock versus meadow or shrubfield.  When discovered, these delineations were relabeled according to the aerial photograph interpretation.  The landform layer had been generated by interpolating slope steepness and configuration from DEM generated contours.  Some steep slopes adjacent or above glacial trough walls were mapped using a lower elevation LTA with similar slope steepness.  Areas of extensive glaciated landscapes were reviewed in the GIS environment and re-delineated using heads-up digitizing.  This correction was necessary to capture the interpretative differences of subalpine environments from canyon environments.  It should be anticipated that not all of these errors where found and corrected, but many of the more consistent and most obvious errors in the vegetation and landform layer where corrected during correlation.  

Approximately 270,000 additional acres in the Dooley Mountain and Snow Mountain areas were mapped independent of the integration process described above by using heads-up digitizing.  Existing digital maps were overlain in the GIS environment to develop the LTA layer for these areas.  Sources used were USFS digital orthophotographic quadrangles (DOQ), USDA Soil Resource Inventories, Baker County Soil Survey, and Oregon State geology map (Walker and McLeod 1991) that were available in digital format.  An attempt was made to use the existing vegetation layer to infer Vegetation Zone but it was found to be less reliable than aerial photo interpretation. 

A final map legend and map was then produced and after combining units and re-delineating others, 79 map units remain on the final map legend.

Below is a detailed discussion of methods and procedures used to generate each separate map for the three mapping criteria.  The next section discusses the integration of these maps and correlation procedure to produce the final LTA map.

Landform

Geomorphic expression or landforms were identified and incorporated in the mapping legend as consistent as possible with A Geomorphic Classification System (Haskins and others 1996).  Landforms were delineated using a combination of GIS slope modeling and heads-up digitizing landforms in the GIS environment using a digital elevation model (DEM) at 80-foot contour interval.  Slope gradient associated with a specific geomorphic process was used to initially identify landforms.  Slope shape and drainage patterns were used to further stratify these slope gradients into landforms with unique geomorphic expression.  These are identified as LTA phase in Table 3 below.  LTA phase landforms were aggregated to form Landtype Association landforms (column two in Table 3).  

Table 3.  Landform Groups – Landtype Association and Landtype Association Phase Names and Codes

	LTA Code
	LTA Landform Name

(Draft Landform/

Process Name)
	LTA phase Code
	LTA phase Landform/Process Name

	1
	Trough Floors 
	FG
	Moraines, gentle

	
	(Glacial Fill)
	FS
	Moraines, steep

	2
	Trough Walls, Cirques, & Alpine Ridges
	SS
	Scoured walls, steep

	
	(Glacial Scour)
	SG
	Scoured basins, gentle

	
	
	SU
	Scoured landforms, undifferentiated

	3
	Alluvial Valley Floors
	A
	Alluvial, undifferentiated

	
	(Alluvial)
	FPT
	Flood Plains, Terraces

	
	
	TV
	Tertiary Alluvial Valleys

	
	
	V
	Alluvial Valley Fill

	4
	Landslides
	LS
	Landslide, Current

	
	
	M
	Mass Failure, Potential

	5
	Basins, Fans, & Terraces
	B
	Basins, gentle

	
	
	BS
	Basins, moderately steep

	
	
	CA
	Colluvial/Alluvial (co-alluvial) Fans and Terraces

	6
	Mountain slopes, gentle
	HG
	Mountain slopes, gentle

	
	
	P
	Plateaus  

	7
	Mountain slopes, steep
	HS
	Mountain slopes, steep

	
	
	HS-A
	Mountain slopes, steep-alpine

	
	
	S
	Scarps and Structural Breaks

	8
	Canyons
	C
	Canyon

	
	
	CH
	Convergent Headwall

	
	
	IG
	Inner Gorge

	
	
	SB
	Scarps and Structural Breaks, Very Steep


Geologic Groups

Three digital sources for geology were used to identify geologic groups.  The Level V Ecoregion map produced for the Blue Mountains (Clarke and Bryce 1997) was used for the majority of the area.  This resource does not cover portions of the Wallowa-Whitman National Forest and Malheur National Forest.  A composite map of the Southern Blue Mountains (Applied Geologic Studies 1999) covered most of the remaining area.  The Terrestrial Ecological Unit Inventory (USDA in progress) was used for the parts of Baker, Unity, and Pine Ranger Districts not covered by either of the other two maps.  A small area east of the Snake River in Idaho was not covered by any of these resources and a level IV Ecoregion map was used to identify geologic boundaries in this area.  The most useful resource for geology is the 1:100,000-scale Geology of Oregon map (Walker and MacLeod 1991).  It was not used for the majority of the map because the digital version had scale and projection errors at the time of production in 2001.  This source was used during the 2006 completion of mapping in the Dooley Mountain Area on the Unity District as projection errors had been corrected.  

Geologic formations were grouped according to similar bedrock features such as rock type, mineralogy, resistance to weathering; and influence on known topographic, hydrologic, and soil features.  These groupings are consistent with Clarke and Bryce (1997) and the previous Soil Resource Inventories for the National Forests.

Initial geologic groups developed for LTA phases were aggregated for LTAs.   Further aggregation was based upon gross similarities that influence ecological processes or response similarly to disturbance.  Some LTA phase geologic groups, that were of somewhat dissimilar properties but were of too small of extent to support in the LTA map legend, were combined.  These groups were combined with the LTA group with the most similar properties. Table 4 below, lists the LTA phase geologic groups aggregated to LTA geologic groups and their respective map code.

Table 4.  Geology Groups – Landtype Association and Landtype Association Phase Names and Codes

	LTA Code
	LTA Geology Group Name
	LTA Phase Code
	LTA Phase Geology Group Name

	1
	Basic Igneous Rocks
	AB
	Andesitic Basalt

	
	
	AN
	Andesite

	
	
	ANB
	Mixed Andesites and Basalts

	
	
	B
	Basalt undifferentiated

	
	
	BA
	Basalt and Andesite

	
	
	CB
	Columbia River Basalts

	
	
	I
	Imnaha Basalts

	
	
	PG
	Picture Gorge basalts

	
	
	UM
	Other mafic rocks
 associated with basalts


	2
	Clay Producing Materials
	CTO
	Clay producing tuffs

	
	
	LU
	Lakebed clays

	3
	Surfacial: Glacial-undifferentiated
	GL
	Glacial deposits

	
	Alluvial/Coalluvial - undifferentiated
	GL-CBLAL
	Glacial outwash

	
	
	 LOB
	Loess on Basalt

	
	
	O
	Old alluvium

	
	
	U
	Undifferentiated alluvium

	
	
	Y
	Young alluvium


Table 4 (cont).  Geology Groups – Landtype Association and Landtype Association Phase Names and Codes

	LTA Code
	LTA Geology Group Name
	LTA Phase Code
	LTA Phase Geology Group Name

	4
	Lacustrine Interlays
	CBL
	Basalt over lakebed sediments

	5
	Acid Igneous Rocks
	G
	Granite

	
	
	MM
	Metamorphic (gneiss/schist)

	
	
	RT
	Hard Welded Rhyolitic Tuffs

	
	
	T
	Rhyolitic Tuffs of John Day Formation

	6
	Exotic Terrane Rocks
	LT
	Limestone

	
	
	MS
	Metasediments

	
	
	MV
	Metavolcanics

	
	
	MV-MS
	Metavolcanics and metasediments

	
	
	MV-MS-G
	Metavolcanics, metasediments, granite

	
	
	MV-S
	Metavolcanics with serpentine

	7
	Sedimentary Rocks
	SS
	Sedimentary Sandstones


Vegetation Zones (PNV)

Vegetation Zones (PNV) are based upon the potential natural vegetation series of Plant Association Groups (PAG).  PAG Maps were not available at the time of development and were constructed using existing vegetation data sources, including stand exams, to produce Plant Association Groups.  Many PAG polygons were too small for Landtype Association scale and complexes or groups of PAGS were established where a repeating pattern was observed during delineations.  PAG groups were named by the dominant one or two PAGs in the map unit; first named PAG is of greater proportionate extent in the map unit than the second named PAG.  PAG groups were further aggregated into Vegetation Zones after the first integration exercise.  The use of PAG groups created a map more the scale for Landtype than Landtype Association.  Table 5 below, lists the PAG groups and the Vegetation Zones they were further grouped into for the final Landtype Association map.  

During correlation and technical review, a new Vegetation Zone called Parkland was added to capture high elevation very cold forest and non-forest in an alpine or subalpine setting.  This Vegetation Zone identifies areas were growth rates are severely influenced by temperature and wind.  Some of these areas are within the CF-CNF PAG, which is grouped into the Moist Forest Vegetation Zone, but not all.  A new PAG was created, VCNF-NF, which identifies those areas where recovery from disturbance is severely affected by climate from those areas where recovery from disturbance is only moderately affected by climate. 

Table 5.  Vegetation Zones (PNV):  Landtype Association Codes and Landtype Association Phase Code and Plant Association Groups (PAGs) Map Units  

	LTA Code
	Vegetation Zone
	LTA Phase Code
	LTA Phase - PAG Map Units

	1
	Moist Forest
	CF
	Cold Forest

	
	
	CF-CNF
	Cold Forest-Cold NonForest

	
	
	CF-DF
	Cold Forest-Dry Forest

	
	
	CF-DG
	Cold Forest-Dry Grass

	
	
	CF-MF
	Cold Forest-Dry Shrub

	
	
	CF-MNF
	Cold Forest Moist NonForest

	
	
	CF-MS
	Cold Forest-Moist Shrub

	
	
	CF-RH
	Cold Forest-Riparian Herbaceous

	
	
	CF-RI
	Cold Forest-Riparian

	
	
	CF-RO
	Cold Forest-Rock Outcrop

	
	
	MF
	Moist Forest

	
	
	MF-CF
	Moist Forest-Cold Forest

	
	
	MF-DF
	Moist Forest-Dry Forest

	
	
	MF-DG
	Moist Forest-Dry Grass

	
	
	MF-DS
	Moist Forest-Dry Shrub

	
	
	MF-MNF
	Moist Forest-Moist Non-Forest

	2
	Dry Forest
	DF
	Dry Forest

	
	
	DF-CF
	Dry Forest-Cold Forest

	
	
	DF-DG
	Dry Forest-Dry Grass

	
	
	DF-DS
	Dry Forest-Dry Shrub

	
	
	DF-DW
	Dry Forest-Dry Woodland

	
	
	DF-MF
	Dry Forest-Moist Forest

	
	
	DF-MNF
	Dry Forest-Moist NonForest

	
	
	DF-NF
	Dry Forest-NonForest

	
	
	DF-RO
	Dry Forest-Rock Outcrop

	3
	Dry Non-Forest
	DG
	Dry Grass

	
	
	DG-DS
	Dry Grass-Dry Shrub

	
	
	DG-DW
	Dry Grass-Dry Woodland

	
	
	DG-MF
	Dry Grass-Moist Forest

	
	
	DG-OT
	Dry Grass-Other

	
	
	DG-MNF
	Dry Grass-Moist Non-Forest

	
	
	DG-MS
	Dry Grass-Moist Shrub

	
	
	DG-RI
	Dry Grass-Riparian

	
	
	DG-RO
	Dry Grass-Rock Outcrop

	
	
	DG-RS
	Dry Grass-Riparian Shrub

	
	
	Dry Grass-W
	Dry Grass-Water

	
	
	DS
	Dry Shrub

	
	
	DS-DG
	Dry Shrub-Dry Grass

	
	
	DS-DW
	Dry Shrub-Dry Woodland

	
	
	DS-MS
	Dry Shrub-Moist Shrub

	
	
	DW
	Dry Woodland

	
	
	DW-DG
	Dry Woodland-Dry Grass

	
	
	DW-DS
	Dry Woodland-Dry Shrub

	4
	Moist NonForest
	MNF
	Moist NonForest

	
	
	MNF-CNF
	Moist NonForest-Cold NonForest

	
	
	MNF-DF
	Moist Non-Forest-Dry Forest

	
	
	MNF-DG
	Moist Non-Forest-Dry Grass

	
	
	MNF-MF
	Moist NonForest-Moist Forest

	
	
	MS
	Moist Shrub

	
	
	RS
	Riparian Shrub

	5
	Rock, NonVegetation
	NF
	NonForest

	
	
	RO
	Rock Outcrop

	6
	Water
	W
	Water

	7
	Dry Forest Riparian
	DF-RH
	Dry Forest-Riparian Herbaceous

	
	
	DF-RI
	Dry Forest-Riparian

	
	
	DF-RS
	Dry Forest-Riparian Shrub

	8
	Parkland
	VCNF-NF
	Very Cold Forest-NonForest 




Integration and Correlation Procedure

As the Landtype Association phase mapping differentia was combined to form the final list of mapping differentia, a final LTA Integration Legend was developed (Table 2).  The LTA phase maps were combined using ARGIS and the resultant new delineations were relabeled.  As with Landtype Association phase mapping differentia, the codes selected were intended to be somewhat connotative and unique.  This coding system is a modified approach described by Arnold and Ryder (1993 and 1994, respectively).  

The map unit symbols for LTAs were designed to be representative of the mapping criteria.  They consist of three (3) numeric digits.  The first digit represents the potential natural vegetation group, Vegetation Zone.   The second digit represents the Geology Group.  The third digit represents the Landform Group.   

Figure 1.  LTA Map Unit Symbols and Coding System


[image: image2]
The initial computer-assisted integration of the individual map layers produce a draft map called Landtype Association Phase.  The map unit size was more comparable to a Landtype level scale.  The average size of map unit was 211 acres and the integration produced 674 map units, many with only one or two occurrences.  Further combinations were made that resulted in the final draft Landtype Association Map.  Tables 3, 4, and 5 on the previous pages document the map units for the individual map layer coverages and how these map units were combined to produce the Landtype Association Map.  Decisions to combine were made on the basis of similar ecological processes useful to forest planning level analysis.  The new combinations resulted in a legend with only 103 map units. 

In 2006, a technical review and correlation resulted in further combining map units using the following guidelines:

· Map units were combined with a similar map unit when there were fewer than five delineations or less than 1500 acres and little interpretative difference with another map unit.

· Map unit delineations with less than three delineations and less than 100 acres in size were combined with adjacent map units. 

· Map units with two or more delineations and more than 1000 acres with unique features important to forest level planning analysis were not combined, e.g., map units with riparian components, map units with unstable landscapes, map units with very slow growth rates due to climate  
During the 2006 technical review and correlation, a review to check for consistency of mapped features within map units was conducted.  The draft LTA map was overlain on aerial photography and topographic contour maps using ARCGIS.  For several map units, it was observed that errors in feature labels had been transferred from most likely errors that existed in the base GIS data used to create the initial individual map coverages.  These errors were most likely due to the method of map creation using multiple data sources in lieu of photo interpretation.  When errors were discovered during the review, every delineation of that map unit where base data errors were suspect were examined and corrected, if necessary.  Also, the new Vegetation Zone, Parkland, was delineated directly into the final Landtype Association Map using heads-up digitizing and aerial photograph interpretation.  Thus, there is no corresponding Parkland PAG group delineated in the draft LTA phase map coverage for this Vegetation Zone.  PAG group identified as CNF (Cold Non-Forest) is considered to be very similar. 

Table 6 – Landtype Association Identification Legend in Part III contains a listing all identified map units, their map labels or symbols, and a brief description of map unit components for the final map product. After final correlation, 79 map units are identified on the LTA Legend.  

Using the Product 

The correlation process resulted in a number of mapping edits to produce the final map of Landtype Associations.  Because the final map is a composite of existing base information layers, it is only as accurate as the base layers.  During final correlation, it was discovered that some of the vegetation interpretation from the vegetation layer was in error.  Where these areas were noticed during the process of correlation, they were corrected, but it is likely there are more errors in the map.  Some errors are to be expected due to the complexity of the project and condensed time constraints that required construction of the LTA map using existing base data with inherent errors and using GIS integration without adequate time allowed for visual or field validation of the map.  That being said, the accuracy of the map is within acceptable accuracy limits as long as the map is used at the scale intended.  

The best scale for map display is 1:100,000 but a range from 1:60,000 to 1:125,000 is acceptable.  Map presentation scales less than 1:60,000 do not imply increases in accuracy or detail of mapping.  The maps have utility for landscape planning or assisting other resource inventory projects.  Unless properly interpreted and applied, LTA maps and interpretation tables will have less value for project level investigations and could be misleading.  However, interpreted with the understanding of survey design, maps and interpretation tables can provide interpretative overviews for project studies.  These overviews may be adequate for some simple project designs and certainly in companion with more detailed map products, such as the Terrestrial Ecological Unit Inventory.

Once the user is familiar with development methods of the product, they likely will concentrate use in Part III containing the Landtype Association Identification Legend and Part IV containing management application interpretations.  Part II Landtype Association Map Unit Components will be a useful reference for more detailed descriptions of the mapping differentia. 

Part IV Landtype Association Management Applications should be used with the following understanding.  Management applications include descriptions of physical properties of major site features, classifications, interpretations for major ecological processes, and natural disturbance regimes for each LTA.  Descriptions are intended to reflect broad concepts as they affect ecological processes and are intentionally displayed as ranges not absolutes.  Classifications are listed at the lowest hierarchical level possible and reflect concepts not absolutes.  Classifications have been obtained either from overlaying specific data sources and constructing a list of the dominant classes or by empirical extrapolation.  Interpretations are given as potential, hazard or limitations.  An in-depth treatment of channel processes increases the utility of this product for watershed analysis.  Detailed descriptions of each element in the table are provided in the section.  The importance for understanding how the interpretation or description was obtained and how to interpret a rating of low, moderate or high prior to using these resources cannot be stressed enough.

PART II: 

Landtype Association Map Unit Components 

Landform Group Descriptions

1

Trough Floor  

This landform occurs on till mantled slopes and valley floors of glacially eroded U-shaped valleys.  Lower sideslopes are commonly concave and valley floors are gently sloping with irregular breaks where glacial scoured bedrock outcrops or glacial deposits occur.  Slope gradients range from 10-50%.  Alluvial fans, glacial moraines, and flood deposits are common in the landform.  The landform is bisected by a larger order perennial stream channel usually with Rosgen B, C and E geomorphic types.  Troughwalls meet the valley floor with high energy tributary channels that form fans in this landform.  These streams often deliver high amounts of sediment to the mainstem stream causing channel migration at their confluence.  Seeps are common along lower slopes.  Soils have variable depth with high stone and boulder component.

2

Trough Walls, Cirques & Alpine Ridges  

This landform occurs on extremely steep, rocky, irregular slopes and ridges with numerous cliffs and ledges and is on sideslopes and headwalls of U-shaped glacial valleys and smaller cirque basins.  Sideslopes were scoured and over-steepened by glacial erosion forming defined ridgelines.  Lower to midslope positions may have intermittent and perched glacial till deposits usually recognizable by a change from concave to convex slope shape and typically on one side of the valley and not on the other.  Slope gradients range from 10 – 90 %.  Cirque basins regulate stream temperature and flow throughout the season whereas steeper valley walls have high energy streams with rapid runoff.  Bouldery talus accumulates below ledges and along the lower margin of this landform.  Avalanche and debris chutes are common.  Steep slopes have shallow residual soils.  Slopes are moderately dissected by poorly defined, high gradient, low order, streams in a parallel drainage pattern.  


3
Alluvial Valley Floor 

This landform occurs on remnant old terraces from previous valley floor levels, recent stream terraces, fans, and floodplains in broad valley floors and occasionally over a short distance within narrow canyons.  Fluvial and a combination of colluvial/alluvial process are the primary land forming process.  Slope gradients range from 0 to 15% and are dissected by low gradient, perennial streams commonly Rosgen B or C or locally, D geomorphic types.  Substrate is usually comprised of stratified sand to cobble size material but very large boulders are not uncommon.  Ponds, marshes and overflow channels may occur.  Flood plains and low terraces on valley floors are subject to frequent flooding.  Subsurface and in-stream flow may be in continuity.  Included within this landform are alluvial fans and colluvial deposits located along the valley sides.  This landform was mapped only in the less confined valleys. 

4
Landslides 


This landform occurs on deep, large-scale landslide deposits.  The landslide may be ancient and dormant or active and is formed in semi-consolidated or unconsolidated material.  It consists of a series of benches intermixed with hummocky irregular mounds and depressions.  Slope movement is commonly triggered by earthquakes, prolong periods of saturation, changes in toe slope ballast, accelerated weathering processes and/or flooding associated with glacial recession.  Slope gradients range from 0-60%.  Channels are low gradient and poorly defined and are weakly to moderately incised.  They have a deranged to weakly dendritic pattern.  Subsurface and surface drainage diverts water to depressions creating wet areas and seeps. Streams along landslide margins can destabilize the mass, locally reactivating a portion of a landslide mass.  Some relict landslides are relatively stable and it is only along stream margins were they may be unstable. 

5
Basins, Terraces, and Fans 

This landform group includes several classes of landforms that formed by similar processes and have unique influences on watershed processes when compared to other LTA landforms.  Basins have slopes that are generally concave in shape and range in slope gradient from 15- 50%.  The landform shape naturally collects colluvium and runoff.  Colluvial channels may store sediment over time and then release sediment in one large storm runoff event.  Typically, runoff is regulated through a network of convergent small colluvial filled channels and swales or through infiltration into the regolith and slow release from bedrock layers.  In gently sloping, basin headwater positions, stringers of wetlands are common.  Springs may occur along breaks in slope on steeper slopes.  Terraces are usually elevated above the valley floor perched along toeslopes of steeper landforms and are remnant from a previous valley floor level.  The regolith is stratified and intercepts and releases runoff slowly along finer texture layers.  If terraces are connected to the valley floor, they can be important in regulating groundwater to the stream channel flowing through the valley floor.  Fans are usually relic landforms, formed from erosion of upper stream channels during extreme runoff events onto less vegetated areas and accumulating into a mass deposit of material where the slope gradient flattens.  These events usually cause tributary and mainstem stream channel migration.  This process is current today but less so and is usually initiated by vegetation removal from wildfire followed by a long duration or high intensity convective storm or rapid snowmelt.  Regolith is stratified which contributes to interception, retention, and slow groundwater release. 

6

Mountain Slopes, Gentle 
This landform includes summits and gentle undulating slopes of uplifted plateaus and backslopes.  Slope gradients range from 0-30%.  Productivity is directly related to soil depth.  Soils are shallow on summits and somewhat deeper on backslopes.  Deposition and erosion of wind blown parent material play a large role in determining soil characteristics.  Mound/intermound geomorphology is common on summits and some backslopes.  Erosional processes are mostly due to raindrop splash and dispersed overland flow.  Drainage patterns are diffuse to dendritic, often exhibited as undefined swales on gentler gradients and form low order colluvial channels on steeper gradients.

7
Mountain Slopes, Steep   

This landform was formed by uplift and subsequent stream erosion and occurs below mountain summits and backslopes.  It is the most common landform and occurs on all geologic types.  Slope gradients range from 30-60%.  Drainage patterns are related to geologic type and are usually moderate in density and moderate in incision.

8 Canyons   

This landform was formed by tectonic uplift and subsequent stream erosion generally along faultlines or other bedrock features that has caused differential erosion.  The landform consists of high relief slopes with long steep colluvial slopes between bedrock outcrops or ledges.  Steep bedrock controlled slopes form confined stream valleys where stream action at the base of the slope causes periodic instability with accelerated colluvial movement.  Slope gradients range from 60-90 % or steeper on some bedrock types.  Significant hydrologic events may scour colluvial and bedrock channels on sideslopes causing shallow rapid landslides forming fans at the base.  Steep slope gradients have a high rate of colluvial downslope action leaving soils on upper and mid slope positions relatively shallow and soils along the footslope relatively deep.  This dynamic equilibrium is easily altered by natural disturbances or by forest management.  

Geology Group Descriptions

1
Basic Igneous Rocks
This group includes basalt, andesitic basalts, andesite and other mafic rocks.  The dominant bedrock is from Columbia River Basalt, Imnaha Basalt, and Picture Gorge Basalts of the Miocene Epoch.  Lava flows accumulating overtime have a cumulative depth of over 2000 feet thick in some areas.  This rock unit is structurally segmented by intermittent columnar jointing, fault fractures, and may have interbeds of weakly cemented sedimentary or pyroclastic deposits and relic soils formed between flow episodes.  This segmentation provides for transfer to and storage to water bearing permeable layers within the strata.  Bedrock is relatively resistant to weathering and forms outcrops.  They may or may not require blasting during road construction.  Parent materials weather to loams and clay loam soil textures.  This rock group underwent general regional uplift and has formed gentle mountain dipslopes  of plateaus and backslopes and steep canyons along fault lines and scarps. 
2
Clay Producing Materials 
This group includes the Clarno Formation which consists of pyroclastic tuffs, interbedded andesite flows, and volcanic breccias.  Associated are other clay producing materials, such as partially consolidated Tertiary lakebed sediments associated with the John Day Formation.  This rock unit is highly stratified with thick and thin beds of variable structure and density; only the andesite layers and breccias are somewhat resistant to weathering but offer little resistant difficulty to road construction.  Parent materials weather into clay loams, sandy clay loams, and silty clays soil textures.  Landforms associated with this bedrock type are gentle and steep mountain slopes and landslides.  Many of the relict, deep-seated landslides are associated with this rock group.

3
Surficial: Glacial, Alluvial, Co-Alluvial
This group consists of alluvial, glacial, and co-alluvial deposits.  Typically, they are unconsolidated and relatively recent deposits of Pleistocene age or partially consolidated or unconsolidated alluvium (remnant valley fill) of Tertiary age.  These deposits are stratified, well-sorted or poorly sorted depending depositional process, and range from sandy to silty textures with high rock fragment content to very little rock fragment content.  Perched water tables can occur in lenses of finer material and on top of cemented layers. 

4
Lacustrine Interlays
    This group consists of lakebed sediments overlain by basalt flows.   Weakly consolidated lacustrine material has low structural strength when saturated and is associated with landslides and small slumps.  Soil textures are silty or sandy loam.  Landforms associated with this geology group are landslide, gentle mountain slopes and steep mountain slopes.  Seeps are commonly associated with this group. 

5
Acid Igneous Rocks
  This group consists of granite and granodiorite intrusive rocks, rhyolitic tuffs of the John Day Formation, other hard welded rhyolitic tuffs, and gneiss or shists.  Parent materials weather into sandy loam and coarse sandy loam soil textures and tend to have lower fertility that other parent materials.  Landforms associated with this geology group are both gentle and steep mountain slopes and appear more rounded with complex slope shapes than for other geology groups.  Roadcuts tend not to support vegetation well and soil ravel fills road ditches readily.   

6
Exotic Terrane Rocks
     This group consists of Melange Formations of limestone rocks, metasedimentary rocks, metavolcanic rocks, pillow lava, gabbro and serpentine.  These rocks originated over 200 million years ago along the border of two continental plates (subduction zone) where land mass is accreted and transformed by heat and pressure to a chaotic complex suite of rock types.   Subsequent mountain uplift folded and fractured bedrock strata creating a complexity of differential weathering.  As a result, landforms tend to have the greatest complexity in shape and slope gradients.  Bedrock tends to be moderate in resistance to weathering in highly fractured zones but fairly resistant forming bedrock outcrops where strata are non-fractured.  Soil textures are highly variable.  Soils tend to be thin and rocky with low water holding capacity.  Streams tend to dry up early in the season.

7
Sedimentary Rocks
 This group consists of sedimentary sandstones, siltstones, and shales originating from thick marine sediments of the same era as the Exotic Terrane Rocks.  Sandstones are mostly graywackes and produce gravelly loam soils.  Siltstones and shales produce gravelly loam and clay loam soils.  

Vegetation Zone (PNV) Descriptions

1
Moist Forest
This group consists of subalpine fir, grand fir, and Engleman spruce plant associations and represents forested areas undergoing the least moisture stress.  This group is represented in all landform groups and tends to exist on northerly slope aspects.  Soils have thick volcanic ash mantles that support higher forest productivity.  These areas maintain persistent deep snow layers throughout the winter months.  Mature stands at lower, warmer elevations are dominated by grand fir, ponderosa pine, western larch, and Douglas fir.  Characteristic plant associations include ABGR/LIBO, ABGR/CLUN, and ABGR/VAME.  Mature stands at higher colder elevations are dominated by lodgepole pine, western larch, subalpine fir, and Engleman spruce.  Characteristic plant associations include ABLA/MEFE, ABLA/CLUN, ABLA/VAME, ABLA/ARCO and ABLA/VASC.  Nearly homogenous stands of lodgepole pine at elevations where other species are expected to occur may indicate repetitive fire history or cold air drainage or ponding, persistent soil wetness, and on soils with very low fertility.  Small inclusions of PSME/VAME and the drier ABGR/SPBE or ABGR/CARU may occur where slope aspects change over small distances not recognized at landscape scale. 

2
Dry Forest
This group consists of Douglas fir, ponderosa pine, and dry grand fir associations and represents forested areas where moisture stress affects productivity.  This group is represented in all landform groups and tends to occur on lowest elevation northerly slopes; on east/west slope aspects; and on higher elevation southerly aspects.  Soils have variable thickness and disturbance of volcanic ash mantles depending on landform position and slope aspect.  These areas may or may not have persistent deep snow layers throughout the winter months.  Mature forests have overstories dominated by Douglas fir, ponderosa pine and grand fir.  Western larch may occur in more moist plant associations.  Characteristic plant associations include ABGR/CARU, ABGR/CAGE, PSME/VAME, PSME/PHMA, PSME/CARU, PSME/SYAL, PIPO/CARU, PIPO/SYAL, and PIPO/FEID.  Small inclusions of non-forest or moist forest may occur where slope aspects change over short distances.

3
Dry, Non-Forest

This group consists of open grown forests of ponderosa pine or Douglas fir; shrub steppe including sage and western juniper, and dry grasslands.  This group is represented in all landform groups and tends to occur on lowest elevations and southerly aspects.   Soils have mixed or no volcanic ash influence and usually have some loess influence.  Winter snow melts quickly with the onset of spring temperatures and some areas may have ephemeral snow layers throughout the winter.  Characteristic plant associations include PIPO/FEID, PIPO/CELE, PIPO/ARAR, PIPO/PSSPS, FEID/PSSPS, PSSPS/POSA, FEVI, ARTRV/FEID, JUOC/ARAR, JUOC/PUTR.  Trees are easily removed from the environment with fire or other disturbance as they exist at their extreme range of their moisture tolerance in this vegetation zone.  Grass productivity varies with soil depth and soil texture.  

4
Moist Non-Forest
This group consists of moist and wet meadows, riparian, and moist shrubfields.  This group is generally associated with gentle mountain slopes and alluvial valley floors but does occur on steep subalpine mountain slopes.  Soils are deep and have mixed ash mantles or minor volcanic ash influence.  Soil moisture is abundant to excessive during the growing season.  Characteristic plants and plant associations include aspen, sitka alder, sedge and bulrush species, FEVI subalpine meadow, FEVI/LULA, and willow.  

5
Rock, Non-Vegetated
     This group consists of rock outcrop, talus, and boulder fields.   

6
Water
    This group consists of large bodies of water.

7
Dry Forest Riparian
    This group consists of dry forests with significant riparian zones.  This group is generally associated with broad headwater basins and unconfined lower elevation valley floors.  Soils are very deep and have intermittent streams and significant groundwater near the surface that support riparian meadow and shrub complexes.  Characteristic plants and plant associations include FEID/PSSPS, aspen, willow, and sedges in the riparian areas and ARTRV/PSSPS, PIPO/FEID, PIPO/PSSPS, and PIPO/SYAL on the more well drained areas.  

8
Parkland         This group consists of subalpine meadows and open grown subalpine forests.  Landforms are broad convex ridges, steep mountain slopes associated with trough walls and alpine ridges.  Soils are shallow to moderately deep and experience active disturbance from ground burrowing animals and from frost heave.  Characteristic plants are FEVI, FEID/LULA, and a variety of meadow forbs.  Scattered tree clusters or single trees are  subalpine fir, Douglas-fir, whitebark pine, and Engleman spruce.   

PART III: 

Landtype Association Identification Legend 

Table 6.  Landtype Associations of the Blue Mountain Ecoregion - Map Unit Identification Legend  

	Landtype Association Identification Legend – Blue Mountains Ecoregion

	Map

Symbol
	Vegetation Zones  (PNV)
	Bedrock Geology
	Landform
	Total Area

(acres)

	114
	Moist Forest
	Basic Igneous Rocks
	Landslide
	4,583

	115
	Moist Forest
	Basic Igneous Rocks
	Basins, Fans, & Terraces
	52,501

	116
	Moist Forest
	Basic Igneous Rocks
	Mountain slopes, gentle
	885,861

	117
	Moist Forest
	Basic Igneous Rocks
	Mountain slopes, steep
	297,421

	118
	Moist Forest
	Basic Igneous Rocks
	Canyons
	310,077

	124
	Moist Forest
	Clay Producing Materials
	Landslide
	24,019

	125
	Moist Forest
	Clay Producing Materials
	Basins, Fans, & Terraces
	7,824

	126
	Moist Forest
	Clay Producing Materials
	Mountain slopes, gentle
	115,584

	127
	Moist Forest
	Clay Producing Materials
	Mountain slopes, steep
	38,070

	131
	Moist Forest
	Surficial: Glacial-undifferentiated
	Trough Floors
	175,497

	132
	Moist Forest
	Surficial: Glacial-undifferentiated
	Glacial Trough Walls, Cirques, & Alpine Ridges
	200,771

	133
	Moist Forest
	Surficial: Alluvial/Colluvial undifferentiated
	Alluvial Valley Floor
	16,827

	135
	Moist Forest
	Surficial: Alluvial/Colluvial undifferentiated
	Basins, Fans, & Terraces
	10,733

	144
	Moist Forest
	Lacustrine Interlay
	Landslide
	29,677

	146
	Moist Forest
	Lacustrine Interlay
	Mountain slopes, gentle
	15,359

	155
	Moist Forest
	Acid Igneous Rocks
	Basins, Fans, & Terraces
	11,803

	156
	Moist Forest
	Acid Igneous Rocks
	Mountain slopes, gentle
	83,188

	157
	Moist Forest
	Acid Igneous Rocks
	Mountain slopes, steep
	69,760

	158
	Moist Forest
	Acid Igneous Rocks
	Canyons
	7,874

	165
	Moist Forest
	Exotic Terrane Rocks
	Basins, Fans, & Terraces
	907

	166
	Moist Forest
	Exotic Terrane Rocks
	Mountain slopes, gentle
	116,532

	167
	Moist Forest
	Exotic Terrane Rocks
	Mountain slopes, steep
	144,641

	168
	Moist Forest
	Exotic Terrane Rocks
	Canyons
	40,057

	176
	Moist Forest
	Sedimentary Rocks
	Mountain slopes, gentle
	2,058

	177
	Moist Forest
	Sedimentary Rocks
	Mountain slopes, steep
	1,179

	214
	Dry Forest
	Basic Igneous Rocks
	Landslide
	10,075

	215
	Dry Forest
	Basic Igneous Rocks
	Basins, Fans, & Terraces
	26,207

	216
	Dry Forest
	Basic Igneous Rocks
	Mountain slopes, gentle
	883,338

	217
	Dry Forest
	Basic Igneous Rocks
	Mountain slopes, steep
	274,116

	218
	Dry Forest
	Basic Igneous Rocks
	Canyons
	289,101

	224
	Dry Forest
	Clay Producing Materials
	Landslide
	9,522

	226
	Dry Forest
	Clay Producing Materials
	Mountain slopes, gentle
	91,336

	227
	Dry Forest
	Clay Producing Materials
	Mountain slopes, steep
	32,144

	231
	Dry Forest
	Surficial: Glacial
	Trough Floors
	5,960

	232
	Dry Forest
	Surficial: Glacial
	Glacial Trough Walls, Cirques, & Alpine Ridges
	8,176

	233
	Dry Forest
	Surficial: Alluvial/Colluvial undifferentiated
	Alluvial Valley Floors
	27,184

	236
	Dry Forest
	Surficial: Alluvial/Colluvial undifferentiated
	Mountain slopes, gentle
	6,594

	244
	Dry Forest
	Lacustrine Interlay
	Landslide
	12,415

	246
	Dry Forest
	Lacustrine Interlay
	Basins, Fans, & Terraces
	5,450

	256
	Dry Forest
	Acid Igneous Rocks
	Mountain slopes, gentle
	133,143

	257
	Dry Forest
	Acid Igneous Rocks
	Mountain slopes, steep
	40,938

	258
	Dry Forest
	Acid Igneous Rocks
	Canyons
	8,238

	265
	Dry Forest
	Exotic Terrane Rocks
	Basins, Fans, & Terraces
	8,132

	266
	Dry Forest
	Exotic Terrane Rocks
	Mountain slopes, gentle
	97,512

	267
	Dry Forest
	Exotic Terrane Rocks
	Mountain slopes, steep
	77,372

	268
	Dry Forest
	Exotic Terrane Rocks
	Canyons
	30,644

	273
	Dry Forest
	Sedimentary Rocks
	Alluvial Valley Floors
	425

	275
	Dry Forest
	Sedimentary Rocks
	Basins, Fans, & Terraces
	17,631

	276
	Dry Forest
	Sedimentary Rocks
	Mountain slopes, gentle
	73,940

	277
	Dry Forest
	Sedimentary Rocks
	Mountain slopes, steep
	22,373

	315
	Dry NonForest
	Basic Igneous Rocks
	Basins, Fans, & Terraces
	3,029

	316
	Dry NonForest
	Basic Igneous Rocks
	Mountain slopes, gentle
	124,271

	317
	Dry NonForest
	Basic Igneous Rocks
	Mountain slopes, steep
	75,154

	318
	Dry NonForest
	Basic Igneous Rocks
	Canyons
	204,922

	326
	Dry NonForest
	Clay Producing Materials
	Mountain slopes, gentle
	2,266

	327
	Dry NonForest
	Clay Producing Materials
	Mountain slopes, steep
	933

	332
	Dry NonForest
	Surficial: Glacial-undifferentiated
	Alluvial Valley Floors
	6,013

	333
	Dry NonForest
	Surficial: Alluvial/Colluvial undifferentiated
	Alluvial Valley Floors
	21,271

	356
	Dry NonForest
	Acid Igneous Rocks
	Mountain slopes, gentle
	119,370

	357
	Dry NonForest
	Acid Igneous Rocks
	Mountain slopes, steep
	15,723

	358
	Dry NonForest
	Acid Igneous Rocks
	Canyons
	17,194

	365
	Dry NonForest
	Exotic Terrane Rocks
	Basins, Fans, & Terraces
	1,692

	366
	Dry NonForest
	Exotic Terrane Rocks
	Mountain slopes, gentle
	3,874

	367
	Dry NonForest
	Exotic Terrane Rocks
	Mountain slopes, steep
	20,983

	368
	Dry NonForest
	Exotic Terrane Rocks
	Canyons
	38,334

	376
	Dry NonForest
	Sedimentary Rocks
	Mountain slopes, gentle
	9,958

	377
	Dry NonForest
	Sedimentary Rocks
	Mountain slopes, steep
	1,869

	416
	Moist NonForest
	Basic Igneous Rocks
	Mountain slopes, gentle
	13,585

	418
	Moist NonForest
	Basic Igneous Rocks
	Canyons
	27,286

	432
	Moist NonForest
	Surficial: Glacial-undifferentiated
	Glacial Trough Walls, Cirques, & Alpine Ridges
	7,653

	433
	Moist NonForest
	Surficial: Alluvial/Colluvial undifferentiated
	Alluvial Valley Floors
	8,829

	468
	Moist NonForest
	Exotic Terrane Rocks
	Canyons and Very Steep Slopes
	7,937

	518
	Rock/Sparse Vegetation
	Basic Igneous Rocks
	Canyons and Very Steep Slopes
	23,486

	532
	Rock/Sparse Vegetation
	Surficial: Glacial-undifferentiated
	Glacial Trough Walls, Cirques, & Alpine Ridges
	46,780

	558
	Rock/Sparse Vegetation
	Acid Igneous Rocks
	Canyons
	5,722

	567
	Rock/Sparse Vegetation
	Exotic Terrane Rocks
	Mountain slopes, steep
	3,419

	568
	Rock/Sparse Vegetation
	Exotic Terrane Rocks
	Canyons
	9,387

	600
	WATER
	
	
	2,602

	736
	Dry Forest/Riparian
	Surficial: Alluvial/Colluvial undifferentiated
	Mountain slopes, gentle
	5,099

	832
	Parkland
	Surficial: Glacial-undifferentiated
	Glacial Trough Walls, Cirques, & Alpine Ridges
	60,175

	Grand Total
	
	
	
	5,895,989
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Part II Landtype Association Map Unit Components











Landtype Associations Identification Legend – Blue Mountains coregion�
�
Map


Symbol�
Vegetation Zones


(PNV)�
Bedrock Geology�
Landform �
Total Area�
�
115�
Moist Forest�
Basic Igneous Rocks�
Basins, Fans, & Terraces�
�
�
116�
Moist Forest�
Basic Igneous Rocks�
Mountain Slopes, Gentle�
�
�
117�
Moist Forest�
Basic Igneous Rocks�
Mountain Slopes, Steep�
�
�
118�
Moist Forest�
Basic Igneous Rocks�
Canyons�
�
�
124�
Moist Forest�
Clay Producing Materials�
Landslide�
 �
�
125�
Moist Forest�
Clay Producing Materials�
Basins, Fans, & Terraces�
�
�
126�
Moist Forest�
Clay Producing Materials�
Gentle Slopes�
�
�
131�
Moist Forest�
Surficial: Glacial-undifferentiated�
Glacial Valley Floor�
�
�






�





4		Landslides 











Part III Landtype Association Identification Legend





Step Four:   For a more detailed    description of each LTA component, turn to Part II for descriptions of landform groups, geology groups, and potential natural vegetation zones.  Be sure to note that for some LTAs, more than one geology group or potential natural vegetation groups may be listed for a LTA.





This landform occurs on deep large-scale landslide deposits. It consists of a series of benches intermixed with hummocky irregular mounds and depressions.  The landform is shaped,
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�PAGE \# "'Page: '#'�'"  �Page: 8���my understanding of ultra mafic rocks includes serpentine and similar to MV-S (metavolcanics with serpentine)  Maybe ultramafic rocks intrude basalt flows, but wouldn’t they be metavolcanic?


�JS – Bob lists UM, ultra mafic in the Basic Ig Rock category in his background document AND in some of his old legends.  Looked at the geology maps and found that gabbro (intrus) is mapped among the common Basalt types.  This would be different than the serpentines assoc. with metavolcanics.  There are 4 del. and 2883 acres of “um” in the LTA phase map, pretty small.  See my recommended solution to this.  OR we just delete the listing if you think it is too confusing. You are right that the serpentine is in complex with MV and that is how Bob appears to have mapped it…but apparently there were some other ultra mafic intrusives more similar to basalt and assoc. with basalt – another “splitters” example I imagine. 


�PAGE \# "'Page: '#'�'"  �Page: 10���How is this different than CF-CNF?


�JS- VCF-CNF is “non-commercial”. The mapping of CF-CNF and  whereas many of the CF-CNF and MNF-CNF is so inconsistent that I choose not to correlate these directly to “parkland”. It would not have improved the concept…just moved inconsistent mapping from one unit to another.  So I chose to create a category that was photo interpreted and mapped along high mtn alpine ridge that is pure and consistently NONCOMMERCIAL.  Maybe on paper it seems similar but when you get to looking at the actually mapping they are VERY different.
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